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Climate Change Adaptation Research

Sx genecology/CC field trial maintenance

Assisted Migration Adaptation Trial (AMAT)

Climate Based Seed Transfer (CBST)

Climate sensitive mortality function (internal review)
CC impacts to forest productivity

Assisted range expansion (new!)
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Species transferability

Multispectral imaging in prov trials (internal review)
Local adaptation to forest pests

Weather station assessment (published!)

Trends in extreme minimum temperature




Climate Change Adaptation Research

1. Sx genecology/CC field trial
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Climate Change Adaptation Research

1. Sx genecology/CC field trial

Forest Ecology and Management

journal homepsge: www alsevier com/locate/foreco

Quantifying safe seed transfer distance and impacts of tree breeding on @
adaptation

CrossMark

Gregory A. O'Neill Michael Stoehr”, Barry Jaquish®

* Justification for merging A
and B seed transfer systems

m forests M)

Review
Assisted Migration Field Tests in Canada and Mexico: Lessons,
Limitations, and Challenges

Cuauhtémoc Saenz-Romero *{, Greg O’Neill 2(), Sally N. Aitken * and Roberto Lindig-Cisneros *

* Assisted migration can help mitigate
CC impacts on productivity

b

 Safeseed transfer distances for Sx
e Distances shorterin north interior

*Canadlan Journal of
Forest Research Article

Climate data for field trials: onsite micro stations versus
ClimateNA

Zhengyang Ye ©°, Gregory A. O'Neill’, and Tongli Wang ©*

*Department of Forest and Conservation Sciences, University of British Columbia, 2424 Main Mall, Vancouver, BC V6T 1Z4, Canada;
"BC Ministry of Forests, Lands and Natural Resource Operations, Kalamalka Forestry Centre, 3401 Reservoir Road, Vernon, BC V1B
2C7, Canada

* ClimateBC data is superior to on-site
stations.




Climate Change Adaptation Research

1. Sx genecology/CC field trial

1. Sxgenecology/CCfield trial maintenance 7. Species transferability

2. Assisted Migration Adaptation Trial (AMAT) 8. Multispectral imaging in genetic trials

3. Climate Based Seed Transfer (CBST) 9. Local adaptation to forest pests

4. Climate sensitive mortality function 11. Weather station assessment

5. CCimpacts to forest productivity 12. Trends in extreme minimum temperature
6. Assisted range expansion
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Climate Change Adaptation Research

1. Sx genecology/CC field trial

[ 2004 [ 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |

Sow Thin Thin Thin Thin Thirj Thin Thin Thin
Plant

Measure,
brush age-3

Measure,

brush age-6 Measure,
brush age-10

Measure,
brush age-16

Maintenance,
label, stakes
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2. Assisted Migration Adaptation Trial (AMAT)

* Established 2009-12
* 48 test sites
* 15 species, 47 seedlots (mostly Class A)

AMAT Test Site and Seed Source Locations
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- Washington
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.
.. Oregon
Photo: Ward Strong
Calif Nevada
0 250 500 km

Map: Amy Vallarino

» Seedlot transferability - CBST
e Calibrating CCISS
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2. Assisted Migration Adaptation Trial (AMAT)

Larix occidentalis
{ —southern interior BC

Nitinat AMAT, Vancouver Island, BC
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2. Assisted Migration Adaptation Trial (AMAT)

Pinus ponderosa -
southern interior BC

L §y i
Picea engelmannii x glauca &
- southern interior BC 2

Photo: Sam Grubinger

10
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2. Assisted Migration Adaptation Trial (AMAT)

2006
2007

2008
2009
2010
2011

2012

2013

2014
2015

2016

2017

2018

2019

2020
2021

2022

2023|
2024

2025

Project design

Proposal review

Seed procurement

Locate sites/grow seedlings - series 1

Locate sites/grow seedlings - series 2

Locate sites/grow seedlings - series 3

Locate sites/grow seedlings - series 4

Plant - series 1

Plant - series 2

Plant - series 3

Plant - series 4

Weather station\site maintenance - series 1

Weather station\site maintenance - series 2

Weather station\site maintenance - series 3

XXX |Xx

>

Weather station\site maintenance - series 4

X[ XX | X

X[ XX | X

Assess - series 1

XX [X|X|X

Assess - series 2

Assess - series 3

Assess - series 4

Extension
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2. Assisted Migration Adaptation Trial (AMAT)

2023

centre

Site Name stake | tagtrees wildlings |brosh| measure
Flacer Mountain
Loon Lake
winnifred Creek.
Oeep Creek
Fiizke Creek.
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Lyny Creek.
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Pt St Helen W
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Climate Change Adaptation Research
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2. Assisted Migration Adaptation Trial (AMAT)

Pinus ponderosa distribution in BC

Pinus ponderosa age-10 survival in AMAT

Survival %
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Range map: Little
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Climate Change Adaptation Research

2. Assisted Migration Adaptation Trial (AMAT)

77/
CAUTION

Do not go to bank with age-10 results

e 10 years - insufficient extreme climate events
* Hare vs tortoise species & seedlots
* Need to consider all sites simultaneously

e Cautioussupport for AM of species and
populations.
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Climate Change Adaptation Research

Climate means of
plantation BECvars

Climate means
of seed

BECvars

Plantation

3. CBST

Seed source

3 o o
< ~ T E E ¥ 3 3
S o 1 S B, B S B
< < E o =) =] o o @
< 6 6 2 2 2 =2 =2 =3
o @ ®© @ @ @ @ @ @
BAFAun 0.00 9.23 6.20 2.69 3.69 3.71 3.00 3.29 2.90
BGxhl 9.23 0.00 3.17 7.24 7.46 6.20 7.58 6.29 6.79
BGxw2 6.20 3.17 0.00 4.16 4.54 3.14 4.86 3.28 3.69
BWBSdk 2.69 7.24 4.16 0.00 1.63 1.41 2.52 1.77 0.73
BWBSmk |3.69 7.46 4.54 1.63 0.00 1.60 3.16 2.60 1.85
BWBSmw (3.71 6.20 3.14 1.41 1.60 0.00 2.67 1.30 0.99
BWBSvk 3.00 7.58 4.86 2.52 3.16 2.67 0.00 1.96 2.26
BWBSwk1 |3.29 6.29 3.28 1.77 2.60 1.30 1.96 0.00 1.08
BWBSwk2 |2.90 6.79 3.69 0.73 1.85 0.99 2.26 1.08 0.00

Climate distance matrix
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Provenance data

Climate means of
plantation BECvars

Climate means
of seed

3. CBST

BECvars

Plantation

Seed source

Predicted height
(relative to height of local seed source)

Lodgepole pine transfer function

2 4 3 8
Seed transfer distance (Euclidean units)

10

Seed source

x ¥ : L, 2 2 v~ X : . = £
S L, ~ T E E ¥ = = S L ~« 3 E E %2 3 3
T 2 8 & @& & @ 22 % 8 a9 a & & a
< < H @ o @ o =) @ S < Z o @ @ @ =] o
< 6 6 2 2 2 2 =2 =2 < 06 0 2 2 2 2 2 =2
o o o o o o o o o o [=2] o o o o @ ] e
BAFAun 0.00 9.23 6.20 2.69 3.69 3.71 3.00 3.29 2.90 BAFAun 1.00 0.02 0.17 0.72 0.53 0.53 0.66 0.61 0.68
BGxh1 9.23 0.00 3.17 7.24 7.46 6.20 7.58 6.29 6.79 BGxh1 0.36 1.00 0.89 0.54 0.52 0.63 0.51 0.63 0.58
v
BGxw2 6.20 3.17 0.00 4.16 4.54 3.14 4.86 3.28 3.69 ’ BGxw2 0.50 0.83 1.00 0.73 0.69 0.84 0.65 0.82 0.78
BWBSdk 2.69 7.24 4.16 0.00 1.63 1.41 2.52 1.77 0.73 g BWBSdk 0.78 0.17 0.55 1.00 0.91 0.93 0.80 0.90 0.98
E]
BWBSmk |[3.69 7.46 4.54 1.63 0.00 1.60 3.16 2.60 1.85 g BWBSmk |[0.60 0.12 0.46 0.90 1.00 0.91 0.69 0.78 0.88
=
BWBSmw |3.71 6.20 3.14 1.41 1.60 0.00 2.67 1.30 0.99 & BwBsSmw |0.68 0.34 0.76 0.95 0.93 1.00 0.82 0.95 0.97
BWBSvk 3.00 7.58 4.86 2.52 3.16 2.67 0.00 1.96 2.26 BWBSvk 0.81 0.27 0.58 0.86 0.80 0.85 1.00 0.92 0.89
BWBSwk1 |3.29 6.29 3.28 1.77 2.60 1.30 1.96 0.00 1.08 BWBSwk1 [0.77 0.38 0.77 0.93 0.85 0.96 0.91 1.00 0.97
BWBSwk2 [2.90 6.79 3.69 0.73 1.85 0.99 2.26 1.08 0.00 BWBSwk2 |0.77 0.25 0.66 0.98 0.90 0.97 0.86 0.96 1.00

Climate distance matrix

Relative height matrix



Climate Change Adaptation Research

Provenance data

Climate means of
plantation BECvars

3. CBST

+

Climate migration
distance

Climate means
of seed

BECvars

Plantation

Seed source

Predicted height
(relative to height of local seed source)

Lodgepole pine transfer function

2 4

3 8
Seed transfer distance (Euclidean units)

10 12

4.37 '

L xlz L2

< ~ ©w £ B = 2 2

3 - (%] [%2] vy (2] (2] v

< < E @ @ [} @ @ @

< & ¢ 2 2 =2 2 =2 2

o o 2] o o o o o o

BAFAun [0.58 8.78 5.77 2.34 3.39 3.28 2.44 2.78 2.48

BGxh1l 9.95 1.01 3.97 7.97 8.12 6.88 8.11 6.94 7.49
BGxw2 6.92 2.49 0.85 4.84 5.08 3.74 5.34 3.90

BWBSdk |[3.25 6.65 3.62 0.71 1.58 0.92 2.39 1.48 0.66

BWBSmk [4.01 6.95 4.11 1.81 0.72 1.30 2.90 2.33 1.81

BWBSmw (4.19 5.75 2.80 1.99 2.05 0.68 2.66 1.35 1.49

BWBSvk [3.60 7.28 4.68 2.81 3.23 2.68 0.64 2.05 2.48

BWBSwk1|3.94 5.84 2.98 2.35 2.91 1.54 2.07 0.74 1.68

BWBSwk2|3.39 6.32 3.30 1.36 2.13 0.89 2.01 0.69 0.73

Climate distance matrix

Plantation

Seed source

L. o x =2 . 2 g

s L o« ¥ E E 2 3 =z

i T 2 B8 3 3 3 @3 A

< 6 6 2 2 2 =2 =2 =2

o o 2] o o o o o0 o

BAFAun 0.99 0.05 0.27 0.81 0.64 0.65 0.79 0.74 0.78
BGxh1 0.37 0.99 0.86 0.53 0.52 0.62 0.52 0.62 0.57
BGxw?2 0.48 0.91 0.99 0.69 0.67 0.80 0.64 0.79 0.74
BWBSdk |0.73 0.27 0.68 0.99 0.93 0.98 0.84 0.94 0.99
BWBSmk |0.60 0.22 0.59 0.90 0.98 0.95 0.77 0.84 0.90
BWBSmw | 0.66 0.45 0.83 0.91 0.90 0.99 0.84 0.96 0.95
BWBSvk |0.77 0.34 0.64 0.85 0.81 0.86 0.99 0.92 0.88
BWBSwk1|0.72 0.49 0.83 0.89 0.84 0.95 0.91 0.99 0.94
BWBSwk2|0.74 0.36 0.76 0.95 0.89 0.98 0.90 0.99 0.99

Relative height matrix
Genetic suitability



Climate Change Adaptation Research

3. CBST

Considerations
longer migration distance
new measurement data (Sx)
ClimateBCupdate
BEC 12
+/- drop PAS
+/- weight climate variables (temp > precip)
orphaned plantation BECvars

Conversations
genetics community
seed user/producer community.
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Climate Change Adaptation Research

4. Climate Sensitive Mortality Function for TASS

TopHtlocal =250 cm

22
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Climate Change Adaptation Research

4. Climate Sensitive Mortality Function for TASS

TopHtlocal =250 cm
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Climate Change Adaptation Research

TopHtlocal =250 cm

TopHtlocal = 1260 cm

4. Climate Sensitive Mortality Function for TASS
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g Climate Scenario
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Image: Dave Simpson
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Climate Change Adaptation Research

TopHtlocal =250 cm

TopHtlocal =750 cm

TopHtlocal = 1260 cm

4. Climate Sensitive Mortality Function for TASS
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Climate Change Adaptation Research

4. Climate Sensitive Mortality Function for TASS

Objective
* Simulate climate-induced mortality in lodgepole pine stands and apply to TASS

Funding

e 2019/20- Forest Enhancement Society (576,000), FAIB ($25,000)
e 2020/21-OCF Research Program (Timber Portfolio) (551,000)

e 2021/22-OCF Research Program (Timber Portfolio) (551,000)

e 2022/23-0OCF Research Program (Timber Portfolio) (551,000)

e 2023/24 —NSERC Student Award ($36,000)

Team
* Kate Peterson, Tongli Wang, Derek Sattler, Greg O’ Neill

Deliverables
* Technical Report “Climate Sensitive Mortality functions for TASS” (internal review)

Extension

*  Western Mensurationists Conference 2020

* |International Boreal Forest Research Association conference 2021
* CFGA/WFGASymposium 2021

26



27



Climate Change Adaptation Research

5. CC Impacts to Forest Productivity

Climate-sensitive TASS

v

Factors
Sl &
Planting density Image: Dave Simpson
Image: Tongli RCP
Wang Seedlot diversity
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Climate Change Adaptation Research

6. Assisted Range Expansion

Objective
* To assess the productivity of Lw, Py and Fd when planted outside of its current geographic range

Funding 2022/23
none

Team
* Hardy Griesbauer, Will Mackenzie, Greg O’Neill

30
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6. Assisted Range Expansion
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Climate Change Adaptation Research

6. Assisted Range Expansion

Site index (m)
&n

M
L=

Fd Lw Pl Py

Species
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Western larch frequency
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Image: Amy Vallarino
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Climate Change Adaptation Research

7. Species transferability (on hold)

Objective

* To whatextent do species differ in their safe seed transfer distance and CC sensitivity?
* At whatage cansafeseed transfer distance be calculated?

* Develop CBST for California

Funding

* 2020/21-540000 (UC Davis)

«  2021-22-$60000 (CalFire)

» 2022-23-560000 (CalFire) (requested)

Team
* Joseph Stewart (UCD), Jessica Wright (USDAFS), Greg O’Neill

35
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Climate Change Adaptation Research

7. Species transferability

Species
s 3bCO 00
w—DiCO
w— DIDO
— DSME o5 Age
e tshe -1
-3
- =0
( S 0% - 10
2 — 32
2
ke
[
-10 -5 0 5
Planted in colder Planted in warmer Planted in colder Planted in warmer
climate than origin climate than origin climate than origin climate than origin
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Climate Change Adaptation Research

8. Multi-spectral imaging in forest genetics trials

Objective
* What opportunities exist for multispectralimaging from drones to contribute to assessment of
genetics field trials?

Funding 2020/21
* MoF $30,000
* NSERC $60,000

Team
* Sam Grubinger, Nicholas Coops, Greg O’Neill

38
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8. Multi-spectral imaging in genetics trials

‘ ‘ Structural traits

Zgooo=3.13m Zqoos=530m  Zqogo=3.69m Oapex = 22.97° Bapex = 14.52° Oapex = 12.04° Veowrex =133 M Veomex=410m*  Vegpuex=1.01m*
Zgos = 3.04m Zgg9="5.02m Zgog =349 m Gapex = 7.55° Oupa=415% Gapex = 5.30°

Spectral traits

39
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Climate Change Adaptation Research

8. Multi-spectral imaging in genetics trials

@ ® Orchard Wildstand
o) o) 0 —&— —&— Field assessment
9 P ® - -@-- - -O- - Model predictions
re ]
90+ e O %
fe} ®0
g @ 6 &
® . a
80 -
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£ E
= = 5=
E 70 @,
[
/ T
60
44
50
3 -
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Climatic transfer distance (Euclidean units)



Climate Change Adaptation Research

8. Multi-spectral imaging in forest genetics trials

Objective
*  What opportunities exist for multispectralimaging to contribute to assessment of genetics field trials?

Funding 2020/21
* MoF $30,000
* NSERC $60,000

Team
* Sam Grubinger, Nicholas Coops, Greg O’Neill

Conclusions
Yes, MSI can assess HT accurately.
Yes, MSI can assess local adaptation.

Questions

How much does it cost?

Does the height model need to be trained on each plantation, at each age, orin each season?
Do the findings translate to other species?
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Climate Change Adaptation Research

9. Local adaptation of trees to forest pests

Objective/Questions
* Does good seed transfer help limit pest damage?
* Identify specific transfers that should be avoided

Funding
2021/22-45,000 (FCl)
2022/23-65,000 (FCl)

Team
* Daweiluo, Nick Ukrainetz, Tongli Wang, Peter Ott, Greg O’Neill

Deliverable
* Better forest health through better seed transfer. (in prep)
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9. Local adaptation of trees to forest pests
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10. Weather station assessments

Objective/Questions
* Are field weather stations accurate?
e Evaluate tradeoffs between ClimateBC and field weather stations.

Funding 2021/22
* NSERC($18,000)

Team
* Lambert Ye, Tongli Wang, Greg O’Neill

Deliverable
* “Climate Data for Field Trials: Onsite Micro Stations versus ClimateNA” (published 2022)
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10. Weather station assessments

Monthly minimum temperature (°C)
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10. Weather station assessments

Monthly minimum temperature (°C) Monthly precipitation (mm)
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Conclusion

* ClimateBC/NA superior to on-site microstations.
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11. Trends in extreme minimum temperatures

Objective/Questions
* Characterize trends in extreme minimum temperatures across Canada
* Quantify changes in risk of cold damage with and without AM

Funding
* none

Team
* Jong Leung, Greg O’Neill
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Project updates 2021
5. Extreme event study
Frequency of damaging extreme events
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Project updates 2021
5. Extreme event study
Frequency of damaging extreme events
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Project updates 2021
5. Extreme event study
Frequency of damaging extreme events
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11. Trends in extreme minimum temperatures

PNorm March
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11. Trends in extreme minimum temperatures

Probability of Extreme Cold Temperatures by Site for March
(1918 - 2020 data)
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Extension
2022 extension
Date Audience Title Format
2021
Dec UBC Forest Policy class Implementing CBST in BC classroom presentation (UBC)
Dec UBC Forest Management class Understanding assisted migration webinar presentation
2022
January Idaho Woodlot Foresters Conference AMAT and CBST webinar presentation
March Tree Improvement Alberta Seedlot Selection Systems webinar presentation
March Alberta Forest Service CBST webinar presentation
March CTAC CBST update webinar presentation
May National Geographic Magazine Relocating Trees Magazine article (quotes)
June WFGA/CFGA AMAT Field tour (Skimikin)
June BCSOA CBST/CC adaptation presentation (Vernon)
June International Biogeography Symposium Assisted Migration and Species movement presentation (Vancouver)
June NW Tree Improvement Coop CBST webinar presentation (coauthor)
June Tree Seed Working Group CBST/CC adaptation presentation (Sydney)
July University of Idaho - Forestry Extension Spirit Lake AMAT, Idaho Field tour (presentation materials)
July Columbia Insight Magazine Forest Service Experimenting with relocating trees Magazine article (quotes)
July Research Management AMAT/Sx field trials Field tour (Kal)
July Master of Pest Management (SFU) demo and field trials Field tour (Kal)
Sept USA Today Trees Can't Outrun Climate Change Newspaper article (quotes)
[llingworth field trip/provenance trial
Sept UBC students design/management Field tour (Hado Lake)
Sept Okanagan College Provenance trial measurement and analysis Field tour/lab
Applications of multispectral imaging in Forest
Sept International researchers Genetics presentation - Berlin (Grubinger)
Nov Bulkley Valley Research Centre CBST CC adaptation opportunities webinar presentation
Dec USDA Forest Service Geneticists CC adaptation - the BC experience webinar presentation
Dec Mackenzie Silviculture Working Group CBST and AMAT webinar presentation o
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