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[1] The primary impacts of anthropogenic CO, emissions on marine biogeochemical
cycles predicted so far include ocean acidification, global warming induced shifts in
biogeographical provinces, and a possible negative feedback on atmospheric CO, levels
by CO,-fertilized biological production. Here we report a new potentially significant
impact on the oxygen-minimum zones of the tropical oceans. Using a model of global
climate, ocean circulation, and biogeochemical cycling, we extrapolate mesocosm-
derived experimental findings of a pCO,-sensitive increase in biotic carbon-to-nitrogen
drawdown to the global ocean. For a simulation run from the onset of the industrial
revolution until A.D. 2100 under a “business-as-usual” scenario for anthropogenic CO,
emissions, our model predicts a negative feedback on atmospheric CO, levels, which
amounts to 34 Gt C by the end of this century. While this represents a small alteration of
the anthropogenic perturbation of the carbon cycle, the model results reveal a dramatic
50% increase in the suboxic water volume by the end of this century in response to
the respiration of excess organic carbon formed at higher CO, levels. This is a significant
expansion of the marine “dead zones” with severe implications not only for all higher

life forms but also for oxygen-sensitive nutrient recycling and, hence, for oceanic

nutrient inventories.
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1. Introduction

[2] A special feature of today’s marine oxygen distribu-
tion is the presence of extended oxygen-minimum zones in
the tropical oceans, with suboxic conditions (here defined
by dissolved O, < 5 mmol m ) at relatively shallow depths
from several tens to hundreds of meters (Figures 1a and 1c).
Besides providing a hostile environment for almost all
marine life, these regions are of particular biogeochemical
relevance because they allow for anaerobic conversion of
fixed nitrogen, a major nutrient essential for biological
production, into gaseous N, not accessible to most organ-
isms. Sediment records provide evidence that the regional
patterns of this oxygen-sensitive nutrient loss have varied
on millennial and longer timescales in the past, in concert
with changes in the extent of the suboxic ocean areas
[Altabet et al., 1995, 2002; Ganeshram et al., 2002; Hendy
and Pedersen, 2006]. Such changes can be driven by
variations in biotically controlled local remineralization
and associated oxygen consumption or by changes in the
physical oxygen supply via circulation and temperature-
dependent oxygen solubility.
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[3] Modeling studies addressing glacial-interglacial var-
iations have already indicated that the volume of the tropical
suboxic areas is highly sensitive to climate change. Meissner
et al. [2005] showed that purely physical changes in the
formation of Antarctic Intermediate Water and North Pacific
Intermediate Water, such as associated with glacial-interglacial
climate variations, have the potential to reduce the volume
of suboxic waters and implied glacial denitrification rates by
more than 50% compared to present-day values. A coupled
physical-biogeochemical mechanism has been proposed by
Schmittner et al. [2007] to explain rapid reorganizations of
tropical oxygen-minimum zones on centennial timescales
via changes in local nutrient supply and biological production
driven by remote changes in the North Atlantic overturning
circulation.

[4] For the anthropocene, recent measurements and model
simulations have identified decreasing concentrations of
dissolved oxygen over large regions of the world ocean
during the last decades [Joos et al., 2003; Stramma et al.,
2008]. In many regions the oxygen decline is several times
larger than expected from temperature-related changes in
the gas solubility alone and is generally linked to a reduced
ventilation of the ocean interior [Matear et al., 2000]. On
the basis of an analysis of climate model runs, Grnanadesikan
et al. [2007] suggested that waters in the tropical thermocline
may, in fact, become younger as a result of reduced
upwelling of deep waters under global warming scenarios.
In the absence of biogeochemical tracers in their analyzed
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