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¥ * Consider conservation of genetic diversity in
anticipation of climate change impacts

& » Consider matching species and seed source with the
expectation of changing climate.
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Overview: Available Tools

Websites:

* Climate Estimates, Climate Change and
Plant Climate Relationships — VT

* Climate-Forest Vegetation Simulator

* Seed Selection Tool




Overview

Focus on a few key ecological genetic concepts:
* 1911 Ponderosa Pine Pioneer Plantation

e Historic and Local Climate Context




Priest River Experimental
Station, Est. 1911

Purpose: Research to inform
management decisions.
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Squillace and Silen, 1962
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Concepts

P=GXE P=GXE

Common Garden Test

]’[ iﬂh Seed
= Transfer

(Harsh
Climata) ‘

Generalist Specialist

fe (Moderate
92%; climata)
#)
“p
High Mud Low High  Mad Low

(Mild Climate) Snecies A Snecies B

= Common garden experiments are used to assess
adaptive genetic structure and evolutionary response



; Bitterroot

June 5,1912| May 10,1912 | May 3,1915 | May 2,1916 May 29,1917

Cocurd Alene| . Y Bitterroot
1: ct k: H _VL‘ ’
2 0ct6,91 | May 13,1915| May Z,1916 ;23%,?;;

(excluded)

Bitterroot| c: ..
5000 feet Siskiyou

Unknown
Origin
April 29,1916
(excluded)

'IGURE 3.—Arrangement of progeny plots, and dates of first planting. The
large plots are 50 by 50 feet and the small ones 25 by 350 feet.
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Annual Total Precipitation at PREF by Water Year
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Annual Temperature

Mean annual temperature

Temperature: Warmth

Mean annual maximum temperature

Mean temperature in the warmest month

Degree-days > 5°C (based on mean monthly temperature)
Degree-days > 5°C accumulating within the frost-free period
Temperature: Coldness

Mean annual minnumum temperature

Mean temperature in the coldest month

Degree-days < 0°C (based on mean monthly temperature)
Degree-days < 0°C (based on mean minimum monthly temperature)
Seasonal Temperature: Balance and Timing

Temperature differential between mean warmest and coldest months
Julian date the sum of degree-days > 5°C reaches 100

Julian date of the last freezing date of spring

Julian date of the first freezing date of autumn

Length of the frost-free period (days)

Timing of Annual Precipitation

Mean annual precipitation

Growing season precipitation, April to September

Spring precipitation: (April+May)

Summer precipitation: (July+August)

Winter precipitation: (November+December+January +Febuary)
Precipitation: Sesonal Balance

Ratio of growing season precipitatioin to total precipitation, gsp/map
Interaction of Temperature and Precipitation

Annual dryness index, dd5/map

Summer dryness index, gsdd5/gsp

Adi*mmindd0

Summer dryness index, gsdd5/gsp

MAT

MMAX
MTWM
DD5

GSDD5

MMIN
MTCM
DDO
MMINDDO

TDIFF
D100
SDAY
FDAY
FFP

MAP
GSP
SPRP
SMRP
WINP

PRATIO

ADI
SDI
ADIMMINDDO
SDIMMINDDO

e 26 Derived climate variables
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Comparative genetic responses to climate in the varieties of @Cmm "

Pinus ponderosa and Pseudotsuga menziesii: Clines in growth potential

Gerald E. Rehfeldt **, Laura P. Leites®, J. Bradley St Clair ¢, Barry C. Jaquish “, Cuauhtémoc Sienz-Romero®,
Javier Lopez-Upton ', Dennis G. Joyce *

*USDA Forest Service, Rocky Mountain Research Station, Forestry Sciences Loboratory, 1221 S. Main, Mascow, 1D 83843, USA

*Department of Ecosystem Science and Management. Pennsylvonia State University, University Park, M 16802, USA

“USDA Forest Service, Pocific Northwest Research Station. 3200 SW Jjefferson Way, Corvallis, OR 973314401, USA

“ Research Branch, B.C. Ministry of Forests, Lands and ! Resource Opy Kalamalka Forestry Centre, 3401 Reservoir Rd, Vernon, BC VIB 2C7, Canada
“Instituto de Investigaciones Agropecuarias y Forestales, Universidad Michoacana de San Nicolds de Hidalgo (RAF-UMSNH), Km 9.5 Carretera Morelia-Zinapé
Michoacdn 58880, Mexico

Colegio de Postgraduados, Km 35.5 Carretera México-Texcoco, Montecillo, México CP. 56230, Mexico

* Independent Controctor, 449 Walls Rood, Sault Ste. Marie, Ontario P6A 6K4, Canada

ARTICLE INFO ABSTRACT
Article history: Height growth data were assembled from 10 Pinus ponderosa and 17 Pseudotsuga menziesii p ance
Available online 29 March 2014 tests. Data from the disparate studies were scaled according to climate similarities of the provenances
to provide single datasets for 781 P. ponderosa and 1193 P. menziesii populations. Mixed effects models
Keywords: were used for two sub-specific varieties of each spedes to describe dines in growth potential associated
Genetic varia with provenance climate while accounting for study effects not eliminated by scaling. Variables related to
2“‘““""‘"’ mpacts winter temperatures controlled genetic variation within the varieties of both spedies. Clines were con-
necology verted to climatypes by dassifying genetic variation, using variation within provenances in relation to

Mixed effects models

T the slope of the cline to determine dimatype breadth. Cimatypes were broader in varieties of P. ponder-

osa than in P. menziesii and were broader for varieties inhabiting coastal regions of both spedes than for
varieties from interior regions. Projected impacts of dimate change on adaptedness used output from an
ensemble of 17 general circulation models. Impacts were dependent on dine steepness and climatype
breadth but implied that maintaining adaptedness of populations to future climates will require a redis-
tribution of genotypes across forested landscapes,

Published by Elsevier B.V.

1. Introduction et al., 1967). Subsequent tests, addressing regional genetic effects
within varieties, repeatedly illustrated genetic differences among

From the carliest (e g., Kempff, 1928; Munger and Morris, 1936) populations for traits controlling growth, phenology, cold hardi-

to more recent (Burdon and Low, 1991, St Clair et al., 2005), prov- ness (eg., Callaham and Liddicoet, 1961; Wells, 1964; Campbell,
enance tests have demonstrated extensive genetic differentiation 1979) and tolerances to pests (e. g. Burdon and Low, 1991;

smana nanulatinne af Binue nandoroen and Peoudntennn monviocii Cranhan 109N MNarmatt and @ahinean 1000) In thic nanar

 MMINNDDO
e 10 Studies

e Age 3-22 yearsold
* 38 — 138 population
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Rehfeldt et al. 2014



Key Points

e Climate maladaptation is expressed as decreased health and
productivity.

* Cold hardiness should be considered when moving populations from
warmer to colder contemporary climates.

 Species that are more finely attuned to climate variation (specialist)
are at greater risk of maladaptation under changing climate
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Reforestation Management
endations Under Changing Climate

T

* Consider conservation of genetic diversity in
anticipation of impacts of changing climate

= . . -
- * Consider matching species and seed sources with
= expected future climates.
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S— - . 2. . _| *Nicholas Crookston, USDA Forest
B Most Visited 9 Courtdown Timer B8 USOA Forest Service L. =+ Cannecthit Login B Priest River Expermen... . Aster Models for Life .. ». Se rvice Ret.

Research on Forest Climate Change: Potential
Effects of Global Warming on Forests and Plant
Climate Relationships in Western North America
USDA and Mexico

st
_ Home > Climate

Introduction

Chimate surfaces that can provide point astimates of climate measures are needed for studying forest plant-climats
relationships (e.g. Rehfeldt et al. 2006) and for making predictions about how forests, plant communities and
specias distributions may change on natural landscapes. To meet those needs, Rehfeldt (2008) developed
monthly climatic surfaces using Hutchinson's thin-plate splines from which were derived variables of
demonstrated importance in biology. Analyses of data have shown that climate estimates produced using these
methods are closely related to plant responses and should have a variety of uses in spatial biolagical research. This
web page provides access to these climate data and surfaces, and to some of the predictions we have made using
these data, For climate data, we build contemporary climate and future climate surfaces, The future climate
surfaces are based on the same data used to build the contemporay surfaces after they are updated using
Infarmation from General Circulation Models {GCM's). Flant-chmate relationships are based on contemporary
obsarvations of spacies presence and absence and contemporary climate. Pradictions using these relationships can
be mapped for comtemporary forests and future forest cimates

Details on Spatial Extents, Temporal Information and Data Elements

Climate Data and Predictions

® Current Forest Climate Data and Maps

* Maps of Future Climate Change Predictions -
. Al »
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FOREST SERVICE

S The Forest Service Mission s to "Sustain the health, diversity, and productivity of

> Climate-FVsS

‘Software
Tralning
—
Bldg.

B Most Visited O Countdown Timer I8 USDA Forest Sevice 1 2 Connectil Loain BB Priest River Experiimen.. —. Astar Models for Lite ..

iImate FVS

. 3 —

T8 U 3 h

J B Oma. x

B C | Q Seunh

wirats/ctinmste s ahin

Forest Vegetation Simulator

Climate-FVS

the Nation's forests and grasslands to meet the needs of present and future

generations.” Introduction 1o Climate-FyVs in the
Western U.S, - video and audio
"The Natfon's forests and grasslands provide clean water, scenic beauty, recording of m:mm;" 10, 2011,
biodiversity, outdoor recreation, natural resource-based Jobs, forest products, webinar.

renewable energy and cerbon sequestration. Climate change is one of the
greatest challenges to sustainable management of forests and grasslands and to
human well-being that we have ever faced, because rates of change will likely
exceed many ecosystemns’ capabliities to naturally adapt. Without fully

integrating consideration of climate change impacts (nto planning and actions, 7 ;
the Forest Service can no longer fulfill its mission. * (Forest Service Strategic Fovest Vagetation Simufator (PDF,
Framework for Responding te Climate Change (2008){PRE, 294 K8)) 724 K8)

"Climate change is expected to have pronounced ecological consequences in

forested ecosystems. Projected encompass a broad range of effects: the evolution of novel plant
associations, shifts in the spatial distribution of tree species, redistribution of populations adapted to local
climates, and in site index. Several studies, in fact, have been unanimous in predicting widespread disruption of
native ecosystems from the change in cimate being portrayed by numerous General Circulation Modeis.™
(Crookston and others (2010, p. 1198)(POF, 695 KB))

The Climate Extension to the Forest Vegetation Simulator (Climate-FVS) provides forest managers a tool for
considering the effects of climate change on forested ecosystems. The oniginal Forest Vegetation Simulator (FVS)
components predict performance in the absence of climate change. To accommodate the effects of climate change,
Climate-FVS modifies these components rather than replacing them with new climate estimators, In this respect,
the primary Intninsic components of FVS and its empirical heritage remain intact. The core tree growth, mortality,
and regeneration compenents in FVS are modeled as functions of site capacity, tree size, and competition. The
measures of site capacity rely on direct observations of biological indicators such as site index, In the base FVS
maoded, there is an assumption that site capacity does not change over time. With the introduction of Climate-FVS,
there s now the ability to use Information regarding climate change to affect site capacity and estimate the effects
on tree growth, mortality, and regeneration potentisl.

Growth is affected when climate conditions at a given location change in relation to the optimal climate conditions
within which the species or population is known to grow and thrive. Mortality is affected when the dimate in an
I8 {

* Nicholas Crookston, USDA Forest
Service Ret.



https://seedlotselectiontool.org
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peackct chmate in 1900

A Most Vaitod g Countdown Tunar 5 USDA Forest Sarvco 1

o ConnectHit Logn n Priest Rivor Exporanan

About oul Saved Runs +
Planting Healthy Forests
g L)
The Seediol Selecton Tool (SST) i1s a GIS . ¢ ()
na -
mapping program desgned to help forest N 0
managers maich saedicts with planting sites
based on climatic nformaton. The cimates of the
-
planting siies can be chosen lo represant current
clmates, of fulure cimates based on sekacted
clmate change SCeNanos
@ 1. Select Objective
- You can find seedots for your plantng se of
planting stas for your saediot
’ 2. Select Location
You can click on the map or entar coordnates to
locate your seediot or planting site Lab " A
et © : UNI
prey 3. Select Climate Scenarios ol STATH
050 You can sedact hstoncal, current, or fubure climates
far your saediots of planting stes
o 4. Select Transfer Limit Method
You can enter your own custom limil or use an
existing xone (o calculale a transfer imit
» l‘— Loatet | Then © B — Fant Delorma NAVTEQ

* Glenn Howe, Oregon State
University

e Brad St.Clair, USDA Forest
Service

* Dominique Bachelet,
Conservation Biology Institute



http://www.torreyaguardians.org/assisted-
migration.html|

b e e e A e e e pe- =% e Connie Barlow
€& . LOMENIGUINTLMNG OIQ Jrat B ¢ ﬁ 2 9 & f =

B Most Vsited g Coustdown Timer - USDW Fowast Service L. = ConocthiR: Logn u Poest Bver Exponmon.. (R guflasdomforests pdt "

Assisted Migration (Assisted Colonization, Managed Relocation.
Translocation) and Rewilding of Plants and Animals in an Era o
Rapid Climate Change

EDITOR'S NOTE: This d and linked list of onli Ible papers, articles, and news reports on assisted migratio
{aka: assisted colonization / colonisabion, translocation, managed relccation, facilitated migration, and "neo-natives®) aims to further
professional and popular understanding of the substance and history of debate and actions regarding one of the most sgnificant
developments in conservation biclogy, forestry, and natursl resources managemeant. This lengthy list = continually updated; entrias &
ordered by topic, with longer excerpts given for papers of high academic Impartance, insight into shifting conservatan values, expansive
treatment of the issue, and provision of background understanding.

The FORESTRY secticn differs from the CONSERVATION BIOLOGY section in that foresters are accustomed to "managing” fandscape
so there has been little debate about whether to engage in assisted migration (which is their preferred term). Rather, the focus s on
spocies-by-spocas datalls of how to accompiish it. For readers focused on forestry in the USA, go directly to the excerpts here of the
Assisted Migration subsecton of a 289-page {77 sclantist contnbutors) 2016 technical report of the U.S, Forest Service,

Note: The volunteer editor and webmaster, Connle Barlaw (founder of Torreya Guardians), urges authors, agencies, and publishers to
remove paywall barriers. Contributions, such as those listed balow, to Improve climate adaptation methods must bacome freely
avadabie to researchecs, managers, and citizan activists In all nations and to the public at large

Click to advance o each theme (or do an intermal “Find™ for @ topic ov year of your choice).

Key Charts and Papers {short kst for ail to begin here)

Society, Values, and Communications (incl, Soence & Society field)
Ethics, Law, and History

Urban Ecology Assisted Migration (emphasis on trees)

Palenscnione Palanhiniane and Rinnsnnranhy [farie an Blactorsne ranne chifte se nidsnce for sccictad mineatinn
.




Pacific Northwest - Mean Temperature
December-February 2017 Departure from 1981-2010 Normal

49°N —
m W2 s - 6.0
48°N — : A
5.0
AN - 4.0
47°N - : W)
- n X - 3.0 §
| s .. 20 3
46°N — - 4
et 3L K\ 10 ©
,. 7 A 1 g
ON v : Gl oy ,
45°N /% A \¥ =
44°N — g SERIRY L S LN —— 2
. | - | 3
a3'N —| JL O = T
3% ,'..‘ 1. /) . B ‘ v
il 1) R Y rl
42°N —| Nt : e '
| | | e — o |
124°W 122°W 120°W 118°W 116°W 114°W 112°W

WestWide Drought Tracker - U idaho/WRCC Data Source - PRISM (Prelim), created 2 MAR 2017

See: https://climateinw.wordpress.com/2017/03/06/winter-wont-
end/



