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Embayments provide shelter, but…
• Restricted water flow can reduce oxygen renewal
• Nutrient retention can stimulate algal production

‘Relatively’ 
imperious 

barrier



Fish Kill in 2005Algal bloom in
King Harbor, 

May 2006
following a fish kill 

in 2005.
Residual nutrients??







Sardines



175 tons of Pacific sardines
(approximately 2+ million fish)



Continuous-recording 
sensor packages: present 
since 2007.

Area of major 
impact
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sensor 
buoys



Temporal changes in chlorophyll fluorescence 
(proxy for algal biomass) and dissolved oxygen



Time frame of previous slide

Temporal changes in chlorophyll fluorescence 
(algal biomass) and dissolved oxygen

Close call?



Time frame of previous slide

Temporal changes in chlorophyll fluorescence (algal 
biomass) and dissolved oxygen

Recovery
Fish kill

Virtual anoxia



Robotic 
boat with 
vertical 
profiling 
sensor 
package



Sensor package:
Temperature, Salinity, Depth, 
Chlorophyll, Dissolved Oxygen



Sensing sites.

Area of major 
impact



Vertical profiles of dissolved oxygen in King 
Harbor Marina and at Harbor Patrol Dock
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Sensor package:
Temperature, Salinity, Depth, 
Chlorophyll, Dissolved Oxygen, Turbidity





North South

Dissolved Oxygen (% saturation)



175 tons of Pacific sardines in 73,000 m3 with a 
standard respiration rate, reasonable respiration rate…

Side story…
Fish stomachs contained Domoic
Acid, a powerful neurotoxin
Harbor waters did not!

(NB: composting destroyed toxin)

…O2 in water could be consumed in 6-12 hrs.
Case closed?



But… no domoic acid in the harbor, no toxic algae in the harbor.

So, where’s the toxic bloom?



42.3 µg domoic acid L-1

40.4 µg domoic acid L-1

52.3 µg domoic acid L-1

0.50 µg domoic acid L-1

Take home: Problems in harbors can reflect 
conditions well outside  the harbors.

Extremely
High
concentrations



Sardines

Theory
s

NOT a consequence of desal brine.
NOT a consequence of the power plant thermal discharge.
NOT a consequence of the March 2011 Japanese tsunami.

(as far as we know!)



Rapid removal of dead fish dramatically improved 
the rate and degree of recovery of water quality, and 
probably prevented subsequent algal blooms in 2012.

(no repeat of what happened in 2005/2006)

Long-term issue for preventing these events should 
probably focus on preventing precipitous drops in 
dissolved oxygen.

-enhanced oxygenation of water?
-enhanced flushing of the harbor?
-at the very least, response rapidly!

Science side note:
Development and application of sensing technology
Teased apart potential factors leading to the fish kill.

Management Considerations
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