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[1] We use hydrographic data from the California
Cooperative Oceanic Fisheries Investigations program to
explore the spatial and temporal variability of dissolved
oxygen (DO) in the southern California Current System
(CCS) over the period 1984–2006. Large declines in DO
(up to 2.1 mmol/kg/y) have been observed throughout the
domain, with the largest relative DO declines occurring
below the thermocline (mean decrease of 21% at 300 m).
Linear trends were significant (p < 0.05) at the majority of
stations down to 500 m. The hypoxic boundary (�60 mmol/kg)
has shoaled by up to 90 m within portions of the southern
CCS. The observed trends are consistent with advection of
low-DO waters into the region, as well as decreased vertical
oxygen transport following near-surface warming and
increased stratification. Expansion of the oxygen
minimum layer could lead to cascading effects on benthic
and pelagic ecosystems, including habitat compression and
community reorganization. Citation: Bograd, S. J., C. G.

Castro, E. Di Lorenzo, D. M. Palacios, H. Bailey, W. Gilly, and

F. P. Chavez (2008), Oxygen declines and the shoaling of the

hypoxic boundary in the California Current, Geophys. Res. Lett.,

35, L12607, doi:10.1029/2008GL034185.

1. Introduction

[2] Dissolved oxygen (DO) concentrations in the ocean
are dependent on a number of physical and biological
processes, including circulation, ventilation, air-sea ex-
change, production and respiration. Climate-driven changes
in these processes should therefore be reflected in oceanic
DO observations [Deutsch et al., 2005]. In particular,
models driven by increasing greenhouse gases predict a
decline in midwater oceanic DO as a result of enhanced
stratification and reduced ventilation [Sarmiento et al.,
1998; Keeling and Garcia, 2002]. These changes will have
a significant impact on the biological pump locally, while
changes in large-scale circulation will act to spread and
modify the oxygen signal. Spreading of low-oxygen waters

could also greatly impact many higher trophic level species,
depending on their oxic requirements. Although long time
series of DO are relatively scarce, the few regions where
they are available have seen a systematic decline [Emerson
et al., 2004; Whitney et al., 2007]. Additional regional
observations of long-term oxygen trends are critical to
evaluating the causes and implications of climate-driven
oxygen changes.
[3] Here we use historical hydrographic data from the

California Cooperative Oceanic Fisheries Investigations
(CalCOFI) program [Bograd et al., 2003] to explore the
spatial and temporal variability of DO in the California
Current, within and offshore of the Southern California
Bight (SCB). The SCB is affected by a confluence of water
masses from the subarctic Pacific, via the California Cur-
rent; from the northeastern tropical Pacific, via the Califor-
nia Undercurrent [Lynn and Simpson, 1987]; and from
lateral shifts in the boundary of the North Pacific Subtrop-
ical Gyre. The California Current is also a highly productive
region, and has undergone significant changes in lower
trophic production on seasonal [Mackas et al., 2006],
interannual [Bograd and Lynn, 2001], and decadal
[McGowan et al., 2003] time scales related to large-scale
climate forcing. The long historical time series of DO
observations within this eastern boundary current provide
a unique opportunity to investigate the relative role of
physical and biological processes in controlling oxygen

Figure 1. Map of the nominal CalCOFI survey grid. Line
and station numbers are shown.
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