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Diatoms constitute a major group of phytoplankton, accounting for ~20% of
the world’s primary production. Biological dinitrogen (N;) fixation by
diazotrophic cyanobacteria has great biogeochemical implications in
nitrogen (N) cycling. Iron (Fe) can be the limiting nutrient for phytoplankton
growth and plays thus an essential role in governing the marine primary
productivity. Meanwhile, oceanic systems are undergoing continuous
modifications at varying rates and magnitudes as a result of changing
climate. The objective of our research is to evaluate the effects of global
climate change processes (changing dust deposition, ocean acidification and
sea-surface warming) on phytoplankton growth, biological N; fixation,
biogeochemical cycles, and the controlling role of Fe within these impacts.
Laboratory culture experiments using a marine diatom Chaetoceros socialis
were conducted at two temperatures (13 and 18 °C) and two carbon dioxide
partial pressures (pCOz, 400 and 800 patm). The present study clearly
highlights the effect of ocean acidification on enhancing the release of Fe
upon dust deposition. Our results also confirm that while being a potential
source of Fe, dust provides in addition a readily utilizable source of
macronutrients such as phosphorus (P) and silicon (Si). However, elevated
atmospheric CO; concentrations as well as increasing temperature may have
an adverse impact on diatom growth, causing a decrease in cell size and
possible further changes in phytoplankton biogeographic distribution and
composition.

A better understanding of the major environmental (ocean acidification and
warming) and nutrient (Fe, P and dust) controls governing N, fixation is
highly required. Through three laboratory bioassays (+Fe, +P, +Dust) via
incubation experiments performed on Trichodesmium IMS101, we found that
addition of Fe, P or desert dust could stimulate the growth and N, fixation of
Trichodesmium IMS101. In addition, during a field study in the North Atlantic
Ocean using natural phytoplankton assemblages, N, fixation was remarkably
stimulated through the addition of dissolved Fe under low temperature and
depleted P conditions, highlighting the critical role of this trace element.
Finally, semi-continuous dilution growth experiments were conducted on
Trichodesmium IMS101 under future high pCO; and warming seawater
conditions (800 patm and 28 °C) and compared to the present-day situations
(400 patm and 24°C). The results indicate that higher pCO; and therefore
ocean acidification may be beneficial for Trichodesmium growth and N;
fixation. In contrast, ocean warming may not play an important role in
Trichodesmium growth and N, fixation with a 4 °C increase from 24 °C to
28 °C.

The changing climate has thus a significant implication in ocean
phytoplankton growth, cell size and primary productivity, phytoplankton
distribution and community composition, and C, N, P, Si and Fe
biogeochemical cycles in various ways.




