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The long-term goals of this work are to test the hypothesis that metals, especially iron,
*regulate rates of primary production in High Nitrate, Low Chiorophyll (HNLC) areas of the
ocean. An important corollary of this hypothesis is that it might be feasible to regulate
productivity in small patches in the open ocean by addition of small amounts of iron. The
ability to produce "mini-blooms” would be an extremely valuable experimental tool for the study
of ocean biogeoch=mistry.

) OBJECTIVES

‘5 The primary objective of the work undertaken in 1993 was to perform the first mesoscale

g,g (64 km*2) iron enrichment experiment in the open ocean. We also conducted a study of trace B
S& metal distributions downstream of the Galapagos islands. The area downstream of the Islands '

has elevated chlorophyll concentrations. We hypothesized this to be a natural analog of an open
ocean iron enrichment experiment in which the iron was derived from the Islands.
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APPROACH

The implementation of a mesoscale iron enrichment experiment, originally conceived by
John Martin, required that consigerable physical, chemical, and logistical obstacles be overcome. | L
A series or experiments were performed to assess the feasibility of performing an open ocean ¢
iron fertilization experiment. These experiments indicated that it was feasible to perform an -
open ocean iron addition experiment. The first fertilization expertment was then conducted in
October/November 1993 with a team of scientists from across the US and England. The
fertilization experiment was immediately followed by the study of the Galapagos Plume.
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TASKS COMPLETED

In previous studies, enrichment experiments were performed to determine which form
would be most biologically available, cost effective and simuiate the chemical form of
atmospherically derived iron. Under this project, physical and chemical models were used to
predict the speciation, solubility, and the final concentration of iron in surface waters injected
with acidic iron sulfate. These models were developed in collaboration with Dr. Stepkane Blain
(University of Brest, France) Guring his three month visit to Moss Landing Marine Laboratories.
Collaborative discussions with Drs. Tim Stanton and Andrew Watson (Navy Post Graduaie
School, Monterey, CA and Plymouth Marine Lab, UK respectively) resulted in a deployment
strategy utilizing a lagrangian reference buoy 2bout which the experiment would be carried out,
and the iesults monitored. A sysiem was designed to deliver regutated amounts of iron into the
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ships wake along with an inert tracer (sulfur hexafluoride). Utilizing the R/V Sproul, a tria!
injection off the California Ccast in which 800 liters of a 0.5 M FeSO, was introduced into ihe
shin's wake over a 1.5 km’ area, was used to test these predictions. lron concentrations in this
small scale patch were determined continually during the experiment using a shipboard
colorimetric method, as the ship steamed ir. transects through the enriched patch. These
preliminary results indicated excellent spatial agreemeni with model predictions and final
concentrations which were consistent with the chemical model.

This equipment and strategy was then used to perform an open ocean fertilization
experiment in HNLC waters south of the Galapagos Islands. The mixed layer (30 m) iron
concentration in a 64 km”2 patch was raised from ca. <0.! nM 10 a mean value of 3.5 nM by
adding 500 kg iron to the mixed layer. This was sufficient iron to cause complete depletion of
the available major nutrients (nitrate, phosphate and silicate). Chemical and biological properties
of the patch were tracked for 9 days. A survey of metal distributions in the waters upsiream
and downstream of the Galapagos islands was ther 2nducted. Shipboard measurements of
nutrients, oxygen and chiorcphyll were performed on both cruises. Trace metals samples,
particulate organic carbon samplcs, dissolved organic carbon samples and plarkion species
samples were collected on both legs of the cruise and are now being processed in the laboratory.

To date we have competed analyses of all particulate trace metal samples representing
two size fractions (. du<x<5u and >Spu) for Fe, Cd, Co, Cu, Ni, Pb, Zn and Al. All
dissolved metals for the IronEx leg have been analyzed and dissolved analyses of samplss from
the PlumEx leg are continuing. Analyses of samples for POC, DOC and species composition
are underway. '

ACCOMPLISHMENTS

The first iron enrichment experiment was & major success. Addition of iron to a 64
km*2 patch produced increases in chiorophyll concentration and primary production rates that
were 3 fold elevated over background values. We were able to track this patch for 9 days
before returning to port. These results demonstrate that iron does regulate biologicai rates in
HNLC areas of the ocean. They also clearly indicate the feasibility of performing controlled
experiments on open ocean ecosystems for significant periods of time. It is clear, however, that
the ecosystem in the fertilized patch did not behave similarly to that observed in containers on
board ship. This difference has been attributed to the short residence time of iron in the patch,
whereas in bottles, there is no removal of iron from the system.

We are continuing analysis of samples, planning the next iror%x experiment (May-June
of '95) and working up the results of our last field effort. Due to the interest in the experiment
and the untimely death of John Martin, Kenneth Coale has been asked to act as guest editor of
a special issue of Deep-Sea Research honoring John Martin and focusing on the results of the
IronEx and PlumEx cruises. Proposed submissions for this issue are appended at the end of
this report.
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