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Dispersal vs. Gene Flow 



Management Questions and Uses 

• How do we define a population? 
• Are individuals dispersing and successfully breeding among 

populations? 
• Within more continuously distributed species, what is the average 

dispersal/gene flow distance? 
• Is there directionality to dispersal and gene flow? 
• What landscape features, behaviors, ecological traits appear to promote 

or impede gene flow among populations? 
• Is dispersal sex-biased? 
• Has dispersal or gene flow changed in response to some perturbation 

or management action? 
• Parameterizing spatially explicit population models.  

 

Presenter
Presentation Notes
Measuring genetic diversity within populations – important because diversity is the underlying foundation for evolutionary change and adaptive potential  Low diversity is linked to decline.

Gene flow/ genetic connectivity is important because it not only takes into account if individuals are moving, but also measures whether those migrants are able to successfully reproduce in their new location.

Detecting migrants – obviously something one would be interested in when monitoring corridor functionality

Evaluating potential movement corridors – several hypothesized routes for movement and connectivity, genetic structure can be used to evaluate these to some extent.



Categories of migration estimates 

• Direct (observed) 
  vs. indirect (inferred from genetic similarity) 

• Short-term (1 to ≈ 10’s of generations) 
 vs. long-term (1000’s of generations or more) 

• Population-based averages 
 vs. individual-based 
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Data Considerations 

• Multiple loci 
• 10-20 highly variable microsatellite loci 
• SNPs 
• More loci = better resolution 

• Adequate sample sizes:  
• Enough individuals to analyze frequencies (20-30 per 

population) 
• Spatial coverage 
• For landscape-level inference, more sites=better 

resolution 

 



Movement of Individuals 

Genetic “capture-recapture” 
 



Almost 500 scat piles collected, 263 of sufficient quality for analysis 
-> 152 unique individuals 

Very low recapture rates from "genetic tagging" 

Minimal dispersal among fragments 

32 recaptures over 2 years 
- 29 at same site 

- only 3 recaptures at 
different sites 

Presenter
Presentation Notes
MHPA = MHPA stands for Multi-Habitat Planning Area (MHPA), which is the City's planned habitat preserve within the MSCP Subarea

263 were genotyped, but for many of these genotypes, the same individual was collected more than once on the same day
After eliminating, we had a total of 184 capture events

For example no individuals were found dispersing between sites within the Penasquitos Reserve.



Benefits and Caveats 

• Non-invasive DNA sources (scat, hair etc.) 
• Avoid handling/stressing animals  
• Sample degradation increases genotyping errors 

 

• May require large sample sizes, particularly to 
estimate migration rates 
• Similar to other mark/recapture methods 
• 263 scat piles → 184 capture events → 32 recaptures 

 
• Results are interpretable within the bounds of the 

sampling scheme. 
 

 



Inferred Movement of Individuals, 
Intergenerational 

Parentage analysis 
• Likelihood-based analysis to identify 

parent/offspring based on multilocus genotypes. 
• Sibship can also be inferred in the same way 
• Examples with tree/shrub gene flow and seed and 

pollen movement. 

Presenter
Presentation Notes
Parentage analysis – need to have a large proportion of the potential parents genotyped to have statistical power



Parent/Offspring 

Parentage analysis:  Carney et al. (in press) 
Kelp forests in southern California 

 

Presenter
Presentation Notes
Solid and dashed lines indicate parents with high and low confidence.  Microsatellites.



Full Sibs 

Coastal Cactus Wrens Parentage Analysis:   
 
• Identified 6 pairs of full sibs with high confidence  
• Maximum distance of 500 m 
 

Photo by Alex Houston 

Presenter
Presentation Notes
Solid and dashed lines indicate parents with high and low confidence.  Microsatellites.



Genetic Clustering to infer movement 
Santa Monica Mountains Coyote & Bobcat movement & genetics 
Radio-tracked animals 
Microsatellite markers 

Riley et al 2006 Molecular Ecology 

Presenter
Presentation Notes
More recent advances in analysis have focused on measuring indidivual movement directly using Genetic Assignment tests

Best with multiple, rapidly evolving genes are used .

Example from the Simi Hills again– work done by Seth Riley and colleagues on carnivore movement and genetics.  

So the basic analysis first uses multilocus genotypes to assign individuals to groups– so here each column represents an individual coyote, and the color represents their genetic group assignments.  When these are then arranged by where the animal was caught (north or south of the freeway), then we can see that each of these indiviuals with a high probablility of assignment to the opposite group are most likely recent migrants.  

So from this analysis, they conclude that coyotes are using underpasses and other crossings and have a fairly high rate of movement.



Freeway Barrier 

Presenter
Presentation Notes
More recent advances in analysis have focused on measuring indidivual movement directly using Genetic Assignment tests

Best with multiple, rapidly evolving genes are used .

Example from the Simi Hills again– work done by Seth Riley and colleagues on carnivore movement and genetics.  

So the basic analysis first uses multilocus genotypes to assign individuals to groups– so here each column represents an individual coyote, and the color represents their genetic group assignments.  When these are then arranged by where the animal was caught (north or south of the freeway), then we can see that each of these indiviuals with a high probablility of assignment to the opposite group are most likely recent migrants.  

So from this analysis, they conclude that coyotes are using underpasses and other crossings and have a fairly high rate of movement.



Spatial Autocorrelation in individual genetic relatedness: 
• Plot the genetic relatedness among individuals grouped at different distance 

classes 
• Positive observed values (blue) indicate that individuals are more similar 

genetically than random (red dashed lines) 

 

Individual-based gene flow 
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Cactus Wrens: San Diego 
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Patterns of Female and Male Spatial Autocorrelation 

Female site fidelity 
should result 

in high relatedness 
locally. 

Male dispersal should result in 

no local spatial autocorrelation. 



Gene flow among populations 

• Estimate population genetic differentiation 
(FST) 
• The proportion of genetic diversity due to allele 

frequency differences among populations 

• Coalescent models  
• Simultaneously estimate effective immigration and 

emigration rates, population size, time since 
divergence etc. 

 
• Multi-generational averages 



FST = 1 
FST = 0 

FST < 1 

Drift + gene flow in a simple model 

No gene flow; 
only drift 

Both gene flow and 
drift important 

Gene flow high 
relative to drift 

Gene flow (number of migrants per generation) could be 
estimated from FST in a very simple model … 
Assuming equilibrium between drift and gene flow. 
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Effect of urban fragmentation? 
 

• Correlation between pairwise FST  and 
geographic distance- indicates stepping 
stone gene flow. 

 
• Statistically higher FSTs between 

populations separated by urban 
development 
 
 



Defining Populations 

• Bayesian clustering algorithms try to recreate current 
population affiliations from observed genetic data. 
• Estimate the number of clusters by minimizing linkage 

disequilibrium.  

• Useful when demarcation of geographic populations is difficult 

 

• Or test a null hypothesis of panmixia among pre-
defined groups with contingency tables or 
randomization tests 
• Useful when groups of individuals are more geographically 

defined. 



Genetic Clusters: Bayesian Assignment 

Geneland Results 
• 6 major clusters 
• Further structuring within LA 

and OC 
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Bayesian clustering algorithms 

• Clustering results can be influenced  by the sampling 
regime. 

 

• Genetically defined populations may not necessarily 
correspond to the appropriate unit of management.  



It all comes back to the questions… 

• How do we define a population? 
• Are individuals dispersing and successfully breeding among 

populations? 
• Within more continuously distributed species, what is the average 

dispersal/gene flow distance? 
• Is there directionality to dispersal and gene flow? 
• What landscape features, behaviors, ecological traits appear to promote 

or impede gene flow among populations? 
• Is dispersal sex-biased? 
• Has dispersal or gene flow changed in response to some perturbation 

or management action? 
• Parameterizing spatially explicit population models.  

 

Presenter
Presentation Notes
Measuring genetic diversity within populations – important because diversity is the underlying foundation for evolutionary change and adaptive potential  Low diversity is linked to decline.

Gene flow/ genetic connectivity is important because it not only takes into account if individuals are moving, but also measures whether those migrants are able to successfully reproduce in their new location.

Detecting migrants – obviously something one would be interested in when monitoring corridor functionality

Evaluating potential movement corridors – several hypothesized routes for movement and connectivity, genetic structure can be used to evaluate these to some extent.
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