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Assisted Migration (AM)

Human assisted movement of species to more suitable habitats in a response to climate change.

Primary Objectives
* Increase the adaptive capacity, productivity and resilience of forests.

* Protect ecosystem services: biodiversity, carbon sequestration and forest-based products.
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USFS Superior National Forest Assisted Migration Plan



Limitations to AM in the NE

N Pt

e Hampire State Nursery B | o | White Pinel:laturalRegeneration
* Historical reliance of silviculture in the NE on natural regeneration methods.
* Forest managers lack clear guidelines on selecting seed source populations.

* Limited supply of climate-appropriate seedling diversity in forest nurseries.



Functional Trait (FT) Based Approach for AM

Plant FTs

* Morpho-physiological or phenological characteristics
that influence productivity, stress response, and
allocation of resources (e.g., leaf size/shape).

Hypothetical Species Trait-
Environment Interaction

/ ——— Species A
= Species B
= Species C

Climate Variable X

* FTslink performance to the environment.

e Asses trait-environmentinteractions and
adaptive capacity.

Functional Trait X




Intraspecific Trait Variation (ITV)
Ecotypes
* Populations with distinct genotypes,
displaying different phenotypes due to local

adaptation.
Southern Pinus strobus Northern Pinus strobus

Phenotypic Plasticity
* The expression of multiple phenotypes from
the same genotype in response to
environmental change.
Lower SLA

Higher SLA




Applications of Trait-Based AM

* Match seed sources or populations to local conditions and the anticipated future climate.

* Increase forest resilience, productivity, hydrologic regulation and carbon sequestration.

Infiltration

2




Objectives

(1) Quantify ITV of potential seed source populations along elevational and
latitudinal gradients to assess trait-environment interactions and acclimation

potential to future climate.

(2) Assess germination success and seedling quality from potential seed source
populations and maintain healthy seedlings for a future common garden experiment to
assist forest nurseries develop an ecological and climate-appropriate inventory for

AM.



Site Selection

10 study mountains, 3 sites along an
elevational gradient (500-1000 m) were

established by Tourville et al. (2022) in 2013.

Harvard Forest (HAF), Yale-Myers Forests
(YMF) and Thompson Farm (THF).

Intraspecific trait analysis by Hecking et al.

(2022) (A).

30 yr Mean Annual Temp.
s 25.69°C

B -11.57°C

PRISM Climate Group at Oregon State University




Study Species and Distribution in the NE

_Trois-Rividres
=

Maple / beech / birch
I White / red / jack pine
P spruce / fir
I 0ak / hickory

R o Torh, Gardijn; FAO, NOAA, USGS, EPA, USFWS, null, Esri, USGS
o btk _

USFS Fore:c -I-nve'ntory & Analysis plot data (2014-2018).

)



Hydraulic Traits

* Minor Leaf Vein Density

* Turgor Loss Point

* Stomatal Traits

* Water use efficiency (013C)

Photosynthetic Traits

* ShortIncrement Cores
* Leaf Nitrogen Content
* Specific Leaf Area

Germination
 Seed Weight
e (Germination Success

Tolerance
e Bark Thickness
e ColdTolerance

Methods

Specific Leaf Area (SLA)



Prior Findings on Intraspecific Trait Variation (ITV)
Hecking et al. 2022
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* ITV was generally low and related to o
climate and light. §
_ , o
* Traits related to leaf chemistry, stem
. . iy .};Rdb \‘}‘C c_,\,-?' \QL '{‘_‘RL o {ﬁ c,fvo ot
economics and branching R 7S
architectu re had higher levels Of ITV. BITYV ®Species @Genus OFamily @Order O Division
FIGURE 3 | Variance decomposition of measured leaf and stem economic
fraits across different taxonomic levels from communities spanning the
temperate-boreal ecotone of the northeast United States.

Montane Temperate-Boreal Forests Retain the Leaf Economic Spectrum Despite
Intraspecific Variability (Hecking et al. 2022)



Expected Outcomes

Build off the work of Hecking et al. (2022) with a
comprehensive examination of FTs across a larger

climatic gradient.

Document diverse seed sources that can be used
for targeted AM enrichment planting of managed
lands across the NE.

Provide seedlings for CGE in NE to assist forest
nurseries develop climate-appropriate inventory

for AM.

PRISM Climate Group at Oregon State University

wwws 30 yr Mean Annual Temp.

30 yr Mean Annual Precip. (cm)
s 25.69°C

28-40
41-52

B s3-72

FINS, Esri, USGS ‘
S

Climate Gradient Across Sites (Temp. and Precip.)

£, TamTam, Garmin, FAQ NOAA, USGS, EPA, LUSAWS, Esn, USGS

Climate adapted species pl nted in Transition Site
(Second College Grant ASCC project)
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Assisted migration
a phenotypic evaluation of species, ecotypes,
and drought responses
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Adaptive Forest Management

Strategies

Low
z | » Resistance: improve forest defense a&
£ || > Resilience: forest returns to »”“ il
& -%"1;.2 2 '": Second College Grant
oD e ST ) N T AR R PP
S l » Transition: facilitate new forests that adapt to novel conditions

High

Forestry assisted migration: Transplanting species or populations
adapted to the future climate of a region with the goal of
maintaining forest health and productivity under climate change

Nagel et al. 2017. Adaptive silviculture for climate change: A national experiment in manager-scientist partnerships to apply an adaptation framework
Pedlar et al. 2012. Placing forestry in the assisted migration debate.



Missing pieces B3

Which species? From where? Drought adapted?

Hotter with more
consecutive dry days




Guiding questions

For potential assisted migration species in the Northeast...

1. Are ecotypes distinguishable from one another?
* |[n growth rate, physiology, or anatomy?

2. Does drought exposure amplify these differences?

3. How importantis ecotype selection compared to species
selection?




Greenhouse common
garden: Durham, NH
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Seedling selection
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Drought treatments
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Moderate drought

3 weeks 5% VWC =
rewatered

Drought

3 weeks no water

Control :r;l Control

maintain field capacity maintain field capacity




Physiology

Stomatal conductance, photosynthesis |

Anatomy
Specific leaf area, stomatal traits




Hypotheses

H1:

H2:

Trees from warmer climates will grow faster
and have higher rates of gas exchange

When exposed to drought, trees from
environments will be leastimpacted

Aridity index

NH

Cool,
drier

® Cold,
wet

Warm,
mesic

19

20 21 22 23

Mean summer temperature (C)




Hypotheses

H1:

Trees from warmer climates will grow faster
and have higher rates of gas exchange

Aridity index
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Growth

Expected

[(b]

VA t

Pine (diameter only)

Growth

t Ml

{ NH

Mean annual temperature

Growth rate

Growth rate

Mean annual temperature

N

Red oak
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Gas exchange

Expected
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Hypotheses

H2:

When exposed to drought, trees from
environments will be leastimpacted

Aridity index

Cool,
drier
Warm,
mesic
® Cold,
| M— Wet

19 20 21 22 23
Mean summer temperature (C)




Growth

Expected
Large trt
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Gas exchange

EXpeCted Moderate drought Severe drought

|

Black cherry, white oak
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]: 4 Drought

Growth rate




A -

S S i
b A ﬂ. »"v'\ N \l""
e N ;."0 § ’-\\_. -

)))))))

by physiology than growth

.
-~

'

o

»Inconsistent patterns
§ (warmer/arid sources not always better)

~ »Limited selection of nursery stock
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. from diverse provenances

Key ta keaways '

» Ecotypes more easily distinguished
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