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Current and  

Historic Range  

Of the Grizzly Bear 

(Ursus arctos) 



ñ...the FWS has failed to meet its obligation under the 

ESA to incorporate into the Grizzly  Bear Recovery 

Plan objective, measurable criteria addressing 

genetic isolation.ò  (Federal Court decision 1995)  

 



Methods 

ÄSample > 20 individuals from brown bear 

populations across North America 

ÄCollect genotype data from 8 nuclear DNA 

microsatellite loci 

ÄCompare #alleles/locus and heterozygosity 

Are levels of genetic diversity in YE grizzly bears 

significantly lower than other brown bear 

populations? 



Microsatellite Heterozygosity 

in Modern NA Brown Bears  

Paetkau et 

al. 1998 

ConBio 

(8 loci, mean 2n=124) 



Current Diversity in 

Yellowstone vs. NCDE 

39% 80% 57% YE / NCDE 

0.61 0.694 0.014 NCDE 

0.24 0.557 0.008 Yellowstone (YE) 

    

mtDNA3 

Micro-

satellites2 

  

Allozymes1 

Heterozygosity (Diversity) 

1 Allendorf pers. com.; 2 Paetkau et al. (1998); 3 Waits et al. (1998)  



Questions 

Ä Has genetic variation been lost in 
Yellowstone?  If so how much and when? 

Ä What has the effective population size (Ne) 
been over the last century? 

Ä What is the ratio of Ne / N ?  What does this 
imply about the current Ne ? 

Ä What is the likely future trajectory of genetic 
diversity in the population assuming 
continued isolation compared to various 
levels of gene flow from other populations? 

Ä What are the implications for conservation 
and management? 

Past 

Present 

Future 

Miller and Waits 2003 PNAS 100:4334-4339  



Yellowstone 

 Isolated by 1920 

Dump feeding began 

in late 1800ôs 

photo by E.W. Hunter (Montana Historical Society) 



Known Mortalities in Yellowstone 

Ecosystem, 1959 -1980  

# of known mortalities 1961-1966: 95         1967-1972: 220  

Estimate of mean population size 1959-1970: 312 (Craighead et al. 1995) 

Dump 

Closures 



1900 1970 2000 

Variation 

S S S 

Experimental Design to Resolve 

Competing Hypotheses 

(Dump 

closure) 



Methods 
ÄUsed museum specimens as source of DNA 

ÄGenotyped 8 microsatellite loci 

Ä Sample sizes:  1912-1920  N=38 

     1960-1972  N=72 

     1992-1999  N=136 

Ä Analysis excludes unreplicated historic genotypes and 
mean # of PCRs/sample/locus = 3.5  

 

ÄCompare 1910ôs, 1960ôs and 1990ôs  populations for 
heterozygosity, # of alleles / locus  



Results: Heterozygosity 

Heterozygosity (expected)
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Results: Allelic Diversity 

# of Alleles per Locus when 

2n=44 (1910s sample size)
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# Alleles Corrected for 

Uneven Sample Sizes 



1900 1970 2000 

Variation 
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Conclusion 

(Dump closure) 

Yellowstone 

NCDE, Southern B.C. 



Questions 

Ä Has genetic variation been lost in 
Yellowstone?  If so how much and when? 

Ä What has the effective population size (Ne) 
been over the last century? 

Ä What is the ratio of Ne / N ?  What does this 
imply about the current Ne ? 

Ä What is the likely future trajectory of genetic 
diversity in the population assuming 
continued isolation compared to various 
levels of gene flow from other populations? 

Ä What management strategies follow from 
these findings? 

Past 

Present 

Future 
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Results  



Ne(harmonic) 

N(harmonic) 



Estimation of Ne / N ratio in 

Brown Bears  
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Questions 

 

 

 

 

 

 

Ä What is the likely future trajectory of genetic 
diversity in the population assuming 
continued isolation compared to various 
levels of gene flow from another population? 

Ä What management strategies follow from the 
findings? 

Past 

Present 

Future 



Projecting Variation in 

Yellowstone into the Future 
ÄDeveloped analytic theory and used 

simulations to predict HE and allelic diversity 
in the near future as a function of Ne, 
migration rate and allele frequencies in source 
& recipient populations 

 

 

 

ÄAssumed island-continent model 
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