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Ecosystem Drought Effects? 

Water Quality? 

Food Web? 

Clams and 
Invasive Fish? 

Delta Smelt 
Responses? 
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Tier 1 - Landscape Attributes 

Erodible Sediment Supply,  Proximity to Ocean, Proximity to Discharges, 
Proximity to Diversions, Bathymetry (Proximity to and Extent of Shallow Areas) 

Weather, Exports, Hydrology,  
Turbidity, Contaminants 
 

Air Temperature, Flows, Turbidity, 
Contaminant Loading, Water Diversions 
 

Weather, Hydrology, Turbidity, Clam Grazing, 
Nutrients, Contaminants 

Weather, Outflow, Turbidity, Clam Grazing, 
Nutrients, Contaminants 

Tier 2 - Environmental Drivers 

Food, Predation, Temperature,  
Transport, Entrainment, Toxicity 

Food, Predation, Temperature, 
Entrainment, Toxicity 

Food, Predation, Size and 
Location of LSZ, Toxicity 

Food, Predation, Temperature 
Harmful Algal Blooms, Toxicity        

Tier 3 - Habitat Attributes 

Adults 
Eggs & 
Larvae 

Juveniles Subadults 

Tier 4 - Delta Smelt Responses 

Spawning 

Survival 

Survival Growth 

Survival 

Growth 

Tier 5 - Life Stage Seasons 

March-June 
(Spring)  

December-May 
(Winter) 

September-December 
(Fall) 

June-September 
(Summer)  
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Sticky Note
From IEP-Management Analysis and Synthesis Team Report 2015, "An updated conceptual model of Delta Smelt biology: our evolving understanding of an estuarine fish." Available at: http://www.water.ca.gov/iep/ 



Delta in Drought = Nitrogen, Weeds, Microcystis, Little Plankton 

Modeled Low Salinity 
Zone Area,  

Michael MacWilliams, 
Anchor QEA 

Low Salinity 
Zone 
(0.5-6ppt) 

High  
Salinity 
(>6ppt) 

Zooplankton 

Nitrogen Concentration 
Microcystis 
Aquatic Weeds 
Largemouth Bass, Silversides 
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Jan - Mar Apr - Jun Jul - Aug Sept- Dec 
Delta Smelt Responses 

Abundance 

Distribution Or 
Growth 

Fecundity 

Delta Smelt Drought Response Predictions: 
Fewer fish, distributed more upstream 
Constrained life history  
Poor growth & fecundity 
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Does drought = poor growth in the summer?  

Summer Delta Smelt 
Growth Rate 

Average Water Temp 
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What to do if you are a Delta Smelt in DROUGHT? 

Find cooler temps? Find refugia upstream? 

Modeled Low Salinity Zone Area, Michael MacWilliams, Anchor QEA 
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Delta Smelt in Freshwater despite Warm Temps 

> 6 ppt 0.5 – 6 ppt <0.5 ppt 
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Some Refugia Upstream? 

Yolo 
Bypass 

2010 2011 2012 2013 2014 

Data from  
J. Hobbs, UCD 

Growth Rate 
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Data & Figure from: B. Hammock, S. Teh, T. Korube, UCD 
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Reduced fecundity & egg size 
in drought 

2012 2013 2014 2012 2013 2014 2012 2013 2014 
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Jan - Mar Apr - Jun Jul - Aug Sept- Dec 
Delta Smelt Responses 

Abundance 

Distribution 

Growth 

Fecundity 

Delta Smelt Drought Response: 

 Temperature 
 Location 
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Early 
1800s 

Early 
2000s 

“A Delta Transformed” 
San Francisco Estuary 
Institute 
www.sfei.org  

The Final Straw?  
Not the first drought for Delta Smelt… BUT 

Habitat Diversity 
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Drought Synthesis Team:  
IEP-MAST &  

CDFW Drought Operation Plan Collaboration 
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