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LOHAFEX Overview – March 31, 2009
The Thirteenth ocean iron fertilization experiment, LOHAFEX, was conducted in the Atlantic sector of the Southern Ocean from January 26 – March 17, 2009. The cruise was led by Dr Victor Smetacek, of the Alfred Wegner Institute in Germany, and Dr. Wajih Naqvi of the National Institute of Oceanography in India. Dr. Smetacek previously led the 2004 EIFEX experiment, also in the Southern Ocean. Joint preparations for LOHAFEX between Germany and India began in 2005. 
The LOHAFEX experiment initially added 6 tons of iron to the ocean in the form of iron sulfate. This triggered an immediate phytoplankton growth response within four days. The fertilized patch size had a total area of 300 km2. In the following weeks, zooplankton also flourished and consumed much of the phytoplankton biomass. A press release issued one week after the completion of the experiment said that overall carbon sequestration rates were low because of predation by zooplankton.  The press release
 also mentioned that diatoms were not abundant in the bloom because the fertilized patch was depleted in silicic acid prior to fertilization. Diatoms require silicic acid to build their skeletons. 
However, it was the broader conclusion that was reached in this press release, as well as in subsequent interviews that has caught the attention of a larger audience.  Quoting the release: “[LOHAFEX] has dampened hopes on the potential of the Southern Ocean to sequester significant amounts of carbon dioxide (CO2) and thus mitigate global warming.”
We think it is important to make a number observations:

1- The natural carbon sequestration that occurs because of the export of biologic material from the surface to deep waters in the Southern Ocean is dominated by diatoms.  
2- The heavy silica shells of these phytoplankton both facilitate the export via sinking as well as allowing the organisms to avoid predation.  In addition the ‘whisker-like’ external structures of the shells aids the formation of “mats” or aggregates of the plankton which further accelerate the downward movement of biomass.  These characteristics of diatoms are well known in the ocean community, and well known to Dr Smetacek and his team.

3- Without the initial condition of sufficient silicic acid in the water column, diatoms will not grow, and other organisms will be favored.

4- There is a well-known silicic acid boundary in the Southern Ocean.   The difference in concentration across this boundary can be two orders of magnitude.  Research into the effectiveness of OIF as a technique across this boundary formed the central hypothesis of one of the largest OIF projects, SOFeX—which fertilized two patches, one on either side of the silicate boundary.

5- Supercomputer models of the potential of OIF to act as a climate mitigation technique have focused on and incorporated silica limitation in the Southern Ocean as a key input to the calculation of the potential of 100 year programs of fertilization.  Quoting from Aumont and Bopp, 2006, one of the leading modeling papers on OIF.

“Phytoplankton growth can be limited by five different nutrients: nitrate, ammonium, phosphate, silicate and iron. Four living pools are represented: two phytoplankton size  classes/groups (nanophytoplankton and diatoms) and two zooplankton size classes (microzooplankton and mesozooplankton). Diatoms differ from nanophytoplankton by their need in Si, by higher requirements in Fe [Sunda and Huntsman, 1995] and by higher half-saturation constants because of their larger mean size.”

6- LOHAFEX chose to fertilize an eddy that was highly depleted in silicic acid. In their weekly reports during the cruise, Dr. Smetacek and Dr. Naqvi reported on the conditions of this eddy: 

“We found that silicic acid, the raw material of diatom shells, had been almost completely used up to a depth of 100 m by previous diatom blooms. Even the EIFEX bloom dominated by thick-shelled diatoms, which had grown during the late summer, did not manage to deplete silicic acid to these low values. It is well established that silicic acid is exhausted in the northern [Antarctic Circumpolar Current] by mid-summer due to the fact that diatoms here have a smaller supply at their disposal to start with in the spring.”

The reported initial concentration of silicic acid at the LOHAFEX site was ~1.5 µM Si, one of the lowest values for Si found in any OIF experiment.  In comparison another Southern Ocean iron fertilization experiment from 2002, SOFeX-North, had an initial concentration of <3 µM Si, and SOFeX-South had an initial concentration of ~60 µM Si.  The low concentrations of Si clearly prevented diatoms from blooming, which most likely reduced overall carbon export, because diatoms for the reasons that are discussed above. Figure 1 shows the relationship between location and silicic acid availability.

[image: image1]
Figure 1: Map of silicic acid concentrations in the Southern Ocean, and locations of ocean iron fertilization experiments.  [modified from Coale, et al  2004]
It is surprising that and Dr. Smetacek and the popular press have characterized the LOHAFEX results as indicative of poor carbon sequestration potential for ocean iron fertilization projects in general. The results are what would have been expected for fertilizing a low Si region, and LOHAFEX simply proves that some patches of the ocean work better than others at carbon sequestration projects. In contrast, the prior experiment EIFEX (2004), also led by Dr. Victor Smetacek, found extremely high observed rates of carbon sequestration in an area with high initial silicic acid concentrations, leading to abundant diatom growth.
Other oceanographers seem similarly puzzled by the characterization of the cruise made by the Smetacek and Naqvi.  We note the following comments that Dr. Richard Lampitt
, the LOHAFEX co-investigator responsible for carbon flux measurements, and whose graduate student was on board the Polarstern making flux measurements with the PELAGRA traps:
The LOHAFEX experiment was situated in an eddy in the northern part of the Southern Ocean in January-March 2009 and at the time of writing the majority of the samples have not been analysed, data has not been fully interpreted and conclusions are therefore highly tentative. 

Nevertheless it can already be concluded that [LOHAFEX] took place after the main phytoplankton bloom. The effect was that the region had already had most of the silicate removed from the euphotic zone although there were probably adequate levels of the other macronutrients (Nitrate and Phosphate) to support primary production. Supporting this was the observation that 234Thorium profiles showed upper water column depletion indicating that significant export had already occurred prior to arrival at the site. Downward particle fluxes measured using the PELAGRA drifting traps gave further support to this with very low fluxes before Fe addition both within the eddy and outside it. 
I do not support the view that this experiment suggests that OIF in the rest of the Southern Ocean is unlikely to make a contribution to climate mitigation.

And, as reported in a ScienceInsider report from Eli Kintisch:

“Biogeochemist Kenneth Coale, director of Moss Landing Marine Laboratories in California, estimates that the silicon-rich southern part of the Southern Ocean would deliver up to twice as much potential carbon sequestration as the northern area Smetacek fertilized, in large part because of the diatoms and associated ecosystem dynamics. The predators that eat diatoms, it turns out, have large waste pellets that sink rapidly. Coale warns that calling iron fertilization a failed strategy on the basis of an experiment in low-silicon waters is just as unwise as declaring the technique a home run after a successful experiment would have been. "I would be reluctant to extrapolate from any one experiment anything having to do with the efficacy of iron fertilization as a carbon-sequestration strategy," says Coale.”  [Science, ScienceInsider, March 31, “Debate:  Do Gobbled Algae Mean Carbon Fix Sunk?”]
Also, from the same ScienceInsider report, it appears that political forces from within the German government restricted the freedom of the team to choose an eddy below the 50S latitude where Si concentrations are higher:

Smetacek had actually tried to find an area of ocean that would feature diatoms. Levels of silicon are generally higher south of 50° latitude. But Smetacek says the German government asked him to stay north of that line due to a treaty called CCAMLR designed to protect marine species in the Southern Ocean. Part of that restriction was no doubt connected to the fact that the LOHAFEX mission was controversial from the start, drawing criticism both from environmentalists and from the German environmental ministry. So Smetacek says he had to settle on a patch at 48° south latitude.

In light of the fact that Dr. Smetacek understands the importance of silica to diatoms, obviously was looking for silica, and knew that he was fertilizing a patch that was low in silica we find it puzzling that he has drawn any significant conclusions from the LOHAFEX project relevant to diatom production, let alone extrapolating these results to comment on the broader potential efficacy of OIF as a technique for climate mitigation.

��HYPERLINK "http://www.awi.de/en/news/press_releases/detail/item/lohafex_provides_new_insights_on_plankton_ecology_only_small_amounts_of_atmospheric_carbon_dioxide/?tx_list_pi1%5bmode%5d=6&cHash=ffd0b4deee"��http://www.awi.de/en/news/press_releases/detail/item/lohafex_provides_new_insights_on_plankton_ecology_only_small_amounts_of_atmospheric_carbon_dioxide/?tx_list_pi1[mode]=6&cHash=ffd0b4deee�


� � HYPERLINK "http://www.awi.de/en/infrastructure/ships/polarstern/weekly_reports/all_expeditions/ant_xxv/ant_xxv3/3_february_2009/" �http://www.awi.de/en/infrastructure/ships/polarstern/weekly_reports/all_expeditions/ant_xxv/ant_xxv3/3_february_2009/�


� Biogeochemical oceanographer, National Oceanographic Center, Southhampton, UK
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