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Managing for Genetic Variation: When, Why and How? 
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Managing for Genetic Variation: When, Why and How? 


Processes, issues, and factors in genetic aspects of!
       conservation management



Conservation management: 

Goals 

Limitations
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Managing for Genetic Variation: When, Why and How? 


WHEN:

!
Extinction risk typically triggers management for non-domestic 
species.

 

But the level of threat required to trigger intervention is a matter of 
dispute. (And, we may wish to refine the definition of extinction.)
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Managing for Genetic Variation: When, Why and How? 


WHEN:

!
Extinction risk typically triggers management for non-domestic 
species.

 

But the level of threat required to trigger intervention is a matter of 
dispute. (We may need to refine the definition of extinction.)



“When” may also depend on feasibility. Insufficient samples for a 
robust analysis is a chronic condition, that can be addressed.
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Degrees of intensity of management


goals: population persistence!

                     maintenance of ecological processes (?)!
                     measurable assurance of recovery or lack of!
                           need to list



Intensive mangement:!
     pedigree vs. genetic markers
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Intensive mangement:�
     pedigree vs. genetic markers



Necessity has driven use of pedigree management�
     robustness�
     it works�
     results can be compared to goals



However, assumptions are violated in nature



Is direct analysis of genetic variation a better tool for 
management?�
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Managing for Genetic Variation: When, Why and How? 


WHEN:

!
Extinction risk typically triggers management for non-domestic 
species.

 

But the level of threat required to trigger intervention is a matter of 
dispute. (We may need to refine the definition of extinction.)



“When” may also depend on feasibility. Insufficient samples for a 
robust analysis is a chronic condition, that can be addressed.



For now, whenever one can. There are too few model systems. With 
the advance of potential applications for analysis of genetic data 
(notably genomic data), many (most) previous studies are vulnerable 
to challenge.  



WHY IS THAT?
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Why are so many studies going to come to look inadequate? 



Pedigrees are not available



Too few markers.



Poor sampling regime.



Low statistical power.



Problems inherent with rapidly evolving neutral markers, including 
microsatellites and mitochondrial haplotypes. 
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Managing for Genetic Variation: When, Why and How? 


Problems with neutral markers, including microsatellites and 
mitochondrial haplotypes.



Microsatellites: mode of mutation uncertainty (we are not highly 
confident about their mode of evolution). Rapid mutation rate.



Mitochondrial DNA: small effective population size. Matrilineal 
inheritance. High mutation rate.



These factors, in combination with founder effect and genetic drift, 
can imply or demonstrate genetic isolation, but for how long and to 
what functional consequence?
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Problems with neutral markers, including microsatellites and 
mitochondrial haplotypes.



Microsatellites: mode of mutation uncertainty (we are not highly 
confident about their mode of evolution). Rapid mutation rate.



Mitochondrial DNA: small effective population size. Matrilineal 
inheritance. High mutation rate.



These factors, in combination with founder effect and genetic drift, 
can imply or demonstrate genetic isolation, but for how long and to 
what functional consequence?



What about neutral markers? Why did they get used, if they are not 
the wanted tool? Why not change, if there is something better?
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Species vary in genetic diversity 

�
�

Average numbers of mitochondrial genome differences between pairs of individuals, ignoring hypervariable regions. Species 
designated by the 2008 IUCN Red List of Threatened Species as “endangered” or “critically endangered” are indicated in red, and 
extinct species are in black. Species and populations in blue are thriving. †Species represented by only two sequences. *Whales 
are averaged over five species. Woolly mammoths are divided into two mitochondrial clades (30). The gorillas may be from 
separate subspecies, Gorilla gorilla and Gorilla beringei. It is apparent that mitochondrial diversity is not the only factor affecting 
species endangerment; habitat loss and other factors are often critical.  
 
Miller et al. PNAS 2011 



Pacific	
  pocket	
  mouse	
  	
  
Perognathus	
  longimembris	
  

pacificus	
  

Steven Thomas, Asako Navarro & Debra Shire�



PPM	
  mtDNA	
  haplotype	
  distribu9on	
  

Limited haplotype sharing (almost reciprocally 
monophyletic) 

Steven Thomas 



Pacific pocket mouse  
Perognathus longimembris pacificus 

STRUCTURE analysis 
is suggestive of 
separate species under 
PSC 

Steven Thomas 
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Managing for Genetic Variation: When, Why and How? 


Why are so many studies going to come to look inadequate? 



Too few markers.



Poor sampling regime.



Statistical power.



Problems with neutral markers, including microsatellites and 
mitochondrial haplotypes. 



PPM example demonstrates some concerns. SPECIES CONCEPTS

impact conservation management operations.  
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Managing for Genetic Variation: When, Why and How? 


PPM example demonstrates some concerns. SPECIES CONCEPTS

impact conservation management operations. 



Phylogenetic species concept: operational (emphasizes ability to 
diagnose). But, may overdiagnose, due to genetic drift and rapid 
marker evolution.



For genetically diverged populations: protect divergence when it 
involves adaptive differences, but counter it when it threatens 
populations.
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Managing for Genetic Variation: When, Why and How? 


PPM example demonstrates some concerns. SPECIES CONCEPTS

impact conservation management operations. 



Phylogenetic species concept: operational (emphasizes ability to 
diagnose). But, may overdiagnose, due to genetic drift and rapid 
marker evolution.



For genetically diverged populations: protect divergence when it 
involves adaptive differences, but countered when it threatens 
populations.



So, we would really like to know more about adaptive differences!

Maybe, we would want to manage for them to contribute to 
sustainability.
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So, we would really like to know more about adaptive differences!

Maybe, we would want to manage for them to contribute to 
sustainability.



How would we identify adaptive differences and how would this 
information be applied?

     measure components of fitness and associate with genetic locus

     evaluate mutations at and across loci

     threatened status limits direct experimental investigations
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Genomics



There are basic, unresolved, questions about biology and evolution that 
genomics can address: recombination, role of types of genetic variation, 
mutation, life history attributes, selection. Enhanced knowledge in these 
areas impacts many conservation applications. 



Conservation applications that genomics can inform:

conservation units, hybridization, resolving power for identifying 
systematics, population genetics, demographic questions



Look for case-by-case approaches as the field develops.
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The risk of gene flow between isolated populations involves declines in 
fitness resulting from genetic incompatibilities, i.e., outbreeding 
depression



Chromosomal divergence can lead to outbreeding depression and 
should routinely be evaluated








Madoqua	
  kirki	
  -­‐	
  Kirk’s	
  dik-­‐dik	
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image: robertwinslowphoto.com�



Hybridiza9on	
  of	
  Kirk’s	
  dik-­‐
dik	
  cytotypes	
  produce	
  

sterile	
  males	
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Assessing functional genetic divergence:�
�
     types of mutations can imply functional changes�
           dN/dS ratios�
�
     changes in gene expression can imply functional changes



 




Hsa 1	

 Hsa 2	

 Ggo	

 Ppa	



Mainly	


  Ggo	



Mainly	


  Ppa	



Mainly	


Hsa	



Mainly	


Hsa 2	



Mainly	


Hsa 1	



Relative	
  Gene	
  
Expression	
  in	
  
Human	
  and	
  
Ape	
  
Fibroblasts	
  

Karaman, et al. 
2003 �
Genome Research�

Hacia Lab �
Ryder Lab �
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Gene flow happens!



We are at the early stages of discovering how often and 
when introgressive gene flow occurs following reproductive 
isolation








Gene	
  flow:	
  	
  natural,	
  managed,	
  restora9ve,	
  adap9ve,	
  and	
  maligned	
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Two quick examples of current studies in measuring 
genetic diversity in endangered species. 



These studies are anticipated to assist in long-term 
conservation management.





Great apes



California condor



And, another plug for banking samples. It’s worth will 
exceed your expectations.








The	
  Frozen	
  Zoo®	
  

          

    Mission of the Frozen 
Zoo �
�
To help preserve the legacy 
of life on Earth for future 
generations by establishing 
and maintaining genetic 
resources in support of 
worldwide efforts in 
research and conservation. �
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Prado-Martinez, et al. Nature (2013) 



California condors




Partial pedigree of expanding �
California condor population
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Ecosystem	
  Ark	
  

The way to conserve species is in their habitats 
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