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“Under warming climates, species

adapt, move, or die”
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Assisted Migration is |
oftendiscussed in || Two Parts to My Talk:
context of GENETIC | 1. "Move" Adaptation:
adaptation,and less ||  Historical Biogeography
linregard to MOVE | 2. Whenand Where To
|adaptation 4 Employ AM?
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istorical Biogeography: When and
here Did Species Move Naturally?

1913 USGS

Climate < Species

Changes
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History & Climate:

Earth’'s Natural
Climate System

e Climates change continually;

e Climates express at annual,
decadal, century, and
millennial scales;

o Different physical mechanisms

drive different climate modes;

e Changes in climate regimes are:
- gradual, directional
- episodic, reversible
- extreme events, abrupt
- chaotic.

Ecosystems respond at all scales

The Bigger Picture

Temperature
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1. Glacial-Interglacial Cycles
(10,000-100,000 yr periods)

* 6°-10°C (10°-18°F) mean global temp differences
* CH4 & CO; also cycle (200 to 300 ppmv)

* Driven by earth's changing relationship to sun
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J.H. Petit et al., Nature, 399, 429-386, 1990,



Climate changes were often
very abrupt even at this scale
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2. Century-Scale Cycles
(200-1000 yr periods)

Little Ice Age
CE

= 1°-3°C (1.8°-5.4°F) mean changes in global
femperature

* Triggered by changes in Sun's activity

* Variably expressed in different regions

Medieval Anomaly
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3. Decadal & Annual-Scale Cycles
(2 to 45 yr periods)

* Pacific Decadal Oscillation = El Nino/La Nina (ENSQO)
25 - 45 yr cycle 2 -8 yrcycle

Driven by changes in ocean circulation

Pacific Decadal Oscillation El Nino/Southern Oscillation
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2.Century-Scale Vegetation Response

WhiteWing Mtn, CA
' Medieval Deadwood Forest
900-1350CE

Species not currently native to this
elevation or region grew on summit

to 650 yrs ago

Great Basin Ranges, NV

Limber pine forests winked on & of f
over 4000 yrs, changing in aspect not
elevation

Millar et al. 2006



3. Multi-Decadal and Inter-Annual
Scale Vegetation Changes

Demography, stand structure,
type conversions, tree form,
mortality pulses, fire regimes
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" "A conclusion from paleorecords is that, at scales from years to
millennia, ecological conditions are not in equilibrium, do not remain
. stable, nor are they sustained, but, by contrast, are in ongoing flux.”

Jackson and Overpeck 2000
o

# Biotic resmnse 1'0 change over
time is a "variable chasing a

‘ﬁ
variable not a constant” "
Jacksnn 1997 E

B A




Lessons from History for AM
What is: Native Species, Native Range, Rare/Common?
Species migrate by colonizing

beyond range margins or
habitats, and dying at others

Millar 1998, Millar &
Brubaker 2006

Our conservation philosophies
sometimes hinder capacity for
species to move adaptively




What Does and Doesn't Define Ecological
Sustainbility?
Sierra Nevada, CA

Distinct Bioregion? Yes
Diversity of Plant Species? Yes
Lack of Species Extinction? Yes

Stable Species Ranges and
Distributions? No
Stable Species Abundances? No
Stable Community Composition
& Diversity? No
Stable Disturbance Regimes? No

Millar & Woolfenden 1999



What Targets are Defensible for Restoration?

Pre-disturbance (HRV) conditions rarely appropriate
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What does it mean to be invasive?
Many historic invaders are current natives

Larrea tridentata (Creosote bush)
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The "Red Queen” Rules:
Species/populations often &
ag behind changing climates &

‘Vegetatio 67: 7591, 1986
© Dr W. Junk Publishers, Dordrecht — Printed in the Netherlands

Photo: Maléne Thy'ssen,

Is vegetation in equilibrium with climate? How to interpret late-Quaternary pollen data

Thompson Webb III*
Department of Geological Sciences, Brown University, Providence, RI 02912-1846, USA

Disturbance Historically:
A time to catch up with climate change



Refugia have played critical roles
in species persistence historically

Refugia

Areas within or beyond

extant native ranges where Glacial Oak Refugia & Dispersal
species persisted during Corridors, Petit et al. 2002
periods of climatic change,

Primary refugium
{pollen evidence)

O Primary refugium
(me polien evidence)

climatic variability, —
and climatic extremes AN

O Secondary refugium |

"The advantage
of long holidays"




In Sum (Part 1)

*Change has been constant through
history, but that doesn't mean
“anything goes” for management

Best practices strive to:

*Work with natural
capacities of species
to adapt to change

*Assist by removing
barriers that impede
natural adaptation




PART 2: Assisted Migration

in Climate Adaptation
When and Where to Employ It?

Management

-~ Decisions =
Do Nothing: Be Proactive:
No Advance Action Act in Advance
React after Disturbance
or Extreme Events




Institutional Goals Influence

Decisions about AM

Ecosystem Services Susmmed
Goods & Services —

National Roadmap for
Responding to Climate
Change

USDA Forest Service

Ecosystem Management
"Species Rescue”,
Sustained Ecosystems

. N



Incorporating Assisted Migration
Four Strategic Steps in Climate Adaptation

Step 1: Assess Vulnerabilities

LISDA
B

Step 2: Set Priorities m=  Responding o Climate
. Change in National Forests:

e A Guidebook for Developing

Daniid L Peterson, Constancs |_ Millar, Linda A Joyca,

Step 3: Select Options, e T e
Strategies, and Tactics R P BT
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Step 4: Monitor and Adjust




Seneral Principles in AM Decision-Making
WHEN? Know Your Scale =

1. Short Term (<10 yrs, unit scale )
Project Scale:
-Do No Harm
-Don't Fix What Ain't Broken

2. Longer Term (>10 yrs, landscape scale)

Planning Scale:
-Anticipate Surprises; Ease Transitions
-Hedge Bets; Assess Risk vs Urgency




Urgency and Risk
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How much to invest in assessment?

The adaptive management cycle

Swanston &

Nowiak 2012
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General Principles in AM Decision-Making
WHERE? Location Matters

1. Source Location (Donor) 2 DeSTination (Recipient)

- environmental context

- impacts to target species

- impacts to receiving
ecosystem

- environmental context
- genetic context
- health, history

Pinus ponderosa




. .
Adaptation Options

* Increase Resistance

* Promote Resilience

* Assist Adaptive Responses

*Realign Degraded or
At-Risk Systems

Millar et al. 2007




1. Increase Resistance to Change

Defend hlghegf-value ..neavily armored stream
resources against change  crossings & oversized culverts

Usually e
short-term, stop gap measures

- .I _,..rJ_ ;_'.. a-.;r_r-r_r}'
" A L R el
2 S S e el B

.heroic fire breaks  *AM: Opportunities less likely



2. Promote Resilience to Change

Improve the capacity of ecosystems to return
to prior condu’ruons after dls’rur*bance

Examples
- Thin Forest Stands

- Prescribe Fires
- Stock Seed Banks

- Increase Rare Species
Population Targets

Improve the capacity of a system to absorb
external challenges without change in state



*AM: Use disturbance, e.qg., fire or harvest, as
place & time for assisted genetic-migration projects
w7 (within spp range)

LSl
%

Increase stand-level diversity:

a) Targeted donor provenance

b) Deliberate mix of provenances
(mix of seed zones or
intentional hybridizations)



*AM: Assess, protect and augment refugiaq,

=== natural or ex-situ
..riparian zones
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3. Assist Adaptive Responses

Assist transitions to new conditions or locations

Ecological conversions are occurring already

Forest to Grassland Grassland to Forest
Colorado plateau, Pinus edulis Great Basin, Pinus monophylla
Drought & bark beetles Warming & fire suppression



*AM: Use disturbance (natural or managed) to introduce
species beyond their range limits: of fsite; margins; disjunct

Brewer
Spruce




*AM: Ease changes that are ongoing (don't resist the tide)

Pinyon/Juniper and Sage Steppe




*AM: Experiment with restoring historic diversity
from similar climatic- and ecologic niches

© | Map | Sateliite ]
i . L8 aisd o & Ema |
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Giant sequoia, currently
75 small, disjunct groves
in the W Sierra Nevada
mixed-conifer belt;
widespread 4,000 yrs ago



*AM: Consider very different options for
source of germplasm on novel sites

—xample #1: Silver fir in Denmark; provenance studies

..a story told by Palle
Madsen, Univ
Copenhagen, 1/2013 Current distribution




Glacial refugia for silver fir
were along Mediterranean Sea

fir area from Balkan relugla

=|

E fir area from Ralian refugia

|

intrograssion 2one between
Balkan and ltalian refugla

L

S E N

=== ntrograssion rone betwesn
——— French and Italian refugia me |

. isolated Hr aress L

5 _ > 9 &

| [
1 % {177 .2 :
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Fig. 3. Schematic illustration of the natural range of silver fir subdivided into different
areas which result from glacial refugia and their putative introgression zones; geographic
locations of sample sites (no.) correspond to those in Table 2 and Figs. 1 and 2

Abies alba (silver fir)

Konnert & Bergmann 1994

Vendraminet al. 1994




Assisted Migration
Forging new ground
in British Columbia

projected future

climate space Use seed source

from overlap
zone

climate variable ‘b’

current climate space

climate variable ‘a’

..a story told by Phil
Burton, Univ North
British Columbia, 1/2013



4. Realign Systems to

Current & Future Dynamics

An option when resources are severely
degmded or at risk in cur*r'e,n’r range

Pinus radiata: _
Quaternary (red) | [ O
; and Extant S
LW | (yellow)

........

L ot 7 Populations

Millar 1998, Millar
& Brubaker 2006




A very few words on law, regulations, and policy

Dissonance with Natural Resource Law:

1. Inconsistent with natural resource preservation mandates
E.g., Endangered Species Act, National Forest
Management Act, Wilderness Act
E.g., ecosystem sustainability precepts, control of
invasives, forest health initiatives, HRV practices

2. Incongruous with existing decentralized management

" ...natural resource law in the United States fails to provide a reasonably

coherent framework for managing efforts like assisted migration for adapting
natural resources to the effects of climate change...”

L.e., current laws are fragmented by resource, agency, impact

SEE: Comacho, AE. 2010. Assisted Migration: Redefining Nature
and Natural Resource Law Under Climate Change Legal Studies
Research Paper Series No. 2009-37 UC Irvine



From the US Forest Service
perspective...

“Assisted migration should only be done operationally:

-when seed movement studies have been done for the specific species in
question, or

-when forest health, regeneration, or productivity monitoring data
indicate there are climate-change-related problems.”

White pine germplasm & species trials Blister rust in sugar pine

Johnson, R. et al. 2012. Policy and strategy considerations for assisted
migration on USDA Forest Service lands. White paper



USFS General Guidelines

-Consider local species/seed sources that have
worked in the past;

-If reforestation problems exist, expand local seed to
include germplasm better matched to new conditions;

-Emphasize genetic diversity, multiple species, and multiple seed sources;
-Encourage large populations with high connectivity;

-Use a 10-20 yr planning horizon to minimize risks at seedling/sapling
stage;

-Take high-risk actions over small areas on o LandesdResowce

. - == Management Plan
experimental basis; s —

— Lake Tahoe Basin Managerment Linit

-Take low-risk actions over larger areas. ®




In Sum (Part 2)

-Mimic natural capacities of species to adapt
-Ease anticipated and inevitable ftransitions
-Assist species to navigate anthropogenic
barriers

When & Where to Employ AM depds o:

~ -Management Goals -Spatial Scales for Planning

= -Vulnerabilities -Prior Knowledge (genetics/spp) *
~ -Priorities -Risks & Urgency %
. -Time Horizons for Plannlng =
e e e e Qo i

;}, ASS|s1‘ed rnlgr'a‘hon can be an lrnpor*‘l‘an'l‘
i - practice in the climate adaptation toolkit

o 7 ;gb 5
& ; for both environmental protection and

ecosys‘rem ser'wces obJecTwes




For more information, please visit the US Forest Service
Reforestation, Nurseries & Genetics Resources website at
http://rngr.net
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