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Preview:  
• Life history  
• Reason for concern 
• Outflow vs abundance relationship 
• Early life history & recruitment 

• Hypotheses x Life History => seasonal outflow 
importance 

• Part of decline = distribution shift 



Data Sources:  

• Fall Midwater Trawl: Sep-Dec monthly 

• Bay Study E&L OT & MWT: year-round 

monthly  
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Reason for Concern: 
 
Longfin Smelt Abundance Trend Down 
 
…except for brief positive periods associated 
with high outflow 

Source: Thomson and others 2010 



Outflow vs Longfin Smelt Abundance –  

Fall Midwater Trawl Relationship still holds ! 

Source: Dayflow dataset; Dec-May mean monthly Chipps Island outflow  

Lines indicate 
significant relationships 
(P <0.05). 

Pre-Clam 1967-1988 
Post-Clam 1989-2003 
POD       2004-2012 



Life History Background  Conceptual Model?  



Year-class strength established during larval 
phase 

• Larval abundance (1981-1989) is significantly 
correlated to subsequent juvenile abundance, but to 
outflow. The year 1982 had high leverage in the 
significant relationship (Baxter 1999) 

• Juvenile abundance correlated to outflow 
• Juvenile abundance correlated to next age class 

(Rosenfield and Baxter 2007) 

 



What early life history characteristics link 
survival to outflow? 

• Spawn in tidal fresh- & possibly brackish water 
• Spawning migration into freshwater limited 
• About 1 month incubation and 3 month larval period 
• Larvae surface oriented & go with flow (CDFG 1992, Bennett 

and others 2002, Dege and Brown 2004) 

• Eggs and larvae tolerate to 8 ppt but survive best at 
lower salinity and freshwater (Hobbs and others 2010; Lindberg 
and others data reports/presentations) 

 
 



Hypothesized mechanisms for outflow effect 

• Provides low salinity habitat for eggs and larvae 
• Transport and dispersal (reduce entrainment) 
• Linked with turbidity reduces predation 
• Linked to food web services -> increased productivity 

and food 
• Suppresses clam feeding ? 
 

 



When are mechanisms important? 

Source: Bay Study ichthyoplankton data    



Larvae survive best at low salinity 

Distributions in fish survey 
Distributions in survivor otoliths 

Source:  Hobbs and others 2010 



Low salinity habitat a function of outflow 

Source: Kimmerer et al. 2013 



Hypothesized mechanisms for outflow effect 

• Provides low salinity habitat for eggs and larvae 
• Transport and dispersal (Baxter 1999, Dege and Brown 2004) 

 

Source: Smelt Larva Survey webpage 
http://www.dfg.ca.gov/delta/data/sls/CPUE_Map.asp#MAP 

X2 location 



Food web services? 
 
Eurytemora affinis the diet of survivors! 
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Outflow timing, hypothesized mechanisms & 
benefits (weighted by “x”) 

Dec Jan Feb Mar Apr May 

LSH Egg xx xxx xxx xx 

LSH Larva x xx xxx xxx xxx xxx 

Transport -
Dispersal 

x xxx xxx x 

Turbidity- 
Predation? 

x xxx xxx xxx xx 

Food web? x xx xxx xxx xxx 



Each fish survey tells a slightly different story 
• All show flow relationships 
• POD decline not well detected by Bay Study data 
• Shift in distribution suggested 

Source: Bay Study trawl data    

Pre-clam open circles; post-clam filled circles; POD filled triangles 



Distribution shifts 

Pre-Clam 
1980-1988 

Post-Clam 
1989-2003 

POD 
2004-2011 

Data : May-Oct age-0 Longfin Smelt catch total by 
embayment and period for paired MWT and OT  



Conclusions 

• Flow relationships persist 
• Stock – effect responsible for variation in abundance 

w/flow 
• Some evidence of habitat and transport/dispersal 

effects 
• Shift downstream and toward bottom in distribution 

suggested for some of the FMWT decline 
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