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1. Progress up to now

Among many subjects on the biogeochemistry and biology in the Sea of Okhotsk and North Pacific Ocean, which should be understood during this project period, following items have been almost clarified until now.
1) Transportation Route and Mechanisms of the Amur River Iron through the Sea of Okhotsk to Pacific Ocean
2) Sedimentation Rate and the Residence Time of the Amur River Iron on the Northwestern Continental Shelf of the Sea of Okhotsk
3) Iron and Nutrients Limitation Patterns for the Phytoplankton Growth in the Sea of Okhotsk and Oyashio Region
All of those subjects are very important to quantify the impact of Amur River Iron to the biological productivity in North Pacific and they have clearly validated the “Intermediate Water Iron Hypothesis” in total.
2. Future issues

Following subjects have not been fully understood and should be clarified in the near future.

1) Direct and indirect linkages between temporal variability in Amur river iron flux and primary productivity in Pacific Ocean.
2) Relative importance of atmospheric iron for the primary productivity in the Sea of Okhotsk and northwestern North Pacific.

3) Chemical species and ligand structure of dissolved iron, their bioavailability and physical-chemical interaction with particulate iron.

4) Seasonal variability in iron dynamics in the Sea of Okhotsk.

All of those subjects are essential to evaluate the relative importance of Amur River Iron in the marine ecosystem and fishery resource in northwestern North Pacific Ocean.
3. Result of the group

The most important result in Group 2, together with Group 1, is the success of international research expeditions in the Sea of Okhotsk using a Russian Reseach vessel, Prof. Khromov of Far Eastern Hydrometeorological Research Institute, in summer of 2006 and 2007. During the two research cruises, following subjects have been studied in details for the first time. 1) Vertical and horizontal distributions of dissolved and particulate iron concentrations in the Sea of Okhotsk together with those of nutrient and carbon compounds, 2) Sedimentation rate of iron and related elements on the continental shelf of the Sea of Okhotsk, 3) Primary productivity in the Sea of Okhotsk in relation to the nutrients and iron dymanics, 4) Distributions of phytoplankton and zooplankton species, 5) Paleoceanographic conditions in the Western Sea of Okhotsk in relation to historical changes in Amur River discharge and so on. The data obtained in those investigations have clarified the transportation of Amur river iron into the northwestern North Pacific through the Okhotsk Sea Intermediate Water and its impacts for biological productivity in the Sea of Okhotsk and the northwestern North Pacific, and clearly support the “Intermediate Water Iron Hypothesis”, which is one of the most fundamental ideas in this project.

Besides the international research expeditions in the Sea of Okhotsk, Group 2 members have been studying the biogeochemistry and biology in Oyashio and Western Subarctic Pacific, where the Amur river iron must influence the primary productivity directly, using some Japanese research vessels during the project period. They found some important facts, such that the iron supporting the huge spring phytoplankton bloom in Oyashio region does not seem to come from atmosphere input but actually comes from the intermediate water, and the intermediate water iron spreads far into the Pacific interior from the Kuril strait area. Those observations in and out of the Sea of Okhotsk both strongly suggest the importance of the intermediate water iron coming from the Amur river mouth for biological productivity in North Pacific region.

4. Problems and possible solution

One of the biggest problems in Group 2 is that it becomes difficult to obtain the clearance for field observation in the Sea of Okhotsk from Russian authorities as well as other all groups in this project. Besides, in case of the marine observation, there are very few counterpart institutes in Russian side. Because the economical situation of those institutes is not good, it is often difficult to use their research vessel for scientific purposes due to the double booking with commercial cruises. Since the scientific potentials of those institutes become worse recently due to the aging of their staffs, the international collaborative research cruises must become impossible in the near future. The most fundamental solution is to bring Japanese research vessel to the Russian economically exclusive zone (EEZ) in the Sea of Okhotsk. Although that is impossible now due to the refusal by Russian government, we hope the continuous negotiation between Japanese and Russian governments to promote the international collaborative research in this ecologically important region.
5. Past grants and funds related to the project

There are other important research funds, which have been applied to the research expedition in the Sea of Okhotsk, besides the budget of Amur-Okhotsk project, as follows. 1) Pan-Okhotsk research fund in the Institute of Low Temperature Science, 2) Several Grant-in-aid by Japan Society for the Promotion of Science (Fundamental Research (A) by Ichiro YASUDA, Naoto EBUCHI and Kenshi KUMA).
6. Future activities in 2009
Among the future issues listed above, following subjects will be clarified in 2009.

1) Direct and indirect linkages between temporal variability in Amur river iron flux and primary productivity in Pacific Ocean will be analyzed “horizontally by satellite remote sensing data of ocean color” and “historically by data set of seasonal nutrient variability in Oyashio region”.
2) Relative importance of atmospheric iron for the primary productivity in the Sea of Okhotsk and northwestern North Pacific will be estimated “horizontally and vertically by iron isotopic analyses of ocean suspended, sinking and sedimentary particles”.
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