
Class 25: Upwelling, El Nino & PDO 

Slide 1  1) The role of turbulence & 
Nutrients in controlling phytoplankton 
production along an inshore-offshore 
gradient: Lasker’s Stable-Ocean 
Hypothesis 

2) El Niño & PDO 

NOTES: 

Slide 2  Remaining Lecture Schedule 

NOTES: 

Slide 3  Study Question Topics 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 4  Margalef’s Mandala & Turbulence 

NOTES: 

Slide 5  Phytoplankton habitats along an 
inshore-offshore mixing & nutrient 
gradient 

NOTES: 

Slide 6  

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 7  Ryther’s sampling protocol 

NOTES: 

Slide 8  Coastal Upwelling off Peru 

NOTES: 

Slide 9  

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 10  Production very high 

NOTES: 

Slide 11  Conclusions: Ryther et al.  (1971) 

NOTES: 

Slide 12  Production at upwelling centers 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 13  

NOTES: 

Slide 14  Critical depth and upwelling: 

NOTES: 

Slide 15  NW African Upwelling 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 16  NW African Upwelling 

NOTES: 

Slide 17  Lasker’s stable-ocean hypothesis 

NOTES: 

Slide 18  MA Bay subsurface Chl a 
maxima 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 19  El Niño, La Niña & PDO 

NOTES: 

Slide 20  El Niño: warmer water than 
usual near Peruvian coast 

NOTES: 

Slide 21  The Equatorial Divergence 
(CZCS) 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 22  The Equatorial Divergence 
(CZCS) 

NOTES: 

Slide 23  El Niños: ‘83, ‘97-99,‘06; La Niña 
in ‘07; ENSO neutral in 2008 

NOTES: 

Slide 24  Multivariate ENSO Index 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 25  

NOTES: 

Slide 26  La Niña: colder water near 
eastern ocean boundary 

NOTES: 

Slide 27  Ecological effects of El Niño 

NOTES: 

Page 9 of  16 

IT
Stamp



Class 25: Upwelling, El Nino & PDO 

Slide 28  El Niño effects off California 

NOTES: 

Slide 29  Global Fisheries & El Niño 

NOTES: 

Slide 30  El Niño reduces oceanic flux of 
CO2 to atmosphere; forest fires caused by 
El Niño drying can increase CO2 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 31  El Niño & equatorial outgassing 

NOTES: 

Slide 32  Pacific Decadal Oscillation (PDO) 

NOTES: 

Slide 33  McGowan’s CALCOFI data 
Zooplankton ‘58-’59 El Niño & PDO 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 34  Pacific regime shifts 

NOTES: 

Slide 35  Pacific Regime shifts: 1977 & 
1989 

NOTES: 

Slide 36  PDO, ENSO & CALCOFI 
zooplankton 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 37  PDO Regime Change/Domain 
Shift 

NOTES: 

Slide 38  

NOTES: 

Slide 39  Anchovy & Sardine Regimes 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 40  1960s -> 1978 Anchovy (Cold) 
Regime 

NOTES: 

Slide 41  1930s & 1980s Sardine (Warm) 
Regime 

NOTES: 

Slide 42  The domain-shift hypothesis 

NOTES: 
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Class 25: Upwelling, El Nino & PDO 

Slide 43  Trichodesmium & gyre N2 
fixation 

NOTES: 

Slide 44  Conclusions on gyres 

NOTES: 

Slide 45  PDO Regime Change/Domain 
Shift 

NOTES: 

Page 15 of  16 

IT
Stamp



Class 25: Upwelling, El Nino & PDO 

Slide 46  

NOTES: 

Slide 47  Conclusions on upwelling 

NOTES: 

Slide 48  Conclusions: El Niño 

NOTES: 
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