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Global increases in human population, fertilizer 

use, oil consumption, etc. inevitably lead to 

degradation of the environment 

San Francisco Bay is light- 

and grazing-limited, and 

there is no obvious history of 

Harmful Algal Bloom 

problems 



San Francisco Bay & the US West Coast are generally less 

susceptible to eutrophication issues, but there is considerable 

potential to make things worse. Choices we make in the near 

future may shift the fulcrumé 



ñDespite the persistent nutrient enriched status of San Francisco Bay, 

few harmful algal blooms (HABs) have been reported recently in San 

Francisco Bay, apparently because nutrient enriched turbid conditions 

in the estuary favor [é] diatomséò 
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Alexandrium catenella 

 - Dinoflagellate 

 - causes Paralytic Shellfish Poisoning 

Pseudo-nitzschia spp.  

 - Cosmopolitan 

 - Causes Amnesic Shellfish Poisoning 

Microcystis (blue-green algae) 

 - Previously a freshwater problem 

 - Recently monitored in coastal waters  



Lingulodinium polyedrum & Gonyaulax spinifera * 

 - Produces yessotoxin (Howard 2006, 2007) 

Akashiwo sanguinea * 

 - ñHarmlessò red tide (produces peroxides?) 

Ceratium spp. * 

 - Generally harmless 

Heterosigma akashiwo 

 - Bays and estuariesðcauses fish kills 



Lingulodinium polyedrum & Gonyaulax spinifera * 

 - Produces yessotoxin (Howard 2006, 2007) 

Akashiwo sanguinea * 

 - ñHarmlessò red tide (produces peroxides?) 

Ceratium spp. * 

 - Generally harmless 

Heterosigma akashiwo 

 - Bays and estuariesðcauses fish kills 

Harmful Algal Bloom: any phytoplankton that is 

toxigenic, or has been linked to detrimental impacts  





 



Central CA  

200-500 kg N kmï2 

watershed yr-1 



Urea is at relatively high 

levels in parts of the Bay 
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Field and lab experiments demonstrate 
that given urea, Pseudo-nitzschia can 
DOUBLE toxin productionΧ 

+ Urea 

Data from Gulf of the 

Farallones (San 

Francisco outflow) 

 

Water was moderately 

enriched with urea prior 

to experiment 



Akashiwo sanguinea 

 

 

Cochlodinium fulvescens 

Two HAB organisms 

responded strongly to the 

temporary diversion of high-

ammonium waters, while 

several non-HAB organisms 

showed no responseé. 

Kris Reifel, ñ



Nitrate:Ammonium Nitrate:Urea 

Eutrophication  

Potential 

HAB organisms 

found in upwelling 

systems generally 

�S�U�H�I�H�U���³eutrophic�´��
sources of nutrients. 

Kudela et al., 2010 


