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Goals

■ Characterize spatial genetic variation from across the state

■ Map “hotspots” of genetic diversity

■ Identify regions, habitats, or landscape features that facilitate 
or impede population connectivity

■ Identify genes or regions of the genome involved
in climate adaptation

■ Assess vulnerability to climate change and 
other anthropogenic impacts on natural systems



Challenges

■ Must work with individual-based sampling (or be adaptable)

■ Be computationally tractable for ~150 species x 150 individuals 
with WGS

■ Can be applied to all CCGP species in a consistent way

■ Produce output that is comparable across 
a very diverse set of species

■ Must be developed if nothing meeting 
these criteria currently exists

Suitable methods:



Mission

Our goal was to identify, adapt, and develop a set of methods that 
could be applied to all CCGP species and that would produce 
informative output that would allow for downstream comparisons.
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1Caye et al. (2016)
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2Wang (2013)

Multiple matrix regression with randomization
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3Ferrier et al. 2007; Freedman et al. 2010; Fitzpatrick & Keller 2015

Generalized dissimilarity modeling
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4Capblancq & Forester (2021)

Redundancy analysis



GEA

Structure

IBD/IBE

Diversity

LFMM5

algatr

5Caye et al. 2019

Latent factor mixed models
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Continuous mapping of genetic 
diversity using moving windows
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Traditional: calculating 
genetic diversity by 
population
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New: Taking advantage of 
individual based sampling 
to create continuous maps
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Masking to exclude 
undersampled regions
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✓ Requires only a VCF + coordinates

✓ Simple functions that run in R

✓ Fast!

wingen



algatr is easy to use and fast!
Fun Fact: Alligators can run up to 35 mph.Alternative



Coordinates are important data!

What happens if we randomly 
move coordinates by 0-10 km?

Original point values

Ji
tte

re
d 

po
in

t v
al

ue
s

Original point values

Ji
tte

re
d 

po
in

t v
al

ue
s

r2 = 0.987
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Comparative Analyses

■ How do signatures of IBD and IBE vary across different taxonomic 
scales? And which environmental variables drive IBE in different taxa?

■ Where do genetic breaks or discontinuities occur, and are these 
consistent across taxa?

■ What are patterns of inbreeding, and are they 
related to landscape change or habitat 
fragmentation?

■ Are there parts of the state that harbor higher 
levels of genetic diversity for broad sets of taxa? 
And what are the drivers of genetic diversity?

■ Where do we project to lose genetic diversity 
under future climate scenarios?

Population Structure, Gene Flow, and Genetic Diversity



Comparative Analyses

■ Are there sets of genes that show evidence of climate adaptation 
that is consistent across species and/or populations?

■ Are there regions of higher genomic vulnerability? 

■ Are regions of species ranges with more environmental extremes 
(e.g. hotter, drier) experiencing stronger selection?

■ What is the relationship between gene flow / 
connectivity and the genetic architecture of 
adaptation?

■ What life history traits correlate with genetic 
diversity, population structure, and signals of 
adaptation?

Selection, Adaptation, and Climate



Thank you!
Landscape Genomics Working Group:
Victoria Sork
Erin Toffelmier
Jay Sexton
Rachael Bay
Erik Enbody
Ryan Harrigan

With Additional Advice From:
Brad Shaffer
Scott Hodges
Peggy Fiedler

Feel free to reach out to us!
E. Anne Chambers (eachambers@berkeley.edu)
Anusha Bishop (anusha.bishop@berkeley.edu)
Ian Wang (ianwang@berkeley.edu)

PIs Who Shared Preliminary Data:
Beth Shapiro and the black bear team
Greg Grether and the damselfly team
Rachael Bay and the yellow warbler team



1. What additional questions or analyses would you like to see addressed with 
the entire CCGP dataset?

2. Is there any other functionality you would like to see in algatr?

3. Are there any considerations pertaining to your 
species (or related taxa) that we should consider 
in the landscape genomic analyses (important 
environmental variables, life history traits, etc.)?

Questions for Discussion / Brainstorming


