
Genetic Diversity, Gene Flow, and the 
Persistence of Long-Lived Tree Species



 Giant sequoia is a long-lived tree 
species renowned for its massive 
size

 Currently occurs in 67-75 groves 
distributed across a narrow belt of 
the Sierra Nevada mountains 

 Highly fragmented range – trend 
of decreasing population size and 
increased fragmentation as you 
move north

 Main threats: Fire suppression, 
Climate change

 Image credit: top: By John Aubert from 
Stephenson 1996, bottom: Eric Waller, 
far right: Rainbow DeSilva 



 Motivating question:

 1) How genetically resilient are giant sequoia 

populations in the face of rapid environmental 
change?

 Key elements:

 Genetic diversity

 Rates of gene-flow and dispersal distance

 Adaptive potential 



Outline of talk:

1. The Placer grove – Why so interesting

2. Genetic divergence among groves
1. Northern disjunct groves show little evidence of 

recent gene flow
2. Southern groves appear genetically continuous

3. Spatial structure within stands

4. Future work and conclusions 



 Extremely Low diversity 
(5 of 11 loci 
monomorphic) 

 Highly divergent from 
other groves (Fst = 0.3)

 Natural regeneration?

 Image credit: USFS (Placer Big Trees 
Grove Pamphlet Map)



 Seed germinations show 
preliminary evidence of 
gene-flow from outside 
trees

 Pollen is likely from 
young trees or nearby 
plantation

Image credit: Baselt 2004  (redwood 
hikes)



All northern populations distinct. 

Our data indicates limited gene-
flow between groves in the 
Northern portion of the range

Average Fst among pairs = 0.16 

N/S-Calaveras
Tuolumne/Merced
Mariposa/Nelder

North and South Calaveras

Nelder and Mariposa

Tuolumne and Merced



 Low-Divergence, Average Fst = 0.024

 Suggests recent or ongoing gene- flow

 Giant Forest

 Freeman Creek 

 Long Meadow 

Freeman Creek and Long Meadow





 N-Calaveras

 Neighborhood size ~51 ind.
(distance of 0.22km) 

 Nelder

 Neighborhood size ~10 ind.
(spatial scale 0.29km)

 Giant Forest

 Neighborhood size ~174 ind.

 Dispersal distance 1.6km 



 Higher levels of diversity in 
the south (pattern appears 
correlated with grove size) 

 He- highest in Nel, GF

 Allelic Richness highest in 
FM, GF

 Fst= 0.161 



 Overall genetic diversity is 
low- Especially in small 
groves 

 Northern groves distinct 
(perhaps of higher 
conservation priority) 
Southern range more 
homogeneous  

 Are there southern grove 
outliers? 

 Adaptive genetics



Why RADseq?

 Potential to capture 
functional DNA.

 -Can be fine-tuned to 
reduce genomic coverage 
(~10Gb genome of 
Sequoiadendron)

 -Has been successfully 
utilized in tree species
(Cedrus, Quercus)

Climate Correlations:

 Genomic/local climate 
correlations will help us 
understand adaptive 
potential of species. 

 -Key climate variables: 
temperature, precipitation, 
CWD



 Planting strategies

 Assisted migration

 Should plantations and 
natural populations mix?

 Image credit: US Forest Service 
(Weatherspoon)
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