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Impacts of climate change

Assisted migration as an adaptation strategy
Assisted migration risks

A new seed transfer system
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Impacts of climate change



Observed climate trends & impacts
25-year trend in precipitation

Woods et al. 2006

SR Image: Sally Aitken/Andreas Hamann Adaplree*




Observed climate trends & impacts
25-year trend in precipitation

Woods et al. 2006 Hogg et al. 2008
Michaelian et al. 2010

SR Image: Sally Aitken/Andreas Hamann Adaplree*




Observed climate trends & impacts
25-year trend in precipitation 25-year trend in winter temperature

Woods et al. 2006 Hogg et al. 2

Michaelian et al. 2010 photo: MclLauchla
CUaiA Image: Sally Aitken/Andreas Hamann apTr'ee*

008 Allen et al. 2010




Winter National Temperature Departures and Long-term
Trend, 1948-2013
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U.S. Drought Monitor

West

August 4, 2015

(Released Thursday, Aug. 6, 2015)
Valid 8 am. EDT

Drought Conditions (Percent Area)

Mone | DO-D4 | D1-D4 | D2-D4.

Curmrent 2653 | 7347 (60.09 | 4299 | 2224 | 77

Last Week

[Ep— 26.53 | 7347 (6009 | 4299 | 2224 | TAT

3 Months Ago

357015 2335 | 7665 |E3.22 | 30.05 | 1764 | 7.08

Start of
Calendar Year | 34 76 | 6524 | 54.48 | 3350 [ 1868 [ 540
12202014

Start of
Water Year .48 | BBAZ (8557 | 3565 | 19495 | 640
8402014

OneYearAgo (7 71 | 7229 | 617 | 4374|2135 | 604
2014

intengity:
D0 Shnamally Dry - D3 Extreme D rought
D1 Moderste Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on Ivoadk scale conaiions.
Local conditions may vary. See accompanying text summans
for forecast statements.

Author:

Mark Svoboda

National Drought Mitigation Cenfer

USDA g
| mml‘m-;m%
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N Endemic pests

2 Novel pests —> Pest damage —>

+

Drought stress Maladaptation
Disrupted phenology 5 damage




Lodgepole pine provenance trial — established 1974
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Seed source -1.3 °C

Plantation

-1.3°C

Seed source -1.3 °C

Plantation

29°C

Climate change is not good for
trees!

J growth

J wood quality J value
N pest damage
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Lodgepole pine productivity

0 250 500
P——— Climate change is not good for

Kilometres
trees!

®

Productivity decline: 10-30% by
2080

IR USA
Production
(m’ ha™)

m <71

m 71to85
86 to 100
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131t0 145
146 to 160
161to 175
> 175

O’Neill, Wang, Hamann 2008
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Assisted migration as an adaptation strategy

15



16


http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.psd100.com/tree-3/&ei=o2BiVMu8POP2iQKB84DYCw&psig=AFQjCNFCUGLrhHEKLdVsTwoGUafkKCmnYQ&ust=1415819812311207

Seed Planning Zones

e I HH
e M

I BsH [ MGR
I cHL Il Mic
Ece | |MRB
[TlcT MM NCH
B ox. [ NST
e ol

BN A

EEFN I sm
BEc. EEToA
[ Top
WK

Up good. Down
bad.



50
40 -

# |ocal - T 1
m Optimized
30 - T

20 5
10

|

—h

[ S i |
L

Changes in productivty ll:m:1 ha)

—20 4
—30 - L
40 (2018)  (2041) (2064)  (2087) (2110
0 1 2 3 4 5

MAT increase (" C)

Wang et al., 2006

18



Assisted migration
is being used in
horticulture

C. Daly. 2010. J. Appl. Met. Clim.
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Plant Hardiness zone map
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Data from thermometers (red) and from tree rings,
corals, ice cores and historical records (blue).

05
#_"\m -
®)
< -
09 3
=
§o 00
mm
82
59 )
Eg L
w
EE—U.S £
£ £ i
S e i
88 |

-1.0

1000

s I .
1200

IPCC 2001

L | L i | | L | L
1400 1600 1800
Year

22



Current climate
Migration distance
Seed procurement target

Grouse Mountain (CWHvm2)

LAT MAT MCMT D MAP MSP DD5 PAS
51.3 53 -2.3 16.0 3626 787 1127 929
0.0 1.6 1.8 0.2 256 19 307 -207
51.3 6.9 -0.5 16.2 3882 806 1434 722 CWHvm1
F..4




Assisted migration risks
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AM risks — species invasion

WANTED

Found within Mountain View County

Spotted Knapweed
(Centaurea maculosa)
: $50.00 REWARD
Zebra mussels . just be left in ground until inspected by
photo: US Fish and Wildlife Service Mountain View County Agricultural Staff

information contact
Agricultural Fiel




AM risks — hitch-hiking pathogens/insects

;"4 S

3 - .4 I~
American chestnut blight L b : -  White pine blister rust
| Photo: American Chestnut Foundation ' A “ S D7 A fPhoto:NaturalResourcesCanada,Canadian ForestService
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A new seed transfer system
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File Edit WView Favortes Tools Help

NN
o) Tree Improvement Branch: Seedlot Selection Tool Version 4.1
. i . : COLUMEBIA 'o:,b A SR .-\I_IFLFRTA__
Instructions I | Have A Cutblock | Have A Seedlot L ot : Tl a “ o I v Switch
Seedlot Number: ; | » Print
' NECHAKO PLATEAU | » Layers

g - |
S ohl 2 : e
._1,'1_].:”“,_“ Frince 5 ‘

Set Species & BEC

B
z
B

E

S

OR

PL -
BEC Variant: _
IIDde2 v
Assisted Migration Scenario:

|No Assisted Migration ™|
Minimum Genetic Suitability: 593_0

Minimum Species Suitability::an_o | GO

Plantation Seed BEC Genetic Species
BEC Suitabililty Suitabililty
IDFdk2 IDFdk2 100.0 65.2 "
ICHmk1 IDFdk2 09,7 715
Msdmi IDFdk2 994 20.4
IDFdk1 IDFdk2 994 538
ICHmk2 IDFdk2 99.0 715
IDFdmi IDFdk2 989 58.0
IDFdc IDFdk2 989 62.4
IDFxc IDFdk2 987 451
ICHdw3 IDFdk2 985 536
Msdm3 IDFdk2 885 755 b
Msdm2 IDFdk2 983 772 e o
= Fortland
ICHmMW2 IDFdk2 [:1:5 431 % Josionily
ICHdw2 IDFdk2 982 61.9 v & T
a SR i W Ensssin i VE g 2 oL e N ‘-w Hr:( |11, Boisa Formst -




Instructions | | Have A Cutblock | Have A Seedlot

Seedlot Number:

Set Species & BEC

OR

Species:
PL

BEC Variant:

IDFdk2

Tree Improvement Branch: Seedlot Selection Tool Version 4.1

Assisted Migration Scenario:

Assisted Migration

Minimum Genetic Suitability: ;93‘0

Minimum Species Suitability: 40.0

Plantation
BEC

MSxkl
MSxk2
IDFdc
M3dm2
MSdcl
MSxk3
MSdm3
MSdm1
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ES5Fxc2
ESSFdcl
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SBSmcl

Seed BEC
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Genetic
Suitabililty
09.7
997
994
95.0
930
989
987
986
086
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o84
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882

[0

oy » : 75 I —' A e I(_:‘_-‘.ra_n_tle ALRFERTA
. ; A » Switch
» Print

» Layers
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File Edit WView Favortes Tools Help

NN
o) Tree Improvement Branch: Seedlot Selection Tool Version 4.1
. i . : COLUMEBIA 'o:,b A SR .-\I_IFLFRTA__
Instructions I | Have A Cutblock | Have A Seedlot L ot : Tl a “ o I v Switch
Seedlot Number: ; | » Print
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g - |
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BEC Variant: _
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Assisted Migration Scenario:

|No Assisted Migration ™|
Minimum Genetic Suitability: 593_0

Minimum Species Suitability::an_o | GO

Plantation Seed BEC Genetic Species
BEC Suitabililty Suitabililty
IDFdk2 IDFdk2 100.0 65.2 "
ICHmk1 IDFdk2 09,7 715
Msdmi IDFdk2 994 20.4
IDFdk1 IDFdk2 994 538
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Instructions | | Have A Cutblock “ | Have A Seedlot = :
‘SPEC'ES: NECHAKO PLATEAU
PLI B : L e g
BEC Variant: - —E L Goorge S2d
IDFdk2 |~ : o
. o
ate
Plantation BEC Seed BEC ‘Species Limit _ Redi
Suitabililty 2 o
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Summary

Fixed zone - focal zone
Geog based - climate based
Assisted migration < migrating the focus of the procurement space
Climate migration distance:
e accounts for past and future CC
* multivariate
e transparent and accurately quantified
5. Deployability based solely on BEC climate
6. Larger average deployment area
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