
the present indices) as well as offshore wind-stress curl,
although interannual variations in these two processes do
not appear to be tightly coupled in the southern CCLME
[Rykaczewski and Checkley, 2008]. Other processes (e.g.,
coastal trapped waves) can also exert influences on the
upwelling habitat of the CCLME.
[17] Marine organisms will, to varying degrees, show

resilience to changes in the annual upwelling cycle. For
primary producers (phytoplankton), the timing of the spring
transition and nutrient input relative to solar insolation is
likely to be critical to photosynthesis and productivity,
particularly in the light-limited northern CCLME. At mid-
to higher trophic levels, the phenology of upwelling may
relate to matches and mismatches between the productivity
and life cycles of predator and prey [Sydeman et al., 2001;
Durant et al., 2007]. Many top predators time reproduction
and/or migration to periods of maximum food abundance
[Cushing, 1990]; however, there is no reason to assume that

changes in the phenology of upwelling would affect pred-
ators and prey species similarly. For species with limited
plasticity in their life histories, any substantial changes in
the timing, intensity or duration of upwelling could be
disruptive to their foraging, reproductive, or migratory
success if it impacts their trophic ecology. Indeed, under
varying climate change scenarios, we expect greater mis-
matches in predator needs and prey availability, undoubt-
edly mediated in large part by the phenology of upwelling
in the CCLME.
[18] Information on the phenology of upwelling is vital to

managers tasked with assessing future changes in commer-
cially important fish and protected species populations, and
in the overall ecosystem health of the CCLME. A number of
recent studies have discussed climate-driven phenological
changes in marine and terrestrial ecosystems [e.g., Edwards
and Richardson, 2004; Stenseth and Mysterud, 2002;
Stenseth et al., 2002]. Logerwell et al. [2003] and others
have shown the importance of the spring transition to
salmon fisheries in the northern CCLME. Groundfish pro-
ductivity and recruitment may be similarly affected by
variation in spring transition dates [Miller and Sydeman,
2004]. While statistics on the timing of upwelling, and total
upwelling intensity, are indeed critical parameters to mon-
itor, the event-based time scale (daily to weekly), not
investigated per se in this study, is also of great significance
[Lasker, 1978]. Eventually, examining the phenology of
upwelling on multiple time scales will be needed to better
resolve the coupling between upwelling and biology in the
CCLME.
[19] Some studies employing global and regional climate

models project significant variability in the timing and
magnitude of coastal upwelling accompanying various
climate change scenarios [Snyder et al., 2003; Diffenbaugh
et al., 2004; Diffenbaugh, 2005], while others found little
indication of anthropogenic climate change leading to
systematic changes in CCLME coastal upwelling [Mote
and Mantua, 2002]. The recent variations in the phenology
of upwelling in the CCLME could be a harbinger of future
changes that could disrupt predator-prey dynamics and
reduce ecosystem services (fisheries) in the CCLME.
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Figure 3. Time vs. latitude diagrams for (a) spring
transition index (Julian day), (b) length of upwelling season
index (days), and (c) total upwelling magnitude index (m3

s!1 100 m!1). Periods of strong El Niños (defined by
multivariate ENSO index >1.0) are marked.
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