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1. Introduction 
Phytoplankton ecosystems play a role in the biogeochemical cycles of many important 
chemical elements, including the ocean's carbon cycle. In the open ocean, phytoplankton 
ecosystem transports carbon from surface waters to the deep ocean. This process is 
known as a biological pump, and is one reason that the oceans serve as the largest carbon 
sink on the Earth. Abundance and distribution of plankton strongly depend on various 
factors such as macronutrients (nitrate, phosphate, and silicate), physical state of the 
water column, and zooplankton grazing. Some oceans have much less phytoplankton 
growth than we would predict based on the levels of the macronutrients (so-called High 
Nutrient and Low Chrorophyll (HNLC) regions). So low phytoplankton growth in these 
large areas of the oceans means that, overall, the ocean is a smaller carbon dioxide (CO2) 
sink than we initially expected.  Previous studies proposed “The Iron Hypothesis” that 
lack of iron, which is one of micronutrients for phytoplankton, appears to limit the growth 
of phytoplankton in the HNLC regions, and the deliberate addition of iron to the HNLC 
ocean areas would increase phytoplankton production and carbon storage in the deep sea 
by biological pump. This would contribute to reduce the CO2 levels in the atmosphere and 
mitigate the impact of global warming (Martin et al., 1990). 
 
2. Response of phytoplankton ecosystem to iron availability  
Several in-situ “iron fertilization experiments” have been made toward the general goal 
to evaluate the question of whether iron availability controls phytoplankton production in 
HNLC waters of the worldwide Ocean. We investigated “The Iron Hypothesis” in the 
subarctic Pacific with meso-scale iron infusions to enhance the biogeochemical signals in 
this region (Nishioka et al., 2003, Tsuda et al., 2003).  Artificial addition of dissolved iron 
(350 kg of iron) caused a large increase in phytoplankton standing stock, and decreases in 
macronutrients and dissolved carbon dioxide. After the iron addition the dominant 
phytoplankton species shifted from small diatoms to a large centric diatom, Chaetoceros 
debilis. Our “iron fertilization experiment” revealed that the bioavailability of iron 
regulated the magnitude of the phytoplankton biomass and the key phytoplankton 
species that determined the efficiency of biological pump in the HNLC waters. 
 
3. Natural suppliers of iron to the subarctic Pacific Ocean 
The subarctic Pacific is known as one of the HNLC regions, and iron is an essential 
nutrient for the control of phytoplankton growth in this region. On the other hand, the 



 

western subarctic Pacific has an effective biological pump (Buesseler et al., 2007; Boyd et 
al., 2008); consequently, iron supply plays an essential role in carbon cycles in this region.  
Previous studies indicated that high concentrations of mineral dust have been frequently 
observed in spring over Japan as a result of long-range transportation from desserts in 
the Asian continent, leading to the hypothesis that the flux of the atmospheric dust 
containing iron is one of important processes for iron supply into the subarctic Pacific.  
Additionally, another important source of iron to the western subarctic Pacific is 
transport of iron-rich intermediate waters from the sub-polar marginal sea that contain 
re-suspended sedimentary iron originated from the continental shelf of the marginal sea. 
Water ventilations driven by sea ice production control the transport of iron (Nishioka et 
al., 2007), and the iron is supplied to the surface layer by strong winter mixing. The iron 
supply from the iron-rich intermediate waters to the surface waters in the western 
subarctic Pacific were estimated to be comparable to or higher than the atmospheric dust 
iron input. Hence this process could be a major source of iron to the subarctic regions 
(Nishioka et al., 2011).   
 
Conclusion 
Our findings contribute to a better understanding of the mechanisms influencing 
biological production and biogeochemical cycles of iron in the subarctic Pacific. Recently, 
the water ventilation has been reduced through reduction of sea ice formation 
(Nakanowatari et al., 2007), probably due to global warming, and dust supply to the 
ocean would change in the future, as predicted by numerical modeling study. Our findings 
also contribute to a better prediction of the influence of environmental change to 
biogeochemical cycles, ecosystem and future biological pump in the subarctic Pacific 
Ocean, one of the most important but vulnerable regions in the world.  
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