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 Delta smelt as a biomonitoring tool for 
assessing the San Francisco estuarine 
ecosystem health 

 

 Creating baseline Fish Health Index (FHI) for 
assessing delta smelt health 

 

 Biomodeling of delta smelt population 
health 
 

 Using FHI to evaluate and identify multiple 
stressors 
 

 Future Approach 

Overview 



Adams et al. 1989 

More specific, sensitive, and reproducible 
But more difficult to relate to ecological changes and generally unrealistic  

Directly indicative of ecosystem health, more relevant to 
environmental management 
But difficult to determine, least specific, manifest when 
environmental damages have already occurred 

Determine the health and fitness 
of individuals and allow extrapolation 
to population/community effects 
More ecological relevance  
but less specific 





Univariate Analysis 



Establishing Fish Health Index (FHI) 
Principal Component Analysis (PCA) 



POOR 

BELOW NORMAL 
ABOVE NORMAL 

HEALTHY 

Establishing Fish Health Index (FHI) 
FHI Distribution Study 

2011 Cohort  



2011 FMWT 2012 FMWT 2011-12 FMWT 

Indices in Canonical Discriminant Analysis: 
Body Weight and Length; Condition Factor; Hepatosomatic Index; Gonadosomatic index; RNA/DNA; Triglyceride;  
NA/K ATPase; EROD; AChE;  Liver Histopathology Score; Gill Histopathology Score 
 

FHI Canonical Analysis 

Poor ; Below Normal ; Above Normal ; Healthy 



FHI Biomodeling 
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Source: CA DFW 

Individual  Population 



Abundance Index: 343 

Abundance Index: 42 
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Fish HeaIth Index and Biomodel 
Development – Summary 

1) Used PCA to discriminate inter-related indices 
2) Targeted biologically relevant biomarkers from 

each group differentiated by PCA 
3) Established Fish Health Index as a new composite 

health status indicator 
4) Applied Canonical analysis to verify causal 

relationship between FHI and indices  
5) Developed predictive Biomodel using biomarkers,  

stressors and multiple regression  
6) Extrapolated FHI and Biomodel data from 

individual to population level 
 



Future Approach: Refining the 
Biomodeling of Fish Health Index 

1) Develop biomodel for Spring Kodiak Trawl 
and Summer Townet survey 

2) Link FMWT to SKT in a predictive biomodel 
3) Compare FHI of delta smelt: wet vs. dry years 
4) Evaluate interaction of multiple biomarkers in 

the model 
5) Analyze larger data sets by collecting 

biomarker data for multiple years 
6) Validate FHI biomodel precision by collecting 

multi-year samples  
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