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Editorial
Introduction to Subarctic iron Enrichment for
Ecosystem Dynamics Study II (SEEDS II)
Science is facts. Just as houses are made of stones, so is science
made of facts. But a pile of stones is not a house and a
collection of facts is not necessarily science.

Henri Poincare

The role of the ocean in regulating climate change is now
recognized as being of critical importance. Surface Ocean–Lower
Atmosphere Study (SOLAS) is an international research initiative
that has as its goal: ‘‘To achieve quantitative understanding of the
key biogeochemical-physical interactions and feedback between
the ocean and the atmosphere, and how this coupled system
affects and is affected by climate and environmental change.’’

Testing hypotheses such as feedback between ocean ecosys-
tems and climate requires large and coordinated field campaigns.
Subarctic iron Enrichment for Ecosystem Dynamics Study (SEEDS)
in the summer of 2001 was the first mesoscale iron-enrichment
study in the subarctic Pacific to test the iron-limitation hypothesis
(Tsuda et al., 2003). Subarctic Ecosystem Response to Iron
Enrichment Study (SERIES) was carried out in the eastern
subarctic gyre of the North Pacific in 2002 by the Canadian and
Japanese SOLAS groups, fwhen they conducted a 26-day study of
the iron patch (Boyd et al., 2004). Three years after SEEDS, SEEDS
II was conducted by two research vessels, R/V Hakuho Maru and
R/V Kilo Moana for an intensive longer period as a result of the
international collaboration among Japan, Canada, and United
States scientists in the summer of 2004. For the SEEDS II
experiment, several groups of atmospheric scientists and specia-
lists of trace gases in seawater joined the original SEEDS group of
skilled marine scientists and conducted research in the lower
atmosphere. All three experiments resulted from the international
collaborative field project developed under the umbrella of
North Pacific Marine Science Organization (PICES), through its
Advisory Panel on the Iron Fertilization Experiment in the
Subarctic Pacific Ocean (IFEP). IFEP was approved by PICES in
1998 and science plans and the coordination of various experi-
ments were discussed and planned through workshops and
meetings (Takeda and Wong, 2006).

During the SEEDS II experiment, the iron patch was traced for
26 days, which included observations on the development and
decline of the bloom by mapping with sulphur hexafluoride
(Tsumune et al., 2009). The experiment was made at almost the
same location and the same season as SEEDS. However, the results
were very different between SEEDS and SEEDS II. During SEEDS,
a high accumulation of surface phytoplankton biomass
(�18 mg chl m�3) was accompanied by a floristic shift from
oceanic diatoms to neritic diatoms (Tsuda et al., 2003), which
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was the highest chlorophyll-a concentration among all of the iron
fertilization experiments in the world ocean (de Baar et al., 2005;
Boyd et al., 2007). In contrast, during SEEDS II, the surface
chlorophyll-a accumulation was lower, 0.8–2.5 mg m�3, and with
no prominent diatom bloom (Tsuda et al., 2007). Photosynthetic
competence in terms of Fv/Fm for the total phytoplankton
community in the surface waters increased after the iron
enrichments, accompanied by an increase in primary production,
and then it returned to the ambient level by day 20 (Kudo et al.,
2009; Suzuki et al., 2009). These results suggest that the
photosynthetic physiology of the phytoplankton assemblage was
improved by the iron enrichments and returned to an iron-
stressed condition during the declining phase of the bloom. Pico-
phytoplankton (o2mm) became dominant in the chlorophyll-a

size distribution after the bloom (Sato et al., 2009). We observed a
nitrate drawdown of 3.8mM in the patch (day 21), but there was
no difference in the silicic acid concentration between the patch
and outside the patch (Saito et al., 2009). We also observed a
significant increases of particle flux in the patch (Aramaki et al.,
2009). Mesozooplankton (copepod) biomass, which was domi-
nated by the ontogenetic vertical migrator Neocalanus plumchrus,
was 3–5 times higher during the bloom development phase in
SEEDS II compared to SEEDS. The copepod biomass increased
exponentially. The grazing rate estimation indicates that the
copepod grazing prevented the formation of an extensive diatom
bloom that was observed in SEEDS and led to the change to a pico-
phytoplankton-dominated community towards the end of the
experiment (Tsuda et al., 2009; Saito et al., 2009).

Activities in atmospheric chemistry and the chemistry of trace
gases in the seawater were an important component of SEEDS II.
Although we observed a significant increase in CH3Br in the patch,
other trace gases did not increase (Hashimoto et al., 2009).
We observed a significant increase in DMSP in the patch, but the
DMS concentration was not statistically different between the
patch and out-patch (Nagao et al., 2009). Moreover, the iron
addition affected the bacterial cycling of the DMS-related
chemicals in the patch (Lizotte et al., 2009).

The following 19 papers in this special issue were the outcome
of the SEEDS II campaign. The disciplinary scope of the papers is
very broad, not only linking chemical, physical and biological
oceanography, but atmospheric chemistry and physics. This is a
rather unique combination of fields to publish their results in
Deep-Sea Research—Part II and we hope that this special issue
will be popular with the atmospheric science community.
There are several publications outside of this volume on iron
and trace metal chemistry (Kondo et al., 2008; Nakatsuka et al.,
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2007; Nishioka et al., 2007; Sato et al., 2007) methane dynamics
(Sasakawa et al., 2008), alkane dynamics (Kameyama et al., 2009),
the chemistry of suspended particles (Iwamoto et al., 2009), and
some papers are still in preparation.

We thank the captains and crews of the R/Vs Hakuho Maru and
Kilo Moana, and our colleagues onboard during the cruises.
Prof. Paul Harrison gave us valuable advice and continuous
encouragement throughout our study. This campaign has con-
tributed to the international activities of SOLAS, IMBER, IGAC, and
PICES.
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