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Outline

» Overall theme: is this a question of general
approache

» Review historical ecological forestry approaches
» Alternatives/complements to assisted migration
» Timing
» Stand structure
» Species mix
» Assisted migration: moving species vs. seeds
» Application to uneven-aged management




Overview of climate change
Impacts in California forests

Insect outbreaks Severe wildfires

A 2 5550 e

Elliot Ranch Levels of U.n’rhinned stand post-Antelope  multiple plantings into Bald Fire,
Growing Stock Study in 2022, Fire, Goosenest Adapfive Lassen National Forest
Tahoe National Forest Management Area
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Two approaches to climate change
adaptation

Ecological forestry

Intensive forest management

Second Rotation GOE Study

The objectives of 2 rotation Garden of Eden (GOE) study are to determine: (1) f
there is a carry-over effect of 1 rotation treatments on ponderosa pine stand growth

and development into 2™ rotation and (2) how much genetically improved stock
contributes to stand productivity.

Three installations with the same design&om {Crane Mills), Feather Falls (Sierra
Pacific Industries), and Whitmore (Beaty otiates Inc.} are maintained and

measured by USDA Forest Service, Pacific Southwest Research Station and Sierra
Cascade ive Forest Research ¢

+ 15 rotation trees were harvested in lxsvgnnu"d
2013 and new plantation here was 1*'0;:"‘::'0
established in 2014.

1% rotation treatment: A combina.(i‘on
of Fertilizer, Herbicide, and d
(F, H, & 1) and a Control (C).

2M rotation treatment: Seed source
used in 1% rotation (G1) and

genetically improved seeds (G2)- szgors)
Plots were replicated 3 timesin a 2] beEy

completely randomized design.

Chippewa NF ASCC, Minnesota. Most Whitmore, CA second rotation
silviculture for climate change research is an Garden of Eden study site
outgrowth of ecological forestry




“High Diversity"” treatment,
Blacks Mountain Ecological
Research

Project

R

Retained fir seed frees,

Swain Mountain Experimental
forest
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- Image credit:
. Eric Knapp
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Variable density thinning
study,
Stanislaus-Tuolumne
Experimental Forest
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Ecological forestry for climate change

Promote
change

Resist
change

Facilitate change to future-
adapted condition

Return to
initial state
following
disturbance

Variable
density thin/
Irregular
shelterwood.
Image
Credit: Peter
Clark, UVYM

Transition

Resilience

a I
Resistance
\_ J

Single tree selection plus
group selection. Image
Credit: Tony D'Amato

Sngle lise Adapted from
selection. Image

Credii: Tony Nagel et al. (2017)

D'Amato




United States Department of Agriculture

Ecological forestry tor climate change:
imitations

» May not consider economics

» Longer rotations

» More reliant on assisted
migration

» Uneven-aged management
» Less likely to apply all the tools

AdopﬁvgéilviCuITufé for C o’re Cbhdnge “T}ongifion”
treatment, Chippewa NF, Minnesota



Climate change adaptation: what
IS It made of?e

migration
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Infensive management: an alternative
approach to climate changee

Harvesting and replanting with Earlier rotations could
adapted stock could avoid mortality _reduce risk

-
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No harvest Harvest in 2041

O_

| | | | I | I | I |
2000 2025 2050 2075 2100 2000 2025 2050 2075 2100
Year

-10% -20% -30% -40% -10% .-20% -30% .-40%
Climate-FVS simulations of unmanaged . Lol e et

under changing site quality. From rotations could mitigate disturbances
Crookston, 2014.
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California context: grow trees fast for fire

sistfance

0

Severity

e

0.754 Moderate
== High

Probability of survival

1 B R T ' .
0 50 100 150 200
DBH (cm)

Tree survival increases with DBH
For intolerants (top) and tolerants
(bottom). From Johnston et al. 2019

Managing for higher mean tree size
might reduce landscape fire risk

R

Thin group
selection stand survived Dixie Fire,
Swain Mountain Experimental Forest




United States Department of Agriculture

California context: grow trees fast for fire
resistance

Instead of reducing rotation
ages, consider:

k
R
:
N

« Could we improve growth
and yield but
maintain rotation agee

« Rotate at biological mafturitye w0 %0 0 %0

Age, years

Stand-level volume increment over age
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Accelerating forest recovery: competing
vegetation control
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1940 1950 1960 1970 1980 1990 2000 2010
Establishment Decade

[ Natural Stand mm Planting mm Site Prep = Fertilization
[JWeed Control Tree Improve @ Biotech/Clonal —=—Rotation Age

: s i O/z : RS
Herbicide (left) vs. site prep
only, (right), Pondosa, CA

Site prep and vegetation control
have driven major reductions in
rotation age. From D' Amato et al.
2018



Competing vegetar

under climate char

1960s brushfield conversion study
burned in 2021 Dixie Fire, Swain
Mountain Experimental Forest

gce

lon control: benefits

Promote survival
uder drought

Second rotation Garden of
Eden experiment

minimizing shrub competition
Feather Falls, CA
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Planting arrangement

Cluster planting

Eiler Fire scar, Lassen NF
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Garden of Eden study

- Established by Bob Powers in
1985-1987

- Examined herbicide,
fertilization, herbicide +
fertilization effects

- Replicated over broad range
of soll types

H=herbicide, F=fertilization,
C=conftrol
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Structural
complexity
during
planting:
probably not
a great ideao

Adapted from
Looney and Zhang
(2022)

Faster tree

Less
competing
vegetation

o \
I Retter site

Higher
structural

complexity

quality

Higher drought

stress (certain soils)

—

Positive corr.
Fertilization

Negative corr.
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Structural
complexity
during
planting:
probably not
a great ideao

Adapted from
Looney and Zhang
(2022)

Higher
structural
complexity

|

Faster tree
growth

Better site

Less .
competing Higher drought
vegetation stress (certain soils)

1 —

I Positive corr.
Fertilization

Negative corr.

quality
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Early rotation fertilization

Garden of Eden Lower
study: planting
Fertilizer + densities:
herbicide has the time

o for early

£ .

& rotation

S —8— Feather Falls _ .

2 SEEsihifiiicre ...Vs. herbicide- fertilization

S A~ Chester only arrivede

g —@— Pondosa

—@— Elkhorn

From Zhang et
Ol-; Ee i ’ )
2022 Challenge |

1

i e

itial Spacing Study

Plantation age (years)
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Stocking under climate change

Max SDI may change with Both low and high stocking
climate may e risky

Ponderosa pine

’ Low vulnerability

High vulnerability

1000 1500 2000 2500
Trees per hectare

From Kimsey et al. 2019. Max SDI From Clark et al. (2016). Gingrich chart
varies for ponderosa pine in PNW showing hypothesized low-risk zone




Mixed-species stands: benefits tor
sustaining productivity¢

i

Faciltitaﬁon

Oak species may sustain neighbors
through hydraulic lift

A
)

B\ 4
B 2%

&

Comp ﬁtio Reduction

Mixed crown shapes: promote efficient  problems
light use

Near-total loss of ponderosa
overstory to beetles

fORES! BERVcy
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Mixed-species stands: benefits tor
sustaining productivitye ,
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Stand volume growth

Mixed crown shapes use space, light >
more efficiently. Kakabeka Falls, 100% Species A 100% Species B

Ontario
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Mixed-species stands: benefits tor
sustaining productivitye ,

Mixed crown shapes use space, light >

Stand volume growth

more efficiently. Kakabeka Falls, 100% Species A 100% Species B
Ontario
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Mixed-species stands: benefits for
sustaining productivitye ,
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Mixed crown shapes use space, light >
more efficiently. Kakabeka Falls, 100% Species A 100% Species B

Ontario
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Mixed-species stands: benefits for

sustaining productivity ¢

800
TPA

=P 400
Growth: +23% TPA

Windthrow  <ep 200
damage: -25% TPA

30
TPA

40
TPA

Pests and other
damages: -26% €@

-50% -25% 0%  +25% +50%

Adapted from Griess and Knoke, 2011

A

4 8 12 16 20 24
QMD (inches)

Adapted from Pretzsch et al., 2019
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Mixed-species stands: benefits for
sustaining productivity¢

A

S CREAENN S NS T T Low stress = low diversity effect
b MER 0 el e - S5 .

-
)
S
O
a0 é\,\ec
ﬁ &
£ &
O _ S\(O(\
e o7
) S\(@
= \3‘\\9(\ Adapted from
~ Jucker et al. (20;6).

Differences in snow interception,
rooting depth could help during droughts Tree species diversity
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Preliminary results from FIA data

0.001 ha
Jelelligle]
microplot

0.017 ha
medium tree
subploft

o ;

0.1 ha Large tree
macroplot

FIA nested subplot design
Adapted from Bechtold and Peterson
(2005)

Mean annual precipitation

-122.5 -120.0 -117.5
long

Mean annual temperature

1 1 1
-122.5 -120.0 -117.5
long

-115.0

1
-115.0
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Quanftitying diversity

Fire strategy Disturbance ecology

20yr height Disturbance ecology

LT 41« G333 Disturbance ecology

Mature height Competitiveness
LiEee s.pec. Life strategy
gravity

Effect on light

Crown shape :
environment

Effect on light
environment

Evergreen status

Shade tolerance Stress tolerance

Fertility req. Stress tolerance
Subplot/macroplot with 100% Su'bplo.’r/mocroplo’r with high S Stress tolerance
low dissimilarity dissimilarity oleldice

Mycorrhizae Effect on soil
type resources
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Mixed-species stands: early results from
FIA data across California

Ponderosa pine
Ponderosa pine: FDis x SDIL

0.1 0.2
Functional dissimilarity (FDis)

Competition — o .Hi

Basal area increment

Less diverse more diverse

Growth poorer in
diverse stands under
more open conditions

Douglas-fir True firs

Douglas fir: FDis x MAP True firs: FDis x Site class

0:1 0.2

Functional dissimilarity (FDis) 0.] 9.2

Functional dissimilarity (FDis)

MAP (mm) — 1016 B= 2352

Site CMAI (m® ha™" yr™”’ . 47 B= 99

Growth better in diverse Growth better in diverse
stands only on moist sites stands only on high site
class sites
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Mixed-species stands: early results from
FIA data across Californio
True firs

Diversity x DBH Diversity x competition

e Less evidence
of effect on
mortality

» Only for true firs

e Faster stand
development? Functonl dissimilariy (FDis)

DBH (cm) — 13.4 B8 865 Competition — o B8 High

—

Less diverse more diverse

o o
w e

10yr mortality (prop.)
. = .
10yr mortality (prop.)

o
-

Mortality odds

0.0 0.1 0.2 0.0 0.1 0.2

Functional dissimilarity (FDis)
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Mixed-species stands: early results from
FIA data across California

 May be hard to balance
species

* Need to consider both
composition and density
Iaiallglaligle

» Positive effects may
weaken under climate
change
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Mixed-species stands: early results from
FIA data across California

DBH (inches)

+ 10.0-20.0
« 20.1-30.0
* 30.1-45.0
® 451-740

From Knapp et al. (2012). Methods of Cutting
Stem map showing 1929 reference conditions



Species Species

matfching matching
current future

Climat climate

Climate change
Adapted from Brown et al. (2019)

Assisted migration,
Chippewa NF,
Minnesota

58 year old KMX pine
plantation, Trinity Alps, 2022.
A prime example of poor
acclimation
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Moving seeds of local species to match
future climate

DEP. 101 O +
—
CALIFORNIA TREE SEED ZONE
MAP

ssiographic and climatic region boundsries

ysiographic and climatic subregion boundaries

I
Physiographic and climatic region boundaries within the 900 sen
P
2

Zones

Select seedlin
is 10 be
planting

Tree height growth

Climatic transfer distance
Example: hotter (left)-colder (right)
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Seed selection of local species to match
future climate: end of rotation

j-‘[JP[RE PROTEC O +
CALIFORNIA TREE SEED ZONE +

MAP
ution in introdu
V.mﬂlﬂlja‘] within

e o

E

@)

S

o]0)

4+

i

oT0)

)

<

)

Q

=

Climatic transfer distance
Example: hotter (left)-colder (right)
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Seed se

Imate: Tools

Planting Location:

THE R
DEPARTMENT OF FORESTRY

- Latitude
CALIFORNIA TREE SEED ZONE

MAP

raphic and ¢lim: r8gion boundaries
phic and climatic region boundaries in the 800 ser:
ographic and climatic subregion, bo

Zones

Select seedling

is to be 3 aution in introdu seed from
planting . Use ms within at elevatic
planting locatior nd elev

ection of local species to match

Specify planting location by

Longitude

Planting Location
0-2 %DP
5 %DP
5-10 %DP
susany, [Jl] >10 %0DP

Yuba City

/Roseville

s
\Sacra: Leafiet | © OpenStreetMap contributors, CC-BY-SA, Ties ® Esn

www.retorestationtools.org/climate-
adapted-seed-tool/
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Mixed-provenance plantings: similar
benefits for sustaining productivitye

VOH 622 provenance mixing trial

- R ,
3 g v b AT

"“: : ? sdi= 200 /ha
& sdi= 400 /ha
"% sdi= 600 /ha
e '

= 15

provenance richness [number]

S

P e BN s TERa
Mixed crown shapes use space,
light more efficiently. Kakabeka
Falls, Ontario

o

From Pretzsch (2021). Provenance richness
enhances Norway spruce (Picea abies) tree
and stand-level growth



United States Department of Agriculture

The Gritfin KMX pine

{ Chrome Ridge

Fremont
National Fareat Eldorado

provenance trial Ry S

knobcone pine

|
Modoc Natlonal K
el Red Flats

Study sites

Rock Canyon
3
Lassen National

Fore:

| National fltest

sacramento

0Sacramento

5 Vacaville

>,
G4
S
P
= oAnﬂach
2
=l
®

Fremont
o

San Jose
o

S
>
2 ® National Forest *
CaIIQ;ma State Parks, Esri, HERE, Garmin, FAO, NQAEE\ LJS? B'tr u of
S Land Management, EPA, NRS, Esri'C UsGS
Z

Monterey pine, Huckleberry Hill
Forest Preserve, Monterey

Knobcone pine near Stonyford,
Mendocino NF
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Revisiting the provenance trial

Spring Gulch ik Provenance / species

Briggs valley
e £ Chrome Ridge
STEM MAP Segriset Eldorado
: Monterey pine
Peasoup Campground
knobcone pine

Red Flats

Study sites

0 510 20 Meters
Lol

i 2 $ i
Spring Gulch, 2022

Bb POWETS Geo-registered stem map with
at Spring Gulch, 1965 survivor trees as of 1966
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seed source martters

Seed parents ——

from snowy or
serpentine sites

RGR (cmem ' yr ™)

E
@)
| -
(@)]
—
e
2
()
e
]
=
©
)
o

Seed parents
from milder
winters

0.0 0.5 1.0 1.5
Provenance diversity (H')

. Briggs valley . Chrome Ridge

. Eldorado = = Peasoup Campground

= = Red Flats
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Two approaches to climate change
adaptation

Ecological forestry « Builds on “last big thing” in
research
 Need to plan much farther
ahead
 More drastic assisted
migration

 Might do better under
"hands-off” managment
« Uneven-aged management
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Two approaches to climate change
adaptation
Intensive forest management

| . d | .
S | I | | . I I .

i !

there is a carry-over effect of 1% rotation treatments an ponderosa pine stand growth ' 3 ¥ :

and development into 2™ rotation and {2) how much genetically improved stock . A e Y

contributes to stand productivity. .

Three installations with the same design& £ (Crane Mills), Feather Falls (Sierra : 3 ;

Pacific Industries), and Whitmore (Beaty &Assaciates Inc.) are maintained and o $

Second Rotation GOE Study

The objectives of 2° rotation Garden of Eden (GOE) studly are to determine: (1) if

measured by USDA Forest Service, Pacific Southiwest Research Station and Sierra
Cascade Intensive Forest Management Research Cooperators.

+ 1% rotation trees were harvested in Design of 1"

3 v - e . . : .
2013 and new plantation here was ::::I:l‘::,: :

established in 2014. research plots. : .

1* rotation treatment: A combination 4

of Fertilizer, Herbicide, and Insecticide
(F, H, & 1} and a Control (C).

2M rotation treatment: Seed source
used in 14! rotation (G1) and

=—- S oy - Need to keep active role
of management
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Applications to uneven-aged
RO

i

N 2y

management

1980

£
—
—N
T—
com—
N

Seedling
production ,
. Nursery Es’rqbllshmen’r
practices * Site prep
- Specesana 1 TS
genotype Ve
Regeneration
harvest
« Even-aged
 Uneven-aged Tending
« Thinning
* Pruning
- Bl From O’'Hara et al. (2014). Planned
S Pes camiel selection groups, Blodgett

Experimental Forest



Applications to uneven-aged
management:. group selection

& Image credit:
Eric Knapp

Apply ICO/VDT to matrix
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enefits of In

Group selection with planting, minimal Group selection with ripping, burning,

site prep, advanced fir regen. planting, PCT. Goosenest Adaptive
Tahoe NF Management Area, Klamath NF
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Summary: A vision for incremental

cli

mate change adaptation

» Proper site prep, manage competing
vegetation

» Seek ways to accelerate fire resistance
» Anficipate changes in max stocking

» Mixed species, mixed-genetics, uneven-aged
management for risk reduction

» Focus on stock adapted to near-term, update
each rotation as needed
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