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Fremont cottonwood “Ribbon of Green” 

Boulder Creek, Utah 

Photo by Tom Whitham 



Growth  
traits 

Shape and  
architecture 

Reproductive function and 
dispersal 

Flowering time Resistance to herbivores 
and pathogens 

Physiological traits Drought tolerance 

Tree Genotype 

Tree Phenotypes 

Genes and genetic variability determine 
form and function 

Why use genetic tools? 



Genetic and genomic information 

• Genetic and genomic information 
– Molecular markers 

• AFLPs (many 1000s of loci; easy to generate) 
• SSRs (100s-1000s of loci; less easy to generate) 
• SNPs (1000s of loci;requires partial/whole genome 

sequencing) 

– Genomic sequences 
• Partial sequence data (e.g., individual genes, a few 1000bp) 
• Whole genome data (entire genomes; millions of bps) 

• Both provide direct insight into the role 
genetics may play in restoration management 
 

Allan, G. J. & Max, T. L. (2010) Molecular Genetic Techniques and Markers for 
Ecological Research. Nature Education Knowledge 3(10):2  



Issues in restoration ecology 
• Restoring with local vs. non-local genotypes 

– How well-adapted are local genotypes? 
– Will novel genotypes succeed in a new restoration 

site? 

• Genetic variation 
– How much is known about genetic variation across a 

species’ range? 
– How much of this variation is adaptive (i.e., able to 

respond to environmental change)? 

• Sampling of collection sites 
• Should we be maximizing ecological distance?  Genetic distance?  

Both? 

• Preservation of ecological interactions 
– Do dependent communities respond to genetic 

variation in their hosts? 



Investigating genetic variation in 3 riparian species 

Fremont cottonwood 

Coyote willow (Salix exigua) Gooddings willow (Salix gooddingii) 

Fremont cottonwood (Populus fremontii) 



Restoration Experiment 
• Restoration of approximately 5,940 

acres of riparian habitat along the 
LCR 
 

• Propagation and planting of 3 riparian 
species: 
– Fremont cottonwood, Goodding’s  
 willow, and Coyote willow 
– 16 collection locations 
– 10 genotypes/ species/ location 
– 400 total genotypes 

• Experimental design: randomized 
blocks of genetic diversity and 
structure 

• Assessment of dependent community 
structure and composition  



Populations of each species are 

variable in their genetic diversity 

and structure 
Hs : Within population diversity 

 

DST: Among population diversity       

Amplified Fragment Length Polymorphisms (AFLPs) 



Genetic differentiation of riparian species 
coincides with arthropod community 

differentiation 

Arthropod communities on related riparian 
plant species are also differentiated 

Species Genetic Differentiation 
based on AFLP markers 

Fremont 

Gooddings 

Coyote 



• Can we distinguish between hybrid hosts and their parent species? 
• Does genetic variation in these hosts predict arthropod 

community composition? 

A genetic similarity rule determines arthropod 
community composition 
(Bangert et al. Molecular Ecology 2006) 



Blue River, AZ: Fremont x Narrowleaf system 

Arthropod Community composition:  
all pairwise p ≤ 0.007 

AFLP composition: Cottonwoods  
all pairwise p ≤ 0.0001 

Bangert et al. 2006 



Bangert et al. 2006 

AFLP composition: Cottonwoods  
all pairwise p ≤ 0.0001 

Arthropod Community composition :  
Fremont vs. F1 p = 0.04 

other p < 0.0001 

Bangert et al. 2006 

Indian Creek, UT: Fremont x Narrowleaf system 



Bangert et al. 2006 

Genetic variability matters:  
Genetic variation and arthropod communities 

scale together from rivers to regions 

Genetically similar trees have similar arthropod communities 



Genetics & Environmental Variation 

• To what extent is genetic variation shaped 
by environmental variation? 

• Can we use genetic and genomic data to guide 
management and restoration of riparian 
ecosystems? 

 Fremont cottonwood “Ribbon of Green” 

Boulder Creek, Utah 

Photo by Tom Whitham 



Ikeda et al. 2017, Global Change Biology 

Central  
California Valley 

Sonoran 
Desert 

Utah 
High Plateau 

Min Temperature of Coldest Month  

Precipitation seasonality 

Mean temperature of Coldest Qtr  

Genetic data aligns with climate niche data to 
define major ecoregions in Fremont cottonwood 

Dana Ikeda 

13 Microsatellites 



Sonoran Desert 

Utah High Plateau 

CA Central Valley 

Sonoran Desert 

Utah High Plateau 

CA Central Valley 

Ecotypes from each ecoregion occupy 
climatically distinct niche space 

(p < 0.0001) 

Ecoregion niche space shifts with 
climate change resulting in greater 

niche divergence 
(p < 0.0001) 



Genomic SNP variation co-identifies 3 ecoregions and 
reveals landscape-level connectivity and admixture 

(9000 SNP loci) 
 

Pacific

Ocean Mexico

Sources: Esri, USGS, NOAA
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FI GU RE 5 Cumulative resistant kernel density map illustrating genetic connectivity corridors. Gene flow in P. angustifolia is facilitated by

riparian network connectivit y, and differentiation is driven by terrestrial upland resistance and cumulative differences in climate. Warm colours

indicate high expected density of dispersing individuals or propagules; cool colours indicate low connectivit y
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Abstract

Gene flow is an evolutionary process that supports genetic connectivity and con-

tributes to the capacity of species to adapt to environmental change. Yet, for most

species, little is known about the specific environmental factors that influence

genetic connectivity, or their effects on genetic diversity and differentiation. We

used a landscape genetic approach to understand how geography and climate influ-

ence genetic connectivity in a foundation riparian tree (Populus angustifolia), and

their relationships with specieswide patterns of genetic diversity and differentiation.

Using multivariate restricted optimization in a reciprocal causal modelling frame-

work, we quantified the relative contributions of riparian network connectivity, ter-

restrial upland resistance and climate gradients on genetic connectivity. We found

that (i) all riparian corridors, regardless of river order, equally facilitated connectivity,

while terrestrial uplands provided 2.59 more resistance to gene flow than riparian

corridors. (ii) Cumulative differences in precipitation seasonality and precipitation of

the warmest quarter were the primary climatic factors driving genetic differentia-

tion; furthermore, maximum climate resistance was 459 greater than riparian resis-

tance. (iii) Genetic diversity was positively correlated with connectivity

(R2 = 0.3744, p = .0019), illustrating the utility of resistance models for identifying

landscape conditions that can support a species’ ability to adapt to environmental

change. From these results, we present a map highlighting key genetic connectivity

corridors across P. angustifolia’s range that if disrupted could have long-term ecolog-

ical and evolutionary consequences. Our findings provide recommendations for con-

servation and restoration management of threatened riparian ecosystems

throughout the western USA and the high biodiversity they support.

K EY W O RD S

climate gradients, gene flow, genetic and functional connectivity, landscape genetics, landscape

resistance, reciprocal causal modelling
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2.3 | Genet ic diversity and differentiation

We assessed genetic diversity and differentiation using GENALEX 6.5

(Peakall & Smouse, 2006, 2012). Prior to conducting analyses, we

tested for and removed clonal replicates. Mean unbiased expected

heterozygosity (uHe) was calculated for each locus and sampling

location (Tables S1 and S2); uHe provides greater accuracy for

diversity comparisons including small and uneven sample sizes

(Nei, 1978). For comparison, we also calculated individual and

mean site observed heterozygosity (Ho), mean expected heterozy-

gosity (He) and mean rarefied allelic richness (Ar; HP-RARE 1.0; Kali-

nowski, 2005). Much of the rear edge of P. angustifolia’s

distribution is characterized by small, relatively isolated stands.

Small sample sizes (n < 10) included in our study represent all

genets present at a given site; diversity measures reported for

these sites are not estimates but rather a comprehensive assess-

ment of genetic variation at selected loci. We also conducted an

analysis of molecular variance (AMOVA) to estimate among site

differentiation (FST; Wright, 1965), to assess how genetic variation

is partitioned within and among individuals and among sampling

locations, and to facilitate cross-species comparisons.

2.4 | Genetic distance

To test how landscape resistance (e.g., relative permeability of land-

scape variables to gene flow) influences genetic connectivity, we first

calculated pairwise genetic distances among all individuals using a

principal components analysis (PCA)-based method (Shirk et al.,

2010; R code available in Code S1). First, we converted microsatellite

data into a matrix of individual allele frequencies (import2genind

function, ADEGENET package; Jombart, 2008; Jombart & Ahmed, 2011;

R 3.1.2, R Development Core Team 2014). We then derived eigen-

vectors from the allele frequency data and generated a pairwise

genetic distance matrix based on distance among individuals along
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Genetic samples

P. angustifolia  distribution(Little 1976) Sources: Esri, USGS, NOAA

FI GU RE 1 Populus angustifolia

collection locations. We sampled 696 trees

from 40 different collection locations

spanning the full range of narrowleaf

cottonwood within the western USA
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Corridors of 
dispersal and 

genetic 
connectivity 

Barriers 
to 

dispersal 



What’s the message for 
restoration management? 

• Genetic and genomic methods can help us: 
– Better understand genetic variation and 

relatedness of focal species 
– Investigate how dependent communities respond 

to genetic variation in foundation species 
– Determine how genetic variation is structured 

across complex landscapes 
– Link genetic variation to environmental variation 

to reveal factors that shape genetic variation 
– More accurately model shifts in species 

distributions and dispersal by incorporating 
genetic information 

 


