
Figure 2.  Time series of example parameters (averaged C1-M2 data). •e 
series are characterized by strong short-term €uctuations (blue dots), seasonal 
cycles (red line),  interannual €uctuations (red line),  and small residual trends 
(green line).  Stations C1, M1 and M2 have been occupied each 2-3 weeks since 
1989 (blue dots). Stations o•shore of M2 were occupied quarterly from 1988-1991 
and again from 1997-2005; data density for these o•shore stations is considerably 
less than shown. 

Figure 3. Contours of selected properti es during winter non-upwelling (le•  panels), 
spring upwelling (middle panels), and fall ̀oceanic' months (right panels). •e d otted 
vertical lines indicate the four hydrographic zones described under Figure 1. O•shore 
isolines of  physical and  chemical properties shoal shoreward  in all seasons  due to 
equatorward €ow of the CC.  Nearshore isolines shallower than about  60 m  shoal 
further in spring due to coastal upwelling. Chlorophyll and primary production values 
are highest near the surface inshore due to intersection of the nutricline with the lighted 
euphotic zone. 

Figure 4. Physical and chemical properties, average annual cycles for Monterey Bay (MB; orange), the Coastal Upwelling Zone (CUZ; green), the 
Coastal Transition zone (CTZ; light blue), and the California Current (CC; dark blue ). Raw time series as in Figure 2 were collapsed into a canonical year 
then smoothed with a 14 day Stineman interpolation followed by a 9 point moving average. •e v ertical black lines divide the spring upwelling, fall oceanic, 
and winter inshore countercurrent periods. Surface temperature (A) is coldest nearshore and in late winter and warmest o• shore and in late summer. 
60 m temperature (F) is coldest in MB and the CUZ in spring, is intermediate but nearly aseasonal in the CTZ, and high and also aseasonal in the CC. 
Surface (B) and 60 m (G) salinity is much lower and less seasonal in the CC than nearshore. 60 m CC spice (H) is also nearly aseasonal. Mixed layer depth 
(D) is shallowest in MB and the CUZ in spring, and deep everywhere in winter. •e curv es for the 12° isotherm (C), the 10 µM nitrate isoline (E), 60 m 
nitrate (I)  and apparent oxygen usage (J) are similar in form to inverted curves for 60 m temperature (F). •e curv es for surface nitrate (K) , phosphate (L)  
and silicate (M) are similar with major increases nearshore during late winter and spring, and major drawdown again nearshore but during summer and fall. 

Figure 5.  Phytoplankton  properti es,  annual cycles  and  zones as described under Figure 4. Depth-integrated 
primary production (A) and chlorophyll  (B) are highest nearshore in MB and the CUZ in spring, and  lower and  
less seasonal o• shore in the CTZ and CC.  •e productivity/biomass ratios (C) are, however, all seasonal and 
lowest in MB. Diatoms (D) are most abundant nearshore in spring, whereas dino€agellates (E) are more abundant, 
also nearshore, in fall and early winter (H). •e c alculated HPLC diatom chlorophyll (D; <1.5 mg/m3) is 
considerably less than 0 m total chlorophyll determined by €uorescence (not shown; <6 mg/m3). Synechococcus (F) 
is most abundant in fall in MB, the CUZ and CTZ,  whereas Prochlorococcus (G) is most abundant in fall/early winter 
in the CC.  Prochlorococcus chlorophyll is more abundant in the CTZ and CC than diatom chlorophyll, especially in 
winter (J). 
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INTRODUCTION

Time series stations off central California have been occupied by ship each 
three weeks in Monterey Bay since 1989 and quarterly on CalCOFI Line 67 
since 1997.  A consistent a suite of physical, chemical and biological data have
 been collected, with 1-2 stations in Monterey Bay and 9 open ocean stations to
300 km offshore,  across the core of the California Current. These data allow
construction of climatological views of seasonal and interannual temporal 
pattern and biogeographic views of spatial pattern. 

The purpose has been to understand the controls on phytoplankton 
dynamics in this eastern boundary current region. 

Here we construct highly smoothed seasonal curves to compare phytoplankton 
dynamics between four hydrographic zones along Line 67. These zones are 
(1) Monterey Bay, characterized by recirculated upwelled waters in the 
spring/summer productiveseason, and Inshore Countercurrent (ICC) waters in 
winter; (2) a Coastal Upwelling Zone, with freshly upwelled waters in the 
productive season and ICC waters in winter; (3) the Coastal Transition Zone, 
a mixing region of fronts and eddies between upwelled or ICC waters nearshore 
and the California Current offshore; and (4) the California Current, characterized 
by low salinity waters from the subarctic Pacific year-round. 

CON CLUSION S

• Line 67 presents strong gradients in eutrophic/oligotrophic and 
seasonal/aseasonal habitats over relatively small spatial scales, wherein 
physics, nutrient chemistry and biology are strongly coupled yet differ 
greatly. 

• Seasonal cycles are strong nearshore (MB and CUZ) and consistent with 
coastal upwelling as the major driver.

• Offshore seasonal cycles (CTZ and CC) are often weak and may represent 
damped and delayed propagation of the upwelling signal via advection or 
thermocline perturbation.

• Surface macronutrients peak nearshore during the upwelling period and 
are drawn down strongly during the oceanic period

• Biological production is coupled to macronutrient levels. 

• Diatoms dominate nearshore during the upwelling period and dinoflagellates 
dominate during the oceanic period

• Synechococcus is most abundant during the oceanic period but not in 
the California Current;  Prochlorococcus is most abundant in winter and 
especially in the California Current   

Figure 1. CalCOFI Line 67 o  central 
California, USA, is divided into four 
hydrographic zones separated by black 
dashed lines: (1) Monterey Bay (0-20km 
o•shore; Stations C1 and M0); (2) a Coastal 
Upwelling Zone (one 36° N Rosby Radius 
broad and 20-52km o•shore; Stations M1 to 
M2); (3) the Coastal Transition Zone 
(52-170km o•shore; Stations 60 to 70); and 
(4) the California Current (170-300 km 
o•shore; Stations 75 to 90). •e underlying 
color is SeaWiFS chlorophyll.


