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Motive

= Most major temperate and boreal forest tree
species exhibit unique patterns of adaptation to
climate (Mogenstern 1996).

= Ongoing rapid climate change threatens to

disrupt these patterns resulting in widespread
maladaptation (Rehfeldt et al. 2006)



Overview

@ Genecology of Whitebark Pine

@ Phenotypic Selection of Growth
Rhythm in Whitebark Pine

@ Phenotypic Selection in
Ponderosa Pine Under Three
Experimentally Imposed
Drought Treatments
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Guiding Principles and Basic concepts 

Focus predominately on genecology and phenotypic evolution studies 


introduction

Growth Rhythm

Establishment  Rapid growth Hardening
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modified from Landis and others 1999

The timing of annual growth and dormancy events
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Introduction

Climate Change

1961-1990 2030 2060 2090

Whitebark Pine  (Warwell etal. 2006)

A area = 97%



Research Question

= What is the form,
magnitude, and
tempo of phenotypic
selection on growth
rhythm under
climate warmer and
drier than the climate
of seed origin?
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Phenotypic selection analysis provides a means to predict genetic change within populations by directly assessing, the direction and magnitude of selection on life history traits. To be sure, evolution through genetic adaptation requires a change in gene occurrence over generations. Even so, evolutionary response is expected to occur when natural selection acts on heritable traits that vary in phenotypic expression within populations (Darwin 1859; Endler 1986; Falconer and Mackay 1996).

A lot of attention has been provided to assessing genetic variation and relating that variation to climate in forest trees few studies have assessed how populations may evolve in response to warming climate. 
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Vlethods

Common Garden Experiment 1

@ 46 seed sources
1,350 seedlings

@ Outplanted spring,
2000 (2 yr. old stock)

Summer 2000
@ Randomized

complete block
design

@ 6 replications of 5
tree row-plots per
population

Fall 2012
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Mild site 

Forest nursery field 
671m 




Vlethods
Common Garden Experiment 2

m 42 seed sources, 963
seedlings

@ Outplanted fall 2001

@ Randomized Fall 2001
complete block
design

@ 3replications of 10
tree row-plots per
population

Spring 2010
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2.2km south of the mild test site 

Cold air drainage 
Shallow rocky soil. 


Methods

Incremental Shoot Elongation

Shoot Elongation (mm)

Julian Date



Selection analysis using intervals of
elongation rates

Shoot Elongation (mm)

Julian Day

= Backward stepwise regression in a standard Lande
and Arnold (1883) fitness regression approach



Response Variables

Survival through 2012 - Fitness

Unconditional Expected
Height in 2012 - Fitness
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Growth potential describe the inherent capacity for height growth under favorable conditions. 
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Experiment 1

Survival  Survival  Survival  Survival  Survival  Survival

Fall 2002 - Fall2003 - Fall2004 - Fall2005 - Fall2011 - Fall2012
V

Height

Fall 2012

Inferred using aster analysis which provides statistically
rigorous, unified analysis of joint life history data (Geyer and
Shaw 2008)
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To infer unconditional height Aster analysis was used 

Graphical models for full aster analysis unifying population survival and mean height data to assess fitness in Test 1 and 2. Each node represents a component of life history while arrows represent the dependent association between predecessor and successor life-history components. 

Height estimates are considered unconditional because they explicitly include height of dead individuals as well as those individuals alive in 2012

Inferred values from the analyses are effectively estimates of the expected value of height at age 14 years taking into account mortality over this period beginning one year after outplantng.
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To infer unconditional height Aster analysis was used 

Graphical models for full aster analysis unifying population survival and mean height data to assess fitness in Test 1 and 2. Each node represents a component of life history while arrows represent the dependent association between predecessor and successor life-history components. 

Height estimates are considered unconditional because they explicitly include height of dead individuals as well as those individuals alive in 2012

Inferred values from the analyses are effectively estimates of the expected value of height at age 14 years taking into account mortality over this period beginning one year after outplantng.
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Fall 2002 -5 Fall 2003 - Fall 2004 - Fall 2005 - Fall 2011 - Fall 2012

Height
Fall 2012 i
= Survival was modeled using Bernoulli and height was modeled i
usmg normal dlstrlbutlons "
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To infer unconditional height Aster analysis was used 

Graphical models for full aster analysis unifying population survival and mean height data to assess fitness in Test 1 and 2. Each node represents a component of life history while arrows represent the dependent association between predecessor and successor life-history components. 

Height estimates are considered unconditional because they explicitly include height of dead individuals as well as those individuals alive in 2012

Inferred values from the analyses are effectively estimates of the expected value of height at age 14 years taking into account mortality over this period beginning one year after outplantng.
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To infer unconditional height Aster analysis was used 

Graphical models for full aster analysis unifying population survival and mean height data to assess fitness in Test 1 and 2. Each node represents a component of life history while arrows represent the dependent association between predecessor and successor life-history components. 

Height estimates are considered unconditional because they explicitly include height of dead individuals as well as those individuals alive in 2012

Inferred values from the analyses are effectively estimates of the expected value of height at age 14 years taking into account mortality over this period beginning one year after outplantng.


Seed Source Survival  Mean Unconditional
Height  Expected Height
Powell Mine, MT 546 mm

Beaver Creek, ID  -11%  +339mm 546 mm

= Differences in survival are accounted for in estimates of
unconditional height.



~esults

General Performance

Survival Height of Survivors
Exp. 1n 2012 in 2012

1 39% 1056 mm
2 41 % 854 mm
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Phenotypic Selection

= Form

Trait 2

Stabilizing Selection

Tralt 1
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Phenotypic selection analysis provides a means to predict genetic change within populations by directly assessing, the direction and magnitude of selection on life history traits. To be sure, evolution through genetic adaptation requires a change in gene occurrence over generations. Even so, evolutionary response is expected to occur when natural selection acts on heritable traits that vary in phenotypic expression within populations (Darwin 1859; Endler 1986; Falconer and Mackay 1996).



Phenotypic Selection

m Form Disruptive Selection

ﬁ
Trait 2

2\(a

Trait 1
—_—


Presenter
Presentation Notes
Phenotypic selection analysis provides a means to predict genetic change within populations by directly assessing, the direction and magnitude of selection on life history traits. To be sure, evolution through genetic adaptation requires a change in gene occurrence over generations. Even so, evolutionary response is expected to occur when natural selection acts on heritable traits that vary in phenotypic expression within populations (Darwin 1859; Endler 1986; Falconer and Mackay 1996).
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Phenotypic selection analysis provides a means to predict genetic change within populations by directly assessing, the direction and magnitude of selection on life history traits. To be sure, evolution through genetic adaptation requires a change in gene occurrence over generations. Even so, evolutionary response is expected to occur when natural selection acts on heritable traits that vary in phenotypic expression within populations (Darwin 1859; Endler 1986; Falconer and Mackay 1996).



Phenotypic Selection

= Form, Magnitude and Directional Selection
Tempo ?

m Can be used to l

estimate short term
evolutionary trajectory

when heritability
Information is available x

(Falconer and Mackay _
1996) Trait 1
—_—

Trait 2
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Phenotypic selection analysis provides a means to predict genetic change within populations by directly assessing, the direction and magnitude of selection on life history traits. To be sure, evolution through genetic adaptation requires a change in gene occurrence over generations. Even so, evolutionary response is expected to occur when natural selection acts on heritable traits that vary in phenotypic expression within populations (Darwin 1859; Endler 1986; Falconer and Mackay 1996).



Experiment 1: Fithess Surface (% Survival 2002-2012)
for Shoot Elongations Rate in 2002

Late- Season Apical Shoot
Elongation Rate (mm/day)

Early-Season Apical Shoot Elongation
Rate (mm/day)
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Predicted seeding height at 2012 conditional on survival to 2012 in relation to early and late (2002) growing season apical shoot growth at mild common-garden field test, using representative block (4). 



Experiment 1: Fitness Surface (% Survival 2003-2012)
for Shoot Elongation Rate in 2002

Late- Season Apical Shoot
Elongation Rate (mm/day)

Early-Season Apical Shoot Elongation Rate
(mm/day)
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Experiment 2: Fithess Surface (% Survival 2003-2012)
for Shoot Elongations Rate in 2003

% Survival

Shoot Flongation Rate (mm/day)
May 15 to 28, 2003
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Predicted seeding height at 2012 conditional on survival to 2012 in relation to early and late (2002) growing season apical shoot growth at mild common-garden field test, using representative block (4). 



Experiment 2: Fitness Surface (% Survival 2005-2012)
for Shoot Elongation Rate in 2003
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Experiment 2: Fitness Surface (% Survival 2007-2012)

38%
mortality
In 2006

Mean Annual Spring
Precipitation (mm)

Early Season Shoot Elongation Rate 2006
(mm/day)



Chapter 2: Summary Key Results

= Moderate disruptive selection in Exp. 1 and
stabilizing selection in Exp. 2 was detected

= Differential mortality and not differential height
growth among survivors was the principal driver
of selection

= Disruptive and stabilizing selection resulted from
differential mortality only in the earliest years.

m Selection on growth rhythm appeared to be
independent of selection on traits associated with
drought tolerance
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Under warm-dry climate, an intermediate mid-season growth rate and increasing late–season growth rate were predict to exhibit the greatest fitness over a 12 year period following outplanting


= What is the tempo
and form of
phenotypic
selection on growth

rhythm in native
habitat ?

Photo by: unkown
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Response Variables
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