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• What is GSI? 
• Advantages of GSI 
• Software ( Oncor  ,         ) 
• GSI in management 
• Limitations of GSI 

 



Pinks more difficult to identify ? 



Pinks more difficult to identify ? 

– Faithfulness to spawning site ? 
•Some populations stray; others don’t  

– Overall interest in the species (sampling)? 
•Smallest DFO baseline of 5 major salmonids 

– Genetic separation among population (Fst) 
•Variable no. of selected (16 vs.13) loci increased 

regional accuracy (Beacham et al in press) 



Objectives  

1. Test if using a variable number of selected loci 
increases within-region and stock specific 
accuracy (real data).  
 

2. Explore the limitations of GSI, identify gaps 
and biases of software, and propose 
corrective mechanisms (simulated data). 
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Methods Objective 1 
Testing variable number of selected loci 

Baseline 
16 loci   

Combinations 
of  Known 
Mixtures 

Estimated Mix 
Proportions 

GSI (13 & 16 Loci)   
Oncor &          

Sample 
without 
replacement 

Neaves, P. I., C. G. Wallace, J. R. Candy, and T. D. Beacham. 2005.  CBayes: Computer program for mixed stock analysis of allelic data. Version v5.01.  

Kalinowsi, S. T., K. R. Manlove, and M. L. Taper. 2007. ONCOR A computer program for Genetic Stock Identification. . Department of Ecology, 
Montana State University, Bozeman MT 59717. Available for download from http://www.montana.edu/kalinowski 



Results Objective 1 
Testing variable number of selected loci  

Avg Fst 0.004 (SD 0.003) Avg Fst 0.001 (SD 0.001) Avg Fst 0.01 (SD 0.009) 

Population Specific Estimates 









Methods Objective 2 
Exploring GSI Limitations  

POP1.   
(400 fish each) 

POP2  
 

POP3 

… 

POP10 

50 baselines EASYPOP 

(16 loci, Avg 48 alleles) 
0.0007 to 0.04 AVG Fsts 

Balloux, F., 2001 EASYPOP (version 1.7). A computer program 1520. 
for the simulation of population genetics. J. Hered. 92: 301–302 
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Simulated Baselines in EasyPOP 



Methods Objective 2 
Exploring GSI Limitations  

POP1.   
(400 fish each) 

POP2  
 

POP3 

… 

POP10 

50 baselines EASYPOP 

(16 loci, Avg 48 alleles) 

Sample1.  
(10 fish each) 

Sample2 

Sample3 

… 

Sample10 

Known 
Mixtures 

Sample 
without 
replacement 

Oncor 

Estimate1.  

Estimate2 

Estimate3 

… 

Estimate10 

Estimated Mix 
proportions 

0.0007 to 0.04 AVG Fsts 



Results 
Exploring GSI limitations   
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Conclusions 

• Using more or fewer Loci does not increase the stock-specific or 
within-region definition. Using 16 Loci increases the among-region 
accuracy, current management application.  

• For GSI purposes, very distant populations may belong to the same 
stock. Neighbouring populations may be genetically very different. 

• GSI subject to large errors and biases when Fsts are small.  
Simulation shows GSI very inaccurate (more than 20% error) when 
Fst < 0.01. 



Conclusions 

• GSI is limited in two ways: mathematically (failure to identify stocks 
at very low Fsts), and biologically (assumes that populations are 
highly faithful to spawning sites). 

• Software ONCOR performs better at lower Fsts (< 0.01) than 
CBAYES. No difference in performance at larger Fsts. 

• It is crucial to assess the Fst in Baseline populations and combine 
genetically closely related stocks when possible (Avg Fst>0.01). 
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