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1. Background and significance

a) Sgnificance

Nutrient availability is a primary control of ocegmoductivity and partitioning of
carbon between the ocean and atmosphere, medigtedeblimiting potential of
elements N, P, Fe and Si as major metabolic remeines>. It is established that both
phytoplankton elemental composition and deep sé@entiinventories are linked to
nutrient availability via the Redfield ratio, butsa increasingly recognized that
phytoplankton nutrient stoichiometry is variablathathe canonical N:P ratio of 16:1
representing an average arising from multiple ppigiokton growth strategigsAs a
result, variation in surface ocean nutrient suppigy alter phytoplankton nutrient
stoichiometry, modify current nutrient inventoriasd influence feedbacks to climate
via air-sea exchange and the ocean carbon sink.

Atmospheric deposition is a major pathway for renttidelivery™with potential to
alter ocean nutrient stoichiometry. Climate charaged pollution influence the
deposition of essential trace metals and macr@nigj and induce variation in
nutrient limitation, biodiversity; primary produetiy and air-sea gas fluxgdn High-
Nutrient, Low-Chlorophyll regions (~30% of the oog¢&arbon fixation is limited by
iron availability, with iron addition stimulating hytoplankton production, CO
drawdown and DMS and halocarbon productioAtmospheric deposition also
influences production and nitrogen-fixation in aligpphic waters, with the latter
process limited or co-limited by iron and phosphakéxed nitrogen has an oceanic
residence time of a few thousand years, and appedes sensitive to both direct (N-
deposition) and indirect (iron control on N-fixatjoeffects of deposition.

However, the links between atmospheric deposittmean productivity and nutrient
cycling are poorly understood. Despite growing amass of the variability of
deposition and its complex influences on carbon aittbgen fixation, aeolien
nutrient supply is also not well represented indaid and global models. As these
models are the primary platform for prediction afogystem and carbon cycle
responses to anthropogenic change, this shortcoremgres urgent refinement and
testing in robust field studies.

b) Background information in the SOLAS Science Plan and I mplementation Strategy
The interactions and feedbacks between atmospheuicient deposition and
biological production is central to Activities 1l¥bn and Marine Productivity and 1.5
Ocean-Atmosphere Cycling of Nitrogen, in the SOLARience Plan and
Implementation Strate§ySOLAS has a unique ability to address this ishueto its
consideration of both atmospheric and oceanic céteynand its broad disciplinary
range.



Dust is the primary vector for atmospheric depositof key trace metals into the
ocean. We know little about the biological availipiand fate of trace metals and
macronutrients in dust and aerosols, the variatigzhysical-chemical characteristics
of dust and aerosol delivery of nutrients variesnfrsource to deposition, or how
ocean biota adapt and respond to deposition events.

Correspondence has been reported between model§ifesdata and measurement of
dust and fixed nitrogen deposition rdtesbut the distribution and magnitude of dust
and macronutrient delivery varies significaftlySome studies have show correlation
between atmospheric deposition, upper ocean nttdestributions and plankton
diversity'®** but are limited to date, with no clear link ohss=t in other studi¢&®
The balance between nutrient availability and d¢aflistoichiometric requirements
controls fundamental aspects, such as the magnaadelocation of nitrogen and
carbon fixation, the responsive planktonic group] the degree of feedback coupling.
It is likely that marine organisms have developpeécsalised adaptations to deal with
the variable nature and frequency of atmospheridemi inputs. As large regions of
the ocean are currently undergoing significant geain atmospheric deposition, as a
result of combustion and dust deposition, it issaial to improve our understanding
and ability to predict how productivity, planktomromunity composition and the
nature of nutrient cycling will respond.

2. Questions to be addressed

* How does the nutrient and trace metal content efaérosol (e.g. dust) alter
from initial uplift to uptake, and how does prodagsin the atmosphere and
water influence nutrient supply and availability?

* What is the relative magnitude and spatial vangbdf organic and inorganic
nutrient supply via aerosol deposition? Does thlgaoic aerosol supply have
an influence on the biota? Can we model this?

* How do temporal and spatial variations in atmosigheutrient supply affect
surface ocean plankton community structure and thssociated
biogeochemistry (e.g. N fixation; C-fixation; heigophic DOC utilization)?
Insight into changes in microbial C:N:P stoichiorgetis critical in
determining how nutrient-biota interactions modejaand are themselves
modulated by, processes operating at scales rafgingalgal photosynthesis
to the global climate. How do planktonic commuestirespond to differing
aerosol-borne nutrient stoichiometries under difér nutrient limitation
regimes?

* Are there identifiable adaptations and strateghest @llow marine micro-
organisms to compete for this variable nutrientrse@d Do molecular-
biological approaches give insight into the potrfor ecosystem response?

* How will future variation in the composition and gmtude of nutrient and
trace metal deposition influence surface oceanotednd nitrogen fixation,
both at the event scale (dust storms) and overelotige scales (greenhouse
world)?

3. What needs to be done to address the questions?

Spatial and temporal aerosol characterisation: iapateasonal and inter-annual
variability of wet and dry deposition with emphasissources, particle size, chemical



speciation, reactivity, composition and determiatof changes in the physical and
chemical characterization during atmospheric trartsgPlatforms for wet and dry

deposition and transport characterization shouldlude time-series sites and
increased use of research vessels and voluntagnabg ships (VOS’s), particularly

those which allow for repeated sampling. To engylabal coherence and quality
control, methodological intercalibration, samplearshg and common reference
materials will be necessary.

Surface water transect surveys of “core” surfaceéew@roperties (inorganic and
organic nutrients at low concentrations, dissoh@danic carbon, trace metals,
plankton community composition including moleculaiblogical characterization)
andkey rate measurements (e.g. primary and bacterial production, nitrogewfion)
will cover large regions encompassing gradientatofospheric deposition and water
properties and sampled in different seasons.

The transects should allow for experimental nutrreanipulation experiments to be
conducted along the cruise track. These would bélebancubations using
multifactorial addition nutrient and trace metaldditions to gain insight into
proximal controls on plankton composition and pesceates, with consistent water
property and rate measurements with the surfacerwatveys.

Sample coverage for surface water properties amdsele characteristics, can in
principle, be increased by use of VOS’s includirayal, coastguard or commercial
vessels that cover repeat lines or regions. Syeergnd mutual interest between
ocean basin transects planned by GEOTRACES andghes underlying this White
paper should be exploited.

The complex measurement and experimental programroeld benefit from

establishment of internationalbibgeochemical SWAT teams’ with common

equipment and shared methodologies that could plykd at relatively short notice
to sample appropriate transects of ocean basirg (eansits associated with
redeployments of research vessels).

Transect surveys can be augmentedLagrangian studies using tracers and/or
drifting buoys to determine temporal responses tagnds within the same body of
water.In situ manipulation studies may be especially useful faidragsing medium
term, whole-ecosystem impacts of nutrient ingdtesoscosms offer potential for
duplicate and repeah situ manipulations in the same time and space and can be
described by 1-D models, but deployment is limitedfavourable sea-states and
trace-metal clean techniques should be appliecteF+iabelledn situ manipulation
studies characterise the whole ecosystem respa@ngerturbation, but cannot be
easily duplicated.

Seasonal and interannual measurements and expé&siraerexistingtime series
stations (e.g. HOTS, BATS, Cape Verde, DYFAMED) should beint@ined and
could become focal points for more detailed expentation and process studies. The
existing sites should be augmented by new timesestations in regions susceptible
to dust deposition (eg. SW. Pacific, N.E. Pacibff, Patagonia and Corsica). The
time-series data may be of particular use fordéeslopment and testing of model
parameterisations.

Ocean measurements should be underpinnethliny atory research with critical
areas for examination including the amount and fofrbiovailable trace metals and



the biological mechanisms and adaptations assdciatth accessing episodically
delivered nutrients. Information on cellular elert@rand nutrient requirements and
physiological/metabolic capabilities of differenbroponents of the plankton is
essential.

The relative contribution of different factors isdb explored using sensitivity analysis
in dust deposition and transport moddatellite remote-sensing tools for column
dust and Aerosol Optical Depth are critical pararsefor interpretation, modelling
and prediction of dust deposition but require in@mment for greater accuracy in
evaluating dust concentration, composition and gigipo rates.

Atmospheric and ocean data are important requiresndar robust model
development. The challenges are to develop more realistic tsodedeposition to
the ocean, with more accurate representation oharesms and time scales of ocean
response. Reliance on deposition and transport Isagguires thorough testing
against in-situ and remote-sensing observations.

The geographic scale, level of effort and complexf the observational and
modelling approaches proposed here will requiresearch planning and
collaboration on an international and global scaled benefit from cross-program
integration with GEOTRACES.

4. What is planned, possible and missing?
See Table
5. Required co-ordination and planning tasks

International SOLAS needs to provide the intermatlocoordination required to
establish a global program of observational workpegimentation and modelling
similar to that outlined above. In some areas af®iconsiderable mutual interest and
hence benefit of collaborative research with GEOUES.

The following strategy is proposed:

A scientific review article should be written forhegh-profile journal summarising
the state-of-the-art, identifying key unknowns aexplaining their importance.
SOLAS has recently proposed an IGBP Fast-Traclkativié to coordinate the writing
of this paper to be led by Dr. Mark Moore of thetiNiaal Oceanographic Centre in
Southampton, UK. SOLAS should promote links betwésernational activities,
organizations and groups that are conducting opgeing measurement campaigns
and modelling efforts that address this issue. @palty, SOLAS should work with
GEOTRACES to ensure that adequate biological measemts, experiments and
nutrient measurements are made on GEOTRACES Sumayes. SOLAS should
also seek to develop observational approaches. Aepéper for the OceanObs '09
conference in Venice is in preparation that adéredsogeochemical measurements
of the surface layer and lower atmosphere that mammade from surface ocean
transects with research vessels and VOS. SOLABascantributing to a whitepaper
being prepared by OceanSITES which addresses thed rfer long-term,
biogeochemical measurements of the surface laysn fan expanded network of
fixed-point ocean time series.



To accelerate this scientifically, a joint OCB-SO&Avorkshop could be proposed to
which members of the Fast-Track Initiative writitepm and representatives of the
international projects and activities listed abcweald be invited. The purpose of the
workshop would be to coordinate and compare mesasane and experimental
approaches, design and propose collaborative studrd initiate community
modeling initiatives which address this topic. Maxerkshop may make the first steps
towards definition and assembly of the internati@&AT teams.

Provisional Timeline: -

Planning phase 2009; Proposal writing end of 2009.

Initiation in 2010.
End date 2015
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