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Why a seed transfer system?

e Substantial climatic
variation exists within a
species range

- Temperature
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Why a seed transfer system?

e Substantial climatic
variation exists within a
species range

e (Genetic variation occurs
following climate
gradients

« Using local seed has
been a general guideline
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Geographic and climatic distributions of Lodgepole pine



Why a seed transfer system?

Grouping areas with
similar climatic
conditions is effective
for seed planning

— Current Seed Planning
Units (SPUs)

Seed planning units for Lodgepole pine

Ying and Yanchuk (2006)

Pli BY high
W FliBV low
Pli BVC hig
Pli BVC low
Pli BVC mid
Pli BVP hig
Pli BVP low
M Pli CP high
Pli CP low
Pli CPP hig
B Fli CPP low
M Fli EX high
B Fli EK low
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B Fli NE low
B Fii NS high
W Fli NS low
B Fii PG high
Fli PG low
Pli PGM hig
B Fli PGN low
B Fli PGN mid
M Fli PR high
Pli PR low
M Fli TO high
Pli TO low
Pli TOM hig
Pli TOM low



Features and limits of the current SPUs

« Geographic-based and
easy to use

Pli_SPU (Observed)
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Features and limits of the current SPUs

Pli_SPU (Observed)

Pli BY high
B FliEY low
Pli BVC hig
PliBVC low
Pli BVC mid
Pli BVP hig
Pli BVP low
B FiiCP high
Pli CP low
Pli CPP hig
B FliCPP low
B FliEK high
B FliEK low
B FliNE high
B Pli ME low
W Flins high
W FliNS low
M PIi PG high
Pli PG low
Pli PGN hig
B FliPGM low
B Fli PGN mid
W PiiPR high
Pli PR low
B FliTO high
PiiTO low
Pli TOM hig
A4 [l Pli TON low
g

e Effective for local
adaptation
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Features and limits of the current SPUs

* May limit the use of
seed transfer
potential

20-yrvolume (m3/ha)

4 -2 0 2 4 6 8 10 12
Test site MAT (°C)

Wang et al. 2006, Global Change Biology 1



Features and limits of the current SPUs

« Not suitable for a
changing climate
because "the local
climate” is moving
away
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Climate changes causes mismatches between
the climate trees adapted and the climate the trees are
going to experience

Temperature



Some existing trees will move out
their suitable climate habitat

Temperature

We need a system that can help trees matching their suitable climate



Objectives

* To develop a climate-based seed transfer
system (CSTS) that can

— Take advantage of the current seed transfer
system,;

— Optimize the use of seedlots for better
adaptability and productivity:;

— Can be dynamically adjusted under a changing
climate.



Climate data: ClimateWNA

,
PH ClimateWNA v4.62 Copyright (2010) Wang T, Hamann A and Spittlehouse D. All fi... B
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ClimateWNA downscales historical and future climate
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BC ecosystems and climate data

Ecosystem classifications

(BEC zones) Climate data

T3 b TR
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Flying BEC zones
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Climate change scenarios are translated into forest ecosystem scenarios

Hamann and Wang, 2006. Ecology
Wang et al. (to be submitted)



The approach for developing a climate-
based seed ftransfer system:
--Put the SPUs on the "flight" of BEC zones

« To find the right "seats” - BEC units

e To fine tune the "seats” - modifications of the BEC
units

« To discipline the "passengers” - modelling the climate
envelopes for the SPUs



Climate envelopes for BEC variants are
the right "seats” for SPUs

Climatically uniform
within each unit in ferm
of supporting the same
plant community

A reasonable number
(205) of units

Some variants need to be
modified

— Fine tune the "seats”




Climate envelopes of the SPUs are predicted us"ing
Random Forest (to discipline the "passengers”)

Current SPUs

SPU

[ BY high [ NS high
BV low NS low
[IBVChigh  mm PG high
MEBVClow PG low
MEVCmid g PGN high
I BYP high gy PG low

MHBVPlow [ PGN mid
M CPhigh PR high
[ CP low PR low
[ CPP high

I TO high
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CICPPmid g TO mid
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M TON high
[ EK low I TON low
I NEhigh [ TON mid

I NE Tow

Climate envelopes of SPUs

SPU

MBVhigh g NS high
BV low [ NS low
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M BVC low

PG low
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Migrating climate based SPUs to CSTUs

Climate envelopes for
current SPUs

Modified BEC variants

SPU

MEEBVhigh g NShigh
BV low [ NS low
[C1BVChigh  mmPG high
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I EKlow . TON low
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Climate-based seed transfer
Units for 1961-1990

Lodgepole pine

SPU

M BY high
M BV low
[C1BVC high
M BEVC low
M BYC mid
[ BVP high
I EVP low
M CF high
M CP low
[ CPP high
B CPP low
1 CPP mid
[1EK high
M EK low
[ ME high
B MNE low

[ M5 high
B NS low
M PG high
B PG low
I PG high
B FGN low
[ PGM mid
[7] PR high
[1PR low
I 7O high
B TO low
I TO mid
I TOM high
W TOM low
[ TOM mid



CGCM3 A2 run4 2050s

SPU

M BV high
M BY low
[1BVC high
M BVC low
M BV C mid
[ BVP high
I EVP low
I CP high
B CF low
[0 CPP high
B CPP low
[ CPP mid
[1EK high
M EE low
[ ME high
I ME low

[ M5 high
B NS low
I FG high
B PG low
I PGM high
B PGHM low
[ PGM rnid
[ PR high
[ 1PR low
B TO high
B TO low
M TO mid
I TON high
W TOM low
[ TOM mid

NE low




NS low

CGCM3 A2 run4 2080s

SPU

I BV high
M BV low
[1BVC high
M BVC low
M BVC mid
I BVP high
[ BVP low
B CP high
M CP low
[ PP high
I CPP low
] CPP mid
[CIEK high
M EK low
[ ME high
I ME low

[ M5 high
S low
I PG high
B PG low
I PGN high
M PGHM low
[ PGHN mid
[T PR high
[1PR low
I TQ high
B TO low
T mid
M TON high
W TON low
[ TOM mid

NE low




Table 1. List of CSTUs for each SPU of Lodgepole pine (Pli) for 2010-2039.

Pli SPU BEC variant

BV high BAFAun, BAFAunp, BWBSun, ESSFmcp, ESSFmvpl, ESSFmvp3, ESSFmvp4, ESSFwv, ESSFwvp,
SWB mk, SWB mks

CPlow BWBSdk 2

EK high ESSFdku

EK low IDF dm 2, IDF xk, MSdk 2, PPdh 2

NE high ESSFdk 1, ESSFdk 2, ESSFdkp, ESSFdkw, ESSFdmp, ESSFdmw, ESSFve, ESSFvep, ESSFvew,
ESSFwc 1, ESSFwc 4, ESSFwc 5, ESSFwc 6, ESSFwcep2, ESSFwcep4, ESSFwcep6, ESSFwew4,
ESSFwcw6, ESSFwm, ESSFwmp, ESSFwmw

NE low ESSFdm, ESSFmm 1, ESSFmm 2, ESSFmmw, ESSFwc 2, ESSFwc 3, ESSFwew?2, ESSFwk 2, ICH
dm, ICHdw 1, ICH dw 2, ICH dw 3, ICH mk 4, ICH mm, ICH mw 1, ICH mw 2, ICH mw 3, ICH
mw 4, ICH vk 1, ICH vk 2, ICH wk 1, ICH wk 2, ICH wk 3, ICH wk 4, ICH xw, IDF un, MSdk 1,
SBSdh 2, SBSvk, SBSwk 1

NS low BWBSvk, BWBSwk 1, ESSFmc, ESSFmv 1, ESSFmv 2, ESSFmv 3, ESSFmvp2, ICH mc 1, ICH mc
2,ICHvc, SBSmc 2, SBSmk 1, SBSmk 2, SBSwk 2, SBSwk 3

PG high ESSFdcp, ESSFmmp, ESSFwcp3, ESSFwew3, IMA un

PG low SBPSdc, SBPSmc, SBPSmk, SBS mc 3

PGN low SBSdh 1, SBSdw 3

PR high BWBSwk 2, BWBSwk 3, ESSFmv 4

PR low BWBSmw 1, BWBSmw 2

TO high ESSFdc 3, ESSFxc 1, ESSFxc 3, MSxk 1, MSxk 3, SBSmc 1, SBSmm

TO low BG xh 3,BG xw 1, IDFdc, IDF dk 1, IDF dk 2, IDF dk 5, IDF dm 1, IDF mw 2, IDF xc, IDF xh 1,
IDF xh 2, IDF xh 4, IDF xw, MSdc 1, MSdc 3, MSdm 1, MS xk 2, PPxh 3, SBS dk, SBSdw 1, SBS
dw 2, SBSmh, SBS mw

TO mid ICHmMK 2, IDFdk 3, MSdm 2, MSdm 3

TON high ESSFdc 1, ESSFdcw, ESSFwk 1, ESSFxc 2

TON low ICH dk, ICH mk 3, IDF mw 1

TON mid

ICH mk 1
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Climate envelope
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Summary of the CST system

e Maintain “local is the best”, but in term of
climate rather than geographic locations
— Use local seed to match the "flying" local climate

« Can be dynamically adjusted under a changing
climate

« Easy to implement



What is the next?

* Multiple GCMs: probability based projections



A large number of GCM projections for future climates

from IPCC AR4
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A wide range of climate conditions are

Temperature change (°C)

projected for the future
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We chose 20 scenarios to represent the
range and distribution
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Substantially different projections leave scientists and policy makers
too many options for decision making

_ GISS_EH A1B-run3 MPI_ECHAMS B1-run1 ~MIROC32_MEDRES A2-run2
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Wang et al. in prep.

Projected ecological responses to six selected climate change scenarios for 2050s



A) Currently mapped C) 2001 - 2009

B) Predicted (1961-1990)
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Ensemble predictions with the best-model agreement among 20 selected climate
change scenarios



Model-agreement among the projections based
the 20 selected climate change scenarios

A) 2011 - 2040 B) 2041 - 2070

Model agree.
(%)
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Low : 30



What is the next?

* Move from “local is the best” to an optimal
seed transfer system

— Integrating genecology results



Variation in response of lodgepole pine populations
to climate change

20-yrvolume (m3/ha)

4 -2 0 2 4 6 8 10 12
Test site MAT (°C)

41

Wang et al. 2006. Global change Biology



A universal response function

A simplified version
A R?=0.73

ra

- B4
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What is the next?

* A multi-million Genome Canada project, led by
Aitken and Hamann, to improve the climate-
based seed transfer system

Adaplree #
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