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ABSTRACT

Seed transfer guidelines and zones are used to manage
the movement of plant materials, but by the end of the
century many landscapes across the globe will have cli-
mates that are incompatible with current vegetation. The
mismatch in rates between climate change and plant mi-
gration and adaptation will pose significant challenges
for natural resource managers, especially when scientific
information often lags behind the demand for management
actions. We developed a bibliography to reflect the growing in-
terest in assisted migration, the intentional movement of plant
materials in response to climate change, and to provide a central
foundation for collaboration in generating research questions,
conducting studies, transferring and acquiring data, expanding
studies to key species and geographic regions, and guiding
native plant transfer in changing climates. The bibliogra-
phy contains literature through 15 March 2015 on plant
transfer guidelines as related to climate change, resto-
ration and conservation, and adaptation strategies, such
as assisted migration. References are arranged in four
chapters: Climate Change, Conservation and Restoration,
Migration, and Transfer Guidelines and Zones. Chapters
are further divided into sections: General (editorials, re-
views, summaries, surveys, and trends), Research (com-
mon garden studies, genecology research, provenance
tests, range shifts), Strategies (adaptation options, deci-
sion support, frameworks, and policies) and Resources
(manuals, models, tools, and websites).

Keywords: assisted colonization, assisted migration, bib-
liography, conservation, forestry, land management, man-
aged relocation, restoration
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Introduction

In North America, tree populations are lagging behind their op-
timal climate niche (415). In other words, some forests are not
keeping pace with contemporary changes in climate (540) and
by the end of this century, many landscapes in the United States
will have climates that are incompatible with current vegetation
(497) and similar scenarios are possible for Europe (83). Climate
projections indicate that trees must migrate more than 3,000 m
per year to avoid maladaptation, extirpation, and/or extinction,
a rate far exceeding their observed rates of less than 500 m per
year (346; 383). The disparity in rates between climate change
and plant migration and adaptation will pose significant chal-
lenges for natural resource managers, requiring them to con-
sider a broad range of management options, including assisted
migration, defined as the intentional movement of plant materi-
als in response to climate change.

The practice of restricting native plant movement to environ-
ments similar to their source has a long history in natural resource
management, especially in forestry (596; 851). General transfer
guidelines developed by the U.S. Department of Agriculture
(USDA) have since improved for most commercially important
native tree species and a few other native plants, but seed trans-
fer research will need to factor in climate change. Plant materials

from current or static planting zones will be growing in unfavor-
able conditions by the end of this century. Managers may need
to assist plant species in their migration to new locations. It is
difficult, however, to stay up-to-date on the latest research, poli-
cies, and terminologies. To alleviate this challenge, we compiled
a bibliography that is focused on climate change, migration, and
native plant transfer guidelines. It provides a central location for
native plant transfer research and reflects the growing interest in
assisted migration. The bibliography is commensurate with sev-
eral goals set by the USDA, the Forest Service, and the Rocky
Mountain Research Station (Appendix A, this section), princi-
pally the acquisition of research to “ensure our national forests
and private working lands are conserved, restored, and made
more resilient to climate change” (USDA 2014, http:/www.

usda.gov/documents/usda-strategic-plan-fy-2014-2018.pdf).
METHODOLOGY

To identify main features of the native plant transfer litera-
ture, we searched BioOne, Google Scholar, Science Citation
Index, ScienceDirect, and Treesearch without date restric-
tions. We accessed these databases between 6 January 2012
and 15 March 2015 using 13 search terms in 252 unique search
strings (fig. 1).

native plant* I *
OR native seed* AND OR zone "
OR native plant transfer* ORmegnli.‘ncf
OR native seed transfer* | guideline
| climate change*
AND OR global warming
| OR global change*
I assisted migration*
AND OR assisted colonization*
| OR managed relocation*
Orﬁaltliavé ‘};122;:1* I zone* I I climate change*
. .
R M pantvansers AND - Chprovmmneet - AND - ORgobalvarming
OR native seed transfer* & | 8 8
zone* | assisted migration*
AND OR provenance* AND OR assisted colonization*
OR guideline* | OR managed relocation*
climate change* | assisted migration*
AND OR global warming AND OR assisted colonization*
OR global change* | OR managed relocation*
Orﬁativ@ plant:i* zone* I climate change* I I assisted migration*
OR t.natli/e stete ferr AND OR provenance* AND OR global warming AND OR assisted colonization*
native plant transier OR guideline* OR global change* OR managed relocation*
OR native seed transfer* | | |

Figure 1. Search terms and strings used to locate references for the bibliography. Terms were searched in combinations using “AND” and “OR”
statements. Asterisks indicate partial search words for which multiple derivations may be relevant, for example, plant, plants, and planting.
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Figure 2. Each reference has a unique identification number and con-
tains the following:

ID number and

#. Author(s), Date. Title. Source. — . .
information

book, book section, conference
paper, dissertation, government
document, journal article,
newsletter, presentation, report,
thesis or web page

Type:

Geographic Area: — location of study

keywords written by the
author(s) or provided by the
compilers

Keywords:

abstract, summary, or
portions of the introduction
or conclusion written by the
author(s) or provided by the
compilers

Description:

Link: internet address of reference

We focused on references from North America, but consid-
ered work having a global perspective and those providing
novel approaches regardless of geographic location. The data-
base and cross-reference searches produced 877 references, of

which the main focus is on plant species and populations. We
reviewed the author, title, publication, date, and full text as
needed and organized each reference in EndNote. References
are indexed by author(s) and include date, geographic area,
keywords, abstract (summary), and URLs, if available (fig. 2).
When keywords were not provided in the original reference,
we, the compilers of this bibliography, added them. When an
abstract was not written by the author(s) but an introduction
or conclusion that could serve as an abstract (summary) was,
the later was used and thusly noted. In some cases when no
suitable summary was available, we generated one. Any por-
tions (keywords or summary) added by the compilers are so
noted. Most references are peer-reviewed articles from jour-
nals (>70%) and the remaining are government documents,
books, reports, graduate theses, and grey literature, such as
newsletters, websites, and presentations. This bibliography is
not an inclusive list; we recognize that this is a current and
evolving topic. It is our intent, however, as resources permit,
for the online version of this bibliography to keep pace with
the growing body of literature on the topic (http:/www.rngr.

net/publications/assisted-migration).

SCOPE

The bibliography contains literature that has bearing on native
plant transfer and includes references about climate change
(Chapter 1), conservation and restoration (Chapter 2), migra-
tion (Chapter 3), and transfer guidelines and zones (Chapter 4).
It includes work from as early as 1922 by Gote Turesson (611;
784) who coined the term genecology—the study of species in
relation to their environment—that provided a foundation for
researchers to explore genetic x environmental relationships in
plants and develop seed transfer guidelines for many tree species
and populations (596). The primary focus is on native plants, but

North America: 88
Canada: 112
Mexico: 7

USA: 90

Western USA: 196
Eastern USA: 44
Central USA: 9

Total: 877

TNorthern
Hemisphere: 3

Global: 220

Figure 3. Geographic distribution of references included in this bibliography.

v
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we include some references about other organisms, such as the
well-cited article by Griffith and others (418) about animal trans-
locations and articles by Parmesan and others on butterfly popu-
lations (483) and changes in plant and animal distributions due
to climate change (102; 481; 482). Most references cover work
from North America (62%) and a few are from Africa, Asia,
Australia, Europe, and South America. Of the references from
North America, 62% concern the U.S., 21% represent Canada,
and a few (<2%) are from Mexico (fig. 3).

Chapters are divided into sections: General (editorials, re-
views, summaries, surveys, and trends), Research (common
garden studies, genecology research, provenance tests, and
range shifts), Strategies (adaptation options, decision support,
frameworks, and policies), and Resources (manuals, models,
tools, and websites). References are alphabetized by author
within each section. Users can search for topics and words of in-
terest using the ‘Find’ and/or ‘Advanced Search’ tools in Adobe
Reader (Ctrl+F, Edit > Find/Advanced Search, or right-click the
document and choose ‘Find’ from the pop-up menu). In the suc-
ceeding paragraphs, we provide a brief overview of each chapter
noting the more prominent references.

Chapter 1 includes references about climate-induced risks to
plants such as drought (37) and insects (45), changes in phe-
nology due to rising temperatures (102; 481), widespread tree
mortality (108; 135), and maladaptation in tree populations
(117). References also cover historical plant distributions (91; 92;
131) and novel ecosystems (73; 132). Government reports about
climate change impacts and risks to forests are also included
(16), as well as government policies or action plans (168; 171;
202; 876) and reviews and surveys of adaptation strategies (12;
21; 26; 121; 151). Modeling programs designed to help under-
stand climate change impacts, such as the System for Assessing
Vulnerability of Species (SAVS) (3; 206; 207), the Forest Tree
Genetic Risk Assessment System (ForGRAS) (208; 211; 212),
MaxENT for species habitat modeling (210), and BioSIM to
forecast pest events (214) can be found in the Resources section
of Chapter 1.

In Chapter 2, we provide references about growing native plants
(328; 329), selecting the right plant material (223; 298), restor-
ing ecosystems (323; 332; 337), producing and storing seed (240;
247; 272; 330), and conserving sensitive plant species, such as
five-needle white pines (241; 283; 300; 319). We include theo-
retical references, such as those discussing paradigm shifts in
natural resource conservation and restoration (219; 220; 228;
229; 292) and the value of genetic research and conservation in

Strategies and programs for seed storage (290; 325), native plant
materials development (320; 321), and genomics (294; 307; 312)
are also included in this chapter.

We list more than 240 references concerning both natural and
human-assisted migration in Chapter 3. It includes studies
about past vegetation (341; 427; 538), range shifts (423; 449;
483), migration rates (345; 365; 428; 453), migration capacity
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(346; 384; 510), and model projections of future plant distribu-
tions (448; 497). Assisted migration is a controversial and pop-
ular topic in natural resource science and management laden
with ethical, ecological, and political concerns (339; 340; 342;

include reviews (354; 388; 466; 577), justifications (158; 363),
policies (550; 555), decision frameworks (465; 549; 559), guide-
lines on implementation (416; 568), and strategies to facilitate
migration, such as using species and population genetic infor-
mation to guide movement (382; 446; 494; 558). References
also address reintroduction (385; 419; 459), and assisted migra-
tion and transfer of species and populations in Canada (387;
454; 458; 525), the U.S. (341; 512; 514; 537), China (451), and
Europe (381; 431).

Native plant transfer guidelines and zones are located in

Chapter 4, beginning with references that discuss the develop-
ment and importance of seed transfer guidelines in sustaining

615; 784). Many (>185) references cover genetic X environ-
mental variation in plant species and populations for tree im-
delineating transfer zones for future climates (507; 676; 687;
757; 799). We provide references on how to select appropriate
seed sources and determine transfer zones (804; 806; 812; 813;
817; 821; 824), including seed zone mapping tools with climate

and zones including maps are located in the Resources section,
and most guidelines are for tree species, such as Douglas-fir
(Pseudotsuga mencziesii) and ponderosa pine (Pinus ponderosa)
(633; 862), but there are provisional guidelines for native plants
(834). Genetic studies and development of seed transfer guide-
lines for non-commercial plant species have increased over the

APPLICATION

Climate change poses a significant challenge for restoring, sus-
taining, and enhancing natural resources. Even in a time where
information is easy to access and share, it is difficult to keep
up-to-date of all the latest developments, especially with re-
spect to climate change research, restoration practices, assisted
migration, and genetic studies. This bibliography can provide
a central foundation for scientists, land managers, and poli-
cymakers to generate research questions, conduct studies and
literary syntheses, transfer and acquire data, identify knowl-
edge gaps, and guide native plant transfer in a manner to curtail
significant social, economic, and ecological losses associated
with impacts from a rapidly changing climate. This research
has transfered and will continue to transfer, current informa-
tion to scientists, land managers, policymakers, and the general
public about climate change and adaptive strategies pertaining
to native plant species toward maintaining resilient, functional
ecosystems across the landscape.



Appendix A

USDA, Forest Service, and Rocky Mountain Research Station
strategic goals, elements, and research priorities with bulleted
points showing how the bibliography supports this work.

USDA Strategic Plan, Goals 2014-2018

http://www.usda.gov/documents/usda-strategic-plan-
fv-2014-2018.pdf

1 - Assist rural communities to create prosper-
ity so they are self-sustaining, repopulat-
ing, and economically thriving

o Is a source of practical forestry and agricultural guide-
lines that can be used to improve and expand ecosystem
services and products for rural economies

o Provides technical information to support current and

future forestry and agricultural markets that are impor-
tant to rural communities

2 - Ensure national forests and private work-
ing lands are conserved, restored, and
made more resilient to climate change,
while enhancing our water resources

o Is asource of past and current ecological research that
can be used to inform climate change adaptation strate-
gies, such
as assisted migration

o Includes research that can be used to evaluate forest,
grassland, and shrubland health

U.S. Forest Service Strategic Plan,
Goals 2015-2020

http://www.fs.fed.us/strategicplan/

1 - Sustain Our Nation’s Forests and Grasslands

« Serves as an integration of work aimed at improving
health and resilience of forests, grasslands, and shrub-
lands

« Provides technical information, such as vulnerability
assessment reports, that can be used to foster resilient
and adaptive ecosystems to mitigate climate change

« Includes research on the conservation and restoration
of native plant species, including species with economic
value

o Includes methods, technologies, and strategies for
addressing disturbance

2 — Deliver Benefits to the Public

« Provides information that can be used by the public to

make decisions about managing forests, grasslands, and
shrublands

vi

o Is a source of technical information for maintaining
and sustaining forestry and agricultural markets and
public space

o Provides information that can be used to develop part-
nerships and educational material

3 - Apply Knowledge Globally

« Serves as a literary resource to identify needs and set
priorities for forests, grasslands, and shrublands

« Exists as a public document and is available on the
Internet

o Includes tools for evaluating management practices and
provides appropriate information for decisionmakers

U.S. Forest Service Research and
Development Research Topics

http://www.fs.fed.us/research/research-topics/

1 - Invasive Species
o Includes research that can be used to help reduce and
minimize the introduction of invasive species in man-
agement options, such as assisted migration

« Contains literature about the impact of insects and
plant pathogens on forests and wood products

2 - Inventory, Monitoring and Analysis

« Provides data, reports, maps, and other resources to
land owners and managers, policy makers, researchers,
practitioners, and other interest groups

o Includes research on the current status and trends of
forests, grasslands, and shrublands, including threats
and management options

3 - Outdoor Recreation

« Provides reports about forest systems and societal ben-
efits

« Contains management options to sustain ecosystem
services in a changing climate, such as assisted migra-
tion

4 - Resource Management and Use

o Provides research and technologies to help sustain the
ecological and economical value of forests, grasslands,
and shrublands

« Contains information that can be used by communities,
land owners, and practitioners to maintain resources
and plan for climate change

6 — Wildland Fire and Fuel

« Includes technical guidelines for restoring lands after
wildfire and other disturbances

o Provides frameworks for selecting appropriate
plant materials

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015



7 - Wildlife and Fish

o Includes research about climate change impacts on
wildlife and fish

o Contains several studies about animal translocations
and assisted migration of animal species

U.S. Forest Service Global Change Research

Strategy, Research Elements 2009-2019

http://www.fs.fed.us/

climatechange/documents/global-change-strategy.pdf

1 - Research to enhance ecosystem
sustainability

o Includes research on ecosystem health and sustainabil-
ity, including assessments of climate change impacts on
ecosystems

« Provides tools, applications, and technologies to im-
prove management under a changing climate

« Includes genetic research that can be used to identify
plant and seed sources for restoration and conservation

« Provides a way to synthesize information to enhance
understanding of the changing relationships between
climate and land disturbances

2 - Research to increase carbon sequestration

o Includes local, regional, and national policies and man-
agement actions for forests and wood products

o Provides studies that show how carbon pools may
change under different climatic scenarios

« Is a source of guidelines and approaches that can help

identify plant materials for sustaining and conserving
carbon resources

3 - Research to provide decision support

« Contains tools and frameworks for managing forest,
grassland, and shrubland resources in changing cli-
mates

« Provides information to increase our understanding of
environmental needs by species and ecosystems

« Highlights Forest Service expertise along with other re-
gional and international expertise about climate change
and ecosystems

4 - Shared research needs—infrastructure, sci-
entific collaboration, and science delivery
o Is a source of literature to help identify knowledge gaps,
improve data coordination and sharing, and enhance
climate change monitoring actions
o Shares interdisciplinary research

o Serves as a central location for literature about native
plant transfer guidelines, climate change and assisted
migration

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015

Rocky Mountain Research Station
Strategic Research Priorities 2014-2017

http://www.fs.fed.us/rmrs/docs/leadership-team/strategic-
framework.pdf

1 - Disturbance Ecology

o Includes research that targets plant response to climate
change and how to mitigate those responses

o Is a source of tools to assess, characterize, and model
ecological effects of past, present, and future climate
change on plant species

« Contains research to help understand the effects of
land use and management actions on ecosystems, with
special emphasis on native plant species

3 - Human-Landscape Interactions

o Includes management options and strategies to sustain
ecosystem services in a changing climate

« Contains literature that explores social and economic
drivers behind ecosystem change and services

4 - Inventory and Monitoring
o Includes several studies on plant adaptation and migra-
tion
« Contains new approaches and technologies for moni-

toring and analyzing ecosystems and landscapes, such
as plant genomics

5 - Managing Resilient Landscapes

o Is a source of studies on plant genetic variation and
gene flow

« Includes many resources for identifying, collecting, de-
veloping, testing, and producing native plant materials,
including selection guidelines and transfer zones

« Contains species vulnerability assessments and tools for
evaluating and predicting system resilience

o Is a source of management strategies that support con-
servation and restoration

6 - Species Endangerment

« Contains species vulnerability assessments and tools for
evaluating and predicting species response to distur-
bance

o Includes species distribution models for threatened and
endangered species

« Provides management options and strategies for species
at risk of maladaptation or extinction, such as assisted
migration or managed relocation

« Includes studies that use genetic approaches to con-
serve and restore endangered species

vii
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CHAPTER 1

Climate Change

e CLIMATE CHANGE -

General (1-36)—editorials, opinions, reviews,
trends, surveys, summaries

Research (37-135)—climate change impacts,
projections, paleoecology

Strategies (136—205)—policies, adaptation
options, frameworks, mitigations

Resources (206—214)—tools, websites, software

Each reference contains the following:

ID number and

#. Author(s), Date. Title. Source. — . .
information

book, book section, conference
paper, dissertation, government|
document, journal article,
newsletter, presentation, report,
thesis or web page

Type:

Geographic Area: — location of study

keywords written by the
author(s) or provided by the
compilers

Keywords:

abstract, summary, or
portions of the introduction
or conclusion written by the
author(s) or provided by the
compilers

Description:

Link: internet address of reference
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GENERAL

1. Anjozian LN. 2011. Checking the range for signs
of climate change: in the past, present, and future.
Albuquerque (NM): USDA Forest Service, Rocky Mountain
Research Station, Grassland, Shrubland, and Desert Ecosystem
Science Program. 8 p.

Type: Newsletter
Geographic Area: Western USA

Compilers’ Keywords: grassland, shrubland, desert, RMRS,
climate change, U.S. Forest Service, GSD Update

Introduction: Imagine you have access to a machine that can
make particles move faster and faster until they approach the
speed of light, and essentially travel through time. The machine
might look like the Large Hadron Collider—the particle accel-
erator below ground in Switzerland—but instead of produc-
ing teeny, tiny, short-lived, exotic particles no one’s ever seen
before, it transports you, a person of ample curiosity, into the
future. You disembark your time travel machine, look around,
and though you believe you’re in the same geography, things
don’t look quite the same. If you began your trip somewhere in
the interior American West where familiar grasslands, shrub-
lands, or deserts were found, you have reason to be perplexed.
The ecosystems of the future world have changed. What does
that future world look like? Scientists in the Grassland, Shru-
bland, and Desert Ecosystems Science Program (GSD)—a unit
ofthe USDA Forest Service Rocky Mountain Research Station
(RMRS)—are not waiting for the future to arrive to have a
look—they are working on revealing the story to us now.

Link: http://www.treesearch.fs.fed.us/pubs/39154

2. Ayling R. 2012. A history of forests and climate
change under the IPCC. The Forestry Chronicle 88:381-382.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: climate change, forest management,
IPCC, migration, commentary

Introduction: The Intergovernmental Panel on Climate
Change (IPCC) was established in 1988 by two United Nations
agencies, the World Meteorological Organization and the UN’s
Environment Programme, to “assess the scientific, technical
and socioeconomic information relevant for the risk of human-
induced climate change.” Its first assessment report in 1990
was the basis for the UN Framework Convention on Climate
Change (UNFCCC). For more than twenty years the IPCC has
remained the most important source of scientific, technical and
socioeconomic information for the Convention. The relation-
ship between the UNFCCC and the IPCC is regarded by the
international community as a “model for interaction between
science and decision makers.”


http://www.treesearch.fs.fed.us/pubs/39154

CHAPTER 1

3. Bagne KE, Finch DM. 2012. It works both ways:
how scientists and managers join forces to conserve to-
day’s natural resources. Albuquerque (NM): USDA Forest
Service, Grassland, Shrubland, and Desert Ecosystem Science
Program. 7 p.

Type: Newsletter
Geographic Area: Western USA

Compilers’ Keywords: native plant guidelines, conserva-
tion, management, GSD Update

Introduction: “Too many people fail to realize that real com-
munication goes in both directions.” Lee lacocca spoke these
wise words about the failings of business, but clearly there is a
lesson here for management of natural resources as well. Sci-
entists are doing research every day that improves our under-
standing of our valued resources. But work does not stop at
simply conducting an experiment, it needs to include effective
communication of results that are relevant to managers. Sci-
entists listen closely to what managers have to say and design
studies to address questions across the diverse array of issues
that challenge management goals today. (Features article about
native plant transfer guidelines.)

Link: http://www.treesearch.fs.fed.us/pubs/41330

4. Bellard C, Bertelsmeier C, Leadley P, Thuiller
W, Courchamp F. 2012. Impacts of climate change on
the future of biodiversity. Ecology Letters 15:365-377.

Type: Journal
Geographic Area: Global
Keywords: biodiversity, climate change, species extinctions

Abstract: Many studies in recent years have investigated the
effects of climate change on the future of biodiversity. In this
review, we first examine the different possible effects of cli-
mate change that can operate at individual, population, spe-
cies, community, ecosystem and biome scales, notably show-
ing that species can respond to climate change challenges by
shifting their climatic niche along three non-exclusive axes:
time (e.g. phenology), space (e.g. range) and self (e.g. physiol-
ogy). Then, we present the principal specificities and caveats
of the most common approaches used to estimate future biodi-
versity at global and sub-continental scales and we synthesize
their results. Finally, we highlight several challenges for future
research both in theoretical and applied realms. Overall, our
review shows that current estimates are variable, depending on
the method, taxonomic group, biodiversity loss metrics, spa-
tial scales and time periods considered. Yet, the majority of
models indicate alarming consequences for biodiversity, with
the worst-case scenarios leading to extinction rates that would
qualify as the sixth mass extinction in the history of the earth.

Link: http://www.ncbi.nlm.nih.gov/pubmed/22257223
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5. Bierbaum R, Smith JB, Lee A, Blair M, Carter L,
Chapin FS, Fleming P, Ruffo S, Stults M, McNee-
ley S, Wasley E, Verduzco L. 2012. A comprehensive
review of climate adaptation in the United States: more
than before, but less than needed. Mitigation and Adaptation
Strategies for Global Change 18:361-406.

Type: Journal
Geographic Area: USA

Keywords: adaptation process, barriers, climate change,
mainstreaming, multiple stressors, stakeholder participation,
successes, case studies

Abstract: We reviewed existing and planned adaptation ac-
tivities of federal, tribal, state, local governments and the pri-
vate sector in the United States (U.S.) to understand what types
of adaptation activities are underway across different sectors
and scales throughout the country. Primary sources of review
included material officially submitted for consideration in the
upcoming 2013 U.S. National Climate Assessment and supple-
mental peer-reviewed and grey literature. Although substantial
adaptation planning is occurring in various sectors, levels of
government and the private sector, few measures have been
implemented and even fewer have been evaluated. Most adap-
tation actions to date appear to be incremental changes, not the
transformational changes that may be needed in certain cases
to adapt to significant changes in climate. While there appear
to be no one-size-fits-all adaptations, there are similarities in
approaches across scales and sectors, including mainstream-
ing climate considerations into existing policies and plans, and
pursuing no- and low-regrets strategies. Despite the positive
momentum in recent years, barriers to implementation still
impede action in all sectors and across scales. The most sig-
nificant barriers include lack of funding, policy and institu-
tional constraints and difficulty in anticipating climate change
given the current state of information on change. However, the
practice of adaptation can advance through learning by doing,
stakeholder engagements (including “listening sessions’) and
sharing of best practices. Efforts to advance adaptation across
the U.S. and globally will necessitate the reduction or elimina-
tion of barriers, the enhancement of information and best prac-
tice sharing mechanisms and the creation of comprehensive
adaptation evaluation metrics.

Link: http://www.climateaccess.org/sites/default/files/Bier-
baum%20et%20al A%20comprehensive%20review%200{%20

climate%20adaptation.pdf

6. Blaser ), Gregersen H. 2013. Forests in the next 300
years. Unasylva 64:61-73.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: climate change, range shifts, forest
ecosystems
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CHAPTER 1

Introduction (2nd paragraph): At the global scale, the
question of whether individual trees, such as those that sur-
vive to maturity is unimportant, but the overall fate of the for-
ests of which they are a part is crucial. Forests and trees are
a renewable resource, providing an enormous range of goods
and ecosystem services. In the face of expected declines in the
availability of non-renewable resources and massive environ-
mental change, the fate of trees and forests in the next 200-300
years is of fundamental importance to humanity. Forests come
and go, but in the last several hundred years there has been a
dramatic decline. Nevertheless, there is potential to reverse this
and to greatly increase the global forest resource. In this article,
we consider the factors that will influence the fate of forests in
the next 300 years, and predict a world that is more reliant than
ever on its forests—and on its forest managers.

Link: https://www.eda.admin.ch/content/dam/deza/en/docu-
ments/Themes/resource en 223023.pdf

7. Brown JH, Gibson AC. 1983. Biogeography. St.
Louis (MO): C. V. Mosby. 643 p.

Type: Book
Geographic Area: Global

Compilers’ Keywords: biodiversity, evolutionary processes,
geography

Compilers’ Summary: Biogeography (2nd edition) com-
bines ecological and historical perspectives to show how con-
temporary environments, Earth history and evolutionary pro-
cesses have shaped the distributions of species and the patterns
of biodiversity. It illustrates general patterns and processes
using examples from different groups of plants and animals
from diverse habitats and geographic regions. Written primar-
ily for use in undergraduate and graduate courses in plant and/
or animal geography, the book serves as a general synthesis
and reference as well.

8. Collins S, Larry E. 2007. Caring for our natural
assets: an ecosystem services perspective. Portland (OR):
USDA Forest Service, Pacific Northwest Region. General
Technical Report PNW-GTR-733. 11 p.

Type: Government Document
Geographic Area: USA

Keywords: ecosystem services, ecosystem management, nat-
ural capital, climate change, human well-being

Abstract: Global attention to climate change has advanced an
awareness of human impacts on the environment. Progressing
more slowly is recognition of the critical link between forest
ecosystems and human welfare. Forests provide a number of
societal benefits or ecosystem services, such as water purifica-
tion, climate and flood regulation, recreational opportunities
and spiritual fulfillment. This paper examines an emerging
perspective that describes ecosystems as natural assets that
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support human health and well-being. The perspective serves
as both a conservation approach and an extension of ecosystem
management, involving the connection of ecosystem services
to the people who benefit, in some cases with an assigned mar-
ket value. We argue that the emergence of an ecosystem ser-
vices perspective is timely as public interest in the state of the
environment increases and natural resource managers face the
reality of rapid forest ecosystem change. Forest conservation
that considers the supply and delivery of ecosystem services
will enhance the health and resiliency of ecosystems, engage
and serve a broader public and attract private investment and
leadership in a common effort to safeguard natural systems.

Link: http://www.treesearch.fs.fed.us/pubs/31719

9. Dormann CF. 2007. Promising the future? Global
change projections of species distributions. Basic and Ap-
plied Ecology 8:387-397.

Type: Journal
Geographic Area: Global

Keywords: climate change, conservation management, envi-
ronmental change, extrapolation, prediction, spatial statistics,
species distribution model

Abstract: Projections of species’ distribution under global
change (climatic and environmental) are of great scientific and
societal relevance. They rely on a proper understanding of how
environmental drivers determine species occurrence patterns.
This understanding is usually derived from an analysis of the
species’ present distribution by statistical means (species distri-
bution models). Projections based on species distribution mod-
els make several assumptions, (such as constancy of limiting
factors, no evolutionary adaptation to drivers, global disper-
sal) some of which are ecologically untenable. Also, method-
ological issues muddy the waters (e.g. spatial autocorrelation,
collinearity of drivers). Here, I review the main shortcomings
of species distribution models and species distribution projec-
tions, identify limits to their use and open a perspective on how
to overcome some current obstacles. As a consequence, I cau-
tion biogeographers against making projections lightheartedly
and conservation ecologists and policy makers to be aware that
there are several unresolved problems.

Link: http://www.biom.uni-freiburg.de/mitarbeiter/dor-
mann/publications-dormann/Dormann2007BasicApplEcol.
pdf

10. Easterling WE. 1996. Adapting North American
agriculture to climate change in review. Agricultural and
Forest Meteorology 80:1-53.

Type: Journal
Geographic Area: North America

Compilers’ Keywords: climate change, agriculture, global
warming, policy, genetic diversity, crop varieties, adaptation
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Abstract: The adaptability of North American agriculture to
climate change is assessed through a review of current litera-
ture. A baseline of North American agriculture without climate
change suggests that farming faces serious challenges in the
future (e.g. declining domestic demand, loss of comparative
advantage, rising environmental costs). Climate change adjust-
ments at the farm-level and in government policy, including
international trade policy, are inventoried from the literature.
The adaptive potential of agriculture is demonstrated histori-
cally with situations that are analogous to climate change, in-
cluding the translocation of crops across natural climate gra-
dients, the rapid introduction of new crops such as soybeans
in the U.S. and canola in Canada and resource substitutions
prompted by changes in prices of production inputs. A wide
selection of modeling studies is reviewed, which in net, sug-
gests several agronomic and economic adaptation strategies
that are available to agriculture. Agronomic strategies include
changes in crop varieties and species, timing of operations and
land management including irrigation. Economic strategies
include investment in new technologies, infrastructure and la-
bor and shifts in international trade. Overall, such agronomic
strategies were found to offset either partially or completely
the loss of productivity caused by climate change. Economic
adaptations were found to render the agricultural costs of cli-
mate change small by comparison with the overall expansion
of agricultural production. New avenues of adaptive research
are recommended including the formalization of the incorpo-
ration of adaptation strategies into modeling, linkage of ad-
aptation to the terrestrial carbon cycle, anticipation of future
technologies, attention to scaling from in situ modeling to the
landscape scale, expansion of data sets and the measurement
and modeling of unpriced costs. The final assessment is that
climate change should not pose an insurmountable obstacle to
North American agriculture. The portfolio of assets needed to
adapt is large in terms of land, water, energy, genetic diversity,
physical infrastructure and human resources, research capacity
and information systems and political institutions and world
trade—the research reviewed here gives ample evidence of the
ability of agriculture to utilize such assets. In conclusion, the
apparent efficiency with which North American agriculture
may adapt to climate changes provides little inducement for
diverting agricultural adaptation resources to efforts to slow or
halt climate changes.

Link: http://www.climateknowledge.org/figures/Rood Cli-

mate Change AOSS480 Documents/Easterling North
American Agriculture AgricForMet 1996.pdf

11. Groffman PM, Kareiva P, Carter S, Grimm NB,
Lawler JJ, Mack M, Matzek V, Tallis H. 2013. Eco-
systems, biodiversity, and ecosystem services (Draft for pub-
lic comment). Chapter 8. In: NCADAC Draft Climate Assess-
ment Report. Washington (DC): U.S. Global Change Research
Program. p 291-330.
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Type: Government Document
Geographic Area: Global

Compilers’ Keywords: climate change, ecosystems, biodi-
versity, ecosystem services, impacts, management, assessment

Introduction: Climate change affects the living world, in-
cluding people, through changes in ecosystems, biodiversity
and ecosystem services. Ecosystems entail all the living things
in a particular area, as well as the non-living things with which
they interact, such as air, soil, water and sunlight. Biodiversity
refers to the variety of life, including the number of species,
life forms, genetic types and habitats and biomes (which are
characteristic groupings of plant and animal species found in
a particular climate). Biodiversity and ecosystems produce a
rich array of benefits that people depend on, including fish-
eries, drinking water, fertile soils for growing crops, climate
regulation, inspiration and aesthetic and cultural values. These
benefits are called “ecosystem services”—some of which,
like food and fisheries, are more easily quantified than oth-
ers, such as climate regulation or cultural values. Ecosystem
services translate into jobs, economic growth, health and hu-
man well-being. Although ecosystems and ecosystem services
are what we interact with every day, their linkage to climate
change can be elusive because they are influenced by so many
additional entangled factors. Ecosystem perturbations driven
by climate change have direct human impacts, including re-
duced water supply and quality, the loss of iconic species and
landscapes, distorted rhythms of nature and the potential for
extreme events to overcome the regulating services of ecosys-
tems. Even with these well-documented ecosystem impacts,
it is often difficult to quantify human vulnerability that results
from shifts in ecosystem processes and services. For example,
although it is straightforward to predict how precipitation will
change water flow; it is much harder to pinpoint which farms
and cities will be at risk of running out of water, and even more
difficult to say how people will be affected by the loss of a fa-
vorite fishing spot or a wildflower that no longer blooms in the
spring. A better understanding of how everything from altered
water flows to the loss of wildflowers matters to people may be
key to managing ecosystems in a way that promotes resilience
to climate change.

Link: http://ncadac.globalchange.gov/download/NCAJan11-

2013-publicreviewdraft-chap8-ecosystems.pdf

12. Hajjar R, McGuigan E, Moshofsky M, Kozak
RA. 2014. Opinions on strategies for forest adaptation to fu-
ture climate conditions in western Canada: surveys of the general
public and leaders of forest-dependent communities. Canadian
Journal of Forest Research 44:1525-1533.

Type: Journal

Geographic Area: Western Canada

Keywords: assisted migration, biotechnology, public opinion,
reforestation, climate change adaptation
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Abstract: Two province-wide surveys of residents in Alberta
and British Columbia were conducted to assess the accept-
ability of a range of reforestation strategies—many of which
revolve around biotechnology—that could be used to aid west-
ern Canada’s forests in adapting to future climate change. The
opinions of leaders of forest-dependent communities were also
sought to evaluate how well they align with those of the public
at large. Results show that the views of the general public and
community leaders correspond. There is a low acceptance for
a “do nothing” strategy that allows climate change to run its
course without any human intervention; high acceptance of re-
planting with local seeds; a decreasing acceptance of strategies
that involve more manipulation such as breeding, using nonlo-
cal seeds and moving seeds outside of a species’ natural range;
and a low acceptance of genetically engineered solutions. How-
ever, a high proportion of respondents changed their answers
when told that a particular strategy would lead to either favour-
able or unfavourable outcomes related to socioeconomics of
forest-dependent communities, forest aesthetics, pest, disease
and fire outbreaks. We conclude that a meaningful and partici-
patory dialogue on forest adaptation strategies in the face of cli-
mate change can only emerge if residents and other interested
stakeholders have an adequate understanding of current forest
management practices, proposed reforestation strategies, the
role of technological interventions and the values and services
for which western Canada’s forests are to be managed.

Link: http://www.nrcresearchpress.com/doi/abs/10.1139/cjfr-

2014-0142#.VTiDQZgcRILM

13. Harris JA, Hobbs R, Higgs E, Aronson ). 2006.
Ecological restoration and global climate change. Restoration
Ecology 14:170-176.

Type: Journal
Geographic Area: Global

Keywords: climate change, ecosystem change, ecosystem
function, historical ecosystem, restoration goals

Abstract: There is an increasing consensus that global climate
change occurs and that potential changes in climate are likely
to have important regional consequences for biota and eco-
systems. Ecological restoration, including (re)-afforestation
and rehabilitation of degraded land, is included in the array
of potential human responses to climate change. However, the
implications of climate change for the broader practice of eco-
logical restoration must be considered. In particular, the use-
fulness of historical ecosystem conditions as targets and refer-
ences must be set against the likelihood that restoring these
historic ecosystems is unlikely to be easy, or even possible, in
the changed biophysical conditions of the future. We suggest
that more consideration and debate needs to be directed at the
implications of climate change for restoration practice.

Link: http://nctc.fws.gov/CSP/Resources/fwca/Climate%20
Change/Ecological %20restoration%20and %20CC.pdf
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14. Hodgkin T, Bordoni P. 2012. Climate change and
the conservation of plant genetic resources. Journal of Crop
Improvement 26:329-345.

Type: Journal
Geographic Area: Global

Keywords: plant genetic resources, conservation, ex situ, in
situ, adaptation

Abstract: Over the next decades, agricultural production
practices will change significantly and become more sustain-
able while they also respond to the need to contribute to re-
ducing malnutrition and hunger and meeting the challenges of
climate change. The enhanced use of agricultural biodiversity
will play an essential role in this process, providing improved
adaptability and resiliencies in agro-ecosystems. Plant genetic
resources, a major component of agricultural biodiversity, play
a key role in improving agricultural production and productiv-
ity. They are also essential to coping with climate change. As
a result of climate change, increased efforts will be needed to
conserve the diversity of crops and their wild relatives, and
both in situ and ex situ conservation strategies will have to be
adapted to meet changing environmental conditions and the
need to secure biodiversity threatened by changing climate
and altered production practices. Improved use of plant ge-
netic resources will be essential, and this is likely to require
increased national and international movements of resources
to ensure that adapted germplasm is available to meet chang-
ing production environments. Greater emphasis will also need
to be placed on evaluation for resistance to biotic and abiotic
stresses and on properties such as adaptability, plasticity and
resilience, which can help maintain productivity under chang-
ing environmental conditions.

15. Hopkins AD. 1938. Bioclimatics: a science of life and
climate relations. Washington (DC): U.S. Government Printing
Office. Miscellaneous Publication No. 280. 199 p.

Type: Government Document
Geographic Area: Global

Compilers’ Keywords: climatic adaptation, Hopkin’s law,
seasonal variation, species distribution

Introduction: Bioclimatics is a science of relations between
life, climate, seasons and geographic distribution. It deals with
fundamental laws, principles, systems and methods of ap-
plication in general research and economic practice, and has
special reference to the major and minor effects of the major
astronomic and terrestrial laws of causation, as represented by
the variable phenomena of life, climate and seasons, relative to
the geographic coordinates as expressed, measured and inter-
preted in units of time, temperature, and distance. The science
differs from the other branches of biology, climatology, and
geography in that it is based on the bioclimatic (and related)
laws and principles, and in that it deals more specifically with
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fundamentals and methods of application relative to the phe-
nomena of seasons, climates, and geographic distribution. It is
not, therefore, a branch of any one of the major or minor sci-
ences, but is intended to be supplementary to all in contributing
information on fundamentals, and to serve a specific purpose.

Link:http://books.google.com/books?hl=en&lr
&id=OpE9wWILvCq80C&oi=fnd&pg=PA1&dq=B
ioclimatics:+A+science+of+life+and+climate+re
lations&ots=xokINAOodR&sig=kwq AHk28qk-
7pDdQDLinbQtzYA#v=onepage&q=Bioclimatics%3A %20
A%20science%200f%20life%20and%20climate%20
relations&f=false

16. Intergovernmental Panel on Climate
Change [IPCC]. 2014. Summary for policymakers.
In: Field CB, Barros VR, Dokken DJ, Mach KJ, Mastrandrea
MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova RC,
Girma B, Kissel ES, Levy AN, MacCracken S, Mastrandrea
PR, White LL, editors. Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. Contribution of working group II to the fifth as-
sessment report of the Intergovernmental Panel on Climate
Change. New York (NY): Cambridge University Press. 32 p.

Type: Government Document
Geographic Area: Global

Compilers’ Keywords: climate change, natural resources,
human impacts, socioeconomic processes, land-use change,
risks, vulnerability, exposure, hazards, decisionmaking

Introduction: Human interference with the climate system is
occurring, and climate change poses risks for human and natu-
ral systems. The assessment of impacts, adaptation, and vul-
nerability in the Working Group II contribution to the IPCC’s
Fifth Assessment Report (WGII ARS) evaluates how pat-
terns of risks and potential benefits are shifting due to climate
change. It considers how impacts and risks related to climate
change can be reduced and managed through adaptation and
mitigation. The report assesses needs, options, opportunities,
constraints, resilience, limits, and other aspects associated with
adaptation. Climate change involves complex interactions and
changing likelihoods of diverse impacts. A focus on risk, which
is new in this report, supports decision making in the context of
climate change and complements other elements of the report.
People and societies may perceive or rank risks and potential
benefits differently, given diverse values and goals. Compared
to past WGII reports, the WGII ARS assesses a substantially
larger knowledge base of relevant scientific, technical, and
socioeconomic literature. Increased literature has facilitated
comprehensive assessment across a broader set of topics and
sectors, with expanded coverage of human systems, adapta-
tion, and the ocean. Section A of this summary characterizes
observed impacts, vulnerability and exposure, and adaptive re-
sponses to date. Section B examines future risks and potential
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benefits. Section C considers principles for effective adapta-
tion and the broader interactions among adaptation, mitigation,
and sustainable development.

Link: https://ipcc-wg2.gov/AR5/images/uploads/ WG2AR5
SPM FINAL.pdf

17. Jansen E, Overpeck ), Briffa KR, Duplessy }-C,
Joos F, Masson-Delmotte V, Olago D, Otto-Bliesner
B, Peltier WR, Rahmstorf S, Ramesh R, Raynaud
D, Rind D, Solomina O, Villalba R, Zhang D. 2007.
Palaeoclimate. Chapter 6. In: Solomon S, Qin D, Manning M,
Chen Z, Marquis M, Averyt KB, Tignor M, Miller HL, editors.
Climate Change 2007: The Physical Science Basis. Cambridge,
United Kingdom: Cambridge University Press. p 433-498.

Type: Book Section
Geographic Area: Global

Compilers’ Keywords: climate change, migration, emis-
sions scenarios, paleoecology, palacoclimate, climate models,
ice age, warming, greenhouse gases

Introduction: This chapter assesses palaeoclimatic data and
knowledge of how the climate system changes over interannu-
al to millennial time scales, and how well these variations can
be simulated with climate models. Additional palacoclimatic
perspectives are included in other chapters. Palaeoclimate sci-
ence has made significant advances since the 1970s, when a
primary focus was on the origin of the ice ages, the possibility
of an imminent future ice age, and the first explorations of the
so-called Little Ice Age and Medieval Warm Period. Even in
the first IPCC assessment (IPCC, 1990), many climatic varia-
tions prior to the instrumental record were not that well known
or understood. Fifteen years later, understanding is much im-
proved, more quantitative and better integrated with respect to
observations and modelling. After a brief overview of palaeo-
climatic methods, including their strengths and weaknesses,
this chapter examines the palaecoclimatic record in chronologi-
cal order, from oldest to youngest. This approach was selected
because the climate system varies and changes over all time
scales, and it is instructive to understand the contributions that
lower-frequency patterns of climate change might make in in-
fluencing higher-frequency patterns of variability and change.
In addition, an examination of how the climate system has re-
sponded to large changes in climate forcing in the past is useful
in assessing how the same climate system might respond to the
large anticipated forcing changes in the future.

18. Joyce LA, Running SW, Breshears DD, Dale
VH, Malmsheimer RW, Sampson RN, Sohngen B,
Woodall CW. 2013. Forestry. Chapter 7. In: NCADAC
Draft Climate Assessment Report. Washington (DC): U.S.
Global Change Research Program. p 263-289.

Type: Government Document

Geographic Area: Global
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Compilers’ Keywords: forest management, climate change,
impacts, ecosystem services

Key Messages: Climate change is increasing the vulnerability
of forests to ecosystem change and tree mortality through fire,
insect infestations, drought, and disease outbreaks. Western
U.S. forests are particularly vulnerable to increased wildfire
and insect outbreaks; eastern forests have smaller disturbances
but could be more sensitive to periodic drought. U.S. forests
currently absorb about 13% of all carbon dioxide (CO,) emit-
ted by fossil fuel burning in the U.S. Climate change, combined
with current societal trends regarding land use and forest man-
agement, is projected to reduce forest CO, uptake. Bioenergy
is an emerging new market for wood; with higher wood prices,
development of a market in salvaged wood from trees killed
by drought, insects, and fire could help finance salvage and
restoration activities and reduce U.S. fossil fuel consumption.
However, the environmental and socioeconomic consequences
of bioenergy production vary greatly with region and intensity
of human management. The changing nature of private for-
estland ownership, globalization of forestry markets, emerg-
ing markets for bioenergy, and U.S. climate change policy will
all influence forest management responses to climate change.
However, development of and better access to practical and
timely information for managers to consider in choosing ad-
aptation and mitigation options will facilitate management of
public and private forestland.

Link: http://ncadac.globalchange.gov/download/NCAJan11-

2013-publicreviewdraft-chap7-forestry.pdf

19. Kaye TN. 2010. What do we think? An international
survey on restoration and climate change. National Native Seed
Conference: Native Plant Materials Development, Production,
and Use for Habitat Restoration. Corvallis (OR): Institute for
Applied Ecology. 37 p.

Type: Presentation
Geographic Area: USA

Compilers’ Keywords: climate change, survey, restoration,
paradigm, managers, opinion

Abstract: Climate change may be the defining challenge to the
field of restoration ecology this century. How does the wider res-
toration community currently approach the challenges of habi-
tat and species restoration, and how is this approach likely to
shift if the climate changes locally and globally? Understanding
how people conduct or support restoration is crucial to engag-
ing in discussions that move our field forward in the face of
changing environments. We conducted an international survey
of over 1000 restoration practitioners and ecologists to gather
information on their perspectives about these issues. We asked
a series of twenty questions focused on the restoration process
and obtaining organisms for restoration, climate change, and
moving species in response to climate change. Survey results
suggest that practitioners are somewhat split in their preferences
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around sources of organisms; 55% prefer native source material
from close sources and 32% prefer them from similar habitats,
not necessarily the closest source. A majority prefer organisms
from a mix of populations (71%) compared to single sources
(10%). Regarding genetic issues during captive production,
practitioners ranked loss of genetic diversity above domesti-
cation selection or outbreeding depression. A strong majority
(89%) of respondents were convinced that climate change is
underway, and many (75%) believed that the practice of res-
toration should be modified to anticipate it. For example, the
practice of setting restoration goals to match historic conditions
may become infrequent or no longer used by many (65%) if
climate changes. Many practitioners were cautious about mov-
ing species in response to climate change. For example, moving
species beyond their historic range was unpopular (10% said
‘yes’ while 30% chose ‘maybe’) unless the species faces extinc-
tion. In contrast, moving species within their historic range but
between watersheds was acceptable to many (56% said ‘yes’
and 22% said ‘maybe’). Also, respondents were somewhat
(42%) or very (55%) concerned that species moved in response
to climate change could become invasive in a new area. These
survey results suggest many commonalities among restoration-
ists regarding the major issues they face while conducting resto-
ration, obtaining organisms, and responding to climate change.
In particular, there is widespread agreement that restoration
should respond to shifting climates but exactly how to respond
remains controversial.

Link: http://www.nativeseed.info/2010/presentations/
Kaye%20-%20restoration%20and%20climate%20change.pdf

20. Kujala H, Burgman MA, Moilanen A. 2012.

Treatment of uncertainty in conservation under climate change.
Conservation Letters 6:73-85.

Type: Journal
Geographic Area: Global

Keywords: biodiversity, conservation planning, epistemic
uncertainty, global warming, human decision uncertainty, lin-
guistic uncertainty, uncertainty analysis

Abstract: Climate change is an important threat to biodiversity
globally, but there are major uncertainties associated with its
magnitude and ecological consequences. Here, we investigate
how three major classes of uncertainty, linguistic uncertainty,
epistemic uncertainty (uncertainty about facts), and human
decision uncertainty, have been accounted for in scientific lit-
erature about climate change. Some sources of uncertainty are
poorly characterized and epistemic uncertainty is much more
commonly treated than linguistic or human decision uncer-
tainty. Furthermore, we show that linguistic and human deci-
sion uncertainties are relatively better treated in the literature on
sociopolitics or economics than in natural sciences, which often
overlook communication between stakeholders and socioeco-
nomic consequences. As uncertainty can significantly influence
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implementation of conservation, we discuss uncertainties as-
sociated with some commonly proposed conservation adapta-
tion actions to mitigate climate change. There may be major
differences between strategies, with implications on how they
should be viewed in conservation planning. We conclude that
evaluating conservation strategies in terms of different types of
uncertainty will facilitate communication between disciplines
and stakeholders. While accounting for uncertainties in a quan-
titative manner is difficult and data demanding, even qualitative
appreciation about the uncertainties inherent in conservation
strategies can facilitate and improve decision making.

Link: https://tuhat.halvi.helsinki.fi/portal/files/26044830/
Kujala et al 2013 CL.pdf

21. Lenart M, Jones C. 2014. Perceptions on climate
change correlate with willingness to undertake some for-
estry adaptation and mitigation practices. Journal of Forestry
112:553-563.

Type: Journal
Geographic Area: USA

Keywords: climate change, adaptation, mitigation, climate
records, forest management

Abstract: Results from a survey taken anonymously by 1,029
U.S. -based respondents in forest management and academia
highlight how individuals’ perceptions about climate change
correlated with their willingness to consider management
prescriptions for forest ecosystems. About two-thirds of re-
spondents identified themselves as having a professional land
management role, and most of the remainder specialized in
research or education. In most cases, respondents’ willingness
to try specific adaptation or mitigation measures related to the
degree to which they agreed that “climate change is occurring
because of human activities that release greenhouse gases to
the atmosphere.” The survey results are considered with a fo-
cus on which proposed practices and types of climate informa-
tion received the most acceptance or resistance. For instance,
respondents across the spectrum of climate change perceptions
supported efforts to thin overly dense forests and opposed op-
tions to sequester carbon by promoting the woody invasion of
grasslands or ignoring biodiversity.

Link: http://www.ingentaconnect.com/content/saf/
jof/2014/00000112/00000006/art00003

22. Littell ), Peterson D. 2009. Pacific Northwest forests
and climate. Western Forester 54:1-24.

Type: Newsletter
Geographic Area: USA

Compilers’ Keywords: climate change, forest ecosystems,
genotypes, forest management, adaptation, diversity

Introduction: We already know from over a century of obser-
vations in Western forests that climate exerts strong influences
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on forest ecosystems. The obvious relationships—Iike severe
drought and forest fires, or warmer decades and increased sur-
vival of seedlings at upper tree line—have been well studied.
Other effects, such as the combined role of climate in insect
life cycles and their tree hosts’ vulnerability, are just begin-
ning to be understood. So the idea that climate variability plays
a role in forests is not new, nor is the idea that understand-
ing that variability is critical for successful planning in forest
management and forestry. But events like the 2002 Biscuit fire
in Oregon, nearly 500,000 acres, or mountain pine beetle epi-
demics that impact entire watersheds synchronously over the
West, give us pause.

Link: http://www.forestry.org/media/docs/westernforest-
er/2009/jan09.pdf

23. Naess MW. 2013. Climate change, risk management
and the end of Nomadic pastoralism. International Journal of
Sustainable Development & World Ecology 20:123-133.

Type: Journal
Geographic Area: Tibet, Asia

Keywords: fragmentation, climate change, density depen-
dence, risk, nomadic pastoralism, grazing patterns, Chang
Tang, Tibetan Plateau, China

Abstract: Mobility has been argued to be the single factor
explaining why some pastoralists do relatively well during ex-
treme climatic events, while others do not, because mobility
works by taking advantage of the spatial and temporal struc-
ture of resource failure by moving away from scarcity towards
abundance. In spite of this, a common governmental manage-
ment strategy is to resettle pastoral populations and thereby
significantly reduce mobility. By revealing the underlying
logic of mobility for Tibetan pastoralists, this paper questions
official policy that aims at privatizing communally owned
rangelands since it reduces pastoral flexibility and access to
key resources. This is especially pertinent in the face of climate
change. While little is known as to the specifics of how climate
change will affect nomadic pastoralists, environmental vari-
ability is likely to increase. Consequently, policies resulting
in decreased mobility may exacerbate the negative effects of
climate change because of a positive feedback between climate
and negative density dependence.

24. Nakicenovic N, Davidson O, Davis G, Grubler
A, Kram T, Lebre La Rovere E, Metz B, Morita
T, Pepper W, Pitcher H, Sankovski A, Shukla P,
Swart R, Watson R, Zhou D. 2000. Summary for policy
makers: emissions scenarios, a special report of Working Group
III of the Intergovernmental Panel on Climate Change. PNNL-
SA-39650. 27 p.

Type: Government Document

Geographic Area: Global
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Compilers’ Keywords: climate change, emissions scenarios,
policy, IPCC

Preface: The Intergovernmental Panel on Climate Change
(IPCC) was established jointly by the World Meteorological
Organization (WMO) and the United Nations Environment
Programme (UNEP) to assess periodically the science, impacts
and socioeconomics of climate change and of adaptation and
mitigation options. The IPCC provides, on request, scientific
and technical advice to the Conference of Parties (COP) to the
United Nations Framework Convention on Climate Change
(UNFCCC) and its bodies. In response to a 1994 evaluation of
the earlier IPCC IS92 emissions scenarios, the 1996 Plenary of
the [IPCC requested this Special Report on Emissions Scenarios
(SRES) (see Appendix I for the Terms of Reference). This re-
port was accepted by the Working Group III (WGIII) plenary
session in March 2000. The long-term nature and uncertainty
of climate change and its driving forces require scenarios that
extend to the end of the 21st century. This Report describes the
new scenarios and how they were developed.

Link: https://docs.google.com/a/mtu.edu/file/
d/0B1gFp6lo03akcXQxMnNsWnRISTA/edit?usp=drive

web&urp=http://www.ipcc.ch/publications and data/
publicati&pli=1

25. Prescott C. 201 2. Forests, climate change, and science:
we need to do better. The Forestry Chronicle 88:371-372.

Type: Journal
Geographic Area: Western Canada

Compilers’ Keywords: editorial, climate change, forest,
Canada

Introduction: To Canadian foresters, climate change is not
a vague concept of something that might happen in the future.
Canadian foresters are planting and managing forests that will
be harvested or otherwise enjoyed decades in the future, so
considering possible future climates is part of their day-to day
work. It is therefore essential that Canadian foresters be pro-
vided with the best possible advice to help them plan and man-
age forests that are resilient in uncertain future climates.

26. Prescott C, Weese K. 2014. Crossing the divide:
engaging scientists and policy-makers in adapting forest man-
agement to climate change in British Columbia. The Forestry
Chronicle 90:89-95.

Type: Journal

Geographic Area: Western Canada

Keywords: science, policy development, forest management,
climate change, interdisciplinary research, client-based re-
search, best practices

Abstract: The Future Forest Ecosystems Scientific Council

(FFESC) was created in 2008 following a one-time alloca-
tion of funding from the BC provincial government to support
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research that would inform adaptation of BC’s current forest
management policies to a changing climate. A key goal of the
council was to maximize the utility of the research to inform
provincial policy. The eight- step process that we developed to
achieve this goal is described in this paper. In roughly chrono-
logical order, the eight steps were: determining the research
needed to inform policy, connecting scientists and policy-mak-
ers, requiring interdisciplinary teams including both natural
and social scientists and relevant stakeholders, assessing pro-
posals for their value to inform policy, fostering scientific ex-
cellence, fostering ongoing communication between scientists
and policy-makers, tailoring communication to policy-makers,
and disseminating the policy relevant outcomes in a timely and
targeted manner. Based on the FFESC experience, we suggest
best practices for engaging policy-makers in research and sci-
entists in policy development and adaptation.

Link: http://pubs.cif-ifc.org/doi/abs/10.5558/tfc2014-014

27. Regniere ), Bentz B. 2008. Mountain pine beetle
and climate change. In: McManus K, Gottschalk KW, editors.
Proceedings 19th USDA Interagency Research Forum on
Invasive Species 2008. Newtown Square (PA): USDA Forest
Service, Northern Research Station. General Technical Report
NRS-P-36. p 63-64.

Type: Government Document
Geographic Area: Western North America

Compilers’ Keywords: climate change, mountain pine bee-
tle, management, forestry, invasive species, boreal forest

Abstract: The mountain pine beetle (MPB) (Dendroctonus
ponderosae) is a native insect of pine forests in western North
America. While it has a broad geographical distribution, it has
been historically confined to the western side of the continent,
in the U.S. by the distribution of its pine hosts and in the north-
ern half of British Columbia in western Canada by the geocli-
matic barrier of the Rockies. Since the early to mid-1990s, an
outbreak of MPB has reached unprecedented levels in terms
of acreages and numbers of pine trees, in particular lodgepole
pine, killed throughout its range, most notably in Colorado and
British Columbia. The MPB is also causing very high mor-
tality among whitebark and limber pines at high elevations.
Historical records from the past 100 years suggest these eco-
systems have had pulses of MPB-caused mortality but not at
levels currently being observed. Since 2006, MPB has extend-
ed its range into the Peace River area of north-central Alberta.
Climate change may well be involved in this recent northeast-
ward and upward range expansion. There is ample and mount-
ing evidence of similar latitudinal and altitudinal shifts in
insect distributions throughout the world, many convincingly
Linked to climate change. The main concern at this time is the
likelihood that this insect will continue spreading east into the
pines of Canada’s boreal forest, eventually reaching the eastern
provinces and threatening the pines growing on the Atlantic
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side of the continent all the way into the Southern U.S. Because
of this recent incursion at the gates of the Canadian boreal for-
est, MPB is being viewed as a potential invading species in
eastern pine ecosystems. It could be viewed as an invader into
the high-elevation whitebark pine ecosystems as well.

Link: http://www.treesearch.fs.fed.us/pubs/19347

28. Richardson DM. 2012. Conservation biogeogra-
phy: what’s hot and what’s not? Diversity and Distributions
18:319-322.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: conservation, diversity, editorial, cli-
mate change, invasion biology, biogeography

Conclusion: Conservation biogeography is now well es-
tablished as an exciting and important field in the cloud of
subdisciplines associated with biogeography, ecology and en-
vironmental management. The challenges in biodiversity con-
servation are increasing rapidly, and innovative approaches and
tools are urgently needed. I hope you will agree that Diversity
and Distributions has carved an important niche for itself in the
growing number of journals dealing with conservation.

29. Sample VA, Bixler RP, editors. 2013. Forest con-
servation and management in the Anthropocene: adaptation of
science, policy, and practices. Fort Collins (CO): USDA Forest
Service, Rocky Mountain Research Station. Proceedings
RMRS-P-71. 494 p.

Type: Government Document
Geographic Area: Global

Compilers’ Keywords: forest management, adaptation,
climate change, conservation, restoration, forest ecosystems,
Pinchot

Abstract: Climate change is but one aspect of the
Anthropocene, a new epoch in which the effects of human ac-
tivities have become the predominant force in the global bio-
sphere. More than just an overlay on the traditional concerns
of sustainable natural resource management, the uncertainties
associated with these effects are creating a “no-analog future”
in which much of the existing science relating to the function-
ing and response of forest ecosystems—which serves as the
fundamental basis for current forest management practices
and policies—must be reconsidered. In these collected papers,
leading scientists, resource managers and policy specialists
explore the implications of climate change and other mani-
festations of the Anthropocene on the management of wildlife
habitat, biodiversity, water, and other resources, with particular
attention to the effects of wildfire. Recommendations include
the need for a supporting institutional, legal, and policy frame-
work that is not just different but more dynamic, to facilitate
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resource management adaptation and preparedness in a period
of accelerating environmental change.

Link: http://www.treesearch.fs.fed.us/pubs/46127

30. Sutherland WJ, Clout M, Cote IM, Daszak P,
Depledge MH, Fellman L, Fleishman E, Garthwaite
R, Gibbons DW, De Lurio ), Impey A}, Lickorish
F, Lindenmayer D, Madgwick ), Margerison C,
Maynard T, Peck LS, Pretty ), Prior S, Redford
KH, Scharlemann )P, Spalding M, Watkinson AR.
2010. A horizon scan of global conservation issues for 2010.
Trends in Ecology and Evolution 25:1-7.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: aerosols, animals, atmosphere, char-
coal, climate change, conservation, ecosystem, environmental
pollution, forecasting, genetic engineering, oceans and seas,
nitrogen, oxygen, seawater, telemetry, volcanic eruptions

Abstract: Horizon scanning identifies emerging issues in a
given field sufficiently early to conduct research to inform pol-
icy and practice. Our group of horizon scanners, including aca-
demics and researchers, convened to identify fifteen nascent
issues that could affect the conservation of biological diversity.
These include the impacts of and potential human responses
to climate change, novel biological and digital technologies,
novel pollutants and invasive species. We expect to repeat this
process and collation annually.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19939492

31. Swift K. 2010. Searching for sustainability in forest
management: is good silviculture the key? Journal of Ecosystems
and Management 12:7-9.

Type: Journal
Geographic Area: Western North America

Compilers’ Keywords: climate change, forest management,
Canada, United States, workshop

Introduction: I am pleased to summarize the first session
from the 2010 Winter Southern Interior Silviculture Committee
(SISCO) Workshop. As most are aware, the financial situa-
tion that a lot of us find ourselves in has affected our ability
to attend many face-to-face events; however, although num-
bers were down, SISCO was able to deliver an informative
one-and-a-half-day session that focused on climate change,
sustainable forest management, and issues and concerns of
small firms and operators. This article provides an update
on the workshop’s opening plenary session, titled “Climate
Change—The Underlying Reality that Shapes Forest Planning
and Management,” and the latest science that can help inform
decisions.
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32. U.S. EPA. 2012. Climate change indicators in the
United States. Washington (DC): United States Environmental
Protection Agency. EPA 430-F-12-032. 4 p.

Type: Government Document
Geographic Area: USA
Compilers’ Keywords: indicators, global trends

Compilers’ Summary: The Earth’s climate is changing.
Temperatures are rising, snow and rainfall patterns are shift-
ing, and more extreme climate events—Ilike heavy rain-
storms and record high temperatures—are already affecting
society and ecosystems. Scientists are confident that many
of the observed changes in the climate can be Linked to
the increase in greenhouse gases in the atmosphere, caused
largely by people burning fossil fuels to generate electric-
ity, heat and cool buildings, and power vehicles. The EPA is
working with many other organizations to better understand
the causes and effects of climate change. With help from
these partners, the EPA has compiled a set of 26 indicators
tracking signs of climate change. Most of these indicators
focus on the United States, but some include global trends
to provide context or a basis for comparison. These indica-
tors represent a selected set of key climate change measure-
ments, and are not an exhaustive group of all climate change
indicators. The EPA’s indicators are based on peer-reviewed
data from various government agencies, academic institu-
tions, and other organizations. EPA selected these indicators
based on the quality of the data and other criteria.

Link: http://www.epa.gov/climatechange/science/indicators/

33. Walker BH, Steffen WL. 1991. The nature of global
change. Chapter 1. In: Walker BH, Steffen WL, Canadell
J, Ingram J, editors. The Terrestrial Biosphere and Global
Change. Cambridge, United Kingdom: Cambridge University
Press. p 1-18.

Type: Book Section
Geographic Area: Global

Compilers’ Keywords: climate change, land cover, at-
mospheric composition, biodiversity, synthesis, terrestrial
ecosystems

Introduction: Despite the growing prominence of global
change as an environmental issue, the term ‘global change’
and the phenomena it encompasses are still widely misun-
derstood. Global change is often referred to as ‘global warm-
ing’ or ‘climate change,’ but there is much more to it than a
change in climate and, in fact, climatic change is now and
will continue to be for the next few decades one of the less
important components of global change in terms of effects
on the structure and functioning of terrestrial ecosystems.
Other more immediate and more certain components are
the direct human conversion and modification of terrestrial
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ecosystems, especially the accelerating loss of natural bio-
logical communities, and the alteration of the chemical com-
position of the atmosphere.

34. Walsh ), Wuebbles D, Hayhoe K, Kunkel K,
Somerville R, Stephens G. 2013. Our changing climate.
Chapter 2. In: NCADAC Draft Climate Assessment Report.
Washington (DC): U.S. Global Change Research Program. p
25-103.

Type: Government Document
Geographic Area: Global

Compilers’ Keywords: climate change, anthropogenic dis-
turbance, precipitation, temperature, frost-free season, hurri-
canes, heat wave

Introduction: This chapter summarizes how climate is chang-
ing, why it is changing, and what is projected for the future.
While the focus is on changes in the United States, the need
to provide context requires a broader geographical perspective
in some parts of the discussion. Additional geographic detail
is presented in the regional chapters of this report. Since the
previous national climate assessment was published in 2009,
the climate has continued to change, with resulting effects on
the U.S. The trends described in the 2009 report have contin-
ued, and our understanding of the data and ability to model the
many facets of the climate system have increased substantially.
Several noteworthy advances are mentioned in the chapter.

Link: http://ncadac.globalchange.gov/download/NCAJan11-
2013-publicreviewdraft-chap2-climate.pdf

35. Welch D. 2005. What should protected areas manag-
ers do in the face of climate change? The George Wright Forum
22:75-93.

Type: Journal
Geographic Area: Canada

Compilers’ Keywords: climate change, parks, adaptive
management, public concern

Compilers’ Summary: This paper describes the impact of
past, current and future climate change and how managers
should approach protecting land and adaptive management to
promote sustainable and resilient habitats. The author uses ex-
amples from Parks Canada to illustrate why and when to adapt,
how to adapt, what to do (i.e., goals and actions) and what not
to do. Adapting to climate change and protecting natural areas
required active involvement and collaboration among scien-
tists, managers, the public and stakeholders.

Link: http://www.climateaccess.org/sites/default/files/Welch
What%20Should%20Protected%20Areas%20Managers%20
Do.pdf
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36. Woodward FI. 1987. Climate and plant distribution.
London, United Kingdom: Cambridge University Press. 188 p.

Type: Book
Geographic Area: Global

Compilers’ Keywords: climate change, plant distribution,
range shifts, migration

Introduction: The central thesis for plant ecology is that
climate exerts the dominant control on the distribution of the
major vegetation types of the world. Within a vegetation type
smaller-scale variations in distribution may be controlled by
smaller-scale features of the environment such as soil types,
human activity or topography. However, at all spatial scales the
response of the plant to climate is a crucial feature in its pres-
ence. In view of the importance of climate in controlling dis-
tribution of plants it is surprising that this area of subject is not
a popular one in plant ecology. Such questions as ‘when’ and
‘how’ does climate have its effect are clearly difficult to answer,
perhaps explaining the limited acceptance as an area of study. I
have set out to encourage an interest in climate and plant distri-
bution by proposing different approaches to the subject. They
are approaches which many not find general acceptance, but
if they create interest and debate, which is my hope, then they
will have been successful. I have drawn exclusively on vascu-
lar plants as examples of distribution types and responses. This
reflects my interests and is not a comment on the ecology of
non-vascular plants. Where possible, I have also avoided the
use of the emotive terminologies, such as niche, strategy and
adaptation; however I admit to the unavoidable use of compe-
tition, in spite of real problems in its measurements.

Link: http://books.google.com/books?hl=en&lr=&id=0Ld1h0
MT30IC&0i=fnd&pg=PRI&Kots=Qe]Gzec¢ZK&sig=GtOVVn
kmgLYEBXIlzl. ciCWLDBBY#v=onepage&q&f=false
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General (1-36)—editorials, opinions, re-
views, trends, surveys, summaries

Research (37-135)—climate change impacts,
projections, paleoecology

Strategies (136-205)—policies, adaptation
options, frameworks, mitigations

Resources (206-214)—tools, websites, soft-
ware

Each reference contains the following:

ID number and

#. Author(s), Date. Title. Source. — . .
information

book, book section, conference
paper, dissertation, government
document, journal article,
newsletter, presentation, report,
thesis or web page

Type:

Geographic Area: — location of study

keywords written by the
author(s) or provided by the
compilers

Keywords:

abstract, summary, or
portions of the introduction
or conclusion written by the
author(s) or provided by the
compilers

Description:

Link: internet address of reference
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37. Allen CD, Macalady AK, Chenchouni H,
Bachelet D, McDowell N, Vennetier M, Kitzberger
T, Rigling A, Breshears DD, Hogg EH, Gonzalez P,
Fensham R, Zhang Z, Castro ), Demidova N, Lim
J-H, Allard G, Running SW, Semerci A, Cobb NS.
2010. A global overview of drought and heat-induced tree mor-
tality reveals emerging climate change risks for forests. Forest
Ecology and Management 259:660-684.

Type: Journal
Geographic Area: Global

Keywords: climate change, drought effects, forest die-off, for-
est mortality, global patterns, tree mortality

Abstract: Greenhouse gas emissions have significantly al-
tered global climate, and will continue to do so in the future.
Increases in the frequency, duration, and/or severity of drought
and heat stress associated with climate change could funda-
mentally alter the composition, structure, and biogeography
of forests in many regions. Of particular concern are potential
increases in tree mortality associated with climate induced
physiological stress and interactions with other climate-medi-
ated processes such as insect outbreaks and wildfire. Despite
this risk, existing projections of tree mortality are based on
models that lack functionally realistic mortality mechanisms,
and there has been no attempt to track observations of climate-
driven tree mortality globally. Here we present the first global
assessment of recent tree mortality attributed to drought and
heat stress. Although episodic mortality occurs in the absence
of climate change, studies compiled here suggest that at least
some of the world’s forested ecosystems already may be re-
sponding to climate change and raise concern that forests may
become increasingly vulnerable to higher background tree
mortality rates and die-off in response to future warming and
drought, even in environments that are not normally consid-
ered water-limited. This further suggests risks to ecosystem
services, including the loss of sequestered forest carbon and
associated atmospheric feedbacks. Our review also identifies
key information gaps and scientific uncertainties that cur-
rently hinder our ability to predict tree mortality in response
to climate change and emphasizes the need for a globally co-
ordinated observation system. Overall, our review reveals the
potential for amplified tree mortality due to drought and heat
in forests worldwide.

Link: http://static.consbio.org/media/publications/files/
Allen2010ForEcManGlobalForestDieback.pdf
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38. Aubry C, Devine W, Shoal R, Bower AD, Miller
), Maggiulli N. 2011. Climate change and forest biodiversity:
a vulnerability assessment and action plan for National Forests
in Western Washington. Olympia (WA): USDA Forest Service.
310 p.

Type: Government Document
Geographic Area: Pacific Northwest USA

Compilers’ Keywords: forest management, vulnerability
assessment

Introduction: Climate change predictions for the Pacific
Northwest include overall warming, increased winter precipita-
tion, and decreased summer precipitation, resulting in warmer,
wetter winters and warmer, drier summers. The extent and du-
ration of the regional snowpack is projected to decrease, par-
ticularly at lower elevations. Seasonal stream flow patterns are
likely to shift to earlier spring peak flows and lower summer
flows, especially for snowmelt-dominated watersheds. There is
a limited amount of information on climatic tolerance for many
tree species and even less information on what complex interac-
tions could result from ecosystem-wide exposure to a changing
environment. The goals of this analysis are to conduct a climate
change vulnerability assessment of forest tree species, assess
the vulnerability of non-forested habitats to climate change, and
propose practical management actions that will work under a
variety of future climate scenarios and can be implemented by
the national forests in western Washington in cooperation with
other land managers.

Link: http://ecoshare.info/2011/05/09/climate-change-and-
forest-biodiversity-a-vulnerability-assessment-and-action-plan-
for-national-forests-in-western-washington/

39. Bakkenes M, Eickhout B, Alkemade R. 2006.
Impacts of different climate stabilisation scenarios on plant spe-
cies in Europe. Global Environmental Change 16:19-28.

Type: Journal
Geographic Area: Europe

Keywords: biodiversity, climate change, stabilisation profiles,
integrated assessment, scenario analysis

Abstract: With the use of goals from the Convention on
Biological Diversity we evaluated two climate stabilisation pro-
files on their merits for conservation of biodiversity, comparing
them with a baseline profile. Focusing on plant ecosystems at
the pan-European level, we concluded that although a maximum
global-mean temperature increase of 21°C is likely to be met
in a 550 ppmv CO,-equivalent stabilisation profile, large areas
of ecosystems in Europe will be affected. Most of the impacts
manifest themselves in northern countries, with a high net in-
crease of plant species, and in Mediterranean countries, with a
decrease in the number of plant species and stable area. Other
impacts are less robust, given the regional variation in climate
results for different climate models.
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40. Barnosky AD, Hadly EA, Bascompte ), Berlow
EL, Brown JH, Fortelius M, Getz WM, Harte ),
Hastings A, Marquet PA, Martinez ND, Mooers A,
Roopnarine P, Vermeij G, Williams JW, Gillespie R,
Kitzes ], Marshall C, Matzke N, Mindell DP, Revilla
E, Smith AB. 2012. Approaching a state shift in Earth’s bio-
sphere. Nature 486:52-58.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: animals, climate change, ecosystem,
environmental monitoring, forecasting, human activities, models

Abstract: Localized ecological systems are known to shift
abruptly and irreversibly from one state to another when they
are forced across critical thresholds. Here we review evidence
that the global ecosystem as a whole can react in the same way
and is approaching a planetary-scale critical transition as a re-
sult of human influence. The plausibility of a planetary-scale
“tipping point” highlights the need to improve biological fore-
casting by detecting early warning signs of critical transitions
on global as well as local scales, and by detecting feedbacks
that promote such transitions. It is also necessary to address
root causes of how humans are forcing biological changes.

Link: http://www.ncbi.nlm.nih.gov/pubmed/22678279

41. Beaulieu ), Rainville A. 2005. Adaptation to climate
change: genetic variation is both a short- and a long-term solution.
The Forestry Chronicle 81:704-709.

Type: Journal
Geographic Area: Eastern Canada

Keywords: climate change, white spruce, provenance test,
transfer model, site index, adaptation, plantation, GIS

Abstract: We propose a methodology combining a biophysical
site index model and a seed source transfer model based on both
temperature and precipitation to estimate white spruce planta-
tion yield under present and future global warming conditions.
The biophysical site index model predicts dominant height at 25
years, which is further used to estimate plantation yield using
yield tables. The transfer model shows that, on average, seed
sources are best adapted to the temperature conditions where
they presently grow, and give maximum yield under these con-
ditions. However, this model also shows that transfer of seed
sources to drier sites could improve plantation yield. To predict
site index values under climate change conditions, values ob-
tained from the biophysical site index model are corrected by a
factor estimated using the seed source transfer model. Our simu-
lation results predict that global warming should favor a slight
increase in white spruce plantation yield in southern Quebec.
However, one cannot expect to obtain similar yields from a seed
source rapidly exposed to warmer conditions compared with a
seed source that is presently growing under climatic conditions to
which it has become adapted. It would take several generations
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(adaptation lag) for a seed source to adapt to warmer conditions
to which it has become adapted. We believe that the method we
propose will be helpful in identifying the most productive seed
source to be used at any given location in the province, and in
revising seed source transfer rules.

Link: http://mrn.gouv.qc.ca/publications/forets/connaissances/
recherche/Rainville-Andre/For-Chron-81-5-704-709.pdf

42. Beierkuhnlein C, Thiel D, Jentsch A, Willner E,
Kreyling ). 201 1. Ecotypes of European grass species respond
differently to warming and extreme drought. Journal of Ecology
99:703-713.

Type: Journal
Geographic Area: Europe

Keywords: adaptation, climate change, climatic events, ex-
treme weather, grassland, meadow, phenotypes, plant-climate
interactions, provenances, within-species vulnerability

Abstract: Climate extremes are expected to increase in fre-
quency and magnitude as a consequence of global warming.
Managed permanent grasslands cover a large surface in Europe
and contribute substantially to agricultural production. These
managed plant communities are dominated by perennial clonal
species. Their capacity to adapt to rapidly changing environmen-
tal conditions may be limited. We hypothesize that those plant
populations that have already been exposed to conditions that
are expected to occur due to future climate change, particularly
conditions that would be “extreme” in the target area, are able
to cope better with these conditions. For a common-garden
experiment we selected ecotypes (provenances as supported
by accessions in seed banks) of important European grass
species: Arrhenatherum elatius, Festuca pratensis, Holcus la-
natus and Alopecurus pratensis. Southern target locations of
ecotypes (populations) were identified based on climate model
projections for the local site in Northern Bavaria, Germany. In a
controlled experiment, the plants were exposed to warming and
extreme drought. Drought conditions (16—-19 days, depending
on the species) were imposed starting from the end of May in
combination with and without an increase in the average tem-
perature from May to September 2009 (+1.5 °K compared with
control; +2.5 °K compared with ambient conditions outside of
the experimental units). Ecotypes and drought manipulation had
significant impacts on biomass production and tissue die-back.
Significant interactions between ecotype and drought indicated
a different drought tolerance of the ecotypes in some cases. The
warming treatment yielded a less significant response. The local
ecotype generally did not perform significantly worse than the
presumably better-adapted southern ecotypes. The selection of
ecotypes that are adapted to more extreme climatic conditions
could be an option for maintaining future ecosystem functioning
in temperate managed grasslands, as was indicated by the clear
differences between ecotypes in our experiment. Based on our
data, however, performance cannot be predicted from climatic
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origin. Therefore, we recommend enhancing the genetic vari-
ability within populations of species in general.

Link: http://www.researchgate.net/publication/224763331
Ecotypes of European grass species respond specifically

to_ warming and extreme drought/file/72e7e51a5c38a6cf72.
pdf

43. Bell G, Gonzalez A. 2011. Adaptation and evolution-
ary rescue in metapopulations experiencing environmental dete-
rioration. Science 332:1327-1330.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: climate change, physiological, biolog-
ical evolution, models, directed molecular evolution, adaptation,
Saccharomyces cerevisiae

Abstract: It is not known whether evolution will usually
be rapid enough to allow a species to adapt and persist in a
deteriorating environment. We tracked the eco-evolution-
ary dynamics of metapopulations with a laboratory model
system of yeast exposed to salt stress. Metapopulations
experienced environmental deterioration at three different
rates and their component populations were either uncon-
nected or connected by local dispersal or by global dispersal.
We found that adaptation was favored by gradual deterioration
and local dispersal. After further abrupt deterioration, the fre-
quency of evolutionary rescue depended on both the prior rate
of deterioration and the rate of dispersal. Adaptation was surpris-
ingly frequent and rapid in small peripheral populations. Thus,
evolutionary dynamics affect both the persistence and the
range of a species after environmental deterioration.

Link: http://izt.ciens.ucv.ve/ecologia/Archivos/ECO POB%20
2011/ECOPO2 2011/Bell%20y%20Gonzalez%202011.pdf

44. Bentz B, editor. 2009. Bark beetle outbreaks in west-
ern North America: causes and consequences. Snowbird (UT):
University of Utah Press. 42 p.

Type: Conference Proceedings
Geographic Area: Western North America

Compilers’ Keywords: climate change, forest impact, insect
outbreaks, symposium

Compilers’ Summary: Since 1990, native bark beetles have
killed billions of trees across millions of acres of forest from
Alaska to northern Mexico. Although bark beetle infestations
are a regular force of natural change in forested ecosystems,
several of the current outbreaks, which are occurring simultane-
ously across western North America, are the largest and most
severe in recorded history.

Link: http://www.usu.edu/beetle/Symposium/
SymposiumCover.pdf
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45. Bentz BJ, Régniere ), Fettig CJ, Hansen
EM, Hayes JL, Hicke JA, Kelsey RG, Negron JF,
Seybold S). 2010. Climate change and bark beetles of the
western United States and Canada: direct and indirect effects.
BioScience 60:602-613.

Type: Journal
Geographic Area: Western North America

Keywords: cold tolerance, mountain pine beetle, seasonality,
spruce beetle, temperature

Abstract: Climatic changes are predicted to significantly af-
fect the frequency and severity of disturbances that shape forest
ecosystems. We provide a synthesis of climate change effects
on native bark beetles, important mortality agents of conifers in
western North America. Because of differences in temperature-
dependent life-history strategies, including cold-induced mortal-
ity and developmental timing, responses to warming will differ
among and within bark beetle species. The success of bark bee-
tle populations will also be influenced indirectly by the effects of
climate on community associates and host-tree vigor, although
little information is available to quantify these relationships. We
used available population models and climate forecasts to ex-
plore the responses of two eruptive bark beetle species. Based
on projected warming, increases in thermal regimes conducive
to population success are predicted for Dendroctonus rufipennis
(Kirby) and Dendroctonus ponderosae Hopkins, although there is
considerable spatial and temporal variability. These predictions
from population models suggest a movement of temperature
suitability to higher latitudes and elevations and identify regions
with a high potential for bark beetle outbreaks and associated
tree mortality in the coming century.

Link: http://www.fs.fed.us/wwetac/projects/PDFs/BioScience
CC and Bark Beetles.pdf

46. Berry PM, Rounsevell MDA, Harrison PA,
Audsley E. 2006. Assessing the vulnerability of agricultural
land use and species to climate change and the role of policy
in facilitating adaptation. Environmental Science & Policy
9:189-204.

Type: Journal
Geographic Area: Europe

Keywords: climate change, farmers, species, vulnerability, ad-
aptation, policy

Abstract: The term vulnerability has been used in a vari-
ety of contexts, including climate change impact assess-
ment. In this paper those issues relevant to climate change
impacts on agriculture and species are discussed. Outputs
from models are used to assess the vulnerability of farm-
ers and species to climate and socio-economic change by
estimating their sensitivity and capacity to adapt to ex-
ternal factors as a means of identifying what causes the
differences in their vulnerability. The results showed that
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the vulnerability of both farmers and species is depen-
dent on the scenario under consideration. In agriculture,
it is the socio-economic scenarios that particularly lead
to different patterns of intensification, extensification and
abandonment. For species, vulnerability is more related to
the climate change scenarios. In both cases, the adapta-
tion options and potential were associated with the differ-
ent socio-economic futures and policy intervention. The
conceptual Linking of the two sectors shows that impacts
in the agriculture sector and consequent adaptation could
have a significant effect on the adaptation potential of spe-
cies. This demonstrates the importance of cross-sectoral
assessments of vulnerability and highlights the impor-
tance of sectoral integration in policy development and
implementation.

Link: http://ethree.com/downloads/Climate%20Change%20

Readings/International%20Climate%20Policy/Berry%20-%20
Vulnerability%20Agr%20land%20%2B%20species%20cli-

mate%20change.pdf

47. Booth TH, Broadhurst LM, Pinkard E, Prober
SM, Dillon SK, Bush D, Pinyopusarerk K, Doran JC,
Ivkovich M, Young AG. 2015. Native forests and climate
change: lessons from eucalypts. Forest Ecology and Management
347:18-29.

Type: Journal
Geographic Area: Australia

Keywords: vulnerability, adaptation, carbon dioxide, genom-
ics, species distribution models, simulation models

Abstract: The purpose of this paper is to review studies rel-
evant to potential climate change impacts on natural stands of
eucalypts, with a view to identifying not only specific lessons
for the management of native forests in Australia but also some
general lessons relevant to native forests anywhere. More than
800 species of Eucalyptus are found naturally across Australia,
as well as species such as E. deglupta and E. urophylla in coun-
tries north of Australia. Eucalypts provide a particularly interest-
ing opportunity to examine the likely impacts of climate change,
as many species have been widely evaluated in trials within and
outside Australia, often under conditions that are warmer and
sometimes drier than those found within their natural distribu-
tions. Results from these trials indicate the intrinsic ability of
particular eucalypt species and provenances to tolerate condi-
tions that are somewhat different from those experienced within
their natural distributions. Eucalypts have particularly poor
dispersal capabilities, so natural stands will be generally unable
to track changing climatic conditions. Therefore, in the period
to the end of the present century a key issue for each eucalypt
species under climate change is whether its intrinsic adaptabil-
ity will be sufficient to allow it to survive where it is currently
located. Their ability to survive will be affected not only by cli-
matic, but also atmospheric changes, which will affect important
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processes such as photosynthesis and water exchange. Again eu-
calypts provide a useful group for climate change studies as their
commercial significance has led to various enhanced carbon di-
oxide experiments being carried out, as well as detailed genomic
studies. This review considers eucalypts in relation to four main
areas: (i) resources and characteristics (natural distributions and
introduced distributions including their adaptability/plasticity),
(i1) analysis tools (species distribution models and growth mod-
els), (iil) physiological factors (including temperature, drought
and enhanced CO,) and (iv) interactions with other species
(including pests and diseases). Priorities for future research are
identified. It is concluded that analyses that do not allow for the
intrinsic climatic adaptability of tree species, as well as their
particular dispersal capabilities, are unlikely to provide reliable
predictions of climate change impacts.

Link: http://www.sciencedirect.com/science/article/pii/
S0378112715001139

48. Bradley BA, Wilcove DS. 2009. When invasive plants
disappear: transformative restoration possibilities in the western

United States resulting from climate change. Restoration Ecology
17:715-721.

Type: Journal
Geographic Area: Western USA

Keywords: bioclimatic envelope modeling, Bromus tectorum,
climate change, ecological niche, invasive species, restoration,
species distribution

Abstract: Most ecologists believe that climate change
poses a significant threat to the persistence of native species.
However, in some areas climate change may reduce or elimi-
nate nonnative invasive species, creating opportunities for
restoration. If invasive species are no longer suited to novel
climate conditions, the native communities that they replaced
may not be viable either. If neither invasive nor native species
are climatically viable, a type of “transformative” restoration
will be required, involving the translocation of novel species
that can survive and reproduce under new climate conditions.
Here, we illustrate one approach for restoration planning by
using bioclimatic envelope modeling to identify restoration
opportunities in the western United States, where the invasive
plant cheatgrass (Bromus tectorum) is no longer climatically
viable under 2100 conditions projected by the Geophysical
Fluid Dynamics Laboratory (GFDL2.1) coupled atmosphere-
ocean general circulation model. We then select one example
of a restoration target area and identify novel plant species
that could become viable at the site in the wake of climate
change. We do so by identifying the closest sites that currently
have climate conditions similar to those projected at the resto-
ration target area in 2100. This approach is a first step toward
identifying appropriate species for transformative restoration.

Link: http://www.firescience.gov/projects/05-2-1-94/proj-
ect/05-2-1-94 bradley re 2009.pdf
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49. Breshears DD, Cobb NS, Rich PM, Price KP, Allen
CD, Balice RG, Romme WH, Kastens JH, Floyd ML,
Belnap ), Anderson }J, Myers OB, Meyer CW.
2005. Regional vegetation die-off in response to global-change-
type drought. Proceedings of the National Academy of Science
USA 102:15144-15148.

Type: Journal
Geographic Area: Southwestern USA

Keywords: tree mortality, vegetation dynamics, climate change
impacts, woodlands, Pinus edulis

Abstract: Future drought is projected to occur under warmer
temperature conditions as climate change progresses, referred
to here as global-change-type drought, yet quantitative assess-
ments of the triggers and potential extent of drought-induced
vegetation die-off remain pivotal uncertainties in assessing
climate-change impacts. Of particular concern is regional-scale
mortality of overstory trees, which rapidly alters ecosystem type,
associated ecosystem properties, and land surface conditions for
decades. Here, we quantify regional-scale vegetation die-off
across southwestern North American woodlands in 2002-2003
in response to drought and associated bark beetle infestations.
At an intensively studied site within the region, we quantified
that after 15 months of depleted soil water content, > 90% of
the dominant, overstory tree species (Pinus edulis, a pinon) died.
The die-off was reflected in changes in a remotely sensed in-
dex of vegetation greenness (Normalized Difference Vegetation
Index), not only at the intensively studied site but also across
the region, extending over 12,000 km? or more; aerial and field
surveys confirmed the general extent of the die-off. Notably, the
recent drought was warmer than the previous subcontinental
drought of the 1950s. The limited, available observations suggest
that die-off from the recent drought was more extensive than that
from the previous drought, extending into wetter sites within the
tree species’ distribution. Our results quantify a trigger leading
to rapid, drought-induced die-off of overstory woody plants at
subcontinental scale and highlight the potential for such die-off
to be more severe and extensive for future global-change-type
drought under warmer conditions.

Link: http://www.ncbi.nlm.nih.gov/pubmed/16217022

50. Bucharova A, Brabec ), Miinzbergova Z.
201 2. Effect of land use and climate change on the future
fate of populations of an endemic species in central Europe.
Biological Conservation 145:39-47.

Type: Journal
Geographic Area: Central Europe

Keywords: conservation action plan, population viability anal-
ysis, grassland management, Gentianella, matrix model, extinc-
tion probability

Abstract: The identification of optimal management strategies
for a given species is a major challenge of species conservation.
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It becomes especially challenging when the environmental
conditions are expected to change in the future, and the opti-
mal management applied today may differ from the manage-
ment that is optimal under the changed conditions (e.g. due to
climate change). This study evaluates prospect of a rare plant
species endemic to semi-natural grasslands in central Europe,
Gentianella praecox subsp. bohemica. The number of popula-
tions of this species has declined rapidly in the last 60 years;
currently, a conservation action plan has been established in
the Czech Republic, where most populations of this species
occur. This study uses periodic matrix models to compare dif-
ferent management regimes under different scenarios of climate
change and to identify the optimal management in each case.
Without management, populations of the species are not able to
survive. Flowering individuals can occur for a long time after
the cessation of management, but the extinction of the popula-
tion is inevitable within several decades. Without management,
even very large populations (1,000 flowering individuals) will
go extinct in less than 50 years. Total extinction (including seed
bank) will follow several years after observation of the last
flowering plant. The most suitable management is mowing and
disturbance (by harrowing), which is also the best method for
restoration of threatened populations. Mowing is less suitable,
but it is fully sufficient for large prospering populations. When
managed, even small populations (10—15 flowering individuals)
are able to survive. When management is applied, future climate
change may have a relatively small impact on the probability of
survival of the species. Climate change will, however, increase
the extinction probability of very small populations.

51. Carnicer ), Coll M, Ninyerola M, Pons X,
Sanchez G, Penuelas ). 2011. Widespread crown condi-
tion decline, food web disruption, and amplified tree mortality
with increased climate change-type drought. Proceedings of the
National Academy of Science USA 108:1474-1478.

Type: Journal
Geographic Area: Southern Europe

Keywords: extreme events, earth system feedbacks, ecological
networks, global change, Mediterranean biome

Abstract: Climate change is progressively increasing severe
drought events in the Northern Hemisphere, causing regional
tree die-off events and contributing to the global reduction of
the carbon sink efficiency of forests. There is a critical lack of
integrated community-wide assessments of drought-induced
responses in forests at the macroecological scale, including de-
foliation, mortality, and food web responses. Here we report a
generalized increase in crown defoliation in southern European
forests occurring during 1987-2007. Forest tree species have
consistently and significantly altered their crown leaf structures,
with increased percentages of defoliation in the drier parts of
their distributions in response to increased water deficit. We as-
sessed the demographic responses of trees associated with in-
creased defoliation in southern European forests, specifically in
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the Iberian Peninsula region. We found that defoliation trends
are paralleled by significant increases in tree mortality rates in
drier areas that are related to tree density and temperature ef-
fects. Furthermore, we show that severe drought impacts are
associated with sudden changes in insect and fungal defoliation
dynamics, creating long-term disruptive effects of drought on
food webs. Our results reveal a complex geographical mosaic
of species-specific responses to climate change—driven drought
pressures on the Iberian Peninsula, with an overwhelmingly pre-
dominant trend toward increased drought damage.

Link: http://www.pnas.org/content/108/4/1474.short

52. Chmura D), Anderson PD, Howe GT, Harrington
CA, Halofsky JE, Peterson DL, Shaw DC, St. Clair }B.
2011. Forest responses to climate change in the northwestern
United States: ecophysiological foundations for adaptive manage-
ment. Forest Ecology and Management 261:1121-1142.

Type: Journal

Geographic Area: Northwestern USA
adaptation, drought, fire,

Keywords: insects,

silviculture

genetics,

Abstract: Climate change resulting from increased concentra-
tions of atmospheric carbon dioxide ([CO,]) is expected to re-
sult in warmer temperatures and changed precipitation regimes
during this century. In the northwestern US, these changes will
likely decrease snowpack, cause earlier snowmelt, increase
summer evapotranspiration, and increase the frequency and
severity of droughts. Elevated [CO,] and warmer temperatures
may have positive effects on growth and productivity where
there is adequate moisture or growth is currently limited by cold.
However, the effects of climate change are generally expected
to reduce growth and survival, predispose forests to disturbance
by wildfire, insects, and disease; and ultimately change forest
structure and composition at the landscape scale. Substantial
warming will likely decrease winter chilling resulting in delayed
bud burst, and adversely affect flowering and seed germination
for some species. The extent of these effects will depend on the
magnitude of climate change, the abilities of individual trees to
acclimate, and for tree populations to adapt in situ, or to migrate
to suitable habitats. These coping mechanisms may be insuffi-
cient to maintain optimal fitness of tree populations to rapidly
changing climate. Physiological responses to climatic stresses
are relatively well-understood at the organ or whole-plant scale
but not at the stand or landscape scale. In particular, the interac-
tive effects of multiple stressors are not well known. Genetic and
silvicultural approaches to increase adaptive capacities and to
decrease climate-related vulnerabilities of forests can be based
on ecophysiological knowledge. Effective approaches to climate
adaptation will likely include assisted migration of species and
populations, and density management. Use of these approach-
es to increase forest resistance and resilience at the landscape
scale requires a better understanding of species adaptations,
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within-species genetic variation, and the mitigating effects of
silvicultural treatments.

Link: http://www.treesearch.fs.fed.us/pubs/39611

53. Classen AT, Norby R}, Campany CE, Sides KE,
Weltzin JF. 2010. Climate change alters seedling emer-
gence and establishment in an old-field ecosystem. PLoS ONE
5:e13476.

Type: Journal
Geographic Area: Eastern USA

Compilers’ Keywords: atmosphere, carbon dioxide, tree
growth and development

Abstract: Ecological succession drives large-scale changes in
ecosystem composition over time, but the mechanisms where-
by climatic change might alter succession remain unresolved.
Here, we asked if the effects of atmospheric and climatic change
would alter tree seedling emergence and establishment in an old-
field ecosystem, recognizing that small shifts in rates of seed-
ling emergence and establishment of different species may have
long-term repercussions on the transition of fields to forests in
the future. We introduced seeds from three early successional
tree species into constructed old-field plant communities that had
been subjected for 4 years to altered temperature, precipitation,
and atmospheric CO, regimes in an experimental facility. Our
experiment revealed that different combinations of atmospheric
CO, concentration, air temperature, and soil moisture altered
seedling emergence and establishment. Treatments directly and
indirectly affected soil moisture, which was the best predictor of
seedling establishment, though treatment effects differed among
species. The observed impacts, coupled with variations in the
timing of seed arrival, are demonstrated as predictors of seed-
ling emergence and establishment in ecosystems under global
change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/20976104

54. Coops NC, Waring RH, Schroeder TA. 2009.
Combining a generic process-based productivity model and a
statistical classification method to predict the presence and ab-
sence of tree species in the Pacific Northwest, USA. Ecological
Modelling 220:1787-1796.

Type: Journal
Geographic Area: Pacific Northwest USA

Keywords: 3-PG model, regression-tree analysis, climate
change, U.S. Forest Inventory and Analysis, Sitka spruce, pon-
derosa pine, western juniper, lodgepole pine, Douglas-fir, west-
ern hemlock

Abstract: Although long-lived tree species experience con-
siderable environmental variation over their life spans, their
geographical distributions reflect sensitivity mainly to mean
monthly climatic conditions. We introduce an approach that
incorporates a physiologically based growth model to illustrate
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how a half-dozen tree species differ in their responses to month-
ly variation in four climatic-related variables: water availability,
deviations from an optimum temperature, atmospheric humid-
ity deficits, and the frequency of frost. Rather than use climatic
data directly to correlate with a species’ distribution, we assess
the relative constraints of each of the four variables as they af-
fect predicted monthly photosynthesis for Douglas-fir, the most
widely distributed species in the region. We apply an automated
regression-tree analysis to create a suite of rules, which differen-
tially rank the relative importance of the four climatic modifiers
for each species, and provide a basis for predicting a species’
presence or absence on 3,737 uniformly distributed U.S. Forest
Services’ Forest Inventory and Analysis (FIA) field survey plots.
Results of this generalized rule-based approach were encourag-
ing, with weighted accuracy, which combines the correct predic-
tion of both presence and absence on FIA survey plots, averag-
ing 87%. A wider sampling of climatic conditions throughout
the full range of a species’ distribution should improve the basis
for creating rules and the possibility of predicting future shifts in
the geographic distribution of species.

Link: http://www.fs.fed.us/rm/pubs_other/rmrs 2009 coops
n001.pdf

55. Cortini F, Comeau PG, Bokalo M. 2012. Trembling
aspen competition and climate effects on white spruce growth
in boreal mixtures of Western Canada. Forest Ecology and
Management 277:67-73.

Type: Journal
Geographic Area: Western Canada

Keywords: conifer growth, mixedwood forests, climate, compe-
tition, white spruce, trembling aspen

Abstract: We investigated the combined effect of trembling as-
pen competition and climate on white spruce growth using data
from a long term study with matching treatments spread across
the boreal mixed wood forests of Alberta and Saskatchewan
(Canada). Results indicate that competition (i.e., aspen basal
area), initial size of the tree and mean annual temperature can
account for 88% of the year to year variation in spruce volume
growth for these six locations. Based on the model that we devel-
oped, spruce growth, in the absence of competition, is estimated
to increase by up to 17% compared with an increase in mean
annual temperature from 2 °C to 3.3 °C, while at high levels
of competition (aspen basal area = 27 m2/ha) spruce growth in-
creases by only 8%. Moreover, effects of aspen on spruce growth
increase more than proportionally as temperature increases.
This outcome indicates that abundant aspen competition limits
the spruce responses to rising temperature, presumably due to
competition for light and potentially increased competition for
soil resources. Results also show that competition and climate
effects vary between locations, indicating that spruce growth is
strongly influenced by local factors such as micro-climate, to-
pography, and soil properties.
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Link: http://www.researchgate.net/publication/225071346
Trembling aspen competition and climate effects on

white spruce growth in boreal mixtures of Western
Canada/file/9fcfd4fc66733d4533.pdf

56. Crookston NL, Rehfeldt GE, Dixon GE,
Weiskittel AR. 2010. Addressing climate change in the for-
est vegetation simulator to assess impacts on landscape forest
dynamics. Forest Ecology and Management 260:1198-1211.

Type: Journal
Geographic Area: Western USA

Keywords: species—climate relationships, stand dynamic, spe-
cies composition, genetic adaptation, general circulation model,
climate change, carbon loads, site index, growth and yield

Abstract: To simulate stand-level impacts of climate change,
predictors in the widely used Forest Vegetation Simulator (FVS)
were adjusted to account for expected climate effects. This
was accomplished by: (1) adding functions that Link mortality
and regeneration of species to climate variables expressing cli-
matic suitability, (2) constructing a function Linking site index
to climate and using it to modify growth rates, and (3) adding
functions accounting for changing growth rates due to climate-
induced genetic responses. For three climatically diverse land-
scapes, simulations were used to explore the change in species
composition and tree growth that should accompany climate
change during the 21st century. The simulations illustrated the
changes in forest composition that could accompany climate
change. Projections were the most sensitive to mortality, as the
loss of trees of a dominant species heavily influenced stand dy-
namics. While additional work is needed on fundamental plant—
climate relationships, this work incorporates climatic effects into
FVS to produce a new model called Climate—FVS. This model
provides for managers a tool that allows climate change impacts
to be incorporated in forest plans.

Link: http://www.treesearch.fs.fed.us/pubs/37335

57.Daniels AE, Morrison JF, Joyce LA, Crookston NL,
Chen SC, McNulty SG. 2012. Climate projections FAQ.
Fort Collins (CO): USDA Forest Service, Rocky Mountain
Research Station. General Technical Report RMRS-GTR-
27TWWW. 32 p.

Type: Government Document
Geographic Area: Western USA

Keywords: climate change, climate projections, downscaling,
general circulation models, vulnerability assessment

Abstract: Climate scenarios offer one way to identify and
examine the land management challenges posed by climate
change. Selecting projections, however, requires careful con-
sideration of the natural resources under study, and where and
how they are sensitive to climate. Selection also depends on
the robustness of different projections for the resources and
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geographic area of interest, and possibly on what climate pro-
jections are available for a region. Rather than a misguided at-
tempt to identify the “most accurate” climate scenario, manag-
ers are strongly encouraged to explore variability through the
use of multiple climate scenarios. Considering a range of pos-
sible future climates facilitates the identification of management
strategies to help ensure resilience of natural resource systems
across a broad set of potential conditions. Downscaling climate
projections increases the spatial resolution of climate informa-
tion and can make projections more relevant to natural resource
managers by allowing decision-makers to better visualize what
these different futures imply locally and regionally. The follow-
ing series of questions describes key concepts that end-users of
climate projection products should understand to appropriately
interpret downscaled climate projections, including various
sources of uncertainty. The selection used for each component of
a downscaled climate projection has implications for interpret-
ing the resulting climate scenario. Understanding the merits and
limitations of the downscaling method employed is also impor-
tant since downscaling approaches vary in their dependence on
observed data availability, computational requirements, and in
resultant uncertainty owed to biases of the method or the spatial
scale of the downscaling.

Link: http://www.treesearch.fs.fed.us/pubs/40614

58. Davison JE, Coe S, Finch DM, Rowland EL,
Friggens MM, Graumlich L). 2012. Bringing indices of
species vulnerability to climate change into geographic space: an
assessment across the Coronado National Forest. Biodiversity
and Conservation 21:189-204.

Type: Journal
Geographic Area: Southwestern USA

Keywords: biodiversity, climate change adaptation, GIS, land
use planning, species vulnerability assessments

Abstract: Indices that rate the vulnerability of species to cli-
mate change in a given area are increasingly used to inform
conservation and climate change adaptation strategies. These
species vulnerability indices (SVI) are not commonly associated
with landscape features that may affect local-scale vulnerability.
To do so would increase their utility by allowing managers to
examine how the distributions of vulnerable species coincide
with environmental features such as topography and land use,
and to detect landscape-scale patterns of vulnerability across
species. In this study we evaluated 15 animal species that had
been scored with the USDA-Forest Service Rocky Mountain
Research Station’s system for assessing vulnerability of species
to climate change. We applied the vulnerability scores to each
species’ respective habitat models in order to visualize the spa-
tial patterns of cross-species vulnerability across the biologically
diverse Coronado National Forest, and to identify the consider-
ations of spatially referencing such indices. Across the study ex-
tent, cross-species vulnerability was higher in higher-elevation
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woodlands and lower in desert scrub. The results of spatially
referencing SVI scores may vary according to the species ex-
amined, the area of interest, the selection of habitat models, and
the method by which cross-species vulnerability indices are cre-
ated. We show that it is simple and constructive to bring species
vulnerability indices into geographic space: landscape-scale pat-
terns of vulnerability can be detected, and relevant ecological
and socioeconomic contexts can be taken into account, allowing
for more robust conservation and management strategies.

Link: http://www.fs.fed.us/rm/pubs other/rmrs 2012 davi-
son_j001.pdf

59. Dawson TP, Jackson ST, House JI, Prentice IC,
Mace GM. 201 1. Beyond predictions: biodiversity conserva-
tion in a changing climate. Science 332:53-58.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: conservation of natural resources, mi-
gration, review, vulnerability, paleoecology, framework

Abstract: Climate change is predicted to become a major threat
to biodiversity in the 21st century, but accurate predictions and
effective solutions have proved difficult to formulate. Alarming
predictions have come from a rather narrow methodological
base; but a new, integrated science of climate-change biodi-
versity assessment is emerging, based on multiple sources and
approaches. Drawing on evidence from paleoecological obser-
vations, recent phenological and microevolutionary responses,
experiments, and computational models, we review the insights
that different approaches bring to anticipating and managing the
biodiversity consequences of climate change, including the ex-
tent of species’ natural resilience. We introduce a framework that
uses information from different sources to identify vulnerability
and to support the design of conservation responses. Although
much of the information reviewed is on species, our framework
and conclusions are also applicable to ecosystems, habitats, eco-
logical communities, and genetic diversity, whether terrestrial,
marine, or fresh water.

Link: http://www.ncbi.nlm.nih.gov/pubmed/21454781

60. Dodson EK, Root HT. 201 3. Conifer regeneration fol-
lowing stand-replacing wildfire varies along an elevation gradi-
ent in a ponderosa pine forest, Oregon, USA. Forest Ecology
and Management 302:163-170.

Type: Journal

Geographic Area: Oregon, USA

Keywords: resilience, environmental gradient, climate change-
type drought, seedling establishment, natural regeneration

Abstract: Climate change is expected to increase disturbances
such as stand-replacing wildfire in many ecosystems, which
have the potential to drive rapid turnover in ecological commu-
nities. Ecosystem recovery, and therefore maintenance of critical
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structures and functions (resilience), is likely to vary across en-
vironmental gradients such as moisture availability, but has re-
ceived little study. We examined conifer regeneration a decade
following complete stand-replacing wildfire in dry coniferous
forests spanning a 700 m elevation gradient where low elevation
sites had relatively high moisture stress due to the combination
of high temperature and low precipitation. Conifer regenera-
tion varied strongly across the elevation gradient, with little tree
regeneration at warm and dry low elevation sites. Logistic re-
gression models predicted rapid increases in regeneration across
the elevation gradient for both seedlings of all conifer species
and ponderosa pine seedlings individually. This pattern was es-
pecially pronounced for well-established seedlings (> 38 cm in
height). Graminoids dominated lower elevation sites following
wildfire, which may have added to moisture stress for seedlings
due to competition for water. These results suggest moisture
stress can be a critical factor limiting conifer regeneration fol-
lowing stand-replacing wildfire in dry coniferous forests, with
predicted increases in temperature and drought in the coming
century likely to increase the importance of moisture stress.
Strongly moisture limited forested sites may fail to regenerate
for extended periods after stand-replacing disturbance, suggest-
ing these sites are high priorities for management intervention
where maintaining forests is a priority.

61.Dukes S, Pontius ), Orwig D, Garnas JR, Rodgers
ViL, Brazee N, Cooke B, Theoharides KA, Stange
EE, Harrington R, Ehrenfeld J, Gurevitch ), Lerdau
M, Stinson K, Wick R, Ayres M. 2009. Responses of
insect pests, pathogens, and invasive plant species to climate
change in the forests of northeastern North America: what can
we predict? Canadian Journal of Forest Research 39:231-248.

Type: Journal
Geographic Area: Eastern North America

Compilers’ Keywords: uncertainty, management, USA,
Canada

Abstract: Climate models project that by 2100, the northeast-
ern U.S. and eastern Canada will warm by approximately 3-5
°C with increased winter precipitation. These changes will affect
trees directly and also indirectly through effects on “nuisance”
species, such as insect pests, pathogens, and invasive plants. We
review how basic ecological principles can be used to predict
nuisance species’ responses to climate change and how this is
likely to impact northeastern forests. We then examine in de-
tail the potential response of two pest species (hemlock woolly
adelgid (Adeleges tsugae Annand) and forest tent caterpillar
(Malacosoma disstria Hubner)); two pathogens (armillaria root
rot (Armillaria spp.) and beech bark disease (Cryptococcus fa-
gisuga Lind. + Neonectria spp.)); and two invasive plant spe-
cies (glossy buckthorn (Frangula alnus Mill.) and oriental
bittersweet (Celastrus orbiculatus Thunb.)). Several of these
species are likely to have stronger or more widespread effects
on forest composition and structure under the projected climate.
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However, uncertainty pervades our predictions because we lack
adequate data on the species and because some species depend
on complex, incompletely understood, unstable relationships.
While targeted research will increase our confidence in making
predictions, some uncertainty will always persist. Therefore, we
encourage policies that allow for this uncertainty by considering
a wide range of possible scenarios.

Link: http://web.ics.purdue.edu/~jsdukes/DukesEtA12009.pdf

62. Finch DM. 2012. Climate change in grasslands, shrub-
lands, and deserts of the interior American West: a review and
needs assessment. Fort Collins (CO): USDA Forest Service,
Rocky Mountain Research Station. General Technical Report
RMRS-GTR-285. 139 p.

Type: Government Document
Geographic Area: Western USA

Keywords: climate change, grasslands, shrublands, deserts,
assessment

Abstract: Recent research and species distribution model-
ing predict large changes in the distributions of species and
vegetation types in the western interior of the United States
in response to climate change. This volume reviews existing
climate models that predict species and vegetation changes
in the western United States, and it synthesizes knowl-
edge about climate change impacts on the native fauna and
flora of grasslands, shrublands and deserts of the interior
American West. Species’ responses will depend not only on
their physiological tolerances but also on their phenology,
establishment properties, biotic interactions, and capacity to
evolve and migrate. The volume is divided into eight chap-
ters that cover the topics of carbon mitigation and adapta-
tion. Current and likely responses of species and habitats to
climate change are examined in relation to taxonomic group
and ecoregion and with regard to other disturbances. The
volume ends with a review of management decision sup-
port needs and tools for assessing vulnerability of natural
resources and conserving and restoring ecosystems that are
or may be impacted by climate change.

Link: http://www.treesearch.fs.fed.us/pubs/41171

63. Franks S), Weis AE. 2008. A change in climate
causes rapid evolution of multiple life-history traits and their in-
teractions in an annual plant. Journal of Evolutionary Biology
21:1321-1334.

Type: Journal
Geographic Area: Southwestern USA

Keywords: Brassica rapa, common principal compo-
nents analysis, developmental constraints, drought, global
change, heterochrony, multivariate evolution, natural se-
lection, phenology, resurrection paradigm

Abstract: Climate change is likely to spur rapid evolution,
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potentially altering integrated suites of life-history traits. We
examined evolutionary change in multiple life history traits
of the annual plant Brassica rapa collected before and after
a recent 5-year drought in southern California. We used
a direct approach to examining evolutionary change by
comparing ancestors and descendants. Collections were
made from two populations varying in average soil mois-
ture levels, and lines propagated from the collected seeds
were grown in a greenhouse and experimentally subjected to
conditions simulating either drought (short growing season)
or high precipitation (long growing season) years. Comparing
ancestors and descendants, we found that the drought caused
many changes in life history traits, including a shift to earlier
flowering, longer duration of flowering, reduced peak flower-
ing and greater skew of the flowering schedule. Descendants
had thinner stems and fewer leaf nodes at the time of flower-
ing than ancestors, indicating that the drought selected for plants
that flowered at a smaller size and earlier ontogenetic stage rath-
er than selecting for plants to develop more rapidly. Thus, there
was no evidence for absolute developmental constraints to flow-
ering time evolution. Common principal component analyses
showed substantial differences in the matrix of trait covariances
both between short and long growing season treatments and
between populations. Although the covariances matrices were
generally similar between ancestors and descendants, there was
evidence for complex evolutionary changes in the relationships
among the traits, and these changes depended on the population
and treatment. These results show that a full appreciation of the
impacts of global change on phenotypic evolution will entail an
understanding of how changes in climatic conditions affect trait
values and the structure of relationships among traits.

64. Grace ). 1987. Climate tolerance and the distribution of
plants. New Phytologist 106:113-130.

Type: Journal
Geographic Area: Global

Keywords: plant distribution, tree line, life forms, temperature
climatological variables

Summary: Boundaries to the distribution of life forms and spe-
cies often coincide with isometric lines of climatological vari-
ables. Prominent examples of this phenomenon are the restric-
tion of megaphanerophytes to areas where the mean temperature
of the warmest month does not fall below about 10 °C, and the
restriction of species within the British Isles to areas of specific
summer or winter warmth. In the interpretation of these pat-
terns, it is important to realize that the climate at plant surfaces
may differ appreciably from that of the atmosphere as a whole,
to an extent which depends on structural attributes of the veg-
etation. In particular, chamaephytes experience a much higher
surface temperature than phanerophytes when comparisons are
made in bright sunlight and this contributes to their success in
mountains. Temperatures of flowers may similarly be elevated.
In the British Isles, temperatures in the summer months may be
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decisive in determining the success of many species, as physi-
ological processes in C3-plants display near-linear relation-
ships with temperatures in the range which prevails for most
of the time. The life-cycle of native plants responds to
environmental cues in such a way as to synchronize the
development of the plant with the succession of seasons.
When species are transplanted to different phytogeographi-
cal zones, as in forestry and horticulture, they frequently fail
because of asynchrony.

Link: http://onlinelibrary.wiley.com/
doi/10.1111/}.1469-8137.1987.tb04686.x/pdf

65. Grant GE, Tague CL, Allen CD. 2013. Watering
the forest for the trees: an emerging priority for managing
water in forest landscapes. Frontiers in Ecology and the
Environment 11:314-321.

Type: Journal
Geographic Area: North America

Compilers’ Keywords: forest management, hydrology, cli-
mate change, drought, water management, conservation

Abstract: Widespread threats to forests resulting from
drought stress are prompting a re-evaluation of priorities for
water management on forest lands. In contrast to the widely
held view that forest management should emphasize provid-
ing water for downstream uses, we argue that maintaining for-
est health in the context of a changing climate may require
focusing on the forests themselves and on strategies to reduce
their vulnerability to increasing water stress. Management
strategies would need to be tailored to specific landscapes but
could include thinning, planting and selecting for drought-
tolerant species, irrigating, and making more water available
to plants for transpiration. Hydrologic modeling reveals that
specific management actions could reduce tree mortality due
to drought stress. Adopting water conservation for vegeta-
tion as a priority for managing water on forested lands would
represent a fundamental change in perspective and potentially
involve trade-offs with other downstream uses of water.

Link: http://www.fsl.orst.edu/wpg/pubs/13 Granteal WEFT.
pdf

66. Groffman PM, Rustad LE, Templer PH,
Campbell JL, Christenson LM, Lany NK, Socci
AM, Vadeboncoeur MA, Schaberg PG, Wilson GF,
Driscoll CT, Fahey TJ), Fisk MC, Goodale CL, Green
MB, Hamburg SP, Johnson CE, Mitchell M), Morse
JL, Pardo LH, Rodenhouse NL. 2012. Long-term in-
tegrated studies show complex and surprising effects of cli-
mate change in the northern hardwood forest. BioScience
62:1056-1066.

Type: Journal
Geographic Area: Northeastern USA
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Keywords: climate change, forests, long-term studies, north-
eastern United States, winter

Abstract: Evaluations of the local effects of global change are
often confounded by the interactions of natural and anthropo-
genic factors that overshadow the effects of climate changes on
ecosystems. Long-term watershed and natural elevation gradi-
ent studies at the Hubbard Brook Experimental Forest and in
the surrounding region show surprising results demonstrat-
ing the effects of climate change on hydrologic variables (e.g.,
evapotranspiration, streamflow, soil moisture); the importance
of changes in phenology on water, carbon, and nitrogen fluxes
during critical seasonal transition periods; winter climate change
effects on plant and animal community composition and eco-
system services; and the effects of anthropogenic disturbances
and land-use history on plant community composition. These
studies highlight the value of long-term integrated research for
assessments of the subtle effects of changing climate on com-
plex ecosystems.

Link: http://www.treesearch.fs.fed.us/pubs/42303

67. Guisan A, Thuiller W. 2005. Predicting species
distribution: offering more than simple habitat models.
Ecology Letters 8:993-1009.

Type: Journal
Geographic Area: Global

Keywords: dispersal, ecological niche theory, future projec-
tions, habitat suitability maps, population dynamics, prediction
errors, predictive biogeography, spatial scales, species distribu-
tion models

Abstract: In the last two decades, interest in species distribu-
tion models (SDMs) of plants and animals has grown dramati-
cally. Recent advances in SDMs allow us to potentially forecast
anthropogenic effects on patterns of biodiversity at different spa-
tial scales. However, some limitations still preclude the use of
SDMs in many theoretical and practical applications. Here, we
provide an overview of recent advances in this field, discuss the
ecological principles and assumptions underpinning SDMs, and
highlight critical limitations and decisions inherent in the con-
struction and evaluation of SDMs. Particular emphasis is given
to the use of SDMs for the assessment of climate change impacts
and conservation management issues. We suggest new avenues
for incorporating species migration, population dynamics, biotic
interactions and community ecology into SDMs at multiple spa-
tial scales. Addressing all these issues requires a better integra-
tion of SDMs with ecological theory.

Link: http://perceval.bio.nau.edu/downloads/grail/climate
seminar/section2/Guisan and Thuiller05.pdf

68. Hanson HC. 1958. Principles concerned in the forma-
tion and classification of communities. The Botanical Review
24:65-125.
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Type: Journal
Geographic Area: Global
Compilers’ Keywords: plant ecology, population, genetics

Summary: Characteristics of species that are important in the
formation of plant groupings are classified as basic principles,
as follows: Every species has certain relations to the physical
environment: (a) essential requirements, (b) range of ecologi-
cal amplitude, (c) capacity to utilize available resources. Every
plant has relations with other organisms: (a) competition, (b) as-
sociation of species, (c) reproduction and dispersal, (d) changes
in relations because of grazing, mowing or other disturbance,
(e) parasitism, (f) mutualism and commensalism. The ecologi-
cal success of a species or a population depends upon its capac-
ity to cope with its physical environment and associated organ-
isms in relationships, such as those stated in these principles.
Groupings of species in stands or communities are formed
because of similarities and differences among them with regard
to these principles and because of similarities and differences in
habitats. The best descriptions are based upon analysis which
reveals intrinsic characteristics of the stands. The more detailed
and accurate the analysis, the more valuable is the description.
Stands that show the greatest number of characteristics in com-
mon may be grouped into community types or abstract commu-
nities of various kinds. Precise similarity of stands in each kind
of type is not essential. Various classifications of stands and
community-types may be made, depending upon the purpose
to be served. Some of the bases of classification are: similarities
and differences in composition and structure, or in complexity
of communities; relations to habitat, succession or geographic
distribution; physiognomic appearance; and economic values.
Each of these is discussed with examples.

69. Harel C, Holzapfel C, Sternberg M. 2011. Seed
mass and dormancy of annual plant populations and communi-
ties decrease with aridity and rainfall predictability. Basic and
Applied Ecology 12:674-684.

Type: Journal
Geographic Area: Israel, Middle East

Keywords: desert, germination strategies, Mediterranean,
plant community, seed bank, seed size

Abstract: Several theoretical and empirical studies have exam-
ined the influence of environmental conditions on seed traits and
germination strategies of annual species. A positive relationship
between seed mass and dormancy has been described for an-
nuals occupying climatically unpredictable ecosystems. Larger-
seeded species tend to have higher seedling survival rates,
while dormancy allows a bet-hedging strategy in unpredictable
environments. Until now, these ideas have been addressed pri-
marily for only one or a few focal species, without considering
differences among populations and communities. The novelty
of the present study lies in the population and community-level
approach, where a comprehensive seed trait database including
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158 annual species occurring along a gradient of rainfall variabil-
ity and aridity in Israel was used to ask the following question:
Does average seed mass and dormancy of annual populations
and communities decrease with increasing aridity and rainfall
unpredictability? Soil seed bank samples were collected at the
end of the summer drought, before the onset of the rains, from
four plant communities. Germination was tested under irrigated
conditions during three consecutive germination seasons to de-
termine the overall seed germinability in each soil sample. Seed
mass was obtained from newly produced seeds collected at the
study sites in late spring. The community level results showed
that, in contrast to common theoretical knowledge, seed mass
and dormancy of the dominant annual species decreased with
increasing aridity and rainfall variability. Accordingly, a nega-
tive correlation was found between seed mass and seed germina-
tion fractions. The present study demonstrates that an analysis
of seed traits along climatic gradients is significantly improved
by approaches that target both population and community levels
simultaneously. A critical evaluation sheds new light upon the
selective pressures that act on seed ecology of annuals along a
climatic gradient and facilitates formulation of more mechanis-
tic hypotheses about factors governing critical seed traits.

Link: http://www.researchgate.net/publication/216466974

Seed mass and dormancy of annual plant populations
and communities decreases with aridity and rainfall pre-

dictability/file/9fcfd509bd306822a5.pdf

70. Haughian SR, Burton P), Taylor SW, Curry CL.
201 2. Expected effects of climate change on forest disturbance
regimes in British Columbia. BC Journal of Ecosystems and
Management 13:1-24.

Type: Journal
Geographic Area: Western Canada

Keywords: disturbance ecology, ecoprovinces, forest patho-
gens, insect outbreaks, tree mortality, wildfire, wind damage

Abstract: In this article we summarize the changes to forest
disturbance regimes and forest damage that are projected to
emerge under a changing climate in British Columbia (BC). We
focus on regionally-specific expectations so that land manag-
ers can take pro-active steps to avoid or adapt to future condi-
tions. While some projections are based on extrapolations of
recent multi decadal trends, most are based on global climate
models (GCMs) that utilize a range of scenarios for possible
atmospheric greenhouse gas emission trajectories over the next
century. Regardless of the models or emission scenarios used,
it is universally expected that BC will experience warmer air
temperatures. Projections for precipitation are more variable,
ranging from slight decreases in some regions to substantial
increases in others, which have different effects on disturbance
projections. Forest fires are expected to be more frequent
and more intense in the southern half of the province and in
the Taiga Plains, but less important in other portions of the
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province. Forest insects and fungal pathogens are expected to
more fully occupy the current range of their host tree species
and expand ranges northward and to higher elevations along
with their hosts. More frequent and more detrimental pest out-
breaks are expected in some regions when several years of fa-
vourable weather align, which is more likely under current and
projected climate trends. Wind damage, floods, and landslides
can be expected to increase on terrain where they are already
a risk factor. For many agents of tree mortality, an expansion
or shifting of the seasonal window of activity is expected, but
these changes vary among regions within BC. The prediction
of future forest disturbance regimes is in its infancy, requiring
a much more concerted effort in compiling both empirical and
simulated data, but managers may wish to adjust plans accord-
ingly where there is consensus among projections.

Link: http://www.jem.forrex.org/index.php/jem/article/
viewArticle/152

71. Heikkinen RK, Luoto M, Aradjo MB, Virkkala
R, Thuiller W, Sykes MT. 2006. Methods and uncertain-
ties in bioclimatic envelope modelling under climate change.
Progress in Physical Geography 20:751-777.

Type: Journal
Geographic Area: Global

Keywords: bioclimatic model, climate change, land cover,
model performance, modelling methods, niche properties,
scale, species distribution model, species geography, uncer-
tainty, validation

Abstract: Potential impacts of projected climate change on
biodiversity are often assessed using single-species bioclimatic
‘envelope’ models. Such models are a special case of species
distribution models in which the current geographical distribu-
tion of species is related to climatic variables so to enable projec-
tions of distributions under future climate change scenarios. This
work reviews a number of critical methodological issues that
may lead to uncertainty in predictions from bioclimatic model-
ling. Particular attention is paid to recent developments of bio-
climatic modelling that address some of these issues as well as
to the topics where more progress needs to be made. Developing
and applying bioclimatic models in an informative way requires
good understanding of a wide range of methodologies, including
the choice of modelling technique, model validation, collinear-
ity, autocorrelation, biased sampling of explanatory variables,
scaling and impacts of nonclimatic factors. A key challenge for
future research is integrating factors such as land cover, direct
CO, effects, biotic interactions and dispersal mechanisms into
species-climate models. We conclude that, although bioclimatic
envelope models have a number of important advantages, they
need to be applied only when users of models have a thorough
understanding of their limitations and uncertainties.

Link: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.
1.1.105.4455&rep=rep1&type=pdf
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72. Hennon PE, D'Amore DV, Schaberg PG,
Wittwer DT, Shanley CS. 201 2. Shifting climate, altered
niche, and a dynamic conservation strategy for yellow-cedar in
the North Pacific Coastal Rainforest. BioScience 62:147-158.

Type: Journal
Geographic Area: Western Canada

Keywords: climate adaptation, forest decline, root cold toler-
ance, Callitropsis nootkatensis, Chamaecyparis nootkatensis

Abstract: The extensive mortality of yellow-cedar along
more than 1,000 kilometers of the northern Pacific coast of
North America serves as a leading example of climate ef-
fects on a forest tree species. In this article, we document
our approaches to resolving the causes of tree death, which
we explain as a cascade of interacting topographic, forest-
structure, and microclimate factors that act on a unique
vulnerability of yellow-cedar to fine-root freezing. The
complex causes of tree mortality are reduced to two risk fac-
tors—snow depth and soil drainage—which are then used to
model present and future cedar habitat suitability. We pro-
pose a dynamic, comprehensive conservation strategy for
this valuable species on the basis of zones created by shifting
climate, cedar’s ecological niche, and observed risk factors.
Research on yellow-cedar decline is offered as a template
for understanding and adapting to climate change for other
climate-forest issues.

Link: http://www.nrs.fs.fed.us/pubs/jrnl/2012/nrs 2012 hen-
non 001.pdf

73. Hobbs RJ, Higgs E, Harris JA. 2009. Novel ecosys-
tems: implications for conservation and restoration. Trends in
Ecology and Evolution 24:599-605.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: climate change, environmental moni-
toring, human activities, models, population density, ecosystem
function, migration

Abstract: Many ecosystems are rapidly being transformed
into new, non-historical configurations owing to a variety of
local and global changes. We discuss how new systems can
arise in the face of primarily biotic change (extinction and/or
invasion), primarily abiotic change (e.g. land use or climate
change) and a combination of both. Some changes will result
in hybrid systems retaining some original characteristics as
well as novel elements, whereas larger changes will result
in novel systems, which comprise different species, interac-
tions and functions. We suggest that these novel systems will
require significant revision of conservation and restoration
norms and practices away from the traditional place-based
focus on existing or historical assemblages.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19683830

25



CHAPTER 1

74. Holmes ), Lowe ), Wolff E, Srokosz M. 2011.
Rapid climate change: lessons from the recent geological past.
Global and Planetary Change 79:157-162.

Type: Journal
Geographic Area: Global

Keywords: rapid climate change, Late Quaternary, thermoha-
line circulation, meridional overturning circulation, 8.2 ka event,
Termination I

Abstract: Rapid, or abrupt, climate change is regarded as
a change in the climate system to a new state following the
crossing of a threshold. It generally occurs at a rate exceeding
that of the change in the underlying cause. Episodes of rapid
climate change abound in the recent geological past (defined
here as the interval between the last glacial maximum, dated
to approximately 20,000 years ago, and the present). Rapid
climate changes are known to have occurred over time periods
equal to or even less than a human lifespan: moreover, their
effects on the global system are sufficiently large to have had
significant societal impacts. The potential for similar events to
occur in the future provides an important impetus for inves-
tigating the nature and causes of rapid climate change. This
paper provides a brief overview of rapid climate change and
an introduction to this special issue, which presents results
generated by the palaeoclimatic component of the UK Natural
Environment Research Council’s rapid climate change pro-
gramme, called RAPID. The papers in the special issue employ
palaeoclimatic proxy data-sets obtained from marine, ice core
and terrestrial archives to reconstruct rapid climate change
during the last glacial cycle, its subsequent termination and
the ensuing Holocene interglacial; some papers also report
new attempts to match the palacoclimate data to hypothesised
causes through numerical modelling. The results confirm the
importance of freshwater forcing in triggering changes in
Atlantic meridional overturning circulation (MOC) and the
close Links between MOC and rapid climate change. While
advancing our understanding of these Linkages, the RAPID
research has highlighted the need for further research in order
to elucidate more specific details of the mechanisms involved.

Link: http://www.see.ed.ac.uk/~shs/Climate%20change/
Data%20sources/Rapid%20climate%20change%20NERC.pdf

75. Ibaiez B, Ibaiez I, Gomez-Aparicio L, Ruiz-
Benito P, Garcia LV, Maraién T, Thuiller W. 2014.
Contrasting effects of climate change along life stages of a domi-
nant tree species: the importance of soil-climate interactions.
Diversity and Distributions 20:872-883.

Type: Journal
Geographic Area: Southern Spain

Keywords: Bayesian analysis, declining forest, de-
mographic rates, establishment, forest inventory data,
Mediterranean region
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Abstract: For tree species, adult survival and seedling and
sapling recruitment dynamics are the main processes that
determine forest structure and composition. Thus, study-
ing how these two life stages may be affected by climate
change in the context of other abiotic and biotic variables
is critical to understand future population trends. The aim
of this study was to assess the sustainability of cork oak
(Quercus suber) forests at the core of its distributional
range under future climatic conditions. Using forest in-
ventory data collected at two periods 10 years apart, we
performed a comprehensive analysis to evaluate the role
of different abiotic and biotic factors on adult survival and
recruitment patterns. We found that both life stages were
influenced by climatic conditions, but in different ways.
Adult tree survival was negatively impacted by warmer
spring temperatures, while recruitment was positively af-
fected by warmer winter temperatures. Our results also
revealed the importance of soil texture as a modulator of
winter precipitation effects on adult survival. With higher
winter precipitation, adult survival increased in sandy soils
and decreased in clayish soils. Therefore, under predicted
future climate scenarios of wetter winters and warmer tem-
peratures, the presence of cork oaks is more likely to occur
in sandy soils vs. clayish soils. Biotic conditions also af-
fected these life stages. We found a negative effect of het-
erospecific but not conspecific trees on both adult survival
and seedling recruitment. Overall, the sustainability of the
studied forests will be highly dependent not only on future
climatic trends, but also on their interaction with other key
factors—soil properties in particular—that modulate the
effects of climate on demographic rates.

Link: http://www.diverbos.com/wp-content/uploads/2014/07/
Ibanez 2014 DD wAppendix.pdf

76. lverson LR, Matthews SN, Prasad AM, Peters
MP, Yohe G. 2012. Development of risk matrices for evalu-
ating climatic change responses of forested habitats. Climatic
Change 114:231-243.

Type: Journal
Geographic Area: Eastern USA
Compilers’ Keywords: extinction, migration, approach

Abstract: We present an approach to assess and compare risk
from climate change among multiple species through a risk ma-
trix, in which managers can quickly prioritize for species that
need to have strategies developed, evaluated further, or watched.
We base the matrix upon earlier work towards the National
Climate Assessment for potential damage to infrastructures
from climate change. Risk is defined here as the product of the
likelihood of an event occurring and the consequences or impact
of that event. In the context of species habitats, the likelihood
component is related to the potential changes in suitable habi-
tat modeled at various times during this century. Consequences
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are related to the adaptability of the species to cope with the
changes, especially the increasing intensity and/or frequency of
disturbance events that are projected. We derived consequence
scores from nine biological and 12 disturbance characteristics
that were pulled from literature for each species. All data were
generated from an atlas of climate change for 134 trees of the
eastern United States. We show examples which depict a wide
range of risk for tree species of northern Wisconsin, including
species that may gain substantial habitat as well as lose substan-
tial habitat, both of which will require the development of strate-
gies to help the ecosystems adapt to such changes.

Link: http://www.nrs.fs.fed.us/pubs/jrnl/2012/nrs 2012 iver-
son_001.pdf

77.)ones EA, Reed DD, Desanker PV. 1994. Ecological
implications of projected climate change scenarios in forest
ecosystems of central North America. Agricultural and Forest
Meteorology 72:31-46.

Type: Journal
Geographic Area: Central North America

Compilers’ Keywords: climate change impacts, projections,
commercial tree species, GCM, weather stations

Abstract: Climate change scenarios in central North America
were projected for selected weather stations using a stochastic
daily weather simulation model. The projections were condi-
tioned on changes in seasonal temperature and precipitation
as predicted by several global climate models. The impacts of
these projected changes on temperate forest ecosystems were
evaluated through projected changes in such variables as aver-
age annual temperature, average growing season temperature,
and the ratio of potential evaporation to precipitation during July
and August. Even the mildest climate change scenario examined
indicated that ecologically significant changes could occur in
the composition and productivity of these forests. The possibil-
ity also exists that climatically induced regional decline episodes
for a number of important commercial species could occur in the
northern temperate forests of central North America.

Link: http://www.webpages.uidaho.edu/nitrogen-gradient/
Publications/Jones 1994 Agric For Metogy.pdf

78. Kallarackal ), Roby T). 2012. Responses of trees to
elevated carbon dioxide and climate change. Biodiversity and
Conservation 21:1327-1342.

Type: Journal
Geographic Area: Global

Keywords: trees, climate change, responses, carbon dioxide,
temperature, growth, FACE

Abstract: The enhancement in photosynthesis at elevated
concentration of carbon dioxide level than the ambient lev-
el existing in the atmosphere is widely known. However,
many of the earlier studies were based on the instantaneous
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responses of plants grown in pots. The availability of field
chambers for growing trees, and long-term exposure studies
of tree species to elevated carbon dioxide, has changed much
of our views on carbon dioxide acting as a fertiliser. Several
tree species showed acclimation or even down-regulation of
photosynthetic responses while a few of them showed higher
photosynthesis and better growth responses. Whether elevated
levels of carbon dioxide can serve as a fertilizer in a changed
climate scenario still remains an unresolved question. Forest-
Air-Carbon dioxide Enrichment (FACE) sites monitored at
several locations have shown lately, that the acclimation or
down regulation as reported in chamber studies is not as wide-
spread as originally thought. FACE studies predict that there
could be an increase of 23-28% productivity of trees at least
till 2050. However, the increase in global temperature could
also lead to increased respiration, and limitation of minerals in
the soil could lead to reduced responses in growth. Elevated
carbon dioxide induces partial closure of leaf stomata, which
could lead to reduced transpiration and more economical use
of water by the trees. Even if the carbon dioxide acts as a fer-
tilizer, the responses are more pronounced only in young trees.
And if there are variations in species responses to growth due
to elevated carbon dioxide, only some species are going to
dominate the natural vegetation. This will have serious impli-
cations on the biodiversity and the structure of the ecosystems.
This paper reviews the research done on trees using elevated
CO, and tries to draw conclusions based on different methods
used for the study. It also discusses the possible functional
variations in some tree species due to climate change.

79. Keenan TF, Hollinger DY, Bohrer G, Dragoni
D, Munger JW, Schmid HP, Richardson AD. 2013.
Increase in forest water-use efficiency as atmospheric carbon diox-
ide concentrations rise. Nature 499:324-327.

Type: Journal
Geographic Area: Northern Hemisphere
Compilers’ Keywords: ecosystem, plant leaves, trees

Abstract: Terrestrial plants remove CO, from the atmosphere
through photosynthesis, a process that is accompanied by the
loss of water vapour from leaves. The ratio of water loss to
carbon gain, or water-use efficiency, is a key characteristic of
ecosystem function that is central to the global cycles of water,
energy and carbon. Here we analyse direct, long-term mea-
surements of whole-ecosystem carbon and water exchange.
We find a substantial increase in water-use efficiency in tem-
perate and boreal forests of the Northern Hemisphere over the
past two decades. We systematically assess various compet-
ing hypotheses to explain this trend, and find that the observed
increase is most consistent with a strong CO, fertilization
effect. The results suggest a partial closure of stomata-small
pores on the leaf surface that regulate gas exchange-to main-
tain a near-constant concentration of CO, inside the leaf even
under continually increasing atmospheric CO, levels. The
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observed increase in forest water-use efficiency is larger than
that predicted by existing theory and 13 terrestrial biosphere
models. The increase is associated with trends of increasing
ecosystem-level photosynthesis and net carbon uptake, and de-
creasing evapotranspiration. Our findings suggest a shift in the
carbon— and water—based economics of terrestrial vegeta-
tion, which may require a reassessment of the role of stomatal
control in regulating interactions between forests and climate
change, and a re-evaluation of coupled vegetation-climate
models.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23842499

80. Kramer K, Leinonen |, Loustau D. 2000.
The importance of phenology for the evaluation of impact of cli-
mate change on growth of boreal, temperate and Mediterranean
forests ecosystems: an overview. International Journal of
Biometeorology 44:67-75.

Type: Journal
Geographic Area: Europe

Keywords: annual cycle, climate change scenarios, frost har-
diness, growth, forest growth model, photosynthetic capacity,
competition, water availability

Abstract: An overview is presented of the phenological mod-
els relevant for boreal coniferous, temperate-zone deciduous
and Mediterranean coniferous forest ecosystems. The phenol-
ogy of the boreal forests is mainly driven by temperature, af-
fecting the timing of the start of the growing season and there-
by its duration, and the level of frost hardiness and thereby the
reduction of foliage area and photosynthetic capacity by severe
frost events. The phenology of temperate-zone forests is also
mainly driven by temperature. Since temperate-zone forests are
mostly mixed-species deciduous forests, differences in pheno-
logical response may affect competition between tree species.
The phenology of Mediterranean coniferous forests is mainly
driven by water availability, affecting the development of leaf
area, rather than the timing of phenological events. These phe-
nological models were subsequently coupled to the process-
based forest model FORGRO to evaluate the effect of different
climate change scenarios on growth. The results indicate that
the phenology of each of the forest types significantly affects
the growth response to a given climate change scenario. The
absolute responses presented in this study should, however, be
used with caution as there are still uncertainties in the pheno-
logical models, the growth models, the parameter values ob-
tained and the climate change scenarios used. Future research
should attempt to reduce these uncertainties. It is recommend-
ed that phenological models that describe the mechanisms by
which seasonality in climatic drivers affects the phenological
aspects of trees should be developed and carefully tested. Only
by using such models may we make an assessment of the im-
pact of climate change on the functioning and productivity of
different forest ecosystems.
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Link: http://research.eeescience.utoledo.edu/lees/papers pdf/
Kramer 2000 Int]Biomet.pdf

81. Kreyling ). 2010. Winter climate change: a critical factor
for temperate vegetation performance. Ecology 97:1939-1948.

Type: Journal
Geographic Area: Global

Keywords: climate change, frost, global warming, snow, tem-
perate zone, winter ecology

Abstract: Winter ecological processes are important drivers of
vegetation and ecosystem functioning in temperate ecosystems.
There, winter conditions are subject to rapid climate change.
The potential loss of a longer-lasting snow cover with implica-
tions to other plant-related climate parameters and overwinter-
ing strategies make the temperate zone particularly vulnerable
to winter climate change. A formalized literature search in the
ISI Web of Science shows that plant related research on the
effects of winter climate change is generally underrepresented.
Temperate regions in particular are rarely studied in this re-
spect, although the few existing studies imply strong effects
of winter climate change on species ranges, species composi-
tions, phenology, or frost injury. The generally positive effect
of warming on plant survival and production may be counter-
acted by effects such as an increased frost injury of roots and
shoots, an increased insect pest risk, or a disrupted synchrony
between plants and pollinators. Based on the literature study,
gaps in current knowledge are discussed. Understanding the
relative effects of interacting climate parameters, as well as a
stronger consideration of short-term events and variability of
climatic conditions is urgent. With respect to plant response, it
would be particularly worthwhile to account for hidden players
such as pathogens, pollinators, herbivores, or fungal partners
in mycorrhization.

Link:_ftp://norbif.uio.no/pub/outgoing/runeho/KR/
Kreyl0Ecol91-1939.pdf

82. Li ), Wang MH, Ho YS. 2011. Trends in research on
global climate change: a Science Citation Index Expanded-based
analysis. Global and Planetary Change 77:13-20.

Type: Journal
Geographic Area: Global

Keywords: word cluster analysis, bibliometrics, climate
change, research trend, model

Abstract: This study was conceived to evaluate the global
scientific output of climate change research over the past 18
years and to assess the characteristics of the research patterns,
tendencies, and methods in the papers. Data were based on the
online version of Science Citation Index Expanded from 1992
to 2009. Articles referring to climate change were assessed by
distribution of source countries, source institutes, paper titles,
author keywords, KeyWords Plus, abstracts, and the most cited
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articles in these years. By synthetic analysis of the four kinds
of keywords, it was concluded that the items “temperature,”
“environment,” “precipitation,” “greenhouse gas,” “risk,” and
“biodiversity” will be the foci of climate change research in
the 21st century, while “model,” “monitoring,” and ‘“remote
sensing” will continue to be the leading research methods. A
novel method, “phylogeography,” may have a strong applica-
tion potential in the near future.

Link: http://trend.asia.edu.tw/Visitors/[F%20Li/Glo%20
Pla%20Cha77,%2013.pdf

99 ¢e 99 ¢

83. Lindner M, Maroschek M, Netherer S, Kremer
A, Barbati A, Garcia-Gonzalo ), Seidl R, Delzon S,
Corona P, Kolstrom M, Lexer M), Marchetti M.
2010. Climate change impacts, adaptive capacity, and vul-
nerability of Furopean forest ecosystems. Forest Ecology and
Management 259:698-709.

Type: Journal
Geographic Area: Europe

Keywords: climate change impacts, adaptive capacity, for-
estry, vulnerability, regional differences

Abstract: This study compiles and summarizes the existing
knowledge about observed and projected impacts of climate
change on forests in Europe. Forests will have to adapt not
only to changes in mean climate variables but also to increased
variability with greater risk of extreme weather events, such
as prolonged drought, storms and floods. Sensitivity, potential
impacts, adaptive capacity, and vulnerability to climate change
are reviewed for European forests. The most important poten-
tial impacts of climate change on forest goods and services are
summarized for the Boreal, Temperate Oceanic, Temperate
Continental, Mediterranean, and mountainous regions.
Especially in northern and western Europe the increasing at-
mospheric CO, content and warmer temperatures are expected
to result in positive effects on forest growth and wood pro-
duction, at least in the short-medium term. On the other hand,
increasing drought and disturbance risks will cause adverse
effects. These negative impacts are very likely to outweigh
positive trends in southern and eastern Europe. From west to
east, the drought risk increases. In the Mediterranean regions
productivity is expected to decline due to strongly increased
droughts and fire risks. Adaptive capacity consists of the inher-
ent adaptive capacity of trees and forest ecosystems and of so-
cio-economic factors determining the capability to implement
planned adaptation. The adaptive capacity in the forest sector
is relatively large in the Boreal and the Temperate Oceanic
regions, more constrained by socio-economic factors in the
Temperate Continental, and most limited in the Mediterranean
region where large forest areas are only extensively managed
or unmanaged. Potential impacts and risks are best studied and
understood with respect to wood production. It is clear that all
other goods and services provided by European forests will
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also be impacted by climate change, but much less knowl-
edge is available to quantify these impacts. Understanding of
adaptive capacity and regional vulnerability to climate change
in European forests is not well developed and requires more
focused research efforts. An interdisciplinary research agenda
integrated with monitoring networks and projection models is
needed to provide information at all levels of decision making,
from policy development to the management unit.

Link: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.
1.1.466.7250&rep=rep1&type=pdf

84. Littell ), Peterson DL, Tjoelker M. 2008. Douglas-
fir growth in mountain ecosystems: water limits tree growth
from stand to region. Ecological Monographs 78:349-368.

Type: Journal
Geographic Area: Northwestern USA

Keywords: climate change, climate effects, dendrochronol-
ogy, Douglas-fir, ecological amplitude, ecophysiology, limit-
ing factors, niche, Pseudotsuga menziesii, tree growth, water
balance deficit

Abstract: The purpose of this work is to understand the nature
of growth—climate relationships for Douglas-fir (Pseudotsuga
menziesii) across the climatic dimensions of its niche. We used
a combination of biophysically informed sampling (to iden-
tify sample sites) and dendroclimatology (to identify growth—
climate relationships) along a climate gradient in northwestern
United States mountain ecosystems from the western Olympic
Peninsula, Washington to the eastern Rocky Mountain Front,
Montana. We used a multi-scale sampling strategy that ac-
counted for continentality, physiography, and topography as
non-climatic factors that could influence climate and alter tree
growth. We developed a network of 124 Douglas-fir tree-ring
chronologies and explored growth—climate correlations across
the sampled gradients. We considered two different spatial
scales of monthly and seasonal climate variables as potential
controlling factors on tree growth. Annual radial growth in
60-65% of the plots across the region is significantly corre-
lated with precipitation, drought, or water balance during the
late summer prior to growth and the early summer the year
of growth. In a few plots, growth is positively correlated with
cool-season temperature or negatively correlated with snow-
pack. Water availability is therefore more commonly limit-
ing to Douglas-fir growth than energy limitations on growing
season length. The first principal component derived from
the chronologies is significantly correlated with independent
drought reconstructions. The sensitivity of Douglas-fir to sum-
mer water balance deficit (potential evapotranspiration minus
actual evapotranspiration) indicates that increases in April to
September temperature without increases in summer precipi-
tation or soil moisture reserves are likely to cause decreases
in growth over much of the sampled area, especially east of
the Cascade crest. In contrast, Douglas-fir may exhibit growth
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increases at some higher elevation sites where seasonal photo-
synthesis is currently limited by growing-season length or low
growing-season temperature. Life-history processes such as
establishment, growth, and mortality are precursors to changes
in biogeography, and measurements of climate effects on those
processes can provide early indications of climate-change ef-
fects on ecosystems.

Link: http://www.fs.fed.us/pnw/pubs/journals/pnw 2008 lit-
tell001.pdf

85. Littell ), Elsner MM, Mauger GS, Lutz E,
Hamlet AF, Salathe E. 2011. Regional climate and
hydrologic change in the Northern U.S. Rockies and Pacific
Northwest: internally consistent projections of future climate for
resource management. Seattle (WA): Climate Impacts Group,
University of Washington. 109 p.

Type: Report
Geographic Area: Western USA

Compilers’ Keywords: planning, natural resources, global
climate model GCM, watershed

Rationale and Objectives: Planning for the effects of cli-
mate change on natural resources often requires detailed pro-
jections of future climate at scales consistent with the processes
managers typically consider. While it is numerically possible
to produce downscaled climate at very fine scales (< 5 km),
both the absence of a sufficiently dense network of long term
climate observations and the presence of local contingencies
such as topography and land surface feedbacks from vegetation
and snowpack make accurate estimation at these scales diffi-
cult and less tractable without very detailed local information.
For such purposes as developing adaptation strategies, vulner-
ability assessments, climate impacts assessments, and specific
resource modeling at landscape scales, downscaled projec-
tions can be developed that maximize translation of climatic
information from the coarser scales of global climate models
(GCMs) to more local scales. This project was designed to pro-
vide climate information that meets those needs and creates
a basis for more detailed work or for a more comprehensive
approach to downscaling and regional climate modeling. The
goal of this project was to (1) develop consistent historical and
future downscaled climate and hydrologic data and projections
using the same methodology for several major river basins in
the western United States (Columbia, upper Missouri, upper
Colorado, and Great Basins) and (2) summarize that informa-
tion in forms consistent with the needs of the funding agencies.
This report describes where to get the information developed
as well as the methods, results obtained, uses of and uncertain-
ties associated with the data and projections.

Link: http://cses.washington.edu/picea/USFS/pub/

Littell etal 2010/Littell etal. 2011 Regional Climatic And
Hydrologic Change USES USFWS JVA 17Aprll reduced.
pdf
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86. Lloret F, Peiiuelas ), Prieto P, Llorens L,
Estiarte M. 2009. Plant community changes induced by ex-
perimental climate change: seedling and adult species composi-
tion. Perspectives in Plant Ecology, Evolution and Systematics
11:53-63.

Type: Journal
Geographic Area: Mediterranean

Keywords: climate change, drought, Mediterranean, seedling
establishment, vegetation dynamics, warming

Abstract: Experimental manipulation of climate provides a
powerful tool for studying plant community dynamics with
respect to current climate change. We experimentally investi-
gated the vegetation dynamics of a Mediterranean shrubland
under directional climate change by manipulating rain and
temperature at stand level throughout 7 years. We focused on
seedling establishment in relation to the between-year vari-
ability of drought conditions. We also compared seedling dy-
namics to changes in the established adult vegetation to assess
the coupling between both dynamics. We used multivariate
techniques (principal response curves (PRC) and redundancy
analysis (RDA)) to explore changes in the whole community,
and Generalized Linear Model (GLZM) to analyze the influ-
ence of drought on the abundance and survival of the most
abundant species. Drought treatment induced significant
changes in the species composition of the seedlings, via a
differential decrease in the seedling density of most species.
No species was particularly favoured in terms of seedling
abundance under water-deficit conditions. Warming only ex-
plained a low percentage of the variability in seedling species
composition. The emergence of seedlings in control plots—
which may be considered an estimation of the between-year
variability in the conditions for seedling establishment—was
a better predictor of seedling emergence in experimental plots
than climate manipulation treatments. The PRC analysis of
the adults showed dynamics that were different from those
recorded for seedlings, and it also showed that drought treat-
ment significantly explained species composition. This result
is reinforced by the change in the relative abundance of seed-
ling and adults of the more common species in the drought and
warming treatments, supporting the hypothesis that climatic
directional change heightens discrepancies between recruit-
ment and the adult performance. The RDA analysis applied
to species composition at the end of the experiment failed,
however, to attain any statistical significance. The warming
treatment did not produce any significant shifts in adult veg-
etation. In conclusion, directional climate change—particu-
larly drier conditions in Mediterranean shrublands—would
result in a change in the recruitment of the plant community.
This change in seedling recruitment tends to be different from
the dynamics of adults, suggesting that potential adult mortal-
ity would not be compensated by actual seedling recruitment,
thus enhancing shifts in community composition.
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87. Logan JA, Regniere ), Powell JA. 2003. Assessing
the impacts of global warming on forest pest dynamics. Frontiers
in Ecology and the Environment 1:130-137.

Type: Journal
Geographic Area: North America

Compilers’ Keywords: climate change, insect outbreaks,
forest management, review

Abstract: Forest insects and pathogens are the most pervasive
and important agents of disturbance in North American forests,
affecting an area almost 50 times larger than fire and with an
economic impact nearly five times as great. The same attri-
butes that result in an insect herbivore being termed a “pest”
predispose it to disruption by climate change, particularly
global warming. Although many pest species have co-evolved
relationships with forest hosts that may or may not be harm-
ful over the long term, the effects on these relationships may
have disastrous consequences. We consider both the data and
models necessary to evaluate the impacts of climate change,
as well as the assessments that have been made to date. The
results indicate that all aspects of insect outbreak behavior will
intensify as the climate warms. This reinforces the need for
more detailed monitoring and evaluations as climatic events
unfold. Luckily, we are well placed to make rapid progress,
using software tools, databases, and the models that are already
available.

Link: http://www.usu.edu/beetle/documents/Loganet.al.2003.
pdf

88. Maherali H, DeLucia EH. 2000. Xylem conductiv-
ity and vulnerability to cavitation of ponderosa pine growing in
contrasting climates. Tree Physiology 20:859-867.

Type: Journal
Geographic Area: Southwestern USA

Keywords: hydraulic conductivity, leaf/sapwood area ratio,
temperature, vapor pressure deficit, xylem cavitation

Summary: We examined the effects of increased transpiration
demand on xylem hydraulic conductivity and vulnerability to
cavitation of mature ponderosa pine (Pinus ponderosa Laws.)
by comparing trees growing in contrasting climates. Previous
studies determined that trees growing in warm and dry sites
(desert) had half the leaf/sapwood area ratio (AL/AS) and
more than twice the transpiration rate of trees growing in cool
and moist sites (montane). We predicted that high transpiration
rates would be associated with increased specific hydraulic
conductivity (KS) and increased resistance to xylem cavitation.
Desert trees had 19% higher KS than montane trees, primar-
ily because of larger tracheid lumen diameters. Predawn water
potential and water potential differences between the soil and
the shoot were similar for desert and montane trees, suggesting
that differences in tracheid anatomy, and therefore KS, were
caused primarily by temperature and evaporative demand,
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rather than soil drought. Vulnerability to xylem cavitation did
not differ between desert and montane populations. A 50% loss
in hydraulic conductivity occurred at water potentials between
—2.61 and —2.65 MPa, and vulnerability to xylem cavitation
did not vary with stem size. Minimum xylem tensions of des-
ert and montane trees did not drop below —2.05 MPa. Foliage
turgor loss point did not differ between climate groups and cor-
responded to mean minimum xylem tensions in the field. In
addition to low AL/AS, high KS in desert trees may provide a
way to increase tree hydraulic conductivity in response to high
evaporative demand and prevent xylem tensions from reaching
values that cause catastrophic cavitation. In ponderosa pine,
the flexible responses of AL/AS and KS to climate may pre-
clude the existence of significant intraspecific variation in the
vulnerability of xylem to cavitation.

Link: http://classes.uleth.ca/201301/biol3460a/Lab%20

Materials/Lab%20Presentation%20Project/Project%202/
Maherali%20TreePhysiol%202000.pdf

89. Maherali H, Williams BL, Paige KN, DelLucia
EH. 2002. Hydraulic differentiation of ponderosa pine popu-
lations along a climate gradient is not associated with ecotypic
divergence. Functional Ecology 16:510-521.

Type: Journal
Geographic Area: Southwestern USA

Keywords: ecotypes, genetic variation, hydraulic architec-
ture, microsatellites, phenotypic plasticity

Summary: Pinus ponderosa occurs in a range of contrasting
environments in the western USA. Xeric populations typi-
cally have lower leaf : sapwood area ratio (AL/AS) and higher
whole-tree leaf specific hydraulic conductance (KL) than mesic
populations. These climate driven shifts in hydraulic architec-
ture are considered adaptive because they maintain minimum
leaf water potential above levels that cause xylem cavitation.
Using a common garden study, we examined whether differ-
ences in biomass allocation and hydraulic architecture between
P. ponderosa populations originating from isolated outcrops
in the Great Basin desert and Sierran montane environments
were caused by ecotypic differentiation or phenotypic plastic-
ity. To determine if populations were genetically differenti-
ated and if phenotypic and genetic differentiation coincided,
we also characterized the genetic structure of these popula-
tions using DNA microsatellites. Phenotypic differentiation
in growth, biomass allocation and hydraulic architecture was
variable among populations in the common garden. There
were no systematic differences between desert and montane
climate groups that were consistent with adaptive expecta-
tions. Drought had no effect on the root : shoot and needle :
stem ratio, but reduced seedling biomass accumulation, leaf
area ratio, AL/AS and KL. Stem hydraulic conductance (KH)
was strongly size dependent, and was lower in drought plants,
primarily because of lower growth. Although microsatellites
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were able to detect significant non-zero (P < 0.001) levels of
differentiation between populations, these differences were
small and were not correlated with geographic separation or
climate group. Estimates of genetic differentiation among pop-
ulations were low (< 5%), and almost all the genetic variation
(> 95%) resided within populations, suggesting that gene flow
was the dominant factor shaping genetic structure. These re-
sults indicate that biomass allocation and hydraulic differences
between desert and montane populations are not the result of
ecotypic differentiation. Significant drought effects on leaf :
sapwood allocation and KL suggest that phenotypic differen-
tiation between desert and montane climates could be the result
of phenotypic plasticity.

Link: http://www.life.illinois.edu/delucia/FEC510.pdf

90. Michaelian M, Hogg EH, Hall R), Arsenault
E. 2011. Massive mortality of aspen following severe drought
along the southern edge of the Canadian boreal forest. Global
Change Biology 17:2084-2094.

Type: Journal
Geographic Area: Canada

Keywords: aspen, boreal forest, climate change, dieback,
drought, mortality, Populus tremuloides

Abstract: Drought-induced, regional-scale dieback of forests
has emerged as a global concern that is expected to escalate un-
der model projections of climate change. Since 2000, drought
of unusual severity, extent, and duration has affected large areas
of western North America, leading to regional scale dieback of
forests in the southwestern US. We report on drought impacts
on forests in a region farther north, encompassing the transition
between boreal forest and prairie in western Canada. A central
question is the significance of drought as an agent of large-scale
tree mortality and its potential future impact on carbon cycling
in this cold region. We used a combination of plot-based, me-
teorological, and remote sensing measures to map and quantify
aboveground, dead biomass of trembling aspen (Populus trem-
uloides Michx.) across an 11.5 Mha survey area where drought
was exceptionally severe during 2001-2002. Within this area,
a satellite-based land cover map showed that aspen-dominated
broadleaf forests occupied 2.3 Mha. Aerial surveys revealed
extensive patches of severe mortality (> 55%) resembling the
impacts of fire. Dead aboveground biomass was estimated at
45 Mt, representing 20% of the total aboveground biomass,
based on a spatial interpolation of plot-based measurements.
Spatial variation in percentage dead biomass showed a mod-
erately strong correlation with drought severity. In the prairie-
like, southern half of the study area where the drought was most
severe, 35% of aspen biomass was dead, compared with an
estimated 7% dead biomass in the absence of drought. Drought
led to an estimated 29 Mt increase in dead biomass across the
survey area, corresponding to 14 Mt of potential future carbon
emissions following decomposition. Many recent, comparable
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episodes of drought-induced forest dieback have been reported
from around the world, which points to an emerging need for
multiscale monitoring approaches to quantify drought effects
on woody biomass and carbon cycling across large areas.

Link: http://nofc.cfs.nrcan.gc.ca/bookstore pdfs/31947.pdf

91. Millar Cl, Woolfenden WB. 1999. Sierra Nevada
forests: where did they come from? Where are they going? What
does it mean? Transactions of the 64th North American Wildlife
and Natural Resources Conference. p 206-236.

Type: Conference Paper
Geographic Area: Sierra Nevada, California, North America

Compilers’ Keywords: Quaternary sciences, climate
change, historic natural variability, vegetation distribution,
land management

Introduction: The prospect of human-induced global warm-
ing has received center-stage attention from ecologists con-
cerned about future ecosystems. While such effects deserve
critical analysis, they are best understood in the context of
natural climate change. Anthropogenic atmospheric effects are
often discussed as if background climates were stable. Even in
the recent past, however, climates have changed at similar rates
and magnitudes to predicted anthropogenic changes, catalyz-
ing significant natural changes in terrestrial ecosystems. With
or without the complication of human effects, implications of
climate change to conservation and management planning are
great. Over the past twenty years, advances in Quaternary sci-
ences have significantly improved our understanding of his-
toric climate and its influence on biota and planetary systems.
Although resource ecologists increasingly engage this re-
search, much of relevance remains to be incorporated into the
thinking of forest science and management. In this paper, we
briefly review the nature of historic climate change, summa-
rize conclusions relevant to ecosystems of the Sierra Nevada,
California, and suggest implications for managing Sierran for-
est ecosystems.

Link: http://www.treesearch.fs.fed.us/pubs/24289

92. Millar ClI, King JC, Westfall RD, Alden HA,
Delany DL. 2006. Late Holocene forest dynamics,
volcanism, and climate change at Whitewing Mountain and
San Joaquin Ridge, Mono County, Sierra Nevada, CA, USA.
Quaternary Research 66:273-287.

Type: Journal
Geographic Area: California, USA

Keywords: paleoecology, medieval climate, Late Holocene,
climate change, Long Valley volcanism, Inyo Craters, forest
history, palacoclimatic modeling, tree-ring dating

Abstract: Deadwood tree stems scattered above treeline on
tephra covered slopes of Whitewing Mtn (3051 m) and San
Joaquin Ridge (3122 m) show evidence of being killed in an
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eruption from adjacent Glass Creek Vent, Inyo Craters. Using
tree-ring methods, we dated deadwood to AD 815-1350 and
infer from death dates that the eruption occurred in late summer
AD 1350. Based on wood anatomy, we identified deadwood spe-
cies as Pinus albicaulis, P monticola, P. lambertiana, P. contorta, P.
jeffreyi, and Tsuga mertensiana. Only P. albicaulis grows at these
elevations currently; P. lambertiana is not locally native. Using
contemporary distributions of the species, we modeled paleo-
climate during the time of sympatry to be significantly warmer
(+3.2 °C annual minimum temperature) and slightly drier (-24
mm annual precipitation) than present, resembling values pro-
jected for California in the next 70100 yr.

Link: http://www.treesearch.fs.fed.us/pubs/31776

93. Mondoni A, Rossi G, Orsenigo S, Probert R).
201 2. Climate warming could shift the timing of seed germina-
tion in alpine plants. Annals of Botany 110:155-164.

Type: Journal
Geographic Area: Italy, Europe

Keywords: seed ecology, seed germination, climate change,
adaptation, alpine plants

Abstract: Despite the considerable number of studies on the
impacts of climate change on alpine plants, there have been few
attempts to investigate its effect on regeneration. Recruitment
from seeds is a key event in the life-history of plants, affect-
ing their spread and evolution and seasonal changes in climate
will inevitably affect recruitment success. Here, an investiga-
tion was made of how climate change will affect the timing
and the level of germination in eight alpine species of the gla-
cier foreland. Using a novel approach which considered the
altitudinal variation of temperature as a surrogate for future
climate scenarios, seeds were exposed to 12 different cycles
of simulated seasonal temperatures in the laboratory, derived
from measurements at the soil surface at the study site. Under
present climatic conditions, germination occurred in spring,
in all but one species, after seeds had experienced autumn
and winter seasons. However, autumn warming resulted in a
significant increase in germination in all but two species. In
contrast, seed germination was less sensitive to changes in
spring and/or winter temperatures, which affected only three
species. Climate warming will lead to a shift from spring to
autumn emergence but the extent of this change across species
will be driven by seed dormancy status. Ungerminated seeds
at the end of autumn will be exposed to shorter winter seasons
and lower spring temperatures in a future, warmer climate, but
these changes will only have a minor impact on germination.
The extent to which climate change will be detrimental to re-
generation from seed is less likely to be due to a significant
negative effect on germination per se, but rather to seedling
emergence in seasons that the species are not adapted to expe-
rience. Emergence in autumn could have major implications
for species currently adapted to emerge in spring.
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94. Moritz C, Agudo R. 2013. The future of species un-
der climate change: resilience or decline? Science 341:504-508.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: fossil record, range shifts, climate
change

Abstract: As climates change across already stressed ecosys-
tems, there is no doubt that species will be affected, but to what
extent and which will be most vulnerable remain uncertain.
The fossil record suggests that most species persisted through
past climate change, whereas forecasts of future impacts pre-
dict large-scale range reduction and extinction. Many species
have altered range limits and phenotypes through 20th-century
climate change, but responses are highly variable. The proxi-
mate causes of species decline relative to resilience remain
largely obscure; however, recent examples of climate-asso-
ciated species decline can help guide current management in
parallel with ongoing research.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23908228

95. Myers P, Lundrigan BL, Hoffman SMG,
Haraminac AP, Seto SH. 2009. Climate-induced changes
in the small mammal communities of the northern Great Lakes
Region. Global Change Biology 15:1434-1454.

Type: Journal
Geographic Area: Northern Great Lakes, USA

Keywords: climatic ~warming, Didelphis virginiana,
Glaucomys sabrinus, Glaucomys volans, Great Lakes, Michigan,
Peromyscus leucopus, Peromyscus maniculatus gracilis, Tamias
minimus, lamias striatus

Abstract: We use museum and other collection records to
document large and extraordinarily rapid changes in the
ranges and relative abundance of nine species of mammals
in the northern Great Lakes region (white footed mice, wood-
land deer mice, southern red-backed voles, woodland jump-
ing mice, eastern chipmunks, least chipmunks, southern fly-
ing squirrels, northern flying squirrels, common opossums).
These species reach either the southern or the northern limit
of their distributions in this region. Changes consistently re-
flect increases in species of primarily southern distribution
(white-footed mice, eastern chipmunks, southern flying squir-
rels, common opossums) and declines by northern species
(woodland deer mice, southern red-backed voles, woodland
jumping mice, least chipmunks, northern flying squirrels).
White-footed mice and southern flying squirrels have extend-
ed their ranges over 225 km since 1980, and at particularly
well-studied sites in Michigan’s Upper Peninsula, small mam-
mal assemblages have shifted from numerical domination by
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northern species to domination by southern species. Repeated
resampling at some sites suggests that southern species are
replacing northern ones rather than simply being added to the
fauna. Observed changes are consistent with predictions from
climatic warming but not with predictions based on recovery
from logging or changes in human populations. Because of
the abundance of these focal species (the eight rodent spe-
cies make up 96.5% of capture records of all forest-dwelling
rodents in the region and 70% of capture records of all forest-
dwelling small mammals) and the dominating ecological roles
they play, these changes substantially affect the composition
and structure of forest communities. They also provide an un-
usually clear example of change that is likely to be the result
of climatic warming in communities that are experienced by
large numbers of people.

Link: http://www.fws.gov/uploadedFiles/Myers2009.pdf

96. Nicotra AB, Atkin OK, Bonser SP, Davidson AM,
Finnegan EJ, Mathesius U, Poot P, Purugganan
MD, Richards CL, Valladares F, van Kleunen M.
2010. Plant phenotypic plasticity in a changing climate. Trends
in Plant Science 15:684-692.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: adaptation, climate change, flowers,
plant physiological phenomena, plant genetics, seed physiol-
ogy, review, tool

Abstract: Climate change is altering the availability of re-
sources and the conditions that are crucial to plant performance.
One way plants will respond to these changes is through envi-
ronmentally induced shifts in phenotype (phenotypic plastic-
ity). Understanding plastic responses is crucial for predicting
and managing the effects of climate change on native species
as well as crop plants. Here, we provide a toolbox with defini-
tions of key theoretical elements and a synthesis of the cur-
rent understanding of the molecular and genetic mechanisms
underlying plasticity relevant to climate change. By bringing
ecological, evolutionary, physiological and molecular perspec-
tives together, we hope to provide clear directives for future
research and stimulate cross-disciplinary dialogue on the rel-
evance of phenotypic plasticity under climate change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/20970368

97. Nitschke CR, Innes JL. 2008. A tree and climate
assessment tool for modelling ecosystem response to climate
change. Ecological Modelling 210:263-277.

Type: Journal
Geographic Area: Western Canada

Keywords: climate change, regeneration, modelling, resil-
ience, ecosystem, forest management, vulnerability, niche
theory
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Abstract: Understanding how vulnerable forest ecosystems
are to climate change is a key requirement if sustainable for-
est management is to be achieved. Modelling the response of
species in their regeneration niche to phenological and bio-
physical processes that are directly influenced by climate is
one method for achieving this understanding. A model was
developed to investigate species resilience and vulnerability to
climate change within its fundamental regeneration niche. The
utility of the developed model, tree and climate assessment
(TACA), was tested within the interior Douglas-fir ecosystem
in south central British Columbia. TACA modelled the cur-
rent potential tree species composition of the ecosystem with
high accuracy and modelled significant responses amongst tree
species to climate change. The response of individual species
suggests that the studied ecosystem could transition to a new
ecosystem over the next 100 years. TACA showed that it can
be an effective tool for identifying species resilience and vul-
nerability to changes in climate within the most sensitive stage
of development, the regeneration phase. The TACA model was
able to identify the degree of change in phenological and bio-
physical variables that control tree establishment, growth and
persistence. The response to changes in one or more of these
variables resulted in changes in the climatic suitability of the
ecosystem for species and enabled a measure of vulnerability
to be quantified. TACA could be useful to forest managers as a
decision support tool for adaptation actions and by researchers
interested in modelling stand dynamics under climate change.

Link: http://www4.nau.edu/direnet/publications/
publications n/files/Nitschke CR Innes JL A tree and cli-

mate assessment tool.pdf

98. Niven DK, Butcher GS, Bancroft GT, Monahan
WB, Langham G. 2009. Birds and climate change: ecologi-
cal disruption in motion. New York (NY): National Audubon
Society. 16 p.

Type: Report
Geographic Area: North America

Compilers’ Keywords: wildlife, Audubon Society, biologi-
cal indicators

Introduction: Each year for more than a century, dedicated
volunteers have braved snow, wind, rain and ice to record the
number and location of North American birds. The carefully
organized and compiled observations of tens of thousands of
Citizen Scientists participating in Audubon’s annual Christmas
Bird Count have grown to form the world’s longest uninter-
rupted repository of bird population information. Analyses of
its data have time after time revealed important trends, alert-
ing America to perils and opportunities with implications far
beyond avian well-being. Birds are well-known barometers
of environmental health. Changes in their condition can warn
of threats to habitats and natural systems critical to all life on
Earth. Like canaries in a coal mine, they can alert us to danger.
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And, if we heed their warnings, caring for the birds can help us
protect ourselves and the future of the world we share. Amid
mounting concerns over accelerating global climate change,
Audubon looked to the birds to determine if and how these
sensitive creatures might be responding to changes here in the
continental US. Birders have long reported surprising sight-
ings of species far north of expected ranges. But are the reports
significant? If so, are they connected to documented changes
in our climate? Analyses of four decades of Christmas Bird
Count data provide some answers. The results confirm what
bird lovers have long suspected. Findings summarized in the
pages that follow offer a look at forty years of change, a peek
at what the future likely holds in one part of our nation, and
an urgent message of warning from the birds—a message we
would be wise to heed.

Link: http://web4.audubon.org/news/pressroom/bacc/pdfs/
birds%20and%20climate%20report.pdf

99. Ooi MK]J, Auld TD, Denham A). 2011. Projected
soil temperature increase and seed dormancy response along an
altitudinal gradient: implications for seed bank persistence un-
der climate change. Plant and Soil 353:289-303.

Type: Journal
Geographic Area: Australia

Keywords: Fabaceae, fire, heat wave, local adaptation, ma-
ternal effects, physiological dormancy, seed ecology, legume

Abstract: Understanding the mechanistic effects of climate
change on species key life-history stages is essential for predict-
ing ecological responses. In fire-prone regions, long-term seed
banks allow post-fire recovery and persistence of plant popu-
lations. For physically dormant species, seed bank longevity
depends on the maintenance of dormancy which is controlled
primarily by temperature. Successful inter-fire recruitment is
rare and dormancy loss between fires produces a net loss to the
seed bank. We assessed whether temperature increases related
to climate change can affect seed dormancy and, potentially,
seed bank longevity. We quantified the relationship between
air temperatures and soil temperatures. Seeds of two shrub spe-
cies, from four populations along an altitudinal gradient, were
then exposed to a range of soil temperatures calculated to oc-
cur at the end of the 21st century, using projected mean and
heat wave scenarios. Alterations to dormancy were assessed
via germination. For every 1 °C increase in air temperature,
associated soil temperature increased by 1.5 °C. Mean tem-
perature increase had no effect on seed dormancy. However,
future heat wave conditions produced soil temperatures that
significantly increased dormancy loss. This impact was great-
est in seeds from cooler, high elevation populations. Projected
heat wave events produce conditions that provide a mechanism
for seed bank compromise. Dormancy-breaking temperatures
for each population were positively related to parental envi-
ronment temperatures, indicating local adaptation. Whilst heat
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from fire may govern post-fire recruitment response, we sug-
gest that parental climate is the key selective force determining
dormancy-breaking threshold temperatures, ensuring inter-fire
seed bank persistence.

100. Opdam P, Wascher D. 2004. Climate change
meets habitat fragmentation: linking landscape and biogeo-
graphical scale levels in research and conservation. Biological
Conservation 117:285-297.

Type: Journal
Geographic Area: Global

Keywords: climate change, habitat fragmentation, metapopu-
lation dynamics, geographical range, habitat networks

Abstract: Climate change and habitat fragmentation are
considered key pressures on biodiversity. In this paper we
explore the potential synergetic effects between these fac-
tors. We argue that processes at two levels of spatial scale
interact: the metapopulation level and the species range lev-
el. Current concepts of spatially dynamic metapopulations
and species ranges are consistent, and integration improves
our understanding of the interaction of landscape level and
geographical range level processes. In landscape zones in
which the degree of habitat fragmentation allows persis-
tence, the shifting of ranges is inhibited, but not blocked.
In areas where the spatial cohesion of the habitat is below
the critical level of metapopulation persistence, the expan-
sion of ranges will be blocked. An increased frequency of
large-scale disturbances caused by extreme weather events
will cause increasing gaps and an overall contraction of the
distribution range, particularly in areas with relatively low
levels of spatial cohesion. Taking into account the effects of
climate change on metapopulations, habitat distribution and
land use changes, future biodiversity research and conserva-
tion strategies are facing the challenge to re-orient their fo-
cus and scope by integrating spatially and conceptually more
dynamic aspects at the landscape level.

Link: http://research.eeescience.utoledo.edu/lees/Teaching/
EEES4760 07/ Opdam.PDF

101. Oregon Forest Resources Institute. 2006.
Forests, carbon and climate change: a synthesis of science find-
ings. Portland (OR): Oregon Forest Resources Institute and
Oregon State University. 192 p.

Type: Book
Geographic Area: Western USA

Compilers’ Keywords: forest management, carbon dioxide,
scale, strategies

Preface: The Oregon Forest Resources Institute (OFRI) com-
missioned this book, a synthesis of science findings on the
relationships between forests, atmospheric carbon and climate
change. While there is not scientific consensus about all the
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causes and implications of global climate change and the role
of human activities, there is agreement that the relationships be-
tween forests and carbon, carbon and climate, and climate and
forests are important and need to be better understood. It is also
clear that Oregon is a forest-rich state, poised with opportunities
for forests, forestry and forest product enterprises to contribute
toward maintaining a livable climate.

Link: http://tongassmonitoring.com/pdf/Forests-Carbon-
ClimateChange-2006.pdf#page=39

102. Parmesan C. 2007. Influences of species, latitudes
and methodologies on estimates of phenological response to
global warming. Global Change Biology 13:1860-1872.

Type: Journal
Geographic Area: Northern Hemisphere

Keywords: animal, climate change, global warming, insect—
plant interactions, latitude, meta-analysis, phenology, plant,
temperature, trophic interactions

Abstract: New analyses are presented addressing the global
impacts of recent climate change on phenology of plant and
animal species. A meta-analysis spanning 203 species was con-
ducted on published datasets from the northern hemisphere.
Phenological response was examined with respect to two fac-
tors: distribution of species across latitudes and taxonomic af-
filiation or functional grouping of target species. Amphibians
had a significantly stronger shift toward earlier breeding than
all other taxonomic/functional groups, advancing more than
twice as fast as trees, birds and butterflies. In turn, butterfly
emergence or migratory arrival showed three times stronger ad-
vancement than the first flowering of herbs, perhaps portending
increasing asynchrony in insect—plant interactions. Response
was significantly stronger at higher latitudes where warming
has been stronger, but latitude explained < 4% of the variation.
Despite expectation, latitude was not yet an important predictor
of climate change impacts on phenology. The only two previ-
ously published estimates of the magnitude of global response
are quite different: 2.3 and 5.1 days decade! advancement. The
scientific community has assumed this difference to be real and
has attempted to explain it in terms of biologically relevant
phenomena: specifically, differences in distribution of data
across latitudes, taxa or time periods. Here, these and other pos-
sibilities are explored. All analyses indicate that the difference
in estimated response is primarily due to differences between
the studies in criteria for incorporating data. It is a clear and
automatic consequence of the exclusion by one study of data
on “stable” (nonresponsive) species. Once this is accounted for,
the two studies support each other, generating similar conclu-
sions despite analyzing substantially no overlapping datasets.
Analyses here on a new expanded dataset estimate an overall
spring advancement across the northern hemisphere of 2.8 days
decade’!. This is the first quantitative analysis showing that
data-sampling methodologies significantly impact global (syn-
thetic) estimates of magnitude of global warming response.
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Link: http://www.discoverlife.org/pa/or/polistes/pr/2010nsf
macro/references/Parmesan2007.pdf

103. Polley HW, Briske DD, Morgan JA, Wolter K,
Bailey DW, Brown JR. 2013. Climate change and North
American rangelands: trends, projections, and implications.
Rangeland Ecology & Management 66:493-511.

Type: Journal
Geographic Area: North America

Keywords: atmospheric CO,, atmospheric warming, climate
variability, greenhouse gases, livestock production, precipita-
tion patterns

Abstract: The amplified “greenhouse effect” associated
with increasing concentrations of greenhouse gases has
increased atmospheric temperature by 1 °C since industri-
alization (around 1750), and it is anticipated to cause an ad-
ditional 2 °C increase by mid-century. Increased biospheric
warming is also projected to modify the amount and distri-
bution of annual precipitation and increase the occurrence of
both drought and heat waves. The ecological consequences
of climate change will vary substantially among ecoregions
because of regional differences in antecedent environmental
conditions; the rate and magnitude of change in the primary
climate change drivers, including elevated carbon dioxide
(CO,), warming and precipitation modification; and no ad-
ditive effects among climate drivers. Elevated atmospheric
CO, will directly stimulate plant growth and reduce negative
effects of drying in a warmer climate by increasing plant
water use efficiency; however, the CO, effect is mediated
by environmental conditions, especially soil water availabil-
ity. Warming and drying are anticipated to reduce soil water
availability, net primary productivity, and other ecosystem
processes in the southern Great Plains, the Southwest, and
northern Mexico, but warmer and generally wetter conditions
will likely enhance these processes in the northern Plains and
southern Canada. The Northwest will warm considerably,
but annual precipitation is projected to change little despite
a large decrease in summer precipitation. Reduced winter
snowpack and earlier snowmelt will affect hydrology and
riparian systems in the Northwest. Specific consequences
of climate change will be numerous and varied and include
modifications to forage quantity and quality and livestock
production systems, soil C content, fire regimes, livestock
metabolism, and plant community composition and species
distributions, including range contraction and expansion of
invasive species. Recent trends and model projections indi-
cate continued directional change and increasing variability
in climate that will substantially affect the provision of eco-
system services on North American rangelands.

Link: http://www.climate-eval.org/sites/default/files/news/
study%200n%20effects%200f%20climate%20change%20
on%20north%20american%?20rangelands.pdf
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104. Ponce Campos GE, Moran MS, Huete A,
Zhang Y, Bresloff C, Huxman TE, Eamus D, Bosch
DD, Buda AR, Gunter SA, Scalley TH, Kitchen SG,
McClaran MP, McNab WH, Montoya DS, Morgan
JA, Peters DP, Sadler E), Seyfried MS, Starks
PJ. 2013. Ecosystem resilience despite large-scale altered
hydroclimatic conditions. Nature 494:349-352.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: climate change, drought, 20th cen-
tury, 21st century, plants, Poaceae, rain, trees, water

Abstract: Climate change is predicted to increase both
drought frequency and duration, and when coupled with sub-
stantial warming, will establish a new hydroclimatological
model for many regions. Large-scale, warm droughts have re-
cently occurred in North America, Africa, Europe, Amazonia
and Australia, resulting in major effects on terrestrial ecosys-
tems, carbon balance and food security. Here we compare the
functional response of above-ground net primary production
to contrasting hydroclimatic periods in the late twentieth cen-
tury (1975-1998), and drier, warmer conditions in the early
twenty-first century (2000-2009) in the Northern and Southern
Hemispheres. We find a common ecosystem water-use effi-
ciency (WUE(e): above-ground net primary production/evapo-
transpiration) across biomes ranging from grassland to forest
that indicates an intrinsic system sensitivity to water availabil-
ity across rainfall regimes, regardless of hydroclimatic condi-
tions. We found higher WUE(e) in drier years that increased
significantly with drought to a maximum WUE(e) across all
biomes; and a minimum native state in wetter years that was
common across hydroclimatic periods. This indicates biome-
scale resilience to the interannual variability associated with
the early twenty-first century drought—that is, the capacity to
tolerate low, annual precipitation and to respond to subsequent
periods of favourable water balance. These findings provide
a conceptual model of ecosystem properties at the decadal
scale applicable to the widespread altered hydroclimatic con-
ditions that are predicted for later this century. Understanding
the hydroclimatic threshold that will break down ecosystem
resilience and alter maximum WUE(e) may allow us to predict
land-surface consequences as large regions become more arid,
starting with water-limited, low-productivity grasslands.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23334410

105. Porter WP, Budaraju S, Stewart WE,
Ramankutty N. 2000. Calculating climate effects on birds
and mammals: impacts on biodiversity, conservation, popula-
tion parameters, and global community structure. American
Zoologist 10:597-630.

Type: Journal
Geographic Area: Global
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Compilers’ Keywords: climate change, endangered species,
body size

Synopsis: This paper describes how climate variation in time
and space can constrain community structure on a global scale.
We explore body size scaling and the energetic consequences
in terms of absorbed mass and energy and expended mass and
energy. We explain how morphology, specific physiological
properties, and temperature dependent behaviors are key vari-
ables that Link individual energetics to population dynamics
and community structure. This paper describes an integrated
basic principles model for mammal energetics and extends the
model to bird energetics. The model additions include molar
balance models for the lungs and gut. The gut model couples
food ingested to respiratory gas exchanges and evaporative
water loss from the respiratory system. We incorporate a novel
thermoregulatory model that yields metabolic calculations as a
function of temperature. The calculations mimic empirical data
without regression. We explore the differences in the quality
of insulation between hair and feathers with our porous media
model for insulation. For mammals ranging in size from mice
to elephants we show that calculated metabolic costs are in
agreement with experimental data. We also demonstrate how
we can do the same for birds ranging in size from humming-
birds to ostriches. We show the impact of changing posture
and changing air temperatures on energetic costs for birds and
mammals. We demonstrate how optimal body size that maxi-
mizes the potential for growth and reproduction changes with
changing climatic conditions and with diet quality. Climate
and diet may play important roles in constraining community
structure (collection of functional types of different body sizes)
at local and global scales. Thus, multiple functional types may
coexist in a locality in part because of the temporal and spatial
variation in climate and seasonal food variation. We illustrate
how the models can be applied in a conservation and biodi-
versity context to a rare and endangered species of parrot, the
Orange-bellied Parrot of Australia and Tasmania.

106. Pretzsch H, Biber P, Schutze G, Uhl E, Rotzer
T. 2014. Forest stand growth dynamics in Central Europe have
accelerated since 1870. Nature Communications 5:1-10.

Type: Journal
Geographic Area: Central Europe

Compilers’ Keywords: climate change, tree growth, projec-
tions, forest management

Abstract: Forest ecosystems have been exposed to climate
change for more than 100 years, whereas the consequences
on forest growth remain elusive. Based on the oldest exist-
ing experimental forest plots in Central Europe, we show
that, currently, the dominant tree species Norway spruce and
European beech exhibit significantly faster tree growth (+32 to
77%), stand volume growth (+10 to 30%) and standing stock
accumulation (+6 to 7%) than in 1960. Stands still follow
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similar general allometric rules, but proceed more rapidly
through usual trajectories. As forest stands develop faster, tree
numbers are currently 17-20% lower than in past same-aged
stands. Self-thinning lines remain constant, while growth rates
increase indicating the stock of resources have not changed,
while growth velocity and turnover have altered. Statistical
analyses of the experimental plots, and application of an
ecophysiological model, suggest that mainly the rise in tem-
perature and extended growing seasons contribute to increased
growth acceleration, particularly on fertile sites.

Link: http://www.ncbi.nlm.nih.gov/pubmed/25216297

107. Pyke CR, Fischer DT. 2005. Selection of bioclimati-
cally representative biological reserve systems under climate
change. Biological Conservation 121:429-441.

Type: Journal
Geographic Area: California, USA

Keywords: systematic conservation planning, climate
change, habitat loss, bioclimatic representation, integer linear-
programming, vernal pools

Abstract: Biological reserves are intended to protect spe-
cies, communities, and ecosystems in human-dominated
landscapes. However, existing protected areas represent only
relatively small, geographically biased samples of species and
habitats. Climate change and habitat loss can exacerbate these
biases and the net result is a small, skewed subset of historic
environmental conditions. We developed a general model to
improve the representation of environmental conditions across
the range of at-risk species or any other elements targeted for
conservation. We implemented the model as an integer linear-
programming problem to select additional areas to complement
existing reserves and create new portfolios that are bioclimati-
cally representative across a range of climatic scenarios. We
demonstrated the use of the model for a small dataset includ-
ing two hydrologic variables across the range of five species
of fairy shrimp (Anostraca) in the Central Valley ecoregion of
California, USA under three climate scenarios. The bioclimatic
representation model identified solutions that meet biodiver-
sity representation goals and substantially improve bioclimatic
representation at minimal additional cost in terms of total land
selected for a conservation portfolio. Additional constraints
rewarding bioclimatic representation under two conflict-
ing climate scenarios resulted in only a small decrease in the
performance of solutions with respect to current climate. We
conclude that this model provides a general tool for improving
bioclimatic representation, and results from the Central Valley
case study suggest an encouraging, testable hypothesis that cli-
matically robust bioclimatic representation can be achieved at
negligible marginal costs.

Link: http://www.geog.ucsb.edu/~fischer/PykeFischer2005.
pdf
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108. Rehfeldt GE, Ferguson DE, Crookston NL.
2009. Aspen, climate, and sudden decline in western USA.
Forest Ecology and Management 258:2353-2364.

Type: Journal
Geographic Area: Western USA

Keywords: bioclimate models, sudden aspen decline, global
warming impacts, climate responses, climatic niche

Abstract: A bioclimate model predicting the presence or
absence of aspen, Populus tremuloides, in western USA from
climate variables was developed by using the Random Forests
classification tree on Forest Inventory data from about 118,
000 permanent sample plots. A reasonably parsimonious
model used eight predictors to describe aspen’s climate pro-
file. Classification errors averaged 4.5%, most of which were
errors of commission. The model was driven primarily by
three variables: an annual dryness index, the ratio of summer
to annual precipitation, and an interaction of growing season
precipitation with the summer—winter temperature differential.
Projecting the contemporary climate profile into the future cli-
mate provided by three General Circulation Models and two
scenarios (SRES A2 and either B1 or B2) suggested that the
area occupied by the profile should diminish rapidly over the
course of the century, 6-41% by the decade surrounding 2030,
40-75% for that surrounding 2060, and 46-94% for 2090.
The relevance of the climate profile to understanding climate-
based responses is illustrated by relating trends in climate to
the recent incidence of sudden aspen dieback that has plagued
portions of the aspen distribution. Of the eight variables in the
profile, four reached extreme values during 2000-2003, the pe-
riod immediately preceding the appearance of damage in aerial
surveys.

Link: http://www.treesearch.fs.fed.us/pubs/33823

109. Rietkerk M, Dekker SC, de Ruiter PC, van de
Koppel J. 2004. Self-organized patchiness and catastrophic
shifts in ecosystems. Science 305:1926-1929.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: climate change, range shifts, ecosys-
tem management

Abstract: Unexpected sudden catastrophic shifts may occur
in ecosystems, with concomitant losses or gains of ecological
and economic resources. Such shifts have been theoretically
attributed to positive feedback and biostability of ecosystem
states. However, verifications and predictive power with re-
spect to catastrophic responses to a changing environment
are lacking for spatially extensive ecosystems. This situation
impedes management and recovery strategies for such ecosys-
tems. Here, we review recent studies on various ecosystems
that link self-organized patchiness to catastrophic shifts be-
tween ecosystem states.
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Link: http://www.sciencemag.org/content/305/5692/1926.
short

110. Robbirt KM, Davy A}, Hutchings MJ, Roberts
DL. 2011. Validation of biological collections as a source
of phenological data for use in climate change studies: a case
study with the orchid Ophrys sphegodes. Journal of Ecology
99:235-241.

Type: Journal
Geographic Area: Southern and Central Europe

Keywords: biological collections, climate change, flowering
time, herbarium specimens, natural history collections, Ophrys
sphegodes, Orchidaceae, phenology, spring, temperature

Summary: The scarcity of reliable long-term phenological
data has severely hindered the study of the responses of species
to climate change. Biological collections in herbaria and muse-
ums are potential sources of long term data for such study, but
their use for this purpose needs independent validation. Here
we report a rigorous test of the validity of using herbarium
specimens for phenological studies, by comparing relation-
ships between climate and time of peak flowering derived from
herbarium records and from direct field-based observations,
for the terrestrial orchid Ophrys sphegodes. We examined her-
barium specimens of O. sphegodes collected between 1848 and
1958, and recorded peak flowering time directly in one popu-
lation of O. sphegodes between 1975 and 2006. The response
of flowering time to variation in mean spring temperature
(March—May) was virtually identical in both sets of data, even
though they covered different periods of time which differ in
extent of anthropogenic temperature change. In both cases
flowering was advanced by about 6 days per °C rise in average
spring temperature. The proportion of variation in flowering
time explained by spring temperature was lower in the her-
barium record than in direct field observations. It is likely that
some of the additional variation was due to geographical varia-
tion in collection site, as flowering was significantly earlier at
more westerly sites, which have had warmer springs, over their
range of 3.44° longitude. Predictions of peak flowering time
based on the herbarium data corresponded closely with ob-
served peak flowering times in the field, indicating that flower-
ing response to temperature had not altered between the two
separate periods over which the herbarium and field data were
collected. These results provide the first direct validation of the
use of herbarium collections to examine the relationships be-
tween phenology and climate when field-based observational
data are not available.

Link: http://www.drdavidroberts.com/docs/Robbirt
etal 2011 Ophrys Climate Change.pdf

111. Savva Y, Denneler B, Koubaa A, Tremblay F,
Bergeron Y, Tjoelker MG. 2007. Seed transfer and cli-
mate change effects on radial growth of jack pine populations in a

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015

e CLIMATE CHANGE -

RESEARCH

common garden in Petawawa, Ontario, Canada. Forest Ecology
and Management 242:636-647.

Type: Journal
Geographic Area: Ontario, Canada

Keywords: adaptation, climate change, GCM, Pinus banksi-
ana, provenance, radial growth, transfer functions

Abstract: The effects of seed transfer and climate change
on the width and basal area of tree rings were studied in 21
provenances of jack pine (Pinus banksiana Lamb.) grown in
a common-garden plantation in Petawawa, Ontario, Canada.
Seed-source origin significantly influences both mean tree-
ring width and mean annual basal area increment over a
25-year growth period (1975-1999). Temperature and pre-
cipitation transfer functions were developed to predict width
and basal area of tree rings of the jack pine populations. The
best predictors of growth were the transfer distances of mean
annual maximum daily temperature and annual precipita-
tion between the plantation site and the seed origins. Radial
growth of the jack pine populations was mainly related to
temperature at seed origin and, to a lesser degree, to precipita-
tion at seed origin. Extension of the transfer functions to three
sets of independent data revealed signification correlations
between estimated and predicted mean radial growth charac-
teristics. Seed sources of jack pine originating from warmer
and drier climates than that of the plantation site in Petawawa
had slightly higher mean ring widths and basal areas than
the local populations. The application of different climate
change scenarios derived from general circulation models to
the developed transfer functions indicated that radial growth
of jack pine may decline only if significant climate changes
occur, which might not happen before the mid-21st century.
Both a higher radial growth of southern seed sources and po-
tential negative effect of a significant temperature increase
and precipitation decrease in future suggest restricting the
northward transfer of southern seed sources to less than 1
degree latitude. However, provenance specific differences in
survivorship, frost- and disease-resistance, and cone serotiny
should also be taken into consideration.

112. Schoettle AW, Sniezko R, Burns KS. 2009.
Sustaining Pinus flexilis ecosystems of the southern Rocky
Mountains (USA) in the presence of Cronartium ribicola and
Dendroctonus ponderosae in a changing climate. In: Noshad D,
Noh Eun W, King J, Sniezko R, editors. Breeding and Genetic
Resources of Five-Needle Pines. Seoul, Republic of South
Korea: Korea Forest Research Institute. p 63-65.

Type: Conference Paper
Geographic Area: Northwestern USA

Compilers’ Keywords: limber pine, genetic variation, for-
est management, forest health, pest management, forest
regeneration
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Abstract: Limber pine, Pinus flexilis James, is character-
ized by a patchy distribution that displays metapopulation
dynamics and spans a broad latitudinal and elevational range
in North America. In the southern Rocky Mountains, limber
pine grows from below the forest-grassland ecotone up to
the forest-alpine ecotone, from ~1600 m above sea level in
the short grass steppe to > 3300 m at the continental divide.
In this region, limber pine’s altitudinal range is wider than
any of its co-occurring tree species. Limber pine ecosystems
serve a variety of important ecological roles, such as (1) oc-
cupying and stabilizing dry habitats, (2) defining ecosystem
boundaries (treelines), (3) being among the first tree species
to colonize a site after fire, (4) facilitating the establishment
of late successional species and (5) providing diet and habitat
for animals.

Link: http://www.treesearch.fs.fed.us/pubs/34716

113. Schueler S, Falk W, Koskela ), Lefevre F,
Bozzano M, Hubert ), Kraigher H, Longauer R,
Olrik DC. 2014. Vulnerability of dynamic genetic conser-
vation units of forest trees in Europe to climate change. Global
Change Biology 20:1498-1511.

Type: Journal
Geographic Area: Europe

Keywords: climate niche modelling, favourability function,
forest genetic resources, gap analysis, genetic conservation
unit, velocity of climate change

Abstract: A transnational network of genetic conservation
units for forest trees was recently documented in Europe
aiming at the conservation of evolutionary processes and the
adaptive potential of natural or man-made tree populations.
In this study, we quantified the vulnerability of individual
conservation units and the whole network to climate change
using climate favourability models and the estimated ve-
locity of climate change. Compared to the overall climate
niche of the analysed target species populations at the warm
and dry end of the species niche are underrepresented in
the network. However, by 2100, target species in 33-65%
of conservation units, mostly located in southern Europe,
will be at the limit or outside the species’ current climatic
niche as demonstrated by favourabilities below required
model sensitivities of 95%. The highest average decrease in
favourabilities throughout the network can be expected for
coniferous trees although they are mainly occurring within
units in mountainous landscapes for which we estimated
lower velocities of change. Generally, the species-specific
estimates of favourabilities showed only low correlations to
the velocity of climate change in individual units, indicating
that both vulnerability measures should be considered for
climate risk analysis. The variation in favourabilities among
target species within the same conservation units is expected
to increase with climate change and will likely require a pri-
oritization among co-occurring species. The present results
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suggest that there is a strong need to intensify monitoring
efforts and to develop additional conservation measures for
populations in the most vulnerable units. Also, our results
call for continued transnational actions for genetic conserva-
tion of European forest trees, including the establishment of
dynamic conservation populations outside the current spe-
cies distribution ranges within European assisted migration
schemes.

Link: http://www.ncbi.nlm.nih.gov/pubmed/24273066

114. Schwartz MW, Iverson LR, Prasad AM,
Matthews SN, O'Connor R). 2006. Predicting extinc-
tions as a result of climate change. Ecology 87:1611-1615.

Type: Journal
Geographic Area: North America

Keywords: climate and environmental models, climate
change, distribution breadth, eastern United States, endemic,
extinction, prediction uncertainty, regression tree, vulnerability

Abstract: Widespread extinction is a predicted ecological
consequence of global warming. Extinction risk under climate
change scenarios is a function of distribution breadth. Focusing
on trees and birds of the eastern United States, we used joint
climate and environment models to examine fit and climate
change vulnerability as a function of distribution breadth. We
found that extinction vulnerability increases with decreasing
distribution size. We also found that model fit decreases with
decreasing distribution size, resulting in high prediction un-
certainty among narrowly distributed species. High prediction
uncertainty creates a conservation dilemma in that excluding
these species under predicts extinction risk and favors mistaken
inaction on global warming. By contrast, including narrow en-
demics results in over-predicting extinction risk and promotes
mistaken inaction on behalf of individual species prematurely
considered doomed to extinction.

Link: http://kb.osu.edu/dspace/bitstream/handle/1811/49027/
fac Iversonl. Ecology 2006 87 7.pdf?sequence=1

115. Seager R, Ting M, Held |, Kushnir Y, Lu ),
Vecchi G, Huang HP, Harnik N, Leetmaa A, Lau
NC, Li C, Velez ), Naik N. 2007. Model projections of
an imminent transition to a more arid climate in southwestern
North America. Science 316:1181-1184.

Type: Journal
Geographic Area: Southwestern USA
Compilers’ Keywords: hydrology, climate change

Abstract: How anthropogenic climate change will affect hy-
droclimate in the arid regions of southwestern North America
has implications for the allocation of water resources and the
course of regional development. Here we show that there is a
broad consensus among climate models that this region will
dry in the 21st century and that the transition to a more arid

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015



CHAPTER 1

climate should already be under way. If these models are cor-
rect, the levels of aridity of the recent multiyear drought or
the Dust Bowl and the 1950s droughts will become the new
climatology of the American Southwest within a time frame of
years to decades.

Link: http://www.ncbi.nlm.nih.gov/pubmed/17412920

116. Soolanayakanahally RY, Guy RD, Silim SN,
Song M. 2012. Timing of photoperiodic competency causes
phenological mismatch in balsam poplar (Populus balsamifera
L.). Plant Cell and Environment 36:116-127.

Type: Journal
Geographic Area: Canada

Keywords: bud flush, bud set, climate change, growing
season length, height growth cessation, latitude, phenology,
photoperiod

Abstract: Plant phenology is expected to be sensitive to cli-
mate warming. In boreal trees, spring flush is primarily tem-
perature driven, whereas height growth cessation and autumn
leaf senescence are predominantly controlled by photoperiod.
Cuttings of 525 genotypes from the full range of balsam poplar
were planted into two common gardens (Vancouver and Indian
Head, Canada) at similar latitudes, but with differing winter
temperatures and growing seasons. There was clinal variation
in spring and, particularly, summer and fall phenology. Bud
flush and, despite milder climate, bud set and leaf drop were
earlier at Vancouver than at Indian Head by 44, 28 and 7 d,
respectively. Although newly flushed growth is insensitive to
photoperiod, many genotypes at both sites became competent
before the summer solstice. At Vancouver, high-latitude geno-
types set dormant terminal buds in mid-spring. Most other gen-
otypes grew until midsummer or set bud temporarily and then
experienced a second flush. In both gardens and in a growth
chamber experiment, earlier bud set was associated with re-
duced height growth and higher root/shoot ratios. Shoots at-
tained competency approximately 5 weeks after flushing,
which would normally prevent dormancy induction before the
solstice, but may be insufficient if spring advances by more
than a few weeks.

Link: http://www.ncbi.nlm.nih.gov/pubmed/22702736

117. St. Clair JB, Howe GT. 2007. Genetic maladapta-
tion of coastal Douglas-fir seedlings to future climates. Global
Change Biology 13:1441-1454.

Type: Journal
Geographic Area: Pacific Northwest USA

Keywords: climate change, forest trees, genecology, local ad-
aptation, natural selection, precipitation, Pseudotsuga menziesii,
quantitative traits, relative risk of maladaptation, temperature

Abstract: Climates are expected to warm considerably over
the next century, resulting in expectations that plant populations
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will not be adapted to future climates. We estimated the risk
of maladaptation of current populations of coastal Douglas-fir
(Pseudotsuga menziesii var. menziesii) to future climates as the
proportion of no overlap between two normal distributions
where the means and genetic variances of current and future
populations are determined from genecological models derived
from seedling common garden studies. The risk of maladapta-
tion was large for most traits when compared with the risk as-
sociated with current transfers within seed zones, particularly
for the more drastic climate change scenario. For example, the
proportion of no overlap for a composite trait representing bud
set, emergence, growth, and root : shoot ratio was as high as
0.90. We recommend augmenting within-population variation
by mixing local populations with some proportion of popu-
lations from lower elevations and further south. Populations
expected to be adapted to climates a century from now come
from locations as far down in elevation as 450—-1130 m and as
far south in latitude as 1.8-4.9°.

118. Strzepek K, Yohe G, Neumann }, Boehlert B.
2010. Characterizing changes in drought risk for the United
States from climate change. Environmental Research Letters
5:044012.

Type: Journal
Geographic Area: USA

Keywords: drought, climate change, drought severity indices,
uncertainty

Abstract: The effect of climate change on the frequency
and intensity of droughts across the contiguous United States
over the next century is assessed by applying Standardized
Precipitation Indices and the Palmer Drought Severity Index
to the full suite of 22 Intergovernmental Panel on Climate
Change General Circulation Models for three IPCC-SRES
emissions scenarios (B1, A1B, and A2 from the Special Report
on Emissions Scenarios (SRES) listed in order of their emis-
sions through 2100 from high to low). The frequency of me-
teorological drought based on precipitation alone is projected
to increase in some parts of the U.S., for example the south-
western states, and decrease in others. Hydrological drought
frequencies based on precipitation and temperature are pro-
jected to increase across most of the country, however, with
very substantial and almost universally experienced increases
in drought risk by 2050. For both measures, the southwestern
U.S. and the Rocky Mountain states are projected to experi-
ence the largest increases in drought frequency, but these ar-
eas may be able to exploit existing excess storage capacity.
Drought frequencies and uncertainties in their projection tend
to increase considerably over time and show a strong wors-
ening trend along higher greenhouse gas emissions scenarios,
suggesting substantial benefits for greenhouse gas emissions
reductions.

Link: http://globalchange.mit.edu/files/document/
MITTPSPGC Reprint 2010-14.pdf
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119. Swift K, Ran S. 2012. Successional responses to
natural disturbance, forest management, and climate change
in British Columbia’s Forests. Journal of Ecosystems and
Management 13:1-23.

Type: Journal
Geographic Area: Western Canada

Keywords: successional pathways, climate change, natural
disturbance, fire, insects, diseases

Abstract: Natural and human-induced disturbance such as
wildfire, insect and disease outbreak, windthrow, and for-
est harvesting are important drivers for forest renewal, post-
disturbance stand structure, and ecosystem function. Each
disturbance or combination of disturbances sets up a forest
to proceed down a certain successional pathway in terms of
structure and function. Using the context of Ecoprovinces and
Ecosystem Types, successional pathways of a variety of eco-
systems found in British Columbia are briefly described, and
the ways in which forest management practices have affected
those pathways are discussed. This Extension Note also de-
scribes how projected changes in temperature and precipitation
may also affect these natural disturbance drivers. The infor-
mation contained in this article is based on a larger synthesis
report that is available in FORREX Series 28 and is designed
to facilitate further conservation around building resistant and
resilient forests for the future.

Link: http://www.jem.forrex.org/forrex/images/PDFs/JEM
VOL 13 NO 1.pdf#page=62

120. Tague C, Peng H. 2013. The sensitivity of forest wa-
ter use to the timing of precipitation and snowmelt recharge in
the California Sierra: implications for a warming climate. Journal
of Geophysical Research: Biogeosciences 118:875-887.

Type: Journal
Geographic Area: California, USA
Compilers’ Keywords: climate change, hydrologic change

Abstract: Forest responses to warming, in the absence of
changes in vegetation structure, reflect the balance between
the increased atmospheric demand for water and changes in
water availability. This study uses a coupled hydroecologic
model applied to a snow-dominated mountain watershed to
demonstrate how complex topography and interannual varia-
tion in climate drivers combine to alter the balance between
moisture availability and energy demand. We focus specifi-
cally on how often and under what conditions changes in the
timing of soil water recharge as precipitation or snowmelt are a
significant control on forest actual evapotranspiration (AET) in
the Central California Sierra. We show that while interannual
variation in precipitation is the dominant control on interan-
nual variation in AET, how much of that recharge accumulates
as a seasonal snowpack can act as a second-order control.
This sensitivity of AET to snow accumulation and melt occurs
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across a substantial elevation range (1800—2700 m) and at both
aggregate watershed and 90 m patch scales. Model results sug-
gest that the variation in AET due to recharge timing is great-
est for patches and years with moderate levels of precipitation
or patches that receive substantial lateral moisture inputs. For
a 3 °C warming scenario, the annual AET increases in some
years due to warmer temperatures but decreases by as much
as 40% in other years due to an earlier timing of snowmelt.
These results help to clarify the conditions under which water
availability for forests decreases and highlight scenarios that
may lead to increased drought stress under a warming climate
in snow-dominated mountain regions.

121. Tepe TL, Meretsky V). 2011. Forward-looking for-
est restoration under climate change—are U.S. nurseries ready?
Restoration Ecology 19:295-298.

Type: Journal
Geographic Area: USA

Keywords: forest restoration, planning, restoration planting,
state nurseries

Abstract: The pace of climate change suggests that restoration
efforts once focused on past conditions should become more
forward-looking. Suggestions for such restoration emphasize
the use of a suite of species adapted to a range of possible fu-
ture climates. In forest restoration, opportunities for forward-
looking restoration may be limited by the availability of suit-
able stock from state and commercial nurseries. Presently, most
state nurseries have stock potentially suited to warmer climates
than currently exist in their states. However, these nurseries are
generally not actively incorporating information about climate
change into their stocking choices and some see clear obstacles
to providing such stock, particularly uncertainty about the fu-
ture climate, and the existence of seed zones and other policies
designed to protect locally adapted species genetics. As res-
toration ecologists adapt their methods to incorporate climate
change, state nurseries should be involved in those discussions
and may be important partners in outreach.

122. Thomas CD, Hill JK, Anderson BJ, Bailey S,
Beale CM, Bradbury RB, Bulman CR, Crick HQP,
Eigenbrod F, Griffiths HM, Kunin WE, Oliver TH,
Walmsley CA, Watts K, Worsfold NT, Yardley T.
2011. A framework for assessing threats and benefits to spe-
cies responding to climate change. Methods in Ecology and
Evolution 2:125-142.

Type: Journal
Geographic Area: Britain, Global

Keywords: biodiversity, climate envelope, distribution, global
warming, I[UCN, policy, risk assessment, species conservation

Summary: Current national and international frameworks
for assessing threats to species have not been developed in the
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context of climate change, and are not framed in a way that rec-
ognizes new opportunities that arise from climate change. The
framework presented here separates the threats and benefits of
climate change for individual species. Threat is assessed by
the level of climate-related decline within a species’ recently
occupied (e.g., pre-1970s) historical distribution, based on
observed (e.g., repeat census) and/or projected changes (e.g.,
modelled bioclimate space). Benefits are assessed in terms of
observed and/or projected increases outside the recently occu-
pied historical range. Exacerbating factors (e.g., small popula-
tion size, low dispersal capacity) that might increase levels
of threat or limit expansion in response to climate change
are taken into consideration within the framework. Protocols
are also used to identify levels of confidence (and hence re-
search and/or monitoring needs) in each species’ assessment.
Observed and projected changes are combined into single
measures of expected decline and increase, together with as-
sociated measures of confidence. We weight risk classifica-
tions towards information that is most certain. Each species is
then placed in one of six categories (high risk, medium risk,
limited impact, equivalent risks & benefits, medium benefit,
high benefit) reflecting whether climate change is expected
(or has been observed) to cause net declines or increases in
the region considered, based on the balance of benefits and
threats. We illustrate the feasibility of using the framework by
applying it to (i) all British butterflies (N = 58 species) and (ii)
an additional sample of British species: 18 species of plants,
bats, birds and beetles. Our framework assesses net declines
and increases associated with climate change, for individual
species. It could be applied at any scale (regional, continental
or global distributions of species), and complements existing
conservation assessment protocols such as red-listing. Using
observed and projected population and/or range data, it is fea-
sible to carry out systematic conservation status assessments
that inform the development of monitoring, adaptation mea-
sures and conservation management planning for species that
are responding to climate change.

Link: http://www.researchgate.net/publication/229977974 A
framework for assessing threats and benefits to species
responding to climate change/file/79¢4150c83bfe76al7.pdf

123. Trenberth KE. 2011. Changes in precipitation with
climate change. Climate Research 47:123-138.

Type: Journal
Geographic Area: Global

Keywords: climate change, precipitation, storms, drought,
extremes, floods, geoengineering, climate models

Abstract: There is a direct influence of global warming on
precipitation. Increased heating leads to greater evaporation
and thus surface drying, thereby increasing the intensity and
duration of drought. However, the water holding capacity of
air increases by about 7% per 1 °C warming, which leads
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to increased water vapor in the atmosphere. Hence, storms,
whether individual thunderstorms, extratropical rain or snow
storms, or tropical cyclones, supplied with increased mois-
ture, produce more intense precipitation events. Such events
are observed to be widely occurring, even where total precipi-
tation is decreasing: “it never rains but it pours!” This increas-
es the risk of flooding. The atmospheric and surface energy
budget plays a critical role in the hydrological cycle, and also
in the slower rate of change that occurs in total precipitation
than total column water vapor. With modest changes in winds,
patterns of precipitation do not change much, but result in dry
areas becoming drier (generally throughout the subtropics)
and wet areas becoming wetter, especially in the mid- to high
latitudes: the “rich get richer and the poor get poorer.” This
pattern is simulated by climate models and is projected to con-
tinue into the future. Because, with warming, more precipita-
tion occurs as rain instead of snow and snow melts earlier,
there is increased runoff and risk of flooding in early spring,
but increased risk of drought in summer, especially over con-
tinental areas. However, with more precipitation per unit of
upward motion in the atmosphere, i.e., “more bang for the
buck,” atmospheric circulation weakens, causing monsoons
to falter. In the tropics and subtropics, precipitation patterns
are dominated by shifts as sea surface temperatures change,
with El Niflo a good example. The volcanic eruption of Mount
Pinatubo in 1991 led to an unprecedented drop in land pre-
cipitation and runoff, and to widespread drought, as precipi-
tation shifted from land to oceans and evaporation faltered,
providing lessons for possible geoengineering. Most models
simulate precipitation that occurs prematurely and too often,
and with insufficient intensity, resulting in recycling that is too
large and a lifetime of moisture in the atmosphere that is too
short, which affects runoff and soil moisture.

Link: http://envsci.rutgers.edu/~toine379/extremeprecip/
papers/trenberth 2011.pdf

124. Vandersteen W. 2011. Detecting gene expression
profiles associated with environmental stressors within an eco-
logical context. Molecular Ecology 20:1322-1323.

Type: Journal
Geographic Area: Global

Keywords: adaptation, climate change, conservation biology,
genomics/ proteomics transcriptomics

Abstract: Prior to the development of any conservation strat-
egies to mitigate deleterious impacts of environmental change
and contamination, there must be a method to make mean-
ingful predictions of the effect of environmental change on
organisms. Assessment of relative transcriptomic expression
patterns can provide a link between the environment and the
physiological response of the organism by identifying genes
that respond to environmental stressors; this information could
also assist in teasing apart the molecular basis of toxicological
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effects vs. physiological adaptation. Molecular responses to
environmental stressors are probably not restricted to single
or few genes, and therefore a more integrative approach is
required to examine broad-scale patterns of transcriptomic re-
sponse. To address this objective, Chapman et al. (2011) used
machine learning tools to link the mechanisms of physiologi-
cal response to environmental stress; although widely used
in clinical applications, such as finding the genetic basis of
diseases, ecological genomics applications of artificial neu-
ral networks are just beginning to emerge. Analyses such as
these are important to help identify limitations on the adap-
tive capacity of organisms and to predict impacts of climate
change, ocean acidification and anthropogenic contaminants
on aquatic organisms.

125. Walther GR, Post E, Convey P, Menzel A,
Parmesan C, Beebee T)JC, Fromentin JM, Hoegh-
Guldberg O, Bairlein F. 2002. Ecological responses to
recent climate change. Nature 416:389-395.

Type: Journal
Geographic Area: Global
Compilers’ Keywords: review, phenology, range shift

Abstract: There is now ample evidence of the ecological im-
pacts of recent climate change, from polar terrestrial to tropical
marine environments. The responses of both flora and fauna
span an array of ecosystems and organizational hierarchies,
from the species to the community levels. Despite continued
uncertainty as to community and ecosystem trajectories under
global change, our review exposes a coherent pattern of eco-
logical change across systems. Although we are only at an ear-
ly stage in the projected trends of global warming, ecological
responses to recent climate change are already clearly visible.

Link: http://eebweb.arizona.edu/courses/Ecol206/
Walther%20et%20al%20Nature%202002.pdf

126. Warren R, VanDerWal }J, Price ), Welbergen
JA, Atkinson |, Ramirez-Villegas ), Osborn T}, Jarvis
A, Shoo LP, Williams SE, Lowe ). 2013. Quantifying
the benefit of early climate change mitigation in avoiding biodi-
versity loss. Nature Climate Change May:1-5.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: species distribution, habitat contrac-
tions, emission reductions, plants, animals

Abstract: Climate change is expected to have significant
influences on terrestrial biodiversity at all system levels, in-
cluding species-level reductions in range size and abundance,
especially amongst endemic species. However, little is known
about how mitigation of greenhouse gas emissions could re-
duce biodiversity impacts, particularly amongst common and
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widespread species. Our global analysis of future climatic
range change of common and widespread species shows that
without mitigation, 57 & 6% of plants and 34 + 7 of animals
are likely to lose > 50% of their present climatic range by the
2080s. With mitigation, however, losses are reduced by 60%
if emissions peak in 2016 or 40% if emissions peak in 2030.
Thus, our analyses indicate that without mitigation, large
range contractions can be expected even amongst common
and widespread species, amounting to a substantial global
reduction in biodiversity and ecosystem services by the end
of this century. Prompt and stringent mitigation, on the other
hand, could substantially reduce range losses and buy up to
four decades for climate change adaptation.

127. Warwell MV, Rehfeldt GE, Crookston NL.
2010. Modeling species’ realized climatic niche space and
predicting their response to global warming for several western
forest species with small geographic distributions. In: Pye JM,
Rauscher HM, Sands Y, Lee DC, Beatty JS, editors. Advances
in threat assessment and their application to forest and range-
land management. Portland (OR): USDA Forest Service,
Pacific Northwest and Southern Research Stations. General
Technical Report PNW-GTR-802. p 171-182.

Type: Government Document
Geographic Area: Western North America

Keywords: bioclimatic models, climatic distributions, climat-
ic niche, global warming, Random Forests, multiple-regression
tree, response to climate change, narrow endemic

Abstract: The Random Forests multiple regression tree was
used to develop an empirically based bioclimatic model of
the presence absence of species occupying small geographic
distributions in western North America. The species assessed
were subalpine larch (Larix lyallii), smooth Arizona cypress
(Cupressus arizonica ssp. glabra), Paiute cypress (syn. Piute cy-
press) (Cupressus arizonica ssp. nevadensis), and Macfarlane’s
four-o’clock (Mirabilis macfarlanei). Independent variables
included 33 simple expressions of temperature and precipi-
tation and their interactions. These climate variables were
derived from a spline climate model for the western United
States that provides point estimates (latitude, longitude, and
altitude). Analyses used presence-absence data largely from
the Forest Inventory and Analysis, USDA Forest Service da-
tabase. Overall errors of classification ranged from 1.39 per-
cent for Macfarlane’s four-o’clock to 3.55 percent for smooth
Arizona cypress. The mapped predictions of species occur-
rence using the estimated realized climatic niche space were
more accurate than published range maps. The Hadley and
Canadian general circulation models (scenario IS92a for 1
percent increase GGa/year) were then used to illustrate the po-
tential response of the species’ contemporary realized climatic
niche space to climate change. Predictions were mapped at a
1-km? resolution. Concurrence between species’ geographic

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015



CHAPTER 1

distribution and their contemporary realized climatic niche
rapidly disassociates through the century. These models dem-
onstrate the heightened risk for species occupying small geo-
graphic ranges of displacement into climatic disequilibrium
from rapid climate change and provide tools to assist decision
makers in mitigating the threat.

Link: http://www.treesearch.fs.fed.us/pubs/37041

128. Wasserman TN, Cushman SA, Shirk AS,
Landguth EL, Littell JS. 2011. Simulating the effects of
climate change on population connectivity of American marten
(Martes americana) in the northern Rocky Mountains, USA.
Landscape Ecology 27:211-225.

Type: Journal
Geographic Area: Northwestern USA

Keywords: habitat fragmentation, gene flow, climate change,
American marten, Martes americana, connectivity, landscape
genetics

Abstract: We utilize empirically derived estimates of land-
scape resistance to assess current landscape connectivity of
American marten (Martes americana) in the northern Rocky
Mountains, USA, and project how a warming climate may
affect landscape resistance and population connectivity in
the future. We evaluate the influences of five potential future
temperature scenarios involving different degrees of warm-
ing. We use resistant kernel dispersal models to assess popula-
tion connectivity based on full occupancy of suitable habitat
in each of these hypothetical future resistance layers. We use
the CDPOP model to simulate gene exchange among indi-
vidual martens in each of these hypothetical future climates.
We evaluate: (1) changes in the extent, connectivity and pat-
tern of marten habitat, (2) changes in allelic richness and ex-
pected heterozygosity, and (3) changes in the range of sig-
nificant positive genetic correlation within the northern Idaho
marten population under each future scenario. We found that
even moderate warming scenarios resulted in very large re-
ductions in population connectivity. Calculation of genetic
correlograms for each scenario indicates that climate driven
changes in landscape connectivity results in decreasing range
of genetic correlation, indicating more isolated and smaller
genetic neighborhoods. These, in turn, resulted in substantial
loss of allelic richness and reductions in expected heterozy-
gosity. In the U.S. northern Rocky Mountains, climate change
may extensively fragment marten populations to a degree that
strongly reduces genetic diversity. Our results demonstrate
that for species, such as the American marten, whose popula-
tion connectivity is highly tied to climatic gradients, expected
climate change can result in profound changes in the extent,
pattern, connectivity and gene flow of populations.

Link: http://www.fs.fed.us/rm/pubs_other/rmrs 2012 was-
serman_t002.pdf
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129. Westerling AL, Turner MG, Smithwick EAH,
Romme WH, Ryan MG. 2011. Continued warming could
transform Greater Yellowstone fire regimes by mid-21st century.
Proceedings of the National Academy of Science, Ecology,
Environmental Sciences 108:13165-13170.

Type: Journal
Geographic Area: Montana, Wyoming, USA
Compilers’ Keywords: climate change, wildfire regime

Abstract: Climate change is likely to alter wildfire regimes,
but the magnitude and timing of potential climate-driven
changes in regional fire regimes are not well understood. We
considered how the occurrence, size, and spatial location of
large fires might respond to climate projections in the Greater
Yellowstone ecosystem (GYE) (Wyoming), a large wildland
ecosystem dominated by conifer forests and characterized by
infrequent, high-severity fire. We developed a suite of statisti-
cal models that related monthly climate data (1972—-1999) to
the occurrence and size of fires > 200 ha in the northern Rocky
Mountains; these models were cross-validated and then used
with downscaled (~12 km X 12 km) climate projections from
three global climate models to predict fire occurrence and area
burned in the GYE through 2099. All models predicted sub-
stantial increases in fire by midcentury, with fire rotation (the
time to burn an area equal to the landscape area) reduced to
< 30 y from the historical 100-300 y for most of the GYE.
Years without large fires were common historically but are
expected to become rare as annual area burned and the fre-
quency of regionally synchronous fires increase. Our findings
suggest a shift to novel fire—limate—vegetation relationships
in Greater Yellowstone by midcentury because fire frequency
and extent would be inconsistent with persistence of the cur-
rent suite of conifer species. The predicted new fire regime
would transform the flora, fauna, and ecosystem processes
in this landscape and may indicate similar changes for other
subalpine forests.

Link: http://www.greatervellowstone.org/uploads/GYE and
Fire Westerling et al 2011.pdf

130. White JW, Hoogenboom G, Kimball BA, Wall
GW. 2011. Methodologies for simulating impacts of climate
change on crop production. Field Crops Research 124:357-368.

Type: Journal
Geographic Area: Global

Keywords: adaptation, agricultural impacts, climate change,
crop growth simulation, global warming, modeling

Abstract: Ecophysiological models are widely used to fore-
cast potential impacts of climate change on future agricultural
productivity and to examine options for adaptation by local
stakeholders and policy makers. However, protocols followed
in such assessments vary to such an extent that they constrain
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cross-study syntheses and increase the potential for bias in
projected impacts. We reviewed 221 peer reviewed papers
that used crop simulation models to examine diverse aspects
of how climate change might affect agricultural systems.
Six subject areas were examined: target crops and regions;
the crop model(s) used and their characteristics; sources and
application of data on CO, and climate; impact parameters
evaluated; assessment of variability or risk; and adaptation
strategies. Wheat, maize, soybean and rice were considered
in approximately 170 papers. The USA (55 papers) and
Europe (64 papers) were the dominant regions studied. The
most frequent approach used to simulate response to CO,
involved adjusting daily radiation use efficiency (RUE) and
transpiration, precluding consideration of the interacting ef-
fects of CO,, stomatal conductance and canopy temperature,
which are expected to exacerbate effects of global warming.
The assumed baseline CO, typically corresponded to condi-
tions 10-30 years earlier than the date the paper was accepted,
exaggerating the relative impacts of increased CO,. Due in
part to the diverse scenarios for increases in greenhouse gas
emissions, assumed future CO, also varied greatly, further
complicating comparisons among studies. Papers considering
adaptation predominantly examined changes in planting dates
and cultivars; only 20 papers tested different tillage practices
or crop rotations. Risk was quantified in over half the papers,
mainly in relation to variability in yield or effects of water
deficits, but the limited consideration of other factors affect-
ing risk beside climate change per se suggests that impacts
of climate change were overestimated relative to background
variability. A coordinated crop, climate and soil data resource
would allow researchers to focus on underlying science. More
extensive model intercomparison, facilitated by modular soft-
ware, should strengthen the biological realism of predictions
and clarify the limits of our ability to forecast agricultural
impacts of climate change on crop production and associated
food security as well as to evaluate potential for adaptation.

Link: http://digitalcommons.unl.edu/cgi/viewcontent.cgi?arti
cle=1891 &context=usdaarsfacpub&sei-redir=1&referer=http
%3A%2F%2Fscholar.google.com%2Fscholar%3Fq%3DMeth

odologies%2Bfor%2Bsimulating%2Bimpacts%2Bof%2Bclim

ate%2Bchange%2Bon%2Bcrop%2Bproduction%26btnG%3D
%26h1%3Den%26as sdt%3D0%252C13#search=%22Method

ologies%20simulating%20impacts%20climate%20change%20
crop%20production%22

131. Whitlock C, Bartlein P). 1997. Vegetation and
climate change in the northwest America during the past 125 kyr.
Nature 388:57-61.

Type: Journal
Geographic Area: Western North America

Compilers’ Keywords: migration, pollen record, glacial
maximum, Cascade Range, past vegetation
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Abstract: Vegetation records spanning the past 21 kyr in
western North America display spatial patterns of change that
reflect the influence of variations in the large-scale controls of
climate. Among these controls are millennial-scale variations
in the seasonal cycle of insolation and the size of the ice sheet,
which affect regional climates directly through changes in
temperature and net radiation, and indirectly by shifting atmo-
spheric circulation. Longer vegetation records provide an op-
portunity to examine the regional response to different combi-
nations of these large-scale controls, and whether non-climatic
controls are important. But most of the longer North American
records are of insufficient quality to allow a robust test, and
the long European records are in regions where the vegeta-
tion response to climate is often difficult to separate from the
response to ecological and anthropogenic controls. Here we
present a 125-kyr record of vegetation and climate change for
the forest/steppe border of the eastern Cascade Range, north-
west America. Pollen data disclose alternations of forest and
steppe that are consistent with variations in summer insolation
and global ice volume, and vegetational transitions correlate
well with the marine isotope stage boundaries. The close re-
lationship between vegetation and climate beyond the Last
Glacial Maximum provides evidence that climate variations
are the primary cause of regional vegetation change on millen-
nial timescales, and that non-climatic controls are secondary.

132. Williams JW, Jackson ST. 2007. Novel climates,
no-analog communities, and ecological surprises. Frontiers in
Ecology and the Environment 5:475-482.

Type: Journal
Geographic Area: North America

Compilers’ Keywords: novel ecosystems, no-analogue plant
associations, climate change, IPCC, modern analogs, green-
house emissions

Abstract: No-analog communities (communities that are
compositionally unlike any found today) occurred frequent-
ly in the past and will develop in the greenhouse world of
the future. The well documented no-analog plant commu-
nities of late-glacial North America are closely Linked to
“novel” climates also lacking modern analogs, characterized
by high seasonality of temperature. In climate simulations
for the Intergovernmental Panel on Climate Change A2 and
B1 emission scenarios, novel climates arise by 2100 AD,
primarily in tropical and subtropical regions. These future
novel climates are warmer than any present climates glob-
ally, with spatially variable shifts in precipitation, and in-
crease the risk of species reshuffling into future no-analog
communities and other ecological surprises. Most ecologi-
cal models are at least partially parameterized from modern
observations and so may fail to accurately predict ecological
responses to these novel climates. There is an urgent need
to test the robustness of ecological models to climate condi-
tions outside modern experience.
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Link: http://training.fws.gov/EC/Resources/climate change/
lec/nov_10/williams and jackson%20 2007 frontiers.pdf

133. Williams JW, Shuman BN, Webb TI. 2001.
Dissimilarity analyses of late-quaternary vegetation and climate
in eastern North America. Ecology 82:3346-3362.

Type: Journal
Geographic Area: Eastern North America

Keywords: biomes, dissimilarity analysis, eastern North
America, equilibrium vs. disequilibrium, hypotheses, no-
analogue plant associations, paleoecology, paleoclimatology,
pollen, Quaternary, vegetation

Abstract: Plant formations different from any extant today
apparently were widespread in North America and Europe
during the last deglaciation, produced by the independent
biogeographic responses of plant taxa to climate change.
Dissimilarity analyses of modern and fossil pollen samples
in eastern North America show that the unique plant asso-
ciations centered around the Great Lakes at 14,000 calendar
years before present (yr BP), with high dissimilarities during
17,000-12,000 yr BP. The late-glacial fossil pollen assem-
blages are characterized by (1) high abundances of boreal
conifers such as spruce and larch relative to their Holocene
values, (2) high abundances of herbaceous types (sedge, sage,
and ragweed), (3) high abundances of broad-leaved deciduous
types (ash, hornbeam, poplar, hazel, and willow), and (4) the
low abundance or absence of pine, alder, and birch. When the
fossil pollen samples are assigned to biomes using the affin-
ity core technique, the late Pleistocene pollen samples are as-
signed to mixed parkland, a biome that is not extant in North
America today. The fastest vegetational changes occurred
13,000—-11,000 yr BP, when the late Pleistocene vegetation re-
organized into the Holocene biomes, which have persisted to
today. Simulations by the Community Climate Model, version
1 (CCM1), suggest that late glacial climates were also unlike
modern climates, featuring a “hypercontinental” mixture of
colder-than-present winters, warmer than-present summers,
and lower-than-present precipitation. Dissimilarity analyses
of the pollen data and CCM1 simulations for 21,000, 16,000,
14,000, 11,000, and 6,000 yr BP show that (1) the temporal
and spatial distribution of high dissimilarities in the vegetation
(relative to present) coincide with dissimilarities in simulated
climate, (2) the timing and spatial distribution of changes in the
vegetation and simulated climate also agree, and (3) the larg-
est climatic and vegetational changes follow the peak period
of dissimilarity from present. Taken together, these three lines
of evidence support the hypothesis that the no-analogue plant
associations were in equilibrium with orbital- and millennial-
scale climate change. Nonclimatic factors such as low atmo-
spheric CO, concentrations and the presence of now-extinct
megafauna species may have increased the openness of the
Pleistocene vegetation, but by themselves cannot explain the
observed mixture of boreal, temperate, and herbaceous taxa
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in the no-analogue pollen assemblages, nor can they explain
the prevalence of no-analogue pollen samples during the late
glacial period.

Link: http://www.cof.orst.edu/cof/teach/fs545/Readings/
Williams,%20Shuman,%20Webb%202001.pdf

134. Wilsey CB, Lawler }JJ, Maurer EP, McKenzie
D, Townsend PA, Gwozdz R, Freund JA, Hagmann
K, Hutten KM. 2013. Tools for assessing climate impacts
on fish and wildlife. Journal of Fish and Wildlife Management
4:220-241.

Type: Journal
Geographic Area: North America

Keywords: climate change, ecological modeling, hydrology,
vegetation, fire

Abstract: Climate change is already affecting many fish and
wildlife populations. Managing these populations requires an
understanding of the nature, magnitude, and distribution of
current and future climate impacts. Scientists and managers
have at their disposal a wide array of models for projecting
climate impacts that can be used to build such an understand-
ing. Here, we provide a broad overview of the types of models
available for forecasting the effects of climate change on key
processes that affect fish and wildlife habitat (hydrology, fire,
and vegetation), as well as on individual species distributions
and populations. We present a framework for how climate-im-
pacts modeling can be used to address management concerns,
providing examples of model-based assessments of climate
impacts on salmon populations in the Pacific Northwest, fire
regimes in the boreal region of Canada, prairies and savannas
in the Willamette Valley-Puget Sound Trough-Georgia Basin
ecoregion, and marten populations in the northeastern United
States and southeastern Canada. We also highlight some key
limitations of these models and discuss how such limitations
should be managed. We conclude with a general discussion
of how these models can be integrated into fish and wildlife
management.

135. Worrall J), Rehfeldt GE, Hamann A, Hogg
EH, Marchetti SB, Michaelian M, Gray LK. 2013.
Recent declines of Populus tremuloides in North America linked
to climate. Forest Ecology and Management 299:35-51.

Type: Journal
Geographic Area: North America

Keywords: decline, dieback, die-off, drought, climate enve-
lope, climatic niche

Abstract: Populus tremuloides (trembling aspen) recently
experienced extensive crown thinning, branch dieback, and
mortality across North America. To investigate the role of
climate, we developed a range wide bioclimate model that
characterizes climatic factors controlling distribution of aspen.
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We also examined indices of moisture stress, insect defoliation
and other factors as potential causes of the decline. Historic
climate records show that most decline regions experienced
exceptionally severe drought preceding the recent episodes.
The bioclimate model, driven primarily by maximum summer
temperatures and April-September precipitation, shows that
decline tended to occur in marginally suitable habitat, and that
climatic suitability decreased markedly in the period leading
up to decline in almost all decline regions. Other factors, no-
tably multi-year defoliation by tent caterpillars (Malacosoma
spp.) and stem damage by fungi and insects, also play a sub-
stantial role in decline episodes, and may amplify or prolong
the impacts of moisture stress on aspen over large areas. Many
severely affected stands have poor regeneration potential, rais-
ing concerns that increasing aridity could ultimately lead to
widespread loss of aspen forest cover. The analysis indicates
that exceptional droughts were a major cause of the decline
episodes, especially in the drier regions, and that aspen is sen-
sitive to drought in much of its range. Coupling the biocli-
mate model with climate projections suggests that we should
expect substantial loss of suitable habitat within the current
distribution, especially in the USA and Mexico.

Link: http://www.ualberta.ca/~ahamann/publications/pdfs/
Worrall et al 2013.pdf
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136. Alfaro RI, Fady B, Vendramin GG, Dawson
IK, Fleming RA, Saenz-Romero C, Lindig-Cisneros
RA, Murdock T, Vinceti B, Navarro CM, Skreppa
T, Baldinelli G, El-Kassaby YA, Loo ). 2014. The role
of forest genetic resources in responding to biotic and abiotic
factors in the context of anthropogenic climate change. Forest
Ecology and Management 333:76-87.

Type: Journal
Geographic Area: Global

Keywords: tree genetic variation, climate change, adaptation,
natural disturbance

Abstract: The current distribution of forest genetic resources
on Earth is the result of a combination of natural processes
and human actions. Over time, tree populations have become
adapted to their habitats including the local ecological distur-
bances they face. As the planet enters a phase of human-in-
duced climate change of unprecedented speed and magnitude,
however, previously locally-adapted populations are rendered
less suitable for new conditions, and “natural” biotic and abi-
otic disturbances are taken outside their historic distribution,
frequency and intensity ranges. Tree populations rely on phe-
notypic plasticity to survive in extant locations, on genetic
adaptation to modify their local phenotypic optimum or on mi-
gration to new suitable environmental conditions. The rate of
required change, however, may outpace the ability to respond,
and tree species and populations may become locally extinct
after specific, but as yet unknown and unquantified, tipping
points are reached. Here, we review the importance of forest
genetic resources as a source of evolutionary potential for ad-
aptation to changes in climate and other ecological factors. We
particularly consider climate-related responses in the context
of Linkages to disturbances such as pests, diseases and fire,
and associated feedback loops. The importance of manage-
ment strategies to conserve evolutionary potential is empha-
sised and recommendations for policy-makers are provided.

Link: http://www.sciencedirect.com/science/article/pii/
S037811271400231X

137. Anderson PD, Chmura D). 2009. Silvicultural
approaches to maintain forest health and productivity under
current and future climates. Western Forester 54:6-8.

Type: Newsletter
Geographic Area: Pacific Northwest USA
Compilers’ Keywords: climate change, forest management

Introduction: Climate modeling based on a variety of sce-
narios for the Pacific Northwest suggests that over the next
century temperatures may increase and that the abundance
of summer precipitation may decline. Historically, climate
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changes at the century scale have been accompanied by adjust-
ments in species population sizes and the composition of veg-
etation communities. Silvicultural practices may be employed
to assist in forest adaptation to climate changes, principally by
influencing stand structure and species composition through-
out stand development. Forest managers might consider a pri-
mary silviculture objective over the next century of increasing
forest vigor to increase both resistance and resilience to direct
and indirect stresses arising from climate variation.

Link: http://www.fs.fed.us/pnw/pubs/journals/pnw 2009 an-
derson001.pdf

138. Bosselmann AS, Jacobsen )B, Kjaer ED,
Thorsen BJ. 2008. Climate change, uncertainty and the eco-
nomic value of genetic diversity: a pilot study on methodologies.
Forest and Landscape Working Papers 31-2008:1-58.

Type: Journal
Geographic Area: Denmark, Europe
Compilers’ Keywords: methods, forest management

Summary: The report is based on a limited empirical mate-
rial, which stresses the need for qualified information from
genetic research and tree improvement programmes as climate
change is picking up speed and forest owners every day make
decisions that will affect the stability, health and growth of
forest many decades into the future. The decisions are made
on information that was produced under a research and tree
improvement paradigm focused on tree breeding for produc-
tion under a known climate believed to be stable. Any new
and improved information is greatly needed—even if it is not
exact and only indicative. Therefore, existing clone and prov-
enance trials in forest genetic research and tree improvement
programmes should be systematically investigated across as
large climate gradients as permitted by the location of the tri-
als. Such analysis should be able to bring about at least indica-
tive information on the genotype response to variation in the
main climate and growth factors. Such information can sub-
sequently be used in more thorough analyses along the steps
outlined here, perhaps with a special focus on potential gains
from mixing provenances on the same area. Tree improvement
programmes should use the information produced to gradually
adjust current recommendations concerning local and regional
choices of planting material, and of course to adjust and di-
versify breeding strategies accordingly. In the long run, such
research may go into more details along the lines discussed
earlier. In particular, genetic research into sensitivity of dif-
ferent provenances and clones to potentially more frequent
pest attacks, mild winters, etc. may be relevant. On a broader
scale, ecological and economic research could aim to provide
more information on the way forest ecosystem services and
their value rely on the state and characteristics of the forest
ecosystem and notably its stability. Such information will be
needed for a reliable economic modelling of the consequences
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of climate change for the provision of such ecosystem services
at landscape levels.

Link: http://curis.ku.dk/ws/files/20572936/wp31.pdf

139. Campbell EM, Saunders SC, Coates KD,
Meidinger DV, MacKinnon A, O'Neill GA,
MacKillop D), DeLong SC, Morgan DG. 2009.
Ecological resilience and complexity: a theoretical framework for
understanding and managing British Columbia’s forest ecosys-
tem in a changing climate. Victoria, British Columbia, Canada:
BC Ministry of Forests and Range, Forest Science Program.
Technical Report 055. 44 p.

Type: Government Document
Geographic Area: Western Canada

Compilers’ Keywords: climate change, forest management,
mitigation, ecosystem services, review

Summary: At global, regional, and local scales, forest man-
agers are faced with unprecedented pressures to supply forest
resources for human consumption while still maintaining a
diverse array of other ecosystem services essential to human
well-being. While this alone has posed major challenges to for-
est management, global climate change presents a new range of
daunting challenges. The potential for major ecosystem chang-
es as well as uncertainties about the degree and rate of climate
change necessitates a major shift in thinking about forest man-
agement. Recent scientific literature proposes new approaches
to forest management that focus on “managing for ecological
resilience,” with the idea that it provides a tenable framework
for achieving sustainability goals when environments are
changing and the future is uncertain. The concept of ecological
resilience has been used to guide the management of ecosys-
tems degraded by human land use activities, and managing for
resilience is a commonly discussed approach for countering
the negative impacts of climate change. This document sum-
marizes the theoretical literature on ecological resilience and
complexity, and describes how this evolving body of science
can begin to guide the management of forest ecosystems in a
changing climate. Ecological resilience describes the capacity
of ecosystems to absorb disturbance without collapsing into a
qualitatively different state. While research is still under way to
develop a structured understanding of the mechanisms regulat-
ing ecological resilience, scientists propose that key ecological
processes, operating across varying scales of time and space
(e.g., seedling survivorship, forest succession, periodic natural
disturbances, propagule dispersal that facilitates species range
shifts), generate the complexity needed to maintain ecosystem
resilience to environmental change. Maintaining and enhanc-
ing biological diversity across multiple scales may play an
important role in preserving ecosystem services if it generates
redundancy in the ecological processes that confer ecological
resilience (i.e., conserves key ecosystem functions). Adapting
forest management frameworks to climate change involves
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actions that minimize the risk of adverse climate-change im-
pacts and capitalize on its benefits. Managing for resilience
advocates diverse and novel actions that help cope with un-
certainties about future forest conditions and reduce both so-
cietal and ecological vulnerabilities to climate change. While
societal adaptations to climate change include the development
of policies to encourage adaptation, modifying wood process-
ing technologies, and revising expectations of resource use and
conservation objectives, management to maintain ecological
resilience involves deliberate, on-the-ground forest practices
that maintain ecosystem complexity across multiple scales of
time and space, and facilitate gradual ecosystem change in
response to climate change. In this report, we present some
examples of the kinds of on-the-ground actions that could be
undertaken to begin the process of managing for ecological
resilience to climate change. They include: facilitating tree
species (and population) migration and range shifts; develop-
ing forest harvest, regeneration, and stand-tending activities
that maintain or enhance ecosystem complexity and response
diversity to environmental change, such as the forest struc-
tures generated by past disturbance regimes; planting broader
mixes of trees across landscapes to help reset successional tra-
jectories; promoting landscape connectivity; and retaining or
restoring areas that may be buffered against climate change.
Managing for ecological resilience is in its infancy and the
technical details about how to implement this new approach to
forest management will depend on ecosystem type and evolve
as the science integrating resilience, complexity, and biodiver-
sity evolves and more information about the impacts of cli-
mate change on ecosystems becomes available through field
monitoring programs and quantitative modelling research.
Resilience-based ecosystem management, especially when it
takes into account changing climate conditions, represents a
profound shift in the way the Ministry of Forests and Range
will approach how forest ecosystems are managed, and poses
challenges to many existing practices and policies in British
Columbia. Involving a more diverse array of forest practices
than traditional forest management approaches, it will require
setting landscape-level management objectives for desired fu-
ture forest conditions and making decisions regarding how to
cope with unexpected and undesirable management outcomes.
Transitioning to resilience-based ecosystem management also
requires an understanding of complex ecological and social
feedbacks, but an awareness of this, and an openness to work
with complexity scientists, forest ecologists, climatologists,
forest geneticists, and others can help to make this transition.

Link: http://www.for.gov.bc.ca/hfd/pubs/Docs/Tr/Tr055.htm

140. Ciccarese L, Mattsson A, Pettenella D. 2012.
Ecosystem services from forest restoration: thinking ahead. New
Forests 43:543-560.

Type: Journal
Geographic Area: Global
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Keywords: ecosystem services, forest restoration, bioenergy,
climate change, planting stock production, economics

Abstract: Global deforestation and forest degradation have
led to massive loss of biodiversity and decline of ecosystem
services. Against this prospect, it is important not only to pro-
tect, but also to restore forest ecosystems. The paper analyzes
the current and future role of the restoration of forests and de-
graded lands starting with the definition of various techniques,
scales and objectives of forest restoration. Three key motiva-
tions for and targets of forest restoration are then discussed:
forest biodiversity protection, biomass production, climate
change mitigation and adaptation. The paper also briefly
discusses three tools of increasing relevance for supporting
forest restoration policies: the development of forest nursery
techniques and the improvement of quality of forest reproduc-
tive material, the use of standard and certification tools, and
financing of restoration investments, including projects aimed
at reducing emissions from deforestation and forest degrada-
tion. We conclude by making some final remarks on the future
challenges of forest restoration policies.

141. Colombo S, Boysen B, Brosemer K, Foley A,
Obenchain A. 2008. Managing tree seed in an uncertain cli-
mate: conference summary. Ontario, Canada: Ontario Ministry
of Natural Resources, Applied Research and Development
Branch. Note Number 8. 8 p.

Type: Government Document
Geographic Area: Central Canada

Compilers’ Keywords: forest, seed transfer, adaptive varia-
tion, forest genetic resources, forest management

Introduction: Canadian forests will experience greater
increases in temperature than those growing further south.
One set of projections for Ontario indicates that by the end of
the century, average summer temperature will increase from
3 to 7 °C (southern and northern Ontario, respectively) and
that winter temperatures will increase from up to 4 °C in the
south to 10 °C in the north. Predictions of precipitation with
climate change vary, but future precipitation may be insuf-
ficient to prevent large areas of Ontario forests from experi-
encing more frequent and intense drought. Such temperature
and soil moisture changes would alter the ecological condi-
tions in forests enough to affect how well trees are adapted
to local climates. As a result, climate change presents many
challenges to sustainable forest management in Canada. The
long life of tree species and long rotation cycles mean that the
effects of today’s decisions can persist for a century or more.
Given projections for Ontario’s future climate, those who are
concerned about forest ecology, management, and policy must
be concerned about seed source deployment. Important ques-
tions include: 1. What if any changes do we make in how we
distribute seed sources when planting? 2. When do we make
changes? 3. Can we predict the effects of such changes? Out of
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concern for these issues, a conference entitled Managing Tree
Seed in an Uncertain Climate was held on November 14-15,
2007, in Sault Ste. Marie, Ontario. The event was co-hosted by
the Ontario Ministry of Natural Resources (through its climate
change initiative) and Forest Genetics Ontario. This confer-
ence focused on managing tree seed in a rapidly changing cli-
mate, including seed movement (species and populations) and
regulatory tools (guidelines/zones); the science behind identi-
fying and predicting patterns of adaptive variation response to
climate change (invited speakers’ abstracts are shown in the
appendix); the need to revise seed movement decision-mak-
ing; and reforestation aspects of management planning under
climate change. The goals of the conference were to: 1. Build
awareness about climate change and its potential impacts on
the deployment of forest genetic resources (e.g., seed trans-
fer guidelines, seed source bulking, seed banking, and tree
improvement strategies) 2. Initiate a dialogue among those
concerned about impacts of climate change on forest genetic
resources 3. Develop a roadmap of future actions promoting
adaptation of forests to future climate.

Link: http://www.mnr.gov.on.ca/stdprodconsume/groups/
Ir/@mnr/@climatechange/documents/document/276918.pdf

142. Conroy M), Runge MC, Nichols JD, Stodola
KW, Cooper R). 2011. Conservation in the face of climate
change: the roles of alternative models, monitoring, and ad-
aptation in confronting and reducing uncertainty. Biological
Conservation 144:1204-1213.

Type: Journal
Geographic Area: Eastern USA

Keywords: climate change, birds, prediction, monitoring,
adaptive management

Abstract: The broad physical and biological principles behind
climate change and its potential large scale ecological impacts
on biota are fairly well understood, although likely responses
of biotic communities at fine spatio-temporal scales are not,
limiting the ability of conservation programs to respond effec-
tively to climate change outside the range of human experience.
Much of the climate debate has focused on attempts to resolve
key uncertainties in a hypothesis-testing framework. However,
conservation decisions cannot await resolution of these scien-
tific issues and instead must proceed in the face of uncertainty.
We suggest that conservation should precede in an adaptive
management framework, in which decisions are guided by
predictions under multiple, plausible hypotheses about climate
impacts. Under this plan, monitoring is used to evaluate the
response of the system to climate drivers, and management
actions (perhaps experimental) are used to confront testable
predictions with data, in turn providing feedback for future de-
cision making. We illustrate these principles with the problem
of mitigating the effects of climate change on terrestrial bird
communities in the southern Appalachian Mountains, USA.
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143. Driscoll DA, Felton A, Gibbons P, Felton AM,
Munro NT, Lindenmayer DB. 201 1. Priorities in policy
and management when existing biodiversity stressors interact
with climate-change. Climatic Change 111:533-557.

Type: Journal
Geographic Area: Global
Compilers’ Keywords: environmental stressors

Abstract: There are three key drivers of the biodiversity cri-
sis: 1) the well-known existing threats to biodiversity such as
habitat loss, invasive pest species and resource exploitation; 2)
direct effects of climate-change, such as on coastal and high
elevation communities and coral reefs; and 3) the interaction
between existing threats and climate-change. The third driver
is set to accelerate the biodiversity crisis beyond the impacts of
the first and second drivers in isolation. In this review we as-
sess these interactions, and suggest the policy and management
responses that are needed to minimise their impacts. Renewed
management policy action that address known threats to bio-
diversity could substantially diminish the impacts of future
climate change. An appropriate response to climate-change
will include a reduction of land clearing, increased habitat res-
toration using indigenous species, a reduction in the number
of exotic species transported between continents or between
major regions of endemism, and a reduction in the unsustain-
able use of natural resources. Achieving these measures re-
quires substantial reform of international, national and regional
policy, and the development of new or more effective alliances
between scientists, government agencies, non-government
organisations and land managers. Furthermore, new manage-
ment practices and policy are needed that consider shifts in the
geographic range of species, and that are responsive to new
information acquired from improved research and monitoring
programs. The interactions of climate-change with existing
threats to biodiversity have the potential to drive many species
to extinction, but there is much that can be done now to reduce
this risk.

144. Erickson V), Aubry C, Berrang PC, Blush
T, Bower AD, Crane BS, DeSpain T, Gwaze D,
Hamlin ), Horning ME, Johnson R, Mahalovich
MF, Maldonado M, Sniezko R, St. Clair JB. 2012.
Genetic resource management and climate change: genetic
options for adapting national forests to climate change.
Washington (DC): USDA Forest Service, Forest Management.
24 p.

Type: Government Document

Geographic Area: North America

Compilers’ Keywords: genecology, planning, USFS, genetic
options, review, guidelines

Summary: This report provides an overview of current cli-
mate change knowledge and potential implications for forest
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tree species, as well as goals, principles, and recommenda-
tions for enhancing forest resilience and resistance through
a re-aligned “climate-smart” National Forest System (NFS)
Genetic Resource Management Program. Although national
forests may differ in terms of species and population vulner-
ability to climate change, as well as appropriate management
response, our recommendations and adaptation options all fol-
low three overarching principles: (1) genetically diverse and
adapted seed and planting stock will provide the foundation for
healthy forests and ecosystems in the future; (2) gene conser-
vation is key to preserving vulnerable species and populations
for the future; and (3) establishing and maintaining partner-
ships will be more important than ever. Implementation of the
adaptation options will require new tools, practices, and re-
focused investments in NFS Genetic Resource Management
activities, as well as a trained workforce, supporting plant pro-
duction infrastructure, and strong support from research and
management.

Link: http://www.fs.usda.gov/Internet/FSE DOCUMENTS/
stelprdb5368468.pdf

145. Guariguata MR, Cornelius )P, Locatelli B,
Forner C, Sanchez-Azofeifa GA. 2008. Mitigation
needs adaptation: tropical forestry and climate change.
Mitigation and Adaptation Strategies for Global Change
13:793-808.

Type: Journal
Geographic Area: Global

Keywords: climate change, adaptation, tropical forests, tropi-
cal tree plantations, natural forest management

Abstract: The relationship between tropical forests and glob-
al climate change has so far focused on mitigation, while much
less emphasis has been placed on how management activities
may help forest ecosystems adapt to this change. This paper
discusses how tropical forestry practices can contribute to
maintaining or enhancing the adaptive capacity of natural and
planted forests to global climate change and considers chal-
lenges and opportunities for the integration of tropical forest
management in broader climate change adaptation. In addition
to the use of reduced impact logging to maintain ecosystem
integrity, other approaches may be needed, such as fire preven-
tion and management, as well as specific silvicultural options
aimed at facilitating genetic adaptation. In the case of planted
forests, the normally higher intensity of management (with
respect to natural forest) offers additional opportunities for im-
plementing adaptation measures, at both industrial and small-
holder levels. Although the integration in forest management
of measures aimed at enhancing adaptation to climate change
may not involve substantial additional effort with respect to
current practice, little action appears to have been taken to
date. Tropical foresters and forest-dependent communities ap-
pear not to appreciate the risks posed by climate change and,
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for those who are aware of them, practical guidance on how to
respond is largely non-existent. The extent to which forestry
research and national policies will promote and adopt manage-
ment practices in order to assist production forests adapt to cli-
mate change is currently uncertain. Mainstreaming adaptation
into national development and planning programs may repre-
sent an initial step towards the incorporation of climate change
considerations into tropical forestry.

Link: http://www.cifor.org/publications/pdf files/articles/
AGuariguata0801.pdf

146. Gunn JS, Hagan JM, Whitman AA. 2009.
Forestry adaptation and mitigation in a changing climate—a for-
est resource manager’s guide for the northeastern United States.
Brunswick (ME): Natural Capital Initiative at Manomet. NCI-
2009-1. 16 p.

Type: Report
Geographic Area: Northeastern USA

Compilers’ Keywords: climate change, forest management,
guidelines, silviculture, report, resilience

Summary: A coordinated response to reduce greenhouse
gas emissions will not be adequate to prevent unprecedented
climate change resulting from the elevated levels of carbon
dioxide (CO,) already in the atmosphere. Climate adaptation
management strategies are essential if landowners and manag-
ers are going to have plans that help them achieve their objec-
tives in the face of uncertainty (e.g., revenue, silviculture, re-
tain third-party forest certification). Strategies are also needed
if northeastern U.S. forests will continue to play a mitigating
role in addressing greenhouse gas emissions. In this report, we
lay out a framework for understanding potential impacts of cli-
mate change on forestry. This framework draws on a review
of recommended actions from forest managers and scientists
throughout Canada, the U.S., and Europe. We then present a
toolbox of practices that forest managers in the northeastern
U.S. might apply to reduce exposure to the immediate and
long-term risk from climate change. The toolbox approach
incorporates three broad strategies of Resistance, Resilience,
and Response. A Resistance strategy is a set of short-term ap-
proaches to address immediate threats and focuses on mini-
mizing the impacts of disturbance regimes that are exacerbated
by climate change. Resilience can be seen both as a short-term
and a long-term strategy. Resilience strategies address the ca-
pacity of a stand or community to recover from a disturbance
and return to a reference or desired state. The primary purpose
of a Response strategy is to facilitate the movement of species
over time. This strategy encompasses the most costly practices
and requires acceptance of a level of uncertainty that many
landowners and managers will likely not choose.

Link: http://www.manomet.org/sites/default/files/publica-
tions and tools/Manomet ForestryAdaptationtoCCRep-

ort%205-09.pdf
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147. Halofsky JE, Peterson DL, Furniss MJ, Joyce
LA, Millar CI, Neilson RP. 2011. Workshop approach
for developing climate change adaptation strategies and actions
for natural resource management agencies in the United States.
Journal of Forestry 109:219-225.

Type: Journal
Geographic Area: USA
Keywords: climate change, adaptation, forest management

Abstract: Concrete ways to adapt to climate change are need-
ed to help land-management agencies take steps to incorporate
climate change into management and take advantage of op-
portunities to balance the negative effects of climate change.
Because the development of adaptation tools and strategies is
at an early stage, it is important that ideas and strategies are
disseminated quickly to advance thinking and practice. Here,
we offer an example of a successful workshop, focused on
National Forests in the United States, which allowed quick
dissemination of ideas and strategies for climate change adap-
tation in resource management through an interaction between
scientists and managers. We share both the process used in the
workshop and the outcome of facilitated dialogue at the work-
shop. By presenting concrete adaptation methods and showing
the value of a focused scientist—manager dialogue, we hope
to motivate the U.S. Forest Service and other natural resources
agencies to emulate our approach and begin the process of
adapting to climate change.

Link: http://www.treesearch.fs.fed.us/pubs/39144

148. Hannah L, Midgley GF, Miller G. 2002.
Climate change-integrated conservation strategies. Global
Ecology and Biogeography 11:485-495.

Type: Journal
Geographic Area: Global

Keywords: biodiversity, climate change, conservation, matrix
management, modelling, protected areas, range shifts

Abstract: Conservation strategies currently include little con-
sideration of climate change. Insights about the biotic impacts
of climate change from biogeography and palacoecology,
therefore, have the potential to provide significant improve-
ments in the effectiveness of conservation planning. We sug-
gest a collaboration involving biogeography, ecology and ap-
plied conservation. The resulting Climate Change-integrated
Conservation Strategies (CCS) apply available tools to respond
to the conservation challenges posed by climate change. The
focus of this analysis is global, with special reference to high
biodiversity areas vulnerable to climate change, particularly
tropical montane settings. Current tools from climatology, bio-
geography and ecology applicable to conservation planning
in response to climate change are reviewed. Conservation
challenges posed by climate change are summarized. CCS
elements are elaborated that use available tools to respond to
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these challenges. Five elements of CCS are described: regional
modelling, expanding protected areas; management of the ma-
trix regional coordination; and transfer of resources. Regional
modelling uses regional climate models, biotic response mod-
els and sensitivity analysis to identify climate change impacts
on biodiversity at a regional scale appropriate for conserva-
tion planning. Expansion of protected areas management and
systems within the planning region are based on modelling
results. Management of the matrix between protected areas
provides continuity for processes and species range shifts
outside of parks. Regional coordination of park and off-park
efforts allows harmonization of conservation goals across
provincial and national boundaries. Finally, implementation
of these CCS elements in the most biodiverse regions of the
world will require technical and financial transfer of resources
on a global scale. Collaboration across disciplines is necessary
to plan conservation responses to climate change adequately.
Biogeography and ecology provide insights into the effects
of climate change on biodiversity that have not yet been fully
integrated into conservation biology and applied conservation
management. CCS provide a framework in which biogeogra-
phers, ecologists and conservation managers can collaborate
to address this need. These planning exercises take place on
a regional level, driven by regional climate models as well as
general circulation models (GCMs), to ensure that regional
climate drivers such as land use change and mesoscale topog-
raphy are adequately represented. Sensitivity analysis can help
address the substantial uncertainty inherent in projecting future
climates and biodiversity response.

Link: http://www.cakex.org/sites/default/files/ Climate%20
change%20integrated%20conservation%20strategies 1.pdf

149. Hayward, GD, Flather, CH, Uloth, E, Safford,
HD, Cleaves, DA. 2009. Managing fish and wildlife in the
face of climate change: USDA Forest Service perspective. In:
McCabe RE, Stockwell KA, editors. Transactions of the 74th
North American Wildlife and Natural Resources Conference.
Washington (DC): Wildlife Management Institute. p 98-109.

Type: Proceedings Paper
Geographic Area: North America

Compilers’ Keywords: climate change, assisted migration,
fish and wildlife management, IPCC, strategic framework, re-
view, USFS

Introduction: This invited review explores progress that the
research and management branches of the Forest Service have
made addressing fish and wildlife management in the face of
climate change. In this paper, we begin by providing an over-
view of the agency’s research and management context. Key
to this overview is the Forest Service Strategic Framework
(U.S. Forest Service 2008a) for responding to climate change,
which defines three broad categories of agency goals that
guide the incorporation of climate change into natural resource
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management. Through a series of case studies we demonstrate
progress the agency has made in each of those broad goal cat-
egories. We conclude by reviewing those features of the Forest
Service that position it as an important partner in addressing
climate change, and by highlighting some of the management,
research, and policy opportunities that must be seized if fish
and wildlife are to be successfully managed in the face of cli-
mate change.

Link: http://www.fs.fed.us/rm/human-dimensions/staff/
flather/pubs/2009.Hayward.et.al. Trans. N.Am.Wildl. Nat.Res.
Conf.pdf

150. Hebda R). 2008. Climate change, forests, and the
forest nursery industry. In: Dumroese RK, Riley LE, edi-
tors. National Proceedings: Forest and Conservation Nursery
Associations —2007. Fort Collins (CO): USDA Forest Service,
Rocky Mountain Research Station. Proceedings RMRS-P-57.
p 81-82.

Type: Government Document
Geographic Area: Western North America

Keywords: ancient carbon, living carbon, mountain pine
beetle, Dothistroma needle blight

Introduction: The devastating consequences of Hurricane
Katrina demonstrate how ill-prepared people are when it
comes to extreme weather events and potential changes in
climate. The hurricane itself cannot be directly ascribed to cli-
mate change, but the likelihood of stronger hurricanes can be.
The more energy the atmosphere has as it warms because of in-
creasing concentrations of greenhouse gasses, the more energy
it needs to shuffle around. Hurricanes are one way of doing
just that. The potential risks from just such an event had been
described in the region’s major daily paper, yet the response to
the hurricane seems to indicate that little action had been taken
to get ready. The lessons of the event must be taken seriously
by all sectors of society because climate change is a certainty,
is now well underway, and will impact us all. The fourth series
of reports issued in 2007 by the Intergovernmental Panel on
Climate Change (IPCC IV), in what is a conservative account
of climate change and its impacts, warns us clearly that ma-
jor effects on forests must be expected. In northwestern North
America, the climate has already changed and is continuing
to change, and those changes are having serious impacts on
regional forests. Furthermore, in one of the IPCC 1V reports,
Fischlin and others (2007) identify northwest North American
forests as especially likely to be impacted by climate change.
The devastating mountain pine beetle (Dendroctonus pondero-
sae) outbreak in the interior of British Columbia and adjacent
regions has single-handedly altered the character of forests
over a huge area in less than decade. Increases in Dothistroma
needle blight on lodgepole pines (Pinus contorta) are also at-
tributed to changes in climate. In the coastal temperate rainfor-
ests of British Columbia, western redcedars (Thuja plicata) are
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showing excessive autumn branchlet drop and top die-back,
likely as a result of increased summer moisture deficits.

Link: http://www.treesearch.fs.fed.us/pubs/31835

151. Heller NE, Zavaleta ES. 2009. Biodiversity man-
agement in the face of climate change: a review of 22 years of rec-
ommendations. Biological Conservation 142:14-32,

Type: Journal
Geographic Area: Global

Keywords: conservation, adaptation, reserve planning, land-
scape connectivity, resilience, global warming

Abstract: Climate change creates new challenges for biodi-
versity conservation. Species ranges and ecological dynamics
are already responding to recent climate shifts, and current
reserves will not continue to support all species they were
designed to protect. These problems are exacerbated by other
global changes. Scholarly articles recommending measures to
adapt conservation to climate change have proliferated over
the last 22 years. We systematically reviewed this literature to
explore what potential solutions it has identified and what con-
sensus and direction it provides to cope with climate change.
Several consistent recommendations emerge for action at
diverse spatial scales, requiring leadership by diverse actors.
Broadly, adaptation requires improved regional institutional
coordination, expanded spatial and temporal perspective, in-
corporation of climate change scenarios into all planning and
action, and greater effort to address multiple threats and global
change drivers simultaneously in ways that are responsive to
and inclusive of human communities. However, in the case of
many recommendations the how, by whom, and under what
conditions they can be implemented is not specified. We syn-
thesize recommendations with respect to three likely conser-
vation pathways: regional planning; site-scale management;
and modification of existing conservation plans. We identify
major gaps, including the need for (1) more specific, opera-
tional examples of adaptation principles that are consistent
with unavoidable uncertainty about the future; (2) a practical
adaptation planning process to guide selection and integration
of recommendations into existing policies and programs; and
(3) greater integration of social science into an endeavor that,
although dominated by ecology, increasingly recommends ex-
tension beyond reserves and into human occupied landscapes.

Link: http://people.ucsc.edu/~zavaleta/pubs/Heller%20
and%20Zavaleta%202009 BiolCons09_climate.pdf

152. Jackson ST, Sax DF. 2010. Balancing biodiver-
sity in a changing environment: extinction debt, immigration
credit and species turnover. Trends in Ecology and Evolution
25:153-160.

Type: Journal
Geographic Area: Global
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Compilers’ Keywords: animals, climate change, humans,
population dynamics, uncertainty, migration, framework

Abstract: Here, we outline a conceptual framework for bio-
diversity dynamics following environmental change. The
model incorporates lags in extinction and immigration, which
lead to extinction debt and immigration credit, respectively.
Collectively, these concepts enable a balanced consideration of
changes in biodiversity following climate change, habitat frag-
mentation and other forcing events. They also reveal transient
phenomena, such as biodiversity surpluses and deficits, which
have important ramifications for biological conservation and
the preservation of ecosystem services. Predicting such tran-
sient dynamics poses a serious conservation challenge in a
time of rapid environmental change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19879014

153. Joyce LA, Briske DD, Brown JR, Polley HW,
McCarl BA, Bailey DW. 201 3. Climate change and North
American rangelands: assessment of mitigation and adaptation
strategies. Rangeland Ecology & Management 66:512-528.

Type: Journal
Geographic Area: North America

Keywords: carbon sequestration, land change science,
social-ecological systems, social learning, sustainability,
transformation

Abstract: Recent climatic trends and climate model pro-
jections indicate that climate change will modify rangeland
ecosystem functions and the services and livelihoods that
they provision. Recent history has demonstrated that cli-
matic variability has a strong influence on both ecological
and social components of rangeland systems and that these
systems possess substantial capacity to adapt to climatic
variability. Specific objectives of this synthesis are to: 1)
evaluate options to mitigate greenhouse gas emissions and
future climate change; 2) survey actions that individuals,
enterprises, and social organizations can use to adapt to cli-
mate change; and 3) assess options for system transforma-
tion when adaptation is no longer sufficient to contend with
climate change. Mitigation for carbon sequestration does not
appear economically viable, given the small and highly vari-
able carbon dioxide fluxes of rangeland ecosystems and the
high transaction costs that would be incurred. In contrast,
adaptation strategies are numerous and provide a means to
manage risks associated with climate change. Adaptation
strategies are diverse, including altered risk perception by
individuals, greater flexibility of production enterprises, and
modifications to social organizations that emphasize climatic
variability, rather than consistency. Many adaptations repre-
sent “no regrets” actions because their implementation can
be justified without emphasis on pending climate change.
Adaptations specific to livestock production systems can in-
clude flexible herd management, alternative livestock breeds
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or species, innovative pest management, modified enterprise
structures, and geographic relocation. Social-ecological
systems in which adaptation is insufficient to counter the
adverse consequences of climate change might undergo
transformative change to produce alternative ecosystem ser-
vices, production enterprises, and livelihoods. The rangeland
profession is in a pivotal position to provide leadership on
this global challenge because it represents the intersection
of management and scientific knowledge, includes diverse
stakeholders who derive their livelihoods from rangelands,
and interacts with organizations responsible for rangeland
stewardship.

Link: http://www.treesearch.fs.fed.us/pubs/44831

154. Joyce LA, Blate GM, McNulty SG, Millar CI,
Moser S, Neilson RP, Peterson DL. 2009. Managing
for multiple resources under climate change: national forests.
Environmental Management 44:1022-1032.

Type: Journal
Geographic Area: USA

Keywords: resilience, resistance, anticipatory management,
planning, assessments, adaptation

Abstract: This study explores potential adaptation ap-
proaches in planning and management that the United States
Forest Service might adopt to help achieve its goals and
objectives in the face of climate change. Availability of in-
formation, vulnerability of ecological and socio-economic
systems, and uncertainties associated with climate change,
as well as the interacting non-climatic changes, influence
selection of the adaptation approach. Resource assessments
are opportunities to develop strategic information that could
be used to identify and link adaptation strategies across
planning levels. Within a National Forest, planning must
incorporate the opportunity to identify vulnerabilities to cli-
mate change as well as incorporate approaches that allow
management adjustments as the effects of climate change
become apparent. The nature of environmental variability,
the inevitability of novelty and surprise, and the range of
management objectives and situations across the National
Forest System implies that no single approach will fit all
situations. A toolbox of management options would include
practices focused on forestalling climate change effects by
building resistance and resilience into current ecosystems,
and on managing for change by enabling plants, animals,
and ecosystems to adapt to climate change. Better and more
widespread implementation of already known practices that
reduce the impact of existing stressors represents an impor-
tant “no regrets” strategy. These management opportunities
will require agency consideration of its adaptive capacity,
and ways to overcome potential barriers to these adaptation
options.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19588192
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155. Joyce LA, Blate GM, Littell J, McNulty SG,
Millar CI, Moser S, Neilson RP, O'Halloran KA,
Peterson DL. 2008. Adaptation options for climate-sensitive
ecosystems and resources. Chapter 3. In: Julius SH, West JM,
editors. Adaptation Options for Climate-Sensitive Ecosystems
and Resources. Washington (DC): U.S. Environmental
Protection Agency. p 1-66.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: forest management, climate change,
adaptive strategy, USFS, National Forest System

Summary: The National Forest System (NFS) is composed of
155 national forests (NFs) and 20 national grasslands (NGs),
which encompass a wide range of ecosystems, harbor much of
the nation’s biodiversity, and provide myriad goods and ser-
vices. The mission of the U.S. Forest Service (USFS), which
manages the NFS, has broadened from water and timber to sus-
taining ecosystem health, diversity, and productivity to meet
the needs of present and future generations. The evolution of
this mission reflects changing societal values (e.g., increasing
emphasis on recreation, aesthetics, and biodiversity conserva-
tion), a century of new laws, increasing involvement of the
public and other agencies in NF management, and improved
ecological understanding. Climate change will amplify the al-
ready difficult task of managing the NFS for multiple goals.
This chapter offers potential adaptation approaches and man-
agement options that the USFS might adopt to help achieve its
NF goals and objectives in the face of climate change.

Link: http://cfpub.epa.gov/ncea/cfm/recordisplay.
cfm?deid=180143

156. Lankau R, Jergensen PS, Harris D), Sih A.
2011. Incorporating evolutionary principles into environ-
mental management and policy. Evolutionary Applications
4:315-325.

Type: Journal
Geographic Area: Global

Keywords: conservation biology, environmental manage-
ment, evolution, gene flow, selection, variation

Abstract: As policymakers and managers work to mitigate
the effects of rapid anthropogenic environmental changes,
they need to consider organisms’ responses. In light of recent
evidence that evolution can be quite rapid, this now includes
evolutionary responses. Evolutionary principles have a long
history in conservation biology, and the necessary next step for
the field is to consider ways in which conservation policy mak-
ers and managers can proactively manipulate evolutionary pro-
cesses to achieve their goals. In this review, we aim to illustrate
the potential conservation benefits of an increased understand-
ing of evolutionary history and prescriptive manipulation of
three basic evolutionary factors: selection, variation, and gene
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flow. For each, we review and propose ways that policy mak-
ers and managers can use evolutionary thinking to preserve
threatened species, combat pest species, or reduce undesirable
evolutionary changes. Such evolution-based management has
potential to be a highly efficient and consistent way to create
greater ecological resilience to widespread, rapid, and multi-
faceted environmental change.

Link: https://research.franklin.uga.edu/lankau/sites/research.

franklin.uga.edu.lankau/files/Lankau%20et%20al.%202011.
pdf

157. Leakey ADB, Ainsworth EA, Bernard SM,
Markelz RJC, Ort DR, Placella SA, Rogers A, Smith
MD, Sudderth EA, Weston D), Wullschleger SD,
Yuan S. 2009. Gene expression profiling: opening the black
box of plant ecosystem responses to global change. Global
Change Biology 15:1201-1213.

Type: Journal
Geographic Area: Global
Keywords: elevated CO,, genomic, microarray

Abstract: The use of genomic techniques to address eco-
logical questions is emerging as the field of genomic ecology.
Experimentation under environmentally realistic conditions
to investigate the molecular response of plants to meaningful
changes in growth conditions and ecological interactions is the
defining feature of genomic ecology. Because the impact of
global change factors on plant performance are mediated by
direct effects at the molecular, biochemical, and physiological
scales, gene expression analysis promises important advances
in understanding factors that have previously been consigned
to the “black box™ of unknown mechanism. Various tools and
approaches are available for assessing gene expression in
model and nonmodel species as part of global change biology
studies. Each approach has its own unique advantages and
constraints. A first generation of genomic ecology studies in
managed ecosystems and mesocosms have provided a testbed
for the approach and have begun to reveal how the experimen-
tal design and data analysis of gene expression studies can be
tailored for use in an ecological context.

Link: http://esd.Ibl.gov/files/departments/ecology/publica-
tions/2009 GlobChangeBiol Leakey etal.pdf

158. Ledig FT, Kitzmiller JH. 1992. Genetic strategies
for reforestation in the face of global climate change. Forest
Ecology and Management 50:153-169.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: seed transfer, seed sources, local
adaptation, forestry, assisted migration, translocation, uncer-
tainty, review
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Abstract: If global warming materializes as projected, natural
or artificial regeneration of forests with local seed sources will
become increasingly difficult. However, global warming is far
from a certainty and predictions of its magnitude and timing
vary at least twofold, In the face of such uncertainty, reforesta-
tion strategies should emphasize conservation, diversification,
and broader deployment of species, seed sources, and families.
Planting programs may have to deploy non-local seed sources,
imported from further south or from lower elevations, which
necessitates a system for conserving native gene pools in seed
banks or clone banks. Planting a diverse array of species or
seed sources is a hedge against the uncertainty inherent in cur-
rent projections of warming. Most tree improvement programs
already stress genetic diversity and deployment of multi-
progeny mixes, but may better prepare for climate change by
testing selections in an even wider set of environments than is
now the case.

Link: http://www.treesearch.fs.fed.us/pubs/24275

159. Lemieux CJ, Scott D). 2011. Changing climate,
challenging choices: identifying and evaluating climate change
adaptation options for protected areas management in Ontario,
Canada. Environmental Management 48:675-690.

Type: Journal
Geographic Area: Ontario, Canada

Keywords: climate change, parks, protected areas, adaptation,
conservation, management, policy, Policy Delphi

Abstract: Climate change will pose increasingly significant
challenges to managers of parks and other forms of protected
areas around the world. Over the past two decades, numerous
scientific publications have identified potential adaptations,
but their suitability from legal, policy, financial, internal capac-
ity, and other management perspectives has not been evaluated
for any protected area agency or organization. In this study, a
panel of protected area experts applied a Policy Delphi meth-
odology to identify and evaluate climate change adaptation
options across the primary management areas of a protected
area agency in Canada. The panel identified and evaluated one
hundred and sixty five (165) adaptation options for their per-
ceived desirability and feasibility. While the results revealed
a high level of agreement with respect to the desirability of
adaptation options and a moderate level of capacity pertaining
to policy formulation and management direction, a perception
of low capacity for implementation in most other program
areas was identified. A separate panel of senior park agency
decision-makers used a multiple criterion decision-facilitation
matrix to further evaluate the institutional feasibility of the 56
most desirable adaptation options identified by the initial ex-
pert panel and to prioritize them for consideration in a climate
change action plan. Critically, only two of the 56 adaptation
options evaluated by senior decision-makers were deemed
definitely implementable, due largely to fiscal and internal
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capacity limitations. These challenges are common to protect-
ed area agencies in developed countries and pervade those in
developing countries, revealing that limited adaptive capacity
represents a substantive barrier to biodiversity conservation
and other protected area management objectives in an era of
rapid climate change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/21850505

160. Lempriere TC, Bernier PY, Carroll AL,
Flannigan MD, Gilsenan RP, McKenney DW, Hogg
EH, Pedlar ), Blain D. 2008. The importance of forest sec-
tor adaptation to climate change. Edmonton, Alberta, Canada:
Natural Resources Canada, Canadian Forest Service, Northern
Forestry Centre. NOR-X-416E. 78 p.

Type: Government Document
Geographic Area: Canada

Compilers’ Keywords: forest management, insects, green-
house emissions, IPCC

Abstract: This report summarizes current knowledge about
recent changes in the climate of Canada’s forests and proj-
ects further changes over this century based on scenarios of
future global greenhouse gas emissions developed by the
Intergovernmental Panel on Climate Change. Even with sus-
tained reductions in global emissions the future climate is pre-
dicted to be quite different, meaning that adaptation will be
essential. Impacts on the forest are already occurring and will
be substantial in the future. The current upward trend in area
burned annually is expected to continue. Forests will be prone
to widespread stress induced by the changing climate, increas-
ing the likelihood of pest outbreaks in the short to medium
term. Recent outbreaks of several pests have exceeded in scope
all previous known epidemics of these pests and are associ-
ated with the crossing of a climatic threshold. Invasion of the
boreal forest by the mountain pine beetle, Dendroctonus pon-
derosae (Hopkins), appears likely, although the effect of this
range expansion would likely be less severe than that observed
recently in British Columbia, and outbreaks of the spruce bud-
worm, Choristoneura fumiferana (Clemens), are predicted to
be longer and more severe in the future. Future forest growth
in response to climate change is expected to be variable; with
growth reduction because of drought in parts of Canada’s west-
ern forests perhaps the most dramatic short- to medium-term
outcome, though modestly increased growth in the east is pre-
dicted. Such impacts have implications for the cost and char-
acteristics of timber supply and climate change will also affect
forestry operations, recreation opportunities, biodiversity, and
carbon storage. Planning based on past approaches will need to
be reconsidered. Current objectives for sustainable forest man-
agement may not be attainable in the future, although there
may be some new opportunities. Climate change may produce
public safety risks, significant economic and social disloca-
tion in forest-dependent communities including Aboriginal
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communities, and impacts on the competitiveness of compa-
nies as well as on the actions and policies of all levels of gov-
ernment. These effects can be reduced through early identifica-
tion and implementation of actions to reduce vulnerabilities or
take advantage of new opportunities. The key needs associated
with adaptation in the forest sector include awareness building
and debate, improved knowledge and information, vulnerabil-
ity assessments, planning frameworks and tools, and enhanced
coordination and cooperation among governments and other
forest sector participants. Meeting the challenge of adaptation
will require sustained effort for many years.

Link: http://publications.gc.ca/collections/collection 2009/
nrcan/Fo133-1-416E.pdf

161. Lindenmayer DB, Steffen WL, Burbidge AA,
Hughes L, Kitching RL, Musgrave W, Stafford
Smith M, Werner PA. 2010. Conservation strategies
in response to rapid climate change: Australia as a case study.
Biological Conservation 143:1587-1593.

Type: Journal
Geographic Area: Australia

Keywords: climate change, biodiversity conservation,
Australia, climate responses, existing biodiversity stressors

Abstract: As in all parts of the globe, rapid climate change
in Australia will have significant negative impacts on biodi-
versity. It also will interact with pre-existing stressors such as
native vegetation clearing, altered natural disturbance regimes
and invasive species—all of which already have major nega-
tive effects on biota in Australia. Strategies to reduce climate
change impacts on Australian biodiversity include a mixture
of mitigation and adaptation actions (sensu Millar et al. 2007)
such as: (1) significantly reducing greenhouse gas emissions,
(2) ensuring bio-diverse carbon capture, (3) better tackling pre-
existing stressors on biodiversity, (4) better preparing for the
effects of major natural disturbances, (5) significantly improv-
ing off-reserve conservation efforts including fostering ap-
propriate connectivity, and (6) enhancing the existing reserve
system by making it more comprehensive, adequate and repre-
sentative. The first strategy above demands a global response
otherwise major mitigation attempts in Australia that are not
paralleled elsewhere around the world will have little effect
on climate change and, in turn, contribute little to enhanced
biodiversity conservation. Strategies 2—6 demand multi-scaled
responses, particularly at a regional level, given the major re-
gional differences in direct climate change impacts and their in-
teractions with pre-existing regional stressors. Well-developed
multi-scaled conservation plans to implement these strategies
currently do not exist, nor do appropriate institutional arrange-
ments and capacities. Institutional reforms are urgently needed
in Australia to develop the land management, monitoring and
regional response capabilities required to conserve biodiver-
sity on a continent already significantly modified.
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162. Maness TC. 2009. Forest management and cli-
mate change mitigation: good policy requires careful thought.
Journal of Forestry 107:119-124.

Type: Journal
Geographic Area: USA

Keywords: climate change mitigation, forest management,
forest policy

Abstract: Many people believe that forest management and
the production of forest products can be important tools in a
climate change mitigation strategy. This article critically exam-
ines how forest management can contribute to climate change
mitigation in the global context, and it examines four major is-
sues that must be considered before developing a strategy that
would achieve real contributions. The article argues that pro-
tection of the carbon stock in the existing natural forest should
be the central management objective related to carbon. Second
should be the development of a widely accepted standard for
calculating forestry offsets to drive future private investment
on private forests. The article concludes with some recommen-
dations for policy setting.

163. Manter DK, Reeser PW, Stone JK. 2005.
A climate-based model for predicting geographic varia-
tion in Swiss needle cast severity in the Oregon Coast Range.
Phytopathology 95:1256-1265.

Type: Journal
Geographic Area: Oregon, USA

Keywords: climate change, Douglas-fir, epidemiology, fungal
pathogen, modeling

Abstract: Since the early 1990s, Swiss needle cast disease
caused by Phaeocryptopus gaeumannii has been increasing in
Douglas-fir plantations in the Oregon Coast Range. Consider-
able variation in disease severity across the affected area often
has been noted. We investigated the influence of site microcli-
mate on fungal colonization as a basis for this variation with a
combination of seedling inoculation and field studies. Devel-
opment of P. gaeumannii ascocarps on inoculated seedlings
subjected to mist, irrigation, and shading treatments was
followed for 10 months. Contrary to expectations, numbers
of ascocarps on foliage were negatively correlated with shade
and mist and positively correlated with temperature. Numbers
of ascocarps on foliage, site temperature, and leaf wetness
were monitored over 5 years at nine field sites in the Oregon
Coast Range. Factors most highly correlated with ascocarp
abundance were winter mean daily temperature and spring
cumulative leaf wetness. Predictive models for disease severity
on the basis of these correlations were tested against disease
and climate data measured at field sites during 2003-2004. A
temperature-based disease prediction model was developed in
combination with geographical information systems (GIS)-
linked climate databases to estimate disease levels across a
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portion of the Oregon Coast Range. This model can be used
for hypothesis testing and as a decision support tool for forest
managers.

Link: http://www.ncbi.nlm.nih.gov/pubmed/18943355

164. Mawdsley JR, O’'Malley R, Ojima DS. 2009. A
review of climate-change adaptation strategies for wildlife man-
agement and biodiversity conservation. Conservation Biology
23:1080-1089.

Type: Journal
Geographic Area: Global

Keywords: adaptation, biodiversity, climate change, conser-
vation, management, restoration, wildlife

Abstract: The scientific literature contains numerous descrip-
tions of observed and potential effects of global climate change
on species and ecosystems. In response to anticipated effects
of climate change, conservation organizations and government
agencies are developing “adaptation strategies” to facilitate the
adjustment of human society and ecological systems to altered
climate regimes. We reviewed the literature and climate-change
adaptation plans that have been developed in United States,
Canada, England, Mexico, and South Africa and found 16 gen-
eral adaptation strategies that relate directly to the conservation
of biological diversity. These strategies can be grouped into
four broad categories: land and water protection and manage-
ment; direct species management; monitoring and planning;
and law and policy. Tools for implementing these strategies
are similar or identical to those already in use by conservation-
ists worldwide (land and water conservation, ecological res-
toration, agrienvironment schemes, species translocation, cap-
tive propagation, monitoring, natural resource planning, and
legislation/regulation). Although our review indicates natural
resource managers already have many tools that can be used
to address climate-change effects, managers will likely need
to apply these tools in novel and innovative ways to meet the
unprecedented challenges posed by climate change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19549219

165. Millar Cl, Stephenson NL, Stephens SL. 2007.
Climate change and forests of the future: managing in the face of
uncertainty. Ecological Applications 17:2145-2151.

Type: Journal
Geographic Area: USA

Keywords: carbon sequestration, climate change, desired
conditions, ecosystem management, facilitated conservation,
forest management, historical variability, resilience, resistance,
wildfire

Abstract: We offer a conceptual framework for managing
forested ecosystems under an assumption that future environ-
ments will be different from present but that we cannot be
certain about the specifics of change. We encourage flexible
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approaches that promote reversible and incremental steps, and
that favor ongoing learning and capacity to modify direction as
situations change. We suggest that no single solution fits all fu-
ture challenges, especially in the context of changing climates,
and that the best strategy is to mix different approaches for
different situations. Resources managers will be challenged to
integrate adaptation strategies (actions that help ecosystems
accommodate changes adaptively) and mitigation strategies
(actions that enable ecosystems to reduce anthropogenic influ-
ences on global climate) into overall plans. Adaptive strategies
include resistance options (forestall impacts and protect highly
valued resources), resilience options (improve the capacity of
ecosystems to return to desired conditions after disturbance),
and response options (facilitate transition of ecosystems from
current to new conditions). Mitigation strategies include op-
tions to sequester carbon and reduce overall greenhouse gas
emissions. Priority-setting approaches (e.g., triage), appropri-
ate for rapidly changing conditions and for situations where
needs are greater than available capacity to respond, will be-
come increasingly important in the future.

Link: http://www.treesearch.fs.fed.us/pubs/31774

166. Munang R, Rivington M, Takle ES, Mackey
B, Thiaw |, Liu ). 2010. Climate information and capac-
ity needs for ecosystem management under a changing climate.
Procedia Environmental Sciences 1:206-227.

Type: Journal
Geographic Area: Global

Keywords: ecosystem management, climate information, ad-
aptation, ecosystem services, decision making

Abstract: The paper demonstrates the need to integrate across
information types (i.e., weather, climate, socio-economic, pol-
icy and ecology) to better inform those involved in decision-
making for ecosystem management. The provision of climate
information and an understanding of ecosystem responses to
climate change and variability urgently need to underpin any
planning for the future. Integrating climatic information into
risk assessment frameworks and adaptation planning is essen-
tial as it will enable better informed decision making in plan-
ning to ensure the adequate provision of ecosystem services
(water, food, air quality, shelter etc.) and appropriate adapta-
tion and mitigation strategies for the well being of both people
and nature. A substantial mindset shift to fully recognize the
fundamental role of ecosystems as life-supporting systems is
urgently needed. The value given to ecosystems and the mag-
nitude of effort to manage them has to be based on this mere
fact and indeed, it should be an integral part of any climate
change agreement.

167. Nagel L. 201 3. Developing adaptive silvicultural strat-
egies in the context of climate change. In: Forestry and Natural
Resources Webinar Portal. USDA Forest Service. 91 p.
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Type: Presentation
Geographic Area: USA

Compilers’ Keywords: silviculture, adaptive strategy, forest
management

Abstract: Climate change is a pervasive driver of ecosystem
change and uncertainty regarding future conditions, and repre-
sents a significant threat to many critical ecosystem functions.
The uncertain nature of climate change adds an additional
dimension to developing sustainable management plans, in-
cluding the development of silviculture prescriptions. Forest
managers need conceptual tools to incorporate adaptation into
management approaches. This process begins with reframing
objectives and the notion of desired future conditions, which
can be especially important where restoration treatments are
a priority. Decision-making processes built on principles of
adaptive management can help managers assess potential cli-
mate-related challenges to their goals and objectives, evaluate
the feasibility of existing objectives in the context of climate
change, diagnose the need for climate change adaptation ef-
forts, prescribe appropriate treatments, and use monitoring ef-
forts to evaluate treatment effectiveness and gauge the need to
adjust management over time. A common emerging adaptation
theme is to manage ecosystems for resistance and resilience,
which can often be achieved by maintaining and enhancing
complexity. A case study using northern hardwoods of the
Great Lakes region, an extensive and economically important
forest type that has undergone significant change and homog-
enization as a result of past land-use, will be discussed in the
context of these tools. Additionally, an adaptive silviculture
project will be highlighted that is building science-manage-
ment partnerships to guide managers through the process of
developing site-specific, objectives-driven climate change
adaptation treatments. This project will simultaneously estab-
lish a framework for a long-term study of responses to several
common climate change adaptation options in a variety of for-
est types across the United States.

Link: http://www.forestrywebinars.net/webinars/developing-

adaptive-silvicultural-strategies-in-the-context-of-climate-
change

168. National Fish, Wildlife, and Plants Climate
Adaption Partnership. 2012. National fish, wildlife and
plants climate adaptation strategy. Washington (DC): Fish and
Wildlife agencies, Council on Environmental Quality, Great
Lakes Indian Fish and Wildlife Commission, National Oceanic
and Atmospheric Administration, and U.S. Fish and Wildlife
Service. 120 p.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: climate change, translocation, man-
agement planning
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Summary: The Strategy is the first joint effort of three levels
of government (federal, state, and tribal) that have primary au-
thority and responsibility for the living resources of the United
States to identify what must be done to help these resources be-
come more resilient, adapt to, and survive a warming climate.
It is designed to inspire and enable natural resource managers,
legislators, and other decision makers to take effective steps
towards climate change adaptation over the next five to ten
years. Federal, state, and tribal governments and conservation
partners are encouraged to read the Strategy in its entirety to
identify intersections between the document and their mission
areas and activities. The Strategy is guided by nine principles.
These principles include collaborating across all levels of gov-
ernment, working with non-government entities such as pri-
vate landowners and other sectors like agriculture and energy,
and engaging the public. It is also important to use the best
available science—and to identify where science and manage-
ment capabilities must be improved or enhanced. When adap-
tation steps are taken, it is crucial to carefully monitor actual
outcomes in order to adjust future actions to make them more
effective, an iterative process called adaptive management. We
must also link efforts within the U.S. with efforts internation-
ally to build resilience and adaptation for species that migrate
and depend on areas beyond U.S. borders. Finally, given the
size and urgency of the challenge, we must begin acting now.

Link: http://www.wildlifeadaptationstrategy.gov/strategy.php

169. Nitschke CR, Innes JL. 2008. Integrating cli-
mate change into forest management in South-Central British
Columbia: an assessment of landscape vulnerability and de-
velopment of a climate-smart framework. Forest Ecology and
Management 256:313-327.

Type: Journal
Geographic Area: Western Canada

Keywords: climate change, vulnerability, risk, forest manage-
ment, triad zoning, modelling, fire, biodiversity, resilience,
ecosystem, mountain pine beetle

Abstract: The achievement of sustainable forest manage-
ment requires the incorporation of risk and uncertainty into
long-term planning. Climatic change will have significant
impacts on natural disturbances, species and ecosystems,
particularly on landscapes influenced by forest management.
Understanding where vulnerabilities lie is important in man-
aging the risks associated directly or indirectly with climatic
change. The vulnerability of landscapes to natural distur-
bances, the resilience of ecosystems and distribution of spe-
cies are all important components that need to be considered
when undertaking forest planning, but climatic change is rarely
factored into such planning. In this study, the vulnerability of
fire potential, fire regimes, ecosystems and species to climatic
change was modelled for a 145,000 ha landscape in the south-
central interior of British Columbia, Canada. The results from
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these analyses were used to guide forest zoning, using the triad
zoning framework, and for the development of a “climate
smart” management framework. The use of climate-smart
management is advocated as a decision-making framework
for managing forested landscapes based on an understanding
of landscape vulnerability to future climatic change. From this
understanding, the maintenance of ecosystem health and vital-
ity could be achieved.

Link: http://madsg.com/wp-content/uploads/2013/04/1-s2.0-
S037811270800368X-main.pdf

170. Northern Institute of Applied Climate
Science [NIACS]. 2009. Climate change response frame-
work. (URL accessed 25 November 2015)

Type: Web Page
Geographic Area: USA

Compilers’ Keywords: approach, forest management, forest
trees, USFS

About: Resource managers face the immense challenge of
integrating the inherent uncertainties of a changing climate
into a wide variety of management decisions. These deci-
sions occur along geographic scales, from several acres to
millions of acres, and time scales, from immediate actions to
long-term planning. Adaptation means taking action to en-
hance the ability of ecosystems to thrive in future conditions,
but there is not a single answer for how to best adapt to cli-
mate change. Adaptation responses will vary by region based
upon the magnitude of expected climate impacts, resilience
of ecosystems, values and resources of local communities,
and many other factors that demand unique responses to lo-
cal conditions. The Climate Change Response Framework
is a highly collaborative approach to helping land managers
understand the potential effects of climate change on forest
ecosystems and integrating climate change considerations
into management. Since 2009, the Framework projects have
worked to bridge the gap between scientific research on cli-
mate change impacts and on-the-ground management. The
Framework stretches across the boundaries of partners to
invite participation of forestlands owned and managed by
private individuals, forest industry, tribes, state, local, and
federal agencies. The Framework was initiated with a joint
commitment of the U.S. Forest Service Northern Research
Station and the Eastern Region to work closely together in
addressing the challenges of climate change. The hallmark of
the Framework, however, is the high level of cross-boundary
cooperation among forest owners, considered essential to
coping with an issue that spans borders, disciplines, and per-
spectives. There are currently three ecoregional Framework
Projects that encompass 133 million acres in eight states,
including 11 National Forests.

Link: http://www.climateframework.org/
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171. Obama B. 2013. The President’s climate action plan.
Washington (DC): Executive Office of the President. 21 p.

Type: Government Document
Geographic Area: USA
Compilers’ Keywords: climate change, natural resources

Introduction: Climate change represents one of our greatest
challenges of our time, but it is a challenge uniquely suited to
America’s strengths. What follows is a blueprint for steady,
responsible national and international action to slow the effects
of climate change so we leave a cleaner, more stable environ-
ment for future generations. It highlights progress already set
in motion by the Obama Administration to advance these goals
and sets forth new steps to achieve them.

Link: http://www.whitehouse.gov/share/climate-action-plan

172. Ogden AE, Innes ). 2007. Incorporating climate
change adaptation considerations into forest management
planning in the boreal forest. International Forestry Review
9:713-733.

Type: Journal
Geographic Area: Canada

Keywords: climate change, adaptation, boreal forest, Montréal
Process, forest management plans

Abstract: Climate change will pose increasing challenges to
forest managers working to achieve sustainable forest manage-
ment in the boreal forest. To date, discussions around when,
where and how to consider adaptation in forest management
plans for the boreal forest have been limited. As a starting
point, specific objectives for climate change adaptation need to
be articulated, which we consider to be synonymous with the
criteria for conservation and sustainable management of boreal
forests as defined by the Montréal Process. Secondly, because
forest management plans are hierarchal—there are higher level
strategic plans and lower level operational plans—it is impor-
tant to distinguish at which planning level adaptation options
are most appropriately considered. The purpose of this paper
is to put forward a range of alternative adaptation options that
forest managers working in the boreal zone could consider
during the development of strategic and operational forest
management plans in order to achieve sustainability as defined
by the Montréal Process.

173. Oliver M. 2012. Adaptation: planning for climate
change and its effects on Federal Lands. Portland (OR): USDA
Forest Service, Pacific Northwest Research Station. Issue 148.

6 p.
Type: Government Document
Geographic Area: USA

Compilers’ Keywords: adaptation strategy, forest manage-
ment, USFS
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Summary: National forest managers are charged with tack-
ling the effects of climate change on the natural resources
under their care. The Forest Service National Roadmap for
Responding to Climate Change and the Climate Change
Performance Scorecard require managers to make significant
progress in addressing climate change by 2015. To help land
managers meet this challenge, Forest Service scientists con-
ducted three case studies on national forests and adjacent na-
tional parks and documented a wide range of scientific issues
and solutions. They summarized the scientific foundation for
climate change adaptation and made the information acces-
sible to land managers by creating a climate change adaptation
guidebook and web portal. Case study teams discovered that
collaboration among scientists and land managers is crucial
to adaptation planning, as are management plans targeted to
the particular ecosystem conditions and management priori-
ties of each region. Many current management practices are
consistent with climate change adaptation goals. Because
timely implementation is critical, strategies are in development
at the national level to speed the implementation of science-
based climate change adaptation processes in national forests
throughout the country.

Link: http://www.treesearch.fs.fed.us/pubs/42317

174. Olwell P. 2010. National native plant materials de-
velopment program: ensuring options in a changing climate.
National Native Seed Conference: Native Plant Materials
Development, Production and Use in Habitat Restoration.
Corvallis (OR): Institute for Applied Ecology. 40 p.

Type: Presentation
Geographic Area: USA

Compilers’ Keywords: seeds of success, seed storage, mi-
gration, BLM

Abstract: Following record breaking wildfire seasons of 1999
and 2000, Congress directed the Bureau of Land Management
(BLM) to develop and implement a program for site appropri-
ate native plant materials. The NPMDP is coordinating orga-
nizations around the country to collect, curate and conserve
plant diversity before it is lost. With the assistance of more
than 500 partners, BLM is leading the interagency Native
Plant Materials Development Program (NPMDP) to ensure
the quality and quantity of genetically appropriate native plant
materials are available commercially for restoring native plant
communities across the American landscape. Developing
a crop from native wild species begins with seed collection.
Seeds of Success (SOS) is the native seed collection phase of
the NPMDP. SOS makes the primary collection of common
native species that are needed for restoration after fire, weed
eradication, energy development, or for use in climate adapta-
tion strategies. Almost 100 teams are collecting nation-wide to
add to the more than 9,500 collections which collectively form
the Seeds of Success National Collection. Climate change is
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altering native plant communities at a greater rate than pre-
viously anticipated and the effects on native plant communi-
ties could be extensive. To avoid the threat of habitats domi-
nated by monocultures of invasive species, we may need to
move and establish native plant materials to more northern
latitudes if plant communities cannot adapt to climate change.
Developing native plant materials and having native seed
stored in long-term conservation storage and available on the
market for restoration will provide federal agencies with some
of the most important tools to help address threats to natural
systems posed by destructive events such as wildfires, invasive
species, and climate change.

Link: http://nativeseed.info/2010/presentations/Olwell.pdf

175. Peterson D, Millar Cl, Joyce LA, Furniss M),
Halofsky JE, Neilson RP, Morelli TL. 201 1. Responding
to climate change in national forests: a guidebook for develop-
ing adaptation options. Portland (OR): USDA Forest Service,
Pacific Northwest Research Station. General Technical Report
PNW-GTR-855. 109 p.

Type: Government Document
Geographic Area: USA

Keywords: adaptation, climate change, national forests, na-
tional parks, science-management partnership, vulnerability
assessment

Abstract: This guidebook contains science-based principles,
processes, and tools necessary to assist with developing adap-
tation options for national forest lands. The adaptation process
is based on partnerships between local resource managers and
scientists who work collaboratively to understand potential
climate change effects, identify important resource issues, and
develop management options that can capitalize on new op-
portunities and reduce deleterious effects. Because manage-
ment objectives and sensitivity of resources to climate change
differ among national forests, appropriate processes and tools
for developing adaptation options may also differ. Regardless
of specific processes and tools, the following steps are recom-
mended: (1) become aware of basic climate change science
and integrate that understanding with knowledge of local re-
source conditions and issues (review), (2) evaluate sensitivity
of specific natural resources to climate change (rank), (3) de-
velop and implement strategic and tactical options for adapting
resources to climate change (resolve), and (4) monitor the ef-
fectiveness of adaptation options (observe) and adjust manage-
ment as needed. Results of recent case studies on adaptation
in national forests and national parks can facilitate integration
of climate change in resource management and planning and
make the adaptation process more efficient. Adaptation to cli-
mate change will be successful only if it can be fully imple-
mented in established planning processes and other operational
aspects of national forest management.

Link: http://www.treesearch.fs.fed.us/pubs/39884

63



CHAPTER 1

176. Pojar J. 2010. A new climate for conservation: na-
ture, carbon and climate change in British Columbia. British
Columbia, Canada: Working Group on Biodiversity, Forests
and Climate. 100 p.

Type: Report
Geographic Area: Western Canada
Compilers’ Keywords: strategy, carbon management

Introduction: A New Climate for Conservation: Nature,
Carbon and Climate Change in British Columbia explores the
role of nature conservation in a climate action strategy for eco-
logical adaptation (Part 1) and ecological mitigation (Part 2),
with the key recommendation to develop a comprehensive and
integrated Nature Conservation and Climate Action Strategy
for the Province of British Columbia (Part 3): Part 1 presents
available science on current climate-change projections, and
present and future impacts of climate change to ecosystems,
species, genotypes, and the processes Linking them. The re-
view focuses primarily on forested systems, and also addresses
non-forest and aquatic systems. Ecosystem resilience and ad-
aptation options, in relation to climate change, are outlined.
Current thinking in conservation science is then summarised
in light of external pressures. B.C.’s existing conservation
planning and forestry management are reviewed in terms of
their ability to respond to the challenges of climate change.
Part 2 summarises literature on natural capital, ecosystem
services and the role of ecosystems in climate change mitiga-
tion. Variations in carbon sequestration and storage in different
ecosystems are discussed and research gaps in forest carbon
dynamics are identified. Current opportunities for an offset
market through carbon activities such as avoided degrada-
tion, ecological restoration and improved forest management
are also explored, in light of recent pilot projects in B.C. Part
3 integrates the findings from Part 1 and Part 2 in a central
recommendation—to develop a comprehensive and integrated
provincial Nature Conservation and Climate Action Strategy.
To be efficient, this strategy must combine nature conservation
and carbon/climate management planning. To be effective, it
must embrace the fundamental role of conserving natural eco-
systems for adaptation and mitigation of climate change and
for nature’s many other ecosystem services, which underpin
sustainable options for current and future generations.

Link: http://www.borealbirds.org/resources/report-pojar-
bcconservation.pdf

177. Pressey RL, Cabeza M, Watts ME, Cowling
RM, Wilson KA. 2007. Conservation planning in a chang-
ing world. Trends in Ecology and Evolution 22:583-592.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: animals, biodiversity, humans, social
change
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Abstract: Conservation planning is the process of locat-
ing, configuring, implementing and maintaining areas that
are managed to promote the persistence of biodiversity and
other natural values. Conservation planning is inherently
spatial. The science behind it has solved important spatial
problems and increasingly influenced practice. To be effec-
tive, however, conservation planning must deal better with
two types of change. First, biodiversity is not static in time
or space but generated and maintained by natural processes.
Second, humans are altering the planet in diverse ways at
ever faster rates.

Link: http://www.ncbi.nlm.nih.gov/pubmed/17981360

178. Rowland EL, Davison JE, Graumlich L).
2011. Approaches to evaluating climate change impacts on
species: a guide to initiating the adaptation planning process.
Environmental Management 47:322-337.

Type: Journal

Geographic Area: Global

Keywords: climate change, vulnerability assessments, man-
agement, species, adaptation planning

Abstract: Assessing the impact of climate change on spe-
cies and associated management objectives is a critical ini-
tial step for engaging in the adaptation planning process.
Multiple approaches are available. While all possess limita-
tions to their application associated with the uncertainties
inherent in the data and models that inform their results,
conducting and incorporating impact assessments into the
adaptation planning process at least provides some basis for
making resource management decisions that are becoming
inevitable in the face of rapidly changing climate. Here we
provide a non-exhaustive review of long-standing (e.g., spe-
cies distribution models) and newly developed (e.g., vulner-
ability indices) methods used to anticipate the response to
climate change of individual species as a guide for managers
grappling with how to begin the climate change adaptation
process. We address the limitations (e.g., uncertainties in
climate change projections) associated with these methods,
and other considerations for matching appropriate assess-
ment approaches with the management questions and goals.
Thorough consideration of the objectives, scope, scale, time
frame and available resources for a climate impact assess-
ment allows for informed method selection. With many data
sets and tools available on-line, the capacity to undertake
and/or benefit from existing species impact assessments is
accessible to those engaged in resource management. With
some understanding of potential impacts, even if limited, ad-
aptation planning begins to move toward the development of
management strategies and targeted actions that may help to
sustain functioning ecosystems and their associated services
into the future.

Link: http://www.ncbi.nlm.nih.gov/pubmed/21259061
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179. Schmidtling RC. 1994. Use of provenance tests to
predict response to climatic change: Loblolly pine and Norway
spruce. Tree Physiology 14:805-817.

Type: Journal
Geographic Area: Southeastern USA

Keywords: genetic response, growth, height growth, seed
source, temperature, tree response

Summary: Provenance tests are often used to determine ge-
netic responses of seed sources to transfer to different climates.
This study was undertaken to determine whether provenance
tests can be used to predict tree response to rapid climate
changes in situ. Data from provenance tests of loblolly pines
(Pinus taeda L.), Norway spruce (Picea abies L. Karst) and
other southern pines (subsect. AUSTRALES Loud.) were in-
terpreted using regression models to relate growth to tempera-
ture variables. Results of different plantings were combined
by expressing growth as a percent deviation from the “local”
source, and expressing temperature at the source as a deviation
from that of the planting site. The results of the loblolly pine
and Norway spruce models predicted a loss of about 5 to 10%
in height growth below that expected for a genetically adapted
seed source, if the average yearly temperature increases by
4°C.

Link: http://treephys.oxfordjournals.org/con-
tent/14/7-8-9/805.full.pdf

180. Schmitz O], Lawler J), Beier P, Groves C,
Knight G, Boyce DA, Bulluck }, Johnston KM, Klein
ML, Muller K, Pierce D), Singleton WR, Strittholt
JR, Theobald DM, Trombulak SC, Trainor A. 2015.
Conserving biodiversity: practical guidance about climate
change adaptation approaches in support of land-use planning.
Natural Areas Journal 35:190-203.

Type: Journal
Geographic Area: USA

Keywords: biodiversity, climate adaptation, conservation
planning, land use planning

Abstract: As species’ geographic ranges and ecosystem
functions are altered in response to climate change, there is
a need to integrate biodiversity conservation approaches that
promote natural adaptation into land use planning. Successful
conservation will need to embrace multiple climate adaptation
approaches, but to date they have not been conveyed in an
integrated way to help support immediate conservation plan-
ning and action in the face of inherent spatial uncertainty about
future conditions. Instead, these multiple approaches are often
conveyed as competing or contradictory alternatives, when in
fact, they are complementary. We present a framework that
synthesizes six promising spatially explicit adaptation ap-
proaches for conserving biodiversity. We provide guidance
on implementing these adaptation approaches and include
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case studies that highlight how biodiversity conservation can
be used in planning. We conclude with general guidance on
choosing appropriate climate adaptation approaches to amend
for conservation planning.

Link: http://www.bioone.org/doi/abs/10.3375/043.035.0120

181. Schwartz MW. 2012. Using niche models with
climate projections to inform conservation management
decisions. Biological Conservation 155:149-156.

Type: Journal
Geographic Area: Global

Keywords: species distribution model, niche model, climate
change, resource management, adaptive management, deci-
sion theory, extinction, natural resource management

Abstract: Conservation science strives to inform manage-
ment decisions. Applying niche models in concert with fu-
ture climate projections to project species vulnerability to
extinction, range size loss, or distribution shifts has emerged
as a potentially useful tool for informing resource manage-
ment decisions. Making climate change niche modeling
useful to conservation decisions requires centering studies
on the types of decisions that are made regarding the focal
taxa of a niche model study. Recent recommendations for
climate adaptation strategies suggest four types of decision
makers: policy, habitat protection, habitat management, spe-
cies management. Targeting research to questions relevant
for management decisions will increase utility of a niche
model study. Constraints to the accuracy and precision of
niche models to project potential future distributions are
well recognized. How to incorporate these uncertainties into
management decision-making remains a challenge. Refining
estimates and making sound management recommendations
is critical because species that are generally modeled to be
the most vulnerable to climate change (i.e., narrow endem-
ics), are also the most vulnerable to bad decisions based on
uncertain models. I review uncertainties of niche models
to assert that there is an inherent bias for models to over-
estimate climate-driven vulnerability to extirpation. Explicit
recognition of this bias leads to a decision framework that
accommodates unbalanced uncertainty. Namely, niche mod-
els may be more useful for identifying conservation oppor-
tunities identifying newly available habitats under changing
climate than they are for asserting where current habitat will
no longer exist under future climate states.

182. Seabrook L, McAlpine CA, Bowen ME. 2011.
Restore, repair or reinvent: options for sustainable land-
scapes in a changing climate. Landscape and Urban Planning
100:407-410.

Type: Journal
Geographic Area: Global
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Keywords: restoration, novel ecosystems, landscape change,
ecosystem function

Abstract: Globally, land use and land cover changes to pro-
vide resources for human society have led to loss of biodiver-
sity and declines in ecosystem services. Climate change will
compound these impacts. Ecological restoration can reverse
environmental degradation and is starting to restore ecological
services, as well as help mitigate climate change. Although this
may be an anathema to some, we must systematically assess
and proactively redesign and manage the landscapes we inhab-
it so they can continue to provide ecosystem services essential
for all species, including humans. We define three restoration
pathways based largely on existing land use and the degree
of modification: restoration for areas of natural ecosystems;
repair for production landscapes; and reinvention for urban
areas. Challenges and research priorities include understand-
ing: the effects of mean climate change and climate extremes
on species’ distribution and ecosystem composition; how res-
toration can be used for carbon sequestration; the effects of
proximate and endogenous drivers on landscape change; how
to better bio-design landscapes for multiple functions; inte-
gration of different scales of restoration planning and design;
and the establishment of long-term monitoring and adaptive
management.

183. Seavy NE, Gardali T, Golet GH, Griggs FT,
Howell CA, Kelsey R, Small SL, Viers JH, Weigand
JF. 2009. Why climate change makes riparian restoration
more important than ever: recommendations for practice and
research. Ecological Restoration 27:330-338.

Type: Journal
Geographic Area: California, USA

Keywords: California, climate change, genetics, hydrology,
restoration, riparian

Abstract: Over the next century, climate change will dramati-
cally alter natural resource management. Specifically, histori-
cal reference conditions may no longer serve as benchmarks
for restoration, which may foster a “why bother?” attitude to-
ward ecological restoration. We review the potential role for ri-
parian restoration to prepare ecological systems for the threats
posed by climate change. Riparian ecosystems are naturally
resilient, provide linear habitat connectivity, link aquatic and
terrestrial ecosystems, and create thermal refugia for wildlife:
all characteristics that can contribute to ecological adaptation
to climate change. Because riparian systems and the projected
impacts of climate change are highly variable geographically,
there is a pressing need to develop a place-based understanding
of climate change threats to riparian ecosystems. Restoration
practitioners should consider how they can modify practices
to enhance the resilience of riparian ecosystems to climate
change. Such modifications may include accelerating the res-
toration of private lands, participating in water management
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decisions, and putting the emerging field of restoration genet-
ics into practice.

Link: _http://riverpartners.org/documents/press releases/
PressRelease 20090831.pdf

184. Sgro CM, Lowe A), Hoffmann AA. 2011.
Building evolutionary resilience for conserving biodiversity un-
der climate change. Evolutionary Applications 4:326-337.

Type: Journal
Geographic Area: Global

Keywords: adaptive potential, biodiversity, climate change,
conservation, evolution, evolutionary resilience, genetic
diversity

Abstract: Evolution occurs rapidly and is an ongoing process
in our environments. Evolutionary principles need to be built
into conservation efforts, particularly given the stressful condi-
tions organisms are increasingly likely to experience because
of climate change and ongoing habitat fragmentation. The con-
cept of evolutionary resilience is a way of emphasizing evo-
lutionary processes in conservation and landscape planning.
From an evolutionary perspective, landscapes need to allow
in situ selection and capture high levels of genetic variation
essential for responding to the direct and indirect effects of
climate change. We summarize ideas that need to be consid-
ered in planning for evolutionary resilience and suggest how
they might be incorporated into policy and management to en-
sure that resilience is maintained in the face of environmental
degradation.

Link: http://www.trend.org.au/sites/default/files/Sgro Lowe
Hoffman 2011.pdf

185. Shoo LP, Hoffmann AA, Garnett ST, Pressey
RL, Williams YM, Taylor M, Falconi L, Yates (],
Scott JK, Alagador D, Williams SE. 2013. Making

decisions to conserve species under climate change. Climatic
Change 119:239-246.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: biodiversity, decision framework,
assisted colonization

Abstract: Severe impacts on biodiversity are predicted to arise
from climate change. These impacts may not be adequately ad-
dressed by conventional approaches to conservation. As a re-
sult, additional management actions are now being considered.
However, there is currently limited guidance to help decision
makers choose which set of actions (and in what order) is most
appropriate for species that are considered to be vulnerable.
Here, we provide a decision framework for the full comple-
ment of actions aimed at conserving species under climate
change from ongoing conservation in existing refugia through
various forms of mobility enhancement to ex situ conservation
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outside the natural environment. We explicitly recognize that
allocation of conservation resources toward particular actions
may be governed by factors such as the likelihood of success,
cost and likely co-benefits to non-target species in addition to
perceived vulnerability of individual species. As such, we use
expert judgment of probable tradeoffs in resource allocation
to inform the sequential evaluation of proposed management
interventions.

186. Sjslie HK, Latta GS, Solberg B. 2013. Potentials
and costs of climate change mitigation in the Norwegian forest
sector: does choice of policy matter? Canadian Journal of Forest
Research 43:589-598.

Type: Journal
Geographic Area: Norway, Europe

Compilers’ Keywords: forest management, greenhouse
gases, emissions

Abstract: Forests are important contributors to the global
carbon cycle and mitigate climate change through carbon se-
questration and the supply of wood that substitutes for fossil
fuels and greenhouse gas (GHG)-intensive building materials.
However, current climate policies only partially credit for-
est carbon sequestration and bioenergy policies are handled
independently of forestry. Using Norway as a case study, we
analyze two sets of simulated carbon tax/subsidy policies, one
crediting forest carbon sequestration while maintaining prede-
termined harvest levels and utilization of wood, and another
targeting GHG fluxes in the entire forest industrial sector al-
lowing harvest levels and wood markets to change in response
to the policy. Results indicate that GHG emission reduction
potentials differ substantially between the two policies, being
several times higher for the latter than the former policy at a
given carbon price. This suggests that (i) previous research ef-
forts in Europe have not captured the full mitigation potential
as they have not included adaptations in the harvest level and
the wood market and (ii) climate policies should target GHG
fluxes in the entire sector to utilize its potential contribution for
mitigating climate change.

187. Smale M, Hanson ). 2010. Assessing the impact
of CGIAR investments in germplasm collection, conservation,
characterization and evaluation: the scope of the literature.
Consultative Group on International Agricultural Research.
37p.

Type: Report

Geographic Area: Global

Compilers’ Keywords: germplasm, literature review,
Consultative Group on International Agricultural Research

Introduction: The terms of reference for the study to which
this paper contributes state that while the impact of CGIAR
research in crop germplasm improvement and integrated pest
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management is well documented, there remain critical gaps in
the portfolio of evidence. One of these concerns the impacts
of germplasm collection, conservation, characterization and
evaluation and the availability of evidence to determine im-
pacts. Compared to literature about the impacts of CGIAR
crop breeding programs, the body of published literature about
the costs and benefits of gene bank collections and the services
they provide is both small and narrow in the value components
measured. The more theoretical work in this literature has
also been of limited relevance to the problems and constraints
faced by gene bank managers and system-wide bank system.
Some of the gray literature produced by experts associated
closely with the CGIAR gene banks has been more useful
from an operational standpoint, but cannot yet be generalized
across crops and collections because of important differences
among the cost and benefits of conserving various crops due to
their characteristics, bank location, and divergent operational
approaches.

Link: http://impact.cgiar.org/sites/default/files/images/Smale-
Hansen2011.pdf

188. Solomon AM, Birdsey R, Joyce L, Hayes }.
2009. Forest Service global change research strategy, 2009-
2010. Washington (DC): USDA Forest Service, Research and
Development. FS-917a. 20 p.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: climate change, adaptive strategy,
framework, research and development, forest management,
USFS

Summary: In keeping with the research goals of the
U.S. Climate Change Science Program, the Research and
Development agenda of the Forest Service, USDA helps define
climate change policy and develop best management practices
for forests (both rural and urban) and grasslands. These actions
are taken to sustain ecosystem health, adjust management for
ecosystem services (“adaptation”), and increase carbon se-
questration (“mitigation”), all under changing climate condi-
tions. The fundamental research focus of the Forest Service
Global Change Research Strategy is to increase understanding
of forest, woodland, and grassland ecosystems so that they can
be managed in a way that sustains and provides ecosystem ser-
vices for future generations.

Link: http://www.treesearch.fs.fed.us/pubs/41132

189. Spittlehouse DL. 2005. Integrating climate change
adaptation into forest management. The Forestry Chronicle
81:691-695.

Type: Journal
Geographic Area: Canada
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Keywords: climate change, impacts, adaptation, vulnerabil-
ity, forests, ecosystems, risk management

Abstract: Future climate change will affect society’s abil-
ity to use forest resources. We take account of climate in
forest management and this will help us adapt to the effects
of climate change on forests. However, society will have to
adjust to how forests adapt by changing expectations for the
use of forest resources because management can only influ-
ence the timing and direction of forest adaptation at selected
locations. There will be benefits as well as loses and an im-
portant component of adaptation will be balancing values.
Adaptation options to respond to impacts on the timber sup-
ply in Canada for the next 50 to 100 years are limited mainly
to forest protection and wood utilisation because these for-
ests are already in the ground. Adaptation through reforesta-
tion will focus on commercial tree species. It is important
to start developing adaptation strategies now. These include
assessing forest vulnerability to climate change, revising
expectations of forest use, determining research and edu-
cational needs, development of forest policies to facilitate
adaptation, and determining when to implement responses.
Government agencies should take the lead in creating an en-
vironment to foster adaptation in forestry and in developing
the necessary information required to respond.

190. Spittlehouse DL, Stewart RB. 2003. Adaptation
to climate change in forest management. BC Journal of
Ecosystems and Management 4:1-11.

Type: Journal
Geographic Area: North America

Keywords: climate change, sustainable forest management,
adaptation

Abstract: Adaptation in forestry is sustainable forest man-
agement that includes a climate change focus. Climate
change over the next 100 years is expected to have signifi-
cant impacts on forest ecosystems. The forestry community
needs to evaluate the long-term effects of climate change on
forests and determine what the community might do now
and in the future to respond to this threat. Management can
influence the timing and direction of forest adaptation at se-
lected locations, but in many situations society will have to
adjust to however forests adapt. Adapting to climate change
in the face of the uncertain timing of impacts means we must
have a suite of readily available options. A high priority will
be coping with and adapting to forest disturbance while
maintaining the genetic diversity and resilience of forest
ecosystems. A framework for facilitating adaptation in for-
estry is discussed and a review of adaptive actions presented.

Link: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1
.1.170.1072&rep=rep1 &type=pdf
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191. St. Clair )B, Howe GT. 2009. Genetic options for
adapting forests to climate change. Western Forester 54:9-11.

Type: Newsletter
Geographic Area: North America

Compilers’ Keywords: restoration, forest genetics, local
seed sources, management options

Introduction: Concerns over impacts of climate change
on forest productivity and health, and questions about ap-
propriate management responses, led to the formation of
the Taskforce on Adapting Forests to Climate Change. An
accompanying article discussed silvicultural approaches
to deal with climate change. This article discusses genetic
options including management actions that could be taken
to influence the natural or human selection of genotypes,
movement of genotypes across the landscape and conserva-
tion of genetic diversity.

Link: http://www.treesearch.fs.fed.us/pubs/34501

192. St. Clair JB, Howe GT. 2011. Strategies for con-
serving forest genetic resources in the face of climate change.
Turkish Journal of Botany 35:403-4009.

Type: Journal
Geographic Area: North America
Keywords: climate change, genetic conservation, adaptation

Abstract: Conservation of genetic diversity is important for
continued evolution of populations to new environments, as
well as continued availability of traits of interest in genetic
improvement programs. Rapidly changing climates present
new threats to the conservation of forest genetic resources.
We can no longer assume that in situ reserves will con-
tinue to preserve existing genetic diversity. Management
of reserves should become more active. In some reserves,
existing genetic diversity should be preserved by creating
stands that are more resistant to threats using silvicultural
treatments such as thinning and prescribed burning. In other
reserves, natural selection and adaptation to changed envi-
ronments should be promoted by increasing within popula-
tion genetic diversity and promoting gene flow. This may
be done by locating reserves in areas of high environmental
heterogeneity, minimizing fragmentation, and using assisted
colonization to increase genetic diversity by establishing
populations adapted to future climates within or adjacent to
reserves. Threats to native stands from climate change and
other interacting threats should bring a renewed importance
to ex situ collections, particularly for rare and disjunct popu-
lations and those at the warmer and drier edges of a species
range. Assisted colonization to move threatened populations
to new environments must be considered as an additional
conservation measure.

Link: http://www.treesearch.fs.fed.us/pubs/39973
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193. St. Clair JB, Howe GT, Erickson VJ. 2010.
Responding to climate change: genetic options. USDA Forest
Service Genetic Resource Management Climate Change
Workshop. Corvallis, OR. 70 p.

Type: Presentation
Geographic Area: Western USA

Compilers’ Keywords: Douglas-fir, Pseudotsuga menziesii,
provenance test, seed transfer guidelines, seed transfer zones

Introduction: When considering ecosystem and manage-
ment responses to climate change, it is important to consider
genetics of adaptation and genetic variation in adaptive traits.
There are three considerations: 1. Plants are genetically adapt-
ed to their local climates. The climatic tolerances of popula-
tions are considerably lower than the tolerances of the species
as a whole. Populations, not species, are the important biologi-
cal unit of interest. 2. Evolutionary adaptation will determine
what happens to plant populations given climate change. 3.
Management of genetic variation may positively influence
how plants respond and adapt to climate change.

Link: http://www.fs.fed.us/wwetac/projects/erickson.html

194. Steenberg JWN, Duinker PN, Van Damme
L, Zielke K. 2011. Indicators of sustainable forest manage-
ment in a changing climate. Ottawa, Ontario, Canada: Canadian
Council of Forest Ministers. 51 p.
Type: Government Document
Geographic Area: Canada

climate

Compilers’ Ontario,

sustainability

Keywords: change,

Summary: The theme of sustainability is now woven through-
out Canadian forest management and policy. Indeed, Canada
was an early adopter of sustainability in forestry, largely through
a series of initiatives led by the Canadian Council of Forest
Ministers” (CCFM). One such initiative was development and
application of a national suite of criteria and indicators of sus-
tainable forest management (C&I-SFM). With appropriate data
associated with each of the chosen indicators, the C&I-SFM
serve up a comprehensive picture of forest and forest-sector
progress on the road called sustainable development. For almost
two decades, C&I-SFM have been applied at a wide range of
levels, from international to national to provincial to local. The
national set for Canada has been revised once (2003), and a sec-
ond revision is likely imminent. In the meantime, the CCFM,
n its 2008 vision for Canada’s forests, stated that all initiatives
related to SFM must consider the implications of a changing
climate. In the context of a revision to the C&I-SFM, the ques-
tion becomes this: what are the implications of a changing cli-
mate for the ongoing robustness and utility of Canada’s national
C&I-SFM? This report attempts to address that question. The
approach consisted of devising a systematic set of questions,
in other words, an evaluation protocol, to put to each indicator.
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Some questions pertained to the indicator’s relationships with
other indicators in the set, some to the expected influences of
climate change on the entity represented by the indicator, and
finally some that would help us understand the indicator’s ongo-
ing relevance to SFM under a changing climate. The research
team consisted of experienced forestry professionals and re-
searchers who applied their collective professional judgment,
as informed by a thorough canvassing of relevant literature, in
answering the questions and developing recommendations for
each of the indicators. The preliminary findings, and indeed the
entire report, were peer-reviewed by experts from across Canada.
Forty-six indicators were examined using the evaluation proto-
col. The findings are summarized in the main report and detailed
in a companion report. The evaluated indicators were assigned
to one of three general outcomes. Twelve indicators were con-
sidered to be entirely independent of climate change, meaning
that climate change is not expected to affect the phenomena
represented by these indicators. The utility and robustness of
all the remaining 34 indicators was considered to be influenced
by a changing climate. For 23 of these, the team recommends
no change to the indicator (unmodified category), and for 11 of
them, changes are recommended. Initially it was thought that a
potential outcome of the evaluation could be outright abandon-
ment of an indicator in the event that the team found its ongoing
utility to be seriously eroded by climate change. However, none
of the indicators was found in this situation. Finally, he study
identified six new indicators that could help provide a climate-
change lens for monitoring and managing forests sustainably
in Canada. These are: a) Connectivity of protected areas; b)
Proportion of tenured forest area with seed transfer guidelines
that account for climate change; c¢) Average, minimum, and
maximum temperature d) Area of Crown forest with assisted
migration initiatives; e) Rate and form of precipitation; and f)
Carbon emissions avoided through product substitution The
study concludes with a set of recommendations that should help
improve the overall utility of the C&I-SFM, especially in the
context of a changing climate. These recommendations address:
(a) moving from predominantly retrospective analysis using
C&I-SFM to a balance of retrospective and prospective analy-
sis; (b) Linking C&I-SFM much more strongly and directly into
forest management and policy processes; (c) undertaking ana-
lytical work using a framework of complex adaptive systems;
(d) making explicit consideration of climate change in all forest
management and policy decisions; and (e) sector-wide collabo-
ration in ongoing improvement to and application of the C&I-
SEM. The report concludes by reminding readers that C&I-SFM
are a necessary element of the SFM enterprise. Progress is nigh
impossible without using them. Confidence in such progress is
indeed impossible without them. It is clear that climate change
will affect the entire forest sector, sometimes in insidious ways,
sometimes in abrupt and obvious ways, and sometimes even in
helpful ways. Considering the complex manner in which climate
change will interact with other human influences on forests and
the sector, incisive cumulative effects assessment will become
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increasingly important. Rigorous application of C&I-SFM will
help develop the insight needed to assess the real prospects for
SFM in Canada under a changing climate.

Link: http://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/
ftesc/reports/CI-SEM-ClimateChange FinalReport 111017.
pdf

195. Strange N, Thorsen BJ, Bladt }J, Wilson KA,
Rahbek C. 2011. Conservation policies and planning under
climate change. Biological Conservation 144:2968-2977.

Type: Journal
Geographic Area: Global

Keywords: climate change, dynamic, policy, reserve selec-
tion, uncertainty

Abstract: Biodiversity conservation policies focus on secur-
ing the survival of species and habitats according to their cur-
rent distribution. This basic premise may be inappropriate for
halting biodiversity decline under the dynamic changes caused
by climate change. This study explores a dynamic spatial con-
servation prioritization problem where climate change gradu-
ally changes the future habitat suitability of a site’s current
species. This has implications for survival probability, as well
as for species that potentially immigrate to the site. The prob-
lem is explored using a set of heuristics for both of two policy
objectives focusing on (1) the protection on current (native)
species, and (2) all species, including immigrating species. The
trade-offs between the protection of native species versus all
species is illustrated. The study shows that the development of
prediction models of future species distributions as the basis of
decision rules can be crucial for ensuring the effectiveness of
conservation plans. Finally, it is discussed how more adaptive
strategies, that allow for the redirection of resources from pro-
tected sites to privately-owned sites, may increase the effec-
tiveness of the conservation networks. Climate change induced
shifts in the suitability of habitats for species may increase the
value of such adaptive strategies, the benefit decreasing with
increasing migration probabilities and species distribution
dynamics.

196. Thorpe J. 2012. Adaptation to climate change in
management of prairie grasslands. Saskatoon, Saskatchewan,
Canada: Saskatchewan Research Council. SRC Publication

No. 12855-1E12. 45 p.

Type: Report

Geographic Area: Canada

Compilers’ Keywords: migration, Saskatchewan

Summary: Options for adaptation to climate change in
management of prairie grasslands were examined as part of
Terrestrial Ecosystems component of the Prairies Regional
Adaptation Collaborative (PRAC). Adaptation options were
structured according to the “three Rs”: Create resistance
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to change (short-term adaptation), Promote resilience to
change (medium-term adaptation), Enable ecosystems to re-
spond to change (long-term adaptation) In grazing manage-
ment, most of the adaptations that have been discussed are
based on short-term resistance to drought or other extreme
events. These include reducing cattle herds, finding alterna-
tive grazing, increased feeding, and addressing stockwater
shortages. Medium-term adaptations aimed at increasing the
resilience of grazing operations include moderate to conser-
vative stocking rates, maintaining litter cover, more flexible
herd structure, and improving water supply systems. Long-
term response options in grazing management include grass-
land monitoring, revision of range management standards,
changes in grazing and land use strategies, and increases in
management flexibility. In biodiversity conservation, most
of the adaptations that have been discussed are medium- to
long-term resilience and response strategies. These include
incorporating climate change into conservation plans, in-
creasing protected areas, mitigating other threats to biodi-
versity such as exotic invasion, and improving information
on climate change. The strategies most focused on long-
term response aim at facilitating the northward movement
of species to adjust to the warmer climate. There are two
broad approaches, with advantages and disadvantages in
different situations: increasing landscape connectivity, and
assisted migration of selected species. Existing government
programs that directly or indirectly address climate change
in grassland management are reviewed. It is recommended
that government agencies use the list of adaptation options
provided here to review their current policies and programs,
with the aim of identifying those that could be modified or
expanded to better address climate change. Options that are
not addressed by any current policies should be the focus of
new policy development.

Link: http://www.cakex.org/sites/default/files/

documents/12855-1E12%20Adaptation%20t0%20Climat-
eChange%20in%20Grassland%20Management.pdf

197. Toth FL, Mwandosya M. 2001. Decision-making
frameworks. Chapter 10. In: Metz B, Davidson O, Swart R,
Pan J, editors. Climate Change 2001: Mitigation. Cambridge
(MS): Cambridge University Press. p 601-688.

Type: Book Section
Geographic Area: Global

Compilers’ Keywords: climate change, IPCC, mitigation,
management, review

Summary: This chapter is a review of decision-making frame-
work as applied to climate change mitigation. By taking into
account the broader perspective of sustainable development
the portfolio of mitigation policies is enhanced. A central is-
sue in linking development and climate concerns is technologi-
cal transfer that could help less-developed countries speed-up
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their development and control GHG emissions at relatively low
costs. Opportunities are ample, but barriers are significant also.

198. Turra A, Croquer A, Carranza A, Mansilla
A, Areces A), Werlinger C, Martinez-Bayon C,
Nassar CA, Plastino E, Schwindt E, Scarabino
F, Chow F, Figueroa FL, Berchez F, Hall-Spencer
JM, Soto LA, Buckeridge MS, Copertino MS, de
Szechy MT, Ghilardi-Lopes NP, Horta P, Coutinho
R, Fraschetti S, Leao ZM. 2013. Global environmental
changes: setting priorities for Latin American coastal habitats.
Global Change Biology 19:1965-1969.

Type: Journal
Geographic Area: Central and South America

Keywords: benthic ecology, climate impacts, habitat map-
ping, long-term monitoring, marine biodiversity

Abstract: As the effects of the Global Climate Changes on
the coastal regions of Central and South Americas advance,
there is proportionally little research being made to understand
such impacts. This commentary puts forward a series of prop-
ositions of strategies to improve performance of Central and
South American science and policy making in order to cope
with the future impacts of the Global Climate Changes in their
coastal habitats.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23504820

199. U.S. Climate Change Science Program
2008. Preliminary review of adaptation options for climate-
sensitive ecosystems and resources. Washington (DC): U.S.
Environmental Protection Agency. Synthesis and Assessment
Product 4.4. 873 p.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: climate change, adaptation strategy,
EPA, sensitive plants and animals

Summary: Climate variables are key determinants of
geographic distributions and biophysical characteristics
of ecosystems, communities, and species. Climate change
is therefore having profound effects on species attributes,
ecological interactions, and ecosystem processes. Because
changes in the climate system will continue into the future
regardless of emissions mitigation, strategies for protecting
climate sensitive ecosystems through management will be
increasingly important. While there will always be uncer-
tainties associated with the future path of climate change, the
response of ecosystems to climate impacts, and the effects of
management, it is both possible and essential for adaptation
to proceed using the best available science. This report pro-
vides a preliminary review of adaptation options for climate-
sensitive ecosystems and resources in the United States. The
term “adaptation” in this document refers to adjustments
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in human social systems (e.g., management) in response to
climate stimuli and their effects. Since management always
occurs in the context of desired ecosystem conditions or nat-
ural resource management goals, it is instructive to examine
particular goals and processes used by different organiza-
tions to fulfill their objectives. Such an examination allows
for discussion of specific adaptation options as well as po-
tential barriers and opportunities for implementation. Using
this approach, this report presents a series of chapters on the
following selected management systems: National Forests,
National Parks, National Wildlife Refuges, Wild and Scenic
Rivers, National Estuaries, and Marine Protected Areas.
The information drawn from across these chapters is then
analyzed to develop the key synthetic messages presented
below.

Link: http://cfpub.epa.gov/ncea/cfm/recordisplay.
cfm?deid=180143

200. USDA FS. 2007. USDA Forest Service strategic plan FY
2007-2012. Washington (DC): USDA Forest Service. FS-880.
38 p.

Type: Government Document

Geographic Area: USA

Compilers’ Keywords: planning, forest management, cli-
mate change

Introduction: Managing the natural resources of the Nation’s
forests and grasslands requires the complex integration of re-
source assessments, management actions, and cooperative
partnerships. United States population growth and expand-
ing urban centers have created a greater demand for goods,
services, and amenities from the Nation’s private and public
forests and grasslands. Given such changes, this section ad-
dresses core principles and issues central to delivering the
Forest Service’s mission. Increasingly diverse urban popula-
tions are losing their awareness and knowledge of the natural
systems on which they depend. The Forest Service, USDA,
must connect with and educate these citizens to expand their
understanding of the Links between people, the way they live,
and the natural settings within which they live. With increas-
ingly urbanized landscapes, emergency response—including
fighting wildland fires—becomes more complex and chal-
lenging. Along with our partners, the Forest Service is com-
mitted to maintaining and fielding a safe, effective response
organization that can be mobilized for managing wildland fires
or other national emergencies. We are jointly committed to re-
ducing the loss of life and property and maintaining landscape
values. Together, we will invest in the personnel, training, and
equipment and provide leadership commensurate with those
responsibilities.

Link: http://www.fs.fed.us/publications/strategic/fs-sp-

fy07-12.pdf
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201. USDA FS. 2008. Forest service strategic framework for
responding to climate change. Washington (DC): USDA Forest
Service. Version 1.0. 21 p.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: management, forest resources, eco-
system services

Introduction: The Nation’s forests and grasslands provide
clean water, scenic beauty, biodiversity, outdoor recreation,
natural resource-based jobs, forest products, renewable en-
ergy and carbon sequestration. Climate change is one of the
greatest challenges to sustainable management of forests and
grasslands and to human well-being that we have ever faced,
because rates of change will likely exceed many ecosystems’
capabilities to naturally adapt. Without fully integrating con-
sideration of climate change impacts into planning and actions,
the Forest Service can no longer fulfill its mission. The Forest
Service has a unique opportunity and responsibility to sustain
forests and grasslands in the United States and internationally.
This responsibility includes: 1) stewardship of 193 million
acres of national forests and grasslands, 2) partnerships with
States, Tribes, and private landowners for assisting commu-
nities and owners of 430 million acres of private and Tribal
forests, and with other federal agencies, 3) international coop-
eration, 4) research and development to provide science and
management tools. These responsibilities make it imperative
that we understand and be able to respond to the effects of cli-
mate change on the Nation’s forest and grassland resources.
This document provides a strategic framework for the Forest
Service to guide current and future actions to meet the chal-
lenge of climate change. It incorporates the actions included in
Chief Gail Kimbell’s letter to the National Leadership Council
of February 15, 2008.

Link: http://www.fs.fed.us/climatechange/message.shtml

202. USDA FS. 2010. Forest Service global change research
strategy, 2009-2019 implementation plan. Washington (DC):
USDA Forest Service, Research and Development. FS-948.
72 p.

Type: Government Document

Geographic Area: USA

Compilers’ Keywords: climate change, forest management,
assisted migration, USFS, mitigation

Summary: In keeping with the research goals of the U.S.
Global Change Research Program, the climate change strat-
egy of the USDA and the climate change framework of the
Forest Service, this Forest Service Global Change Research
Strategy, 2009-2019 Implementation Plan (hereafter called
the Research Plan), was written by Forest Service Research
and Development to help to define climate change policy and
support best management practices for forests and woodlands
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(both rural and urban), grasslands, and their associated aquatic
ecosystems (riparian systems, lakes, streams). The actions
the Research Plan identifies will provide the scientific basis
to sustain ecosystem health, adjust management for ecosys-
tem services (“adaptation”) and increase carbon sequestration
(“mitigation”), all under changing climate conditions. The fun-
damental research focus of the Research Plan is to increase
scientists’ understanding of forest, woodland, and grassland
ecosystems so that land managers can manage them in a
way that sustains and provides ecosystem services for future
generations.

Link: http://www.fs.fed.us/research/climate-change/

203. Valatin G. 2012. Additionality and climate change
mitigation by the UK forest sector. Forestry 85:445-462.

Type: Journal

Geographic Area: United Kingdom

carbon

Compilers’ forest

accounting

Keywords: management,

Summary: Although widely considered to be a core aspect of
quality assurance of climate change mitigation activities, ad-
ditionality remains a source of much controversy in relation
to carbon accounting and carbon markets. This article illumi-
nates the multi-faceted nature of the concept and develops a
taxonomy of different forms. It provides an overview of how
additionality is currently applied in relation to both compli-
ance and voluntary carbon markets, including tests used and
underlying evidence base requirements. This draws upon and
updates an earlier review commissioned to help inform de-
velopment of a Woodland Carbon Code designed to underpin
climate change mitigation activities in the UK by the forest
sector. Sources of uncertainty and trade-offs in practical ap-
plication of the concept are highlighted, and potential perverse
incentives explored.

204. Wiens )JA, Bachelet D. 2010. Matching the mul-
tiple scales of conservation with the multiple scales of climate
change. Conservation Biology 24:51-62.

Type: Journal
Geographic Area: Global

Keywords: climate models, climate change, conservation
planning, downscaling, scale, short-grass prairie, The Nature
Conservancy

Abstract: To anticipate the rapidly changing world result-
ing from global climate change, the projections of climate
models must be incorporated into conservation. This requires
that the scales of conservation be aligned with the scales of
climate-change projections. We considered how conserva-
tion has incorporated spatial scale into protecting biodiversity,
how the projections of climate-change models vary with scale,
and how the two do or do not align. Conservation planners
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use information about past and current ecological conditions
at multiple scales to identify conservation targets and threats
and guide conservation actions. Projections of climate change
are also made at multiple scales, from global and regional
circulation models to projections downscaled to local scales.
These downscaled projections carry with them the uncertain-
ties associated with the broad-scale models from which they
are derived; thus, their high resolution may be more apparent
than real. Conservation at regional or global scales is about
establishing priorities and influencing policy. At these scales,
the coarseness and uncertainties of global and regional climate
models may be less important than what they reveal about
possible futures. At the ecoregional scale, the uncertainties as-
sociated with downscaling climate models become more criti-
cal because the distributions of conservation targets on which
plans are founded may shift under future climates. At a local
scale, variations in topography and land cover influence local
climate, often overriding the projections of broad-scale climate
models and increasing uncertainty. Despite the uncertainties,
ecologists and conservationists must work with climate-
change modelers to focus on the most likely projections. The
future will be different from the past and full of surprises; judi-
cious use of model projections at appropriate scales may help
us prepare.

Link: http://www.ncbi.nlm.nih.gov/pubmed/20121841

205. Williams SE, Shoo LP, Isaac JL, Hoffman AA,
Langham G. 2008. Towards an integrated framework for
assessing the vulnerability of species to climate change. PLoS
Biology 6:2621-2626.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: species sensitivity, biodiversity con-
servation, tools, adaptive capacity

Introduction: We believe that progress in vulnerability assess-
ment relating to climate change could be hastened if a unified
framework was available to coordinate the activities of disparate
research disciplines. Specifically, what is needed is a complete
working framework for assessing the vulnerability of species
that explicitly links the various components of biotic vulnerabil-
ity; the regional and local factors determining exposure to cli-
matic change; the potential for both evolutionary and ecological
responses, resilience, and active management to mediate the fi-
nal realised impacts; and the potential for feedback effects. Such
a framework would be invaluable as it would integrate and guide
thought, research programmes, and policy in the biodiversity/
climate change arena and allow significant gaps in knowledge to
be clearly identified. To this end, we present a conceptual frame-
work that addresses these challenges.

Link: http://www.nccarf.edu.au/userfiles/williams shoo
etal2008 towards%20integrated%20framework.pdf
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Climate Change

General (1-36)—editorials, opinions,

reviews, trends, surveys, summaries

Research (37-135)—climate change impacts,

projections, paleoecology

Strategies (136-205)—policies, adaptation

options, frameworks, mitigations

Resources (206-214)—tools, websites,

software

Each reference contains the following:

#. Author(s), Date. Title. Source. —

ID number and
information

book, book section, conference
paper, dissertation, government

Type: document, journal article,
newsletter, presentation, report,
thesis or web page

Geographic Area: — location of study
keywords written by the

Keywords: author(s) or provided by the
compilers
abstract, summary, or
portions of the introduction

Description: or conclusion written by the
author(s) or provided by the
compilers

Link: internet address of reference
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206. Bagne KE, Friggens MM, Finch DM. 2011. A
system for assessing vulnerability of species (SAVS) to climate
change. Fort Collins (CO): USDA Forest Service, Rocky
Mountain Research Station. General Technical Report RMRS-
GTR-257.28 p.

Type: Government Document
Geographic Area: USA

Keywords: climate change, vulnerability, vertebrate species,
conservation, resource management

Abstract: Sustained conservation of species requires integra-
tion of future climate change effects, but few tools exist to assist
managers. The System for Assessing Vulnerability of Species
(SAVS) identifies the relative vulnerability or resilience of ver-
tebrate species to climate change. Designed for managers, the
SAVS is an easily applied tool that uses a questionnaire of 22
predictive criteria to create vulnerability scores. The user scores
species’ attributes relating to potential vulnerability or resilience
associated with projections for their region. Six scores are pro-
duced: an overall score denoting level of vulnerability or resil-
ience, four categorical scores (habitat, physiology, phenology,
and biotic interactions) indicating source of vulnerability, and an
uncertainty score, which reflects user confidence in the predicted
response. The SAVS provides a framework for integrating new
information into the climate change assessment process.

Link: http://www.treesearch.fs.fed.us/pubs/37850

207. Bagne KE, Friggens MM, Finch DM. 2011.
SAVS: a system for assessing vulnerability of species.
Albuquerque (NM): USDA Forest Service, Rocky
Mountain Research Station. (URL accessed 07 November
2015)

Type: Web Page
Geographic Area: USA

Compilers’ Keywords: decision support system, terrestrial
vertebrates, resource management, climate change, tool, USFS

Compilers’ Summary: The Rocky Mountain Research Station
(USES) has developed a System for Assessing Vulnerability of
Species (SAVS) that quantifies the relative impact of expected
climate change effects for terrestrial vertebrate species. The
SAVS uses 22 criteria related to expected response or vulner-
ability of species in a questionnaire to provide a framework for
assessing vulnerability to climate change. The questionnaire is
completed using information gathered from published materials,
personal knowledge, or expert consultation. The SAVS Climate
Change Tool focuses solely on the effects of climate change for
terrestrial vertebrate species. This tool aids managers by iden-
tifying specific traits and issues related to individual species
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vulnerabilities. Scores generated by completing a questionnaire
are meant to be used to inform management planning. A com-
prehensive discussion of the development and application of this
tool will be available from the RMRS General Technical Report
[A System for Assessing Vulnerability of Species (SAVS) to
Climate Change]. Information regarding specific criteria for
each question are provided as information pop-ups with the
scoring template. Users may also find it helpful to review as-
sessments conducted for species in New Mexico and Arizona
and legacy project briefs for Fort Huachuca, AZ and Barry M
Goldwater Range, AZ.

Link: http://www.fs.fed.us/rm/grassland-shrubland-desert/
products/species-vulnerability/

208. Devine W, Aubry C, Miller ), Potter KM,
Bower AD. 2012. Climate change and forest trees in the
Pacific Northwest: guide to vulnerability assessment methodol-
ogy. Olympia (WA): USDA Forest Service, Pacific Northwest
Region. 49 p.

Type: Government Document

Geographic Area: Pacific Northwest USA

Compilers’ Keywords: tool, forest management, tree species,
risk assessment, model, USFS, ForGRAS

Introduction: This guide provides a step-by-step description
of the methodology used to apply the Forest Tree Genetic Risk
Assessment System (ForGRAS) to the tree species of the Pacific
Northwest in a recent climate change vulnerability assessment.
We describe our modified version of the ForGRAS model, and
we review the model’s basic principles and operation. We also
discuss further adjustments to the model that managers may find
useful if applying it to other regions or to fit other objectives.
Chapter 2 of this guide describes the overall methodology of the
vulnerability assessment; chapters 3 through 7 describe each of
the five risk factors that we selected for the Pacific Northwest
vulnerability assessment. Appendices provide step-by-step pro-
cedures used to prepare the model input data.

Link: http://www.treesearch.fs.fed.us/pubs/44236

209. Morelli TL, Yeh S, Smith NM, Hennessy MB,
Millar CI. 2012. Climate project screening tool: an aid for
climate change adaptation. Albany (CA): USDA Forest Service,
Pacific Southwest Research Station. Research Paper PSW-
RP-263.29 p.

Type: Government Document
Geographic Area: Western USA

Keywords: climate change, adaptation, land management,
mitigation, Sierra Nevada

Abstract: To address the impacts of climate change, land
managers need techniques for incorporating adaptation
into ongoing or impending projects. We present a new tool,
the Climate Project Screening Tool (CPST), for integrating
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climate change considerations into project planning as
well as for developing concrete adaptation options for land
managers. We designed CPST as part of the Westwide Climate
Initiative project, which seeks to develop adaptation options for
addressing climate change through science/management part-
nerships. The CPST lists projected climate trends for the target
region and questions to be considered when designing projects
in different resource areas. The objective is to explore options
for ameliorating the effects of climate on resource management
projects. To pilot the CPST, we interviewed 13 staff members
and line officers of the U.S. Forest Service and Bureau of Land
Management in the Sierra Nevada region of California. We
found that a major value of the CPST was the process—with
the activity of conducting the questionnaire being as important
as the answers received from the staff. The CPST also serves
as a priority-setting tool, allowing managers to consider effects
of different actions. Finally, the CPST helps to reduce uncer-
tainty by identifying the range of impacts that both climatic
changes and management actions may have on resources. The
CPST could also be modified to devise mitigation options for
resource managers.

Link: http://www.treesearch.fs.fed.us/pubs/40319

210. Phillips NC, Anderson RP, Schapire RE. 2006.
MaxEnt software for species habitat modeling. (URL accessed 07
November 2015).

Type: Web Page
Geographic Area: Global

Compilers’ Keywords: MaxEnt, climate change, software,
decision support tool, climate projections, modeling, species
distribution

Compilers’ Summary: MaxEnt is a program for modelling
species distributions from presence-only species records. The
software has been used to estimate species distributions under
climate change scenarios, in an effort to evaluate management
options such as assisted migration (see Vitt et al. 2010).

Link: http://www.cs.princeton.edu/~schapire/maxent/

211. Potter KM, Crane BS. 2010. Forest tree genetic risk
assessment systems: a tool for conservation decision-making in
changing times. Atlanta (GA): USDA Forest Service.

Type: Computer Program
Geographic Area: USA

Compilers’ Keywords: user guide, climate change, tool,
ForGRAS, sensitivity, forest management

Overview: Changing climate conditions and increasing
pest and pathogen infestations will increase the likelihood
that forest trees could experience population-level extir-
pation or species-level extinction during the next century.
Funds, however, will be limited for management and gene
conservation efforts to preserve forest tree genetic diversity.
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The Forest Tree Genetic Risk Assessment System provides a
framework for users to rank the relative risk of genetic deg-
radation for multiple forest tree species. We have applied
this framework for the species-rich forests of the southern
Appalachian Mountains of the southeastern United States.
Species differ in their physiological tolerances, life his-
tory strategies, probabilities of population extinctions and
colonizations, and dispersal abilities; these individualis-
tic traits likely underlie the high variability in strength of
climate response across wild species, even among those
subjected to similar climatic trends. In the face of these
changes, an important goal will be to safeguard existing
adaptedness and create conducive conditions for future
evolution, with a focus on the conservation of variability
in adaptive traits. In the absence of good information about
the genetic composition of species, or even an understand-
ing of the relevant adaptive traits, several researchers have
suggested using ecological and life-history traits to rank
the predisposition of species to climate change and other
threats, for conservation planning, for the evaluation of
species’ genetic resources, and for the early detection of
vulnerability. The Forest Tree Genetic Risk Assessment
System gives each species a rating for risk factors relat-
ing to (1) its intrinsic attributes, such as population struc-
ture, fecundity and seed dispersal mechanism, that may
increase its vulnerability in the face of change, and (2) the
external threats to its genetic integrity, including chang-
ing climate and insect and disease threats. Species may
be additionally rated for a set of conservation modifiers,
such as listed status and endemism. The factor index val-
ues are weighted and summed to give risk ratings for the
species within a given region, which are ranked according
to their overall susceptibility to genetic degradation. This
system has the advantage of accounting for the interac-
tions among threats that may result in the most severe im-
pacts associated with climate change. Only by considering
extinction as a synergistic process of external threats and
intrinsic biological traits will it be possible to make pre-
dictions of risk that approximate reality for most species,
and therefore to increase the likelihood that conservation
efforts will be effective. Additionally, the flexibility of the
Forest Tree Genetic Risk Assessment System allows for
its application at multiple scales and across any area for
which the relevant data exist for the species of interest.

Link: http://www.forestthreats.org/research/projects/proj-
ect-summaries/ genetic—risk—assessment—system

212. Potter KM, Crane BS. 2010. Forest tree genetic
risk assessment system (ForGRAS). North Carolina State
University and USDA Forest Service. (URL accessed 07
November 2015)

Type: Web Page
Geographic Area: USA
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Compilers’ Keywords: decision support system, online tool,
genetic adaptation, genetic degradation, forest management,
Pacific Northwest, Southeastern United States, tree species, cli-
mate change

Summary: A variety of threats, most importantly climate
change and insect and disease infestation, will increase the
risk that forest trees could experience population-level or
species-level extinction. Species, however, differ in im-
portant traits such as life-history strategies and population
dynamics, which could drive widely varying responses to
potential threats. Determining how to prioritize species
for management and conservation activities in the face of
these threats will pose a particular challenge in species-
rich regions. To address this challenge, a cooperating sci-
entist with the Southern Research Station’s Eastern Forest
Environmental Threat Assessment Center has developed a
framework that allows managers to assess the relative risk
of genetic degradation to forest trees affected by multiple
threats. This assessment framework serves as a tool for
planning management activities and conservation efforts,
for evaluating species’ genetic resources, and for detect-
ing vulnerabilities. It has the advantage of accounting for
multiple threats that may result in the most severe genetic
impacts. Only by considering population-level extirpation
as a synergistic process of external threats and intrinsic bio-
logical traits will we be able to make predictions of risk that
approximate reality for most species. Known as the Forest
Tree Genetic Risk Assessment System (ForGRAS), the
framework has been used by the Forest Service Southern
and Pacific Northwest Regions to identify species at risk
as a step towards developing management plans. The flex-
ibility of this approach allows for its application at multiple
scales and across any area for which data exist on the popu-
lation dynamics and distribution of the species of interest.

Link: http://www.forestthreats.org/research/projects/proj-
ect-summaries/ genetic—risk—assessment—system

213. Prasad AM, lIverson LR, Matthews S, Peters
M. 2007. A climate change atlas for 134 forest tree species of the
eastern United States [database]. Delaware (OH): USDA
Forest Service, Northern Research Station. (URL ac-
cessed 07 November 2015)

Type: Web Page
Geographic Area: Eastern USA

Compilers’ Keywords: sensitivity analysis, models, GCM,
decision support system, forest management

Summary: We assess the current status (2000) and poten-
tial future status (2100) following climate change, of 134
tree species in the eastern United States (east of 100th me-
ridian). We use U.S. Forest Service inventory data with 38
environmental variables to generate models of current suit-
able habitat for each species. We then change the climate
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according to three General Circulation Model (GCM) cli-
mate models (HADCM3, PCM & GFDL—see 3-GCMs
for details) and two emissions scenarios (A1FI (Hi) = little
conservation efforts to mitigate CO, emissions, Bl (Lo) =
significant conservation effort), and model the potential
future species habitats. These two emissions scenarios
bracket most of the emission futures as outlined by the
Intergovernmental Panel on Climate Change’s (IPCC)
evaluation of emission scenarios (Nakicenovic et al. 2000),
and end the 21st century at roughly double (550 ppm-B1)
and triple (970 ppm-A1fi) the pre-industrial levels of CO,.

Link: http://www.nrs.fs.fed.us/atlas/tree

214. Regniere J, Saint-Amant R. 2008. BioSIM 9 -
user’s manual. Natural Resources Canada, Canadian Forest
Service, Laurentian Forestry Centre. Information Report
LAU-X-134. 76 p.

Type: Government Document
Geographic Area: Canada

Compilers’ Keywords: software, simulation model, pest man-
agement, forecasting, climate change, seasonal biology

Introduction: BioSIM is a software tool designed to assist
in the application of temperature-driven simulation mod-
els in pest management. It can also be used as a tool in the
development and analysis of such models for the purposes
of scientific investigation. However, BioSIM’s main pur-
pose is to generate forecasts of features or “events” in the
seasonal biology of pests or their host plants. Forecasts
are made by simulation models provided by the system
and are based on regional air temperature and precipitation
interpolated from nearby weather stations, adjusted for el-
evation and location differentials with regional gradients.

Link: http://www.publications.gc.ca/collections/collec-
tion 2008/nrcan/Fol13-3-134E.pdf
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Conservation and
Restoration

CONSERVATION AND RESTORATION -

General (215-232)—reviews, surveys,
summaries, theory, foundations, paradigms

Research (233-285)—propagation, outplant-
ing, invasion

Strategies (286—326)—frameworks, ap-
proach, decision support

Resources (327-338)—native plant materials,
guidelines, handbooks

Each reference contains the following:

ID number and

#. Author(s), Date. Title. Source. — . .
information

book, book section, conference
paper, dissertation, government
document, journal article,
newsletter, presentation, report,
thesis or web page

Type:

Geographic Area: — location of study

keywords written by the
author(s) or provided by the
compilers

Keywords:

abstract, summary, or
portions of the introduction
or conclusion written by the
author(s) or provided by the
compilers

Description:

Link: internet address of reference
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215. Arthur W. 1987. The niche in competition and evolu-
tion. New York (NY): John Wiley and Sons. 175 p.

Type: Book
Geographic Area: Global

Compilers’ Keywords: population ecology, plant commu-
nity ecology

Summary: Using the concept of the niche (and multiple-
niche) this book attempts to synthesize two widely-
investigated topics: polymorphism and between-species
competition; the author’s view being that multiple-niche
coexistence and multiple-niche polymorphism together
represent a common means of coexistence of competitors.
Experimental detail and fieldwork are frequently cited
in order to create a common point of reference for both
population ecologists and geneticists. Concluding chapters
discuss other important principles and hypotheses in
evolution which are related to the niche concept.

216. Breukers A, van Asseldonk M, Bremmer ),
Beekman V. 2012. Understanding growers’ decisions to
manage invasive pathogens at the farm level. Phytopathology
102:609-619.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: risk management, nursery practices,
climate change, invasive species, pests, disease control and
management

Abstract: Globalization causes plant production systems to
be increasingly threatened by invasive pests and pathogens.
Much research is devoted to support management of these
risks. Yet, the role of growers’ perceptions and behavior in
risk management has remained insufficiently analyzed. This
article aims to fill this gap by addressing risk management of
invasive pathogens from a sociopsychological perspective.
An analytical framework based on the Theory of Planned
Behavior was used to explain growers’ decisions on volun-
tary risk management measures. Survey information from
303 Dutch horticultural growers was statistically analyzed,
including regression and cluster analysis. It appeared that
growers were generally willing to apply risk management
measures, and that poor risk management was mainly due to
perceived barriers, such as high costs and doubts regarding
efficacy of management measures. The management mea-
sures applied varied considerably among growers, depend-
ing on production sector and farm-specific circumstances.
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Growers’ risk perception was found to play a role in their
risk management, although the causal relation remained un-
clear. These results underscore the need to apply a holistic
perspective to farm level management of invasive pathogen
risk, considering the entire package of management mea-
sures and accounting for sector- and farm-specific circum-
stances. Moreover, they demonstrate that invasive pathogen
risk management can benefit from a multidisciplinary ap-
proach that incorporates growers’ perceptions and behavior.

Link: http://www.ncbi.nlm.nih.gov/pubmed/22397409

217. Burton P), Macdonald SE. 2011. The restorative
imperative: challenges, objectives and approaches to restoring
naturalness in forests. Silva Fennica 45:843-863.

Type: Journal
Geographic Area: Global

Keywords: afforestation, disturbance regime, ecological res-
toration, forest rehabilitation, native species, reclamation

Abstract: Many of the world’s forests are not primeval; for-
est restoration aims to reverse alterations caused by human
use. Forest restoration (including reforestation and forest
rehabilitation) is widely researched and practiced around
the globe. A review of recent literature reveals some com-
mon themes concerning forest restoration motivations and
methods. In some parts of the world, forest restoration aims
mainly to re-establish trees required for timber or fuel wood;
such work emphasizes the propagation, establishment and
growth of trees, and equates with the traditional discipline of
silviculture. Elsewhere, a recent focus on biocentric values
adopts the goal of supporting full complements of indige-
nous trees and other species. Such ecosystem based restora-
tion approaches consider natural templates and a wide array
of attributes and processes, but there remains an emphasis
on trees and plant species composition. Efforts to restore
natural processes such as nutrient cycling, succession, and
natural disturbances seem limited, except for the use of fire,
which has seen widespread adoption in some regions. The
inherent challenges in restoring “naturalness” include high
temporal and spatial heterogeneity in forest conditions and
natural disturbances, the long history of human influence on
forests in many regions of the world, and uncertainty about
future climate and disturbance regimes. Although fixed tem-
plates may be inappropriate, we still have a reasonably clear
idea of the incremental steps required to make forests more
natural. Because most locations can support many alterna-
tive configurations of natural vegetation, the restoration of
forest naturalness necessarily involves the setting of priori-
ties and strategic directions in the context of human values
and objectives, as informed by our best understanding of
ecosystem structure and function now and in the future.

Link: http://www.silvafennica.fi/pdf/article74.pdf
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218. Campbell FT, Schlarbaum SE. 2014. Fading
forests III: American forests, what choice will we make?

Arlington (VA): The Nature Conservancy. 167 p.
Type: Report
Geographic Area: USA

Compilers’ Keywords: forest management, invasive spe-
cies, pest management, restoration, invasive pathogens, policy

Preamble (4th paragraph): Fading Forests III is the last
publication of a trilogy on pests, policy, and forest health that
we began over 20 years ago. This publication, however, is not
intended to be a requiem. Instead, we hope that Fading Forests
IIT will be received as a call to greater effort, focused on a lim-
ited agenda of actions that can ensure our forests’ future.

Link: http://www.nature.org/ourinitiatives/habitats/forests/
fading-forests-3-complete-report.pdf

219. Choi YD. 2007. Restoration ecology to the future: a
call for new paradigm. Restoration Ecology 15:351-353.

Type: Journal
Geographic Area: Global

Keywords: ecology, future, paradigm, rehabilitation, restora-
tion, sustainability

Abstract: The discipline of restoration ecology has grown
remarkably in the past decades, providing new ideas and op-
portunities for conserving biological diversity, managing eco-
systems, and testing ecological theories. On the other side, its
past-oriented, static, and idealistic approach has been criticized
for subjectivity in determining restoration goals, inapplicabili-
ty to dynamic ecosystems, and inability for restoring certain ir-
reversible losses. Moreover, unpredictable sustainability of the
restored ecosystems, which were modeled after its historical
fidelity, adds our skepticism under the changing environment.
This paper calls for a new paradigm of ecological restoration to
the future. A future-oriented restoration should (1) establish the
ecosystems that are able to sustain in the future, not the past,
environment; (2) have multiple alternative goals and trajecto-
ries for unpredictable endpoints; (3) focus on rehabilitation of
ecosystem functions rather than recomposition of species or
cosmetics of landscape surface; and (4) acknowledge its iden-
tity as a ““value-laden” applied science within economically
and socially acceptable framework. Applicability of ecological
theories to restoration practice is also discussed in this paper.

Link: http://www.globalrestorationnetwork.org/uploads/
files/LiteratureAttachments/564 restoration-ecology-to-the-

future—a-call-for-a-new-paradigm.pdf

220. Handel SN. 2011. Past, present, future. Ecological
Restoration 29:203-205.

Type: Journal
Geographic Area: Global
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Compilers’ Keywords: restoration, climate change, editorial

Closing Remarks: Importance of restoration ecology must
enlarge and quicken if we are going to keep pace with environ-
mental change and deliver the ecological services upon which
we all depend. We can only hope that this journal is carried
through.

Link: http://er.uwpress.org/content/29/3/203.full.pdf

221. Jones TA. 2009. Conservation biology and plant
breeding: special considerations for the development of native
plant materials for use in restoration. Ecological Restoration
27:8-11.

Type: Journal
Geographic Area: USA

Compilers’ Keywords: nursery, genetic diversity, evolution,
practices

Introduction: The development of native plant materials for
restoration demands that close attention be paid to the expecta-
tions of the specialized customer base of ecological restora-
tionists. Restoration practitioners’ expectations are often built
on assumptions and values reflective of the relatively new
discipline of conservation biology. Unlike most scientific dis-
ciplines, conservation biology is unashamedly value driven. Its
basic thrust is that we must maintain natural patterns of genetic
diversity at many levels and thus preserve options for future
evolution.

Link: http://sfc.smallfarmcentral.com/dynamic content/up-
loadfiles/152/jones-conservation%20biology.pdf

222. Jones TA, Young SA. 2005. Native seeds in com-
merce: more frequently asked questions. Native Plants Journal
6:286-293.

Type: Journal
Geographic Area: Global

Keywords: seed prices, release, cultivar, pre-variety germ-
plasm, genetic shift, pure live seed, seed certification, variety,
germplasm, plant variety protection

Abstract: To make intelligent choices in the marketplace,
customers should have a working understanding of 1) the di-
versity of products that are available in the seed trade; 2) how
they move in the market; 3) how they are regulated for purity
and germination; 4) how they are certified to assure genetic
identity; and 5) how they are legally protected as intellectual
property. Options for seed certification have greatly increased
over the last several years. Two complementary certifica-
tion mechanisms are currently being used to deliver native
plant materials, one facilitating the traditional cultivars and
the other directed toward the novel pre-variety germplasms.
Both accommodate natural and genetically manipulated plant
materials.
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223. Landis TD. 2011. The target plant concept—a his-
tory and brief overview. In: Riley LE, Haase DL, Pinto JR,
editors. Forest and Conservation Nursery Associations—2010.
Fort Collins (CO): USDA Forest Service, Rocky Mountain
Research Station. Proceedings RMRS-P-65. p 61-66.

Type: Government Document
Geographic Area: Global

Keywords: nursery, reforestation, restoration, seedling, native
plant

Abstract: The target plant concept originated with morpho-
logical classification of conifer nursery stock in the 1930s, and
the concept was enhanced through physiological research and
seedling testing towards the end of the century. Morphological
grading standards such as shoot height, stem diameter, and root
mass are the most common use of the target plant concept, and
some physiological grading standards are also being operation-
ally implemented by nursery workers and seedling users. Since
2000, the concept has been expanded to include all types of
plant materials, including seeds, cuttings, or wildlings, as well
as traditional nursery stock. Because these native plant mate-
rials are being outplanted on harsh, severely disturbed sites,
this more comprehensive native plant materials concept also
involves environmental conditions on the project site.

Link: http://www.treesearch.fs.fed.us/pubs/40170

224. Norton DA, Forbes A. 2013. Can exotic pine trees
assist in restoration? Applied Vegetation Science 16:169-170.

Type: Journal
Geographic Area: Chile

Compilers’ conservation, exotic species,

regeneration

Keywords:

Abstract: Invasive exotic woody species, including coni-
fers escaped from plantations, are usually regarded as serious
threats to native biodiversity. Becerra & Montenegro (Applied
Vegetation Science, 16, 2013, 2) present an interesting exam-
ple of invasive Pinus radiata facilitating native woody regen-
eration in semi-arid central Chile. However, the positive value
of invasive conifers for restoration and conservation will not
necessarily apply in all situations.

Link: http://onlinelibrary.wiley.com/doi/10.1111/avsc.12014/
full

225. Oliet JA, Jacobs DF. 2012. Restoring forests: ad-
vances in techniques and theory. New Forests 2012:1-7.

Type: Journal

Geographic Area: Mediterranean

climate

Compilers’ Keywords: genetics, disturbance,

change, ecological function, review

Introduction: Much of the past science of forest regeneration
emphasized reforestation following timber harvest for industrial
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purposes. Inrecent decades, a pronounced evolution has occurred
whereby the focal point of many of today’s forest regeneration
scientists has shifted prominently toward restoration of harsh,
degraded environments. Forest restoration is a highly complex
process that requires consistent shifts to adapt to emerging cir-
cumstances. This is a special issue of 27 review articles covering
a wide range of diverse issues in forest restoration.

Link: http://www.researchgate.net/publication/236148435
Restoring forests advances in techniques and theory/file/

e0b4951665abeca599.pdf

226. Rajora OP, Mosseler A. 2001. Challenges and
opportunities for conservation of forest genetic resources.
Euphytica 118:197-212.

Type: Journal
Geographic Area: Canada

Keywords: adaptive traits, gene and genetic resource con-
servation, genetic and ecological restoration, genetic diversity
and population genetic parameters, minimum viable popula-
tion size, molecular markers, sustainable forest management

Abstract: Increased use of forest resources and a shrinking
forestland base threaten the sustainability of forest genetic
resources and highlight the importance of conservation and
sustainable management of these resources. As forest trees are
normally the keystone species of forest ecosystems, their con-
tinued existence is essential for many floral and faunal asso-
ciations of these ecosystems. Major concepts, challenges and
opportunities for conservation of forest genetic resources are
briefly discussed in this paper. The major challenges include
population decline and population structure changes due to
forest removal and conversion of forest land to other uses, for-
est fragmentation, forestry practices, climate change, disease
conditions, introduced pests, atmospheric pollution, and intro-
gressive hybridization. Developing scientifically sound con-
servation strategies, maintaining minimum viable population
sizes, and deployment of genetically engineered organisms
represent other important challenges in conservation. The use-
fulness of various biochemical and molecular genetic markers,
adaptive traits, and genetic diversity measures for developing
conservation strategies for in situ and ex situ genetic resource
conservation are also discussed. Major opportunities for con-
servation of forest genetic resources include: use of molecular
genetic markers and adaptive traits for developing conserva-
tion strategies; in situ conservation through natural reserves,
protected areas, and sustainable forest management practices;
ex situ conservation through germplasm banks, common gar-
den archives, seed banks, DNA banks, and tissue culture and
cryopreservation; incorporation of disease, pest, and stress
tolerance traits through genetic transformation; plantation for-
estry; and ecological restoration of rare or declining tree spe-
cies and populations. Forest genetic resource conservation and
resource use should be considered complementary rather than
contradictory to each other.
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227. Ratnam W, Rajora OP, Finkeldey R,
Aravanopoulos F, Bouvet J-M, Vaillancourt RE,
Kanashiro M, Fady B, Tomita M, Vinson C. 2014.
Genetic effects of forest management practices: global synthesis
and perspectives. Forest Ecology and Management 333:52-65.

Type: Journal
Geographic Area: Global

Keywords: forest management practices, timber production,
genetic diversity, population structure, mating system, temper-
ate, boreal and tropical forests

Abstract: Understanding the genetic impacts of forest
management practices is crucial for conservation and man-
agement of forest genetic resources. Forest management
practices based on selective and clear cut systems followed
by natural or artificial regeneration can impact population
structure and mating patterns, thus gene flow and genetic
diversity. Survival and productivity of both tree and non-
tree species can be compromised or, possibly, enhanced.
The extent of genetic impacts depends on the management
system applied, stand structure as well as species’ distribu-
tion, demography, biological attributes and ecology. The
impact of management practices is reviewed and synthe-
sized for temperate, boreal and tropical forests based on ex-
perimental and simulation studies. In addition, the effects of
genetically improved planting materials and establishment
of large scale plantations on natural forests are examined.
Recommendations are made for genetically sustainable for-
est management practices.

Link: http://www.sciencedirect.com/science/article/pii/
S0378112714003697

228. Simberloff D. 1980. A succession of paradigms
in ecology: essentialism to materialism and probabilism.
Synthese 43:3-39.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: evolution, genetics, Darwin, review,
foundational ecology

Compilers’ Summary: In this essay, Simberloff discusses
the major paradigms in ecology beginning with the materi-
alistic revolution in evolution and genetics and ending with
the ecosystem paradigm. Ecology’s first paradigm that plant
community is a superorganism (circa 1905 by Clements)
was challenged by several ecologists, because succession
does not always lead to the same climax. Simberloff claims
that Clements’ superorganism is not obsolete, however, but
has transformed into a belief that the study of ecosystems
should be approached in a holistic manner. Much of the in-
formation provided by Simberloff has shaped the way we
study, conserve and restore ecosystems.
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229. Stanturf JA, Palik BJ, Dumroese RK. 2014.
Contemporary forest restoration: a review emphasizing func-
tion. Forest Ecology and Management 331:292-323.

Type: Journal
Geographic Area: Global

Keywords: reconstruction, rehabilitation, reclamation, re-
placement, ecological restoration, forest landscape restoration

Abstract: The forest restoration challenge (globally 2 bil-
lion ha) and the prospect of changing climate with increasing
frequency of extreme events argues for approaching restora-
tion from a functional and landscape perspective. Because the
practice of restoration utilizes many techniques common to
silviculture, no clear line separates ordinary forestry practices
from restoration. The distinction may be that extraordinary
activities are required in the face of degraded, damaged, or
destroyed ecosystems. Restoration is driven by the desire to
increase sustainability of ecosystems and their services and
restoration is likely to have multiple goals arising from the
motivations of those involved. The process of setting restora-
tion objectives translates vague goals into feasible, measurable
targets and ultimately actions on the ground. Our objective
for this review is to synthesize the science underpinning con-
temporary approaches to forest restoration practice. We focus
on methods and present them within a coherent terminology
of four restoration strategies: rehabilitation, reconstruction,
reclamation, and replacement. While not a consensus termi-
nology, these terms have a logical foundation. Rehabilitation
restores desired species composition, structure, or processes
to a degraded ecosystem. Reconstruction restores native plant
communities on land recently in other resource uses, such as
agriculture. Reclamation restores severely degraded land gen-
erally devoid of vegetation, often the result of resource extrac-
tion, such as mining. Replacement of species (or their locally-
adapted genotypes) with new species (or new genotypes) is a
response to climate change. Restoration methods are presented
as available tools; because adding vegetation is an effective
restoration technique, the discussion of methods begins with
a description of available plant materials. We then discuss al-
tering composition under different initial overstory conditions,
including deployment methods depending upon whether or not
an overstory is present, how much of the landscape will be
restored, and the complexity of the planting design. We present
some major approaches for altering structure in degraded for-
est stands, and describe approaches for restoration of two key
ecosystem processes, fire and flooding. Although we consider
stand-level designs, what we describe is mostly scalable to the
landscape-level. No restoration project is undertaken in a social
vacuum; even stand-level restoration occurs within a system
of governance that regulates relationships among key agents.
Gathering information and understanding the social dimen-
sions of a restoration project is as necessary as understanding
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the biophysical dimensions. Social considerations can trump
biophysical factors.

Link: http://www.treesearch.fs.fed.us/pubs/46976

230. Stanturf JA, Palik BJ, Williams MI, Dumroese
RK, Madsen P. 2014. Forest restoration paradigms. Journal
of Sustainable Forestry 33:S161-S194.

Type: Journal
Geographic Area: Global

Keywords: reconstruction, rehabilitation, reclamation, novel
ecosystems, intervention ecology

Abstract: An estimated 2 billion ha of forests are degraded
globally and global change suggests even greater need for for-
est restoration. Four forest restoration paradigms are identified
and discussed: revegetation, ecological restoration, functional
restoration, and forest landscape restoration. Restoration is
examined in terms of a degraded starting point and an end-
ing point of an idealized natural forest. Global change, climate
variability, biotechnology, and synthetic biology pose signifi-
cant challenges to current restoration paradigms, underscoring
the importance of clearly defined goals focused on functional
ecosystems. Public debate is needed on acceptable goals; one
role for science is to inform and help frame the debate and
describe feasibility and probable consequences.

Link: http://www.treesearch.fs.fed.us/pubs/45775

231. Watrud E, Zensen F, Darbyshire R. 2012.
Laws affecting reforestation on USDA Forest Service lands. Tree
Planters’ Notes 55:39-42.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: USFS, policy, restoration, manage-
ment, national forests, silviculture

Abstract: Many laws affect reforestation practices on U.S.
Department of Agriculture (USDA), Forest Service lands.
This article summarizes several acts that have had important
influences on Federal reforestation. In particular, we delve into
The Knutson-Vandenberg Act of 1930 and the National Forest
Management Act of 1976, which have had the largest effect on
reforestation of the national forests.

Link: http://www.rngr.net/publications/tpn/55-2/laws-affect-
ing-reforestation-on-usda-forest-service-lands/at download/

file

232. Watt AS. 1947. Pattern and process in the plant com-
munity. Journal of Ecology 35:1-22.

Type: Journal
Geographic Area: Global
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Compilers’ Keywords: ecology, patch dynamics, structure

Introduction: The plant community may be described from
two points of view, for diagnosis and classification, and as
a working mechanism. My primary concern is with the sec-
ond of these. But in as much as the two aspects are not mu-
tually exclusive, a contribution to our understanding of how
a community is put together, and how it works, may contain
something of value in description for diagnosis. It is now half
a century since the study of ecology was injected with the dy-
namic concept, yet in the vast output of literature stimulated
by it there is no record of an attempt to apply dynamic prin-
ciples to the elucidation of the plant community itself and to
formulate laws according to which it maintains and regener-
ates itself. Pavillard’s assessment of the dynamic behaviour of
species comes very near it, but is essentially concerned with
the ‘influence (direct or indirect) of the species on the natural
evolution of plant communities. As things are, the current de-
scriptions of plant communities provide information of some,
but not critical, value to an understanding of them; how the
individuals and the species are put together, what determines
their relative proportions and their spatial and temporal rela-
tions to each other, are for the most part unknown. It is true
that certain recent statistical work is stretching out towards that
end, but the application of statistical technique, the formulation
of laws and their expression in mathematical terms, will be
facilitated if an acceptable qualitative statement of the nature
of the relations between the components of the community is
first presented. Such a statement is now made based on the
study of seven communities in greater or less detail, for data
of the kind required are seldom recorded. The ultimate parts
of the community are the individual plants, but a description
of it in terms of the characters of these units and their spatial
relations to each other is impracticable at the individual level.
It is, however, feasible in terms of the aggregates of individu-
als and of species which form different kinds of patches; these
patches form a mosaic and together constitute the community.
Recognition of the patch is fundamental to an understanding
of structure as analysed here. In the subsequent analysis evi-
dence is adduced to show that the patches (or phases, as [ am
calling them) are dynamically related to each other. Out of this
arises that orderly change which accounts for the persistence
of the pattern in the plant community. But there are also de-
partures from this inherent tendency to orderliness caused by
fortuitous obstacles to the normal time sequence. At any given
time, therefore, structure is the result of causes which make for
order and those that tend to upset it. Both sets of causes must
be appreciated. In describing the seven communities I propose
in the first examples to emphasize those features which make
for orderliness, in the later to content myself with little more
than passing reference to these and to dwell specifically upon
departures from it; in all examples to bring out special points
for the illustration of which particular communities are well
suited or for which data happen to be available. For the present
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the field of inquiry is limited to the plant community, divorced
from its context in the sere; all reference to relics from its an-
tecedents and to invaders from the next state is omitted. I am
assuming essential uniformity in the fundamental factors of the
habitat and essential stability of the community over a reason-
able period of time.

Link: http://faculty.washington.edu/edford/Watt 1947.pdf
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233. Allendorf FW, Hohenlohe PA, Luikart G.
2010. Genomics and the future of conservation genetics.
Nature Reviews Genetics 11:697-709.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: adaptation, physiological, animals,
biodiversity, forecasting, genetic variation, population genet-
ics, review

Abstract: We will soon have complete genome sequences
from thousands of species, as well as from many individuals
within species. This coming explosion of information will
transform our understanding of the amount, distribution and
functional significance of genetic variation in natural popula-
tions. Now is a crucial time to explore the potential implications
of this information revolution for conservation genetics and to
recognize limitations in applying genomic tools to conserva-
tion issues. We identify and discuss those problems for which
genomics will be most valuable for curbing the accelerating
worldwide loss of biodiversity. We also provide guidance on
which genomics tools and approaches will be most appropriate
to use for different aspects of conservation.

Link: http://www.ncbi.nlm.nih.gov/pubmed/20847747

234. Aubry C, Shoal R, Erickson V). 2005. Grass
cultivars: their origins, development, and use on national forests
and grasslands in the Pacific Northwest. Portland (OR): USDA
Forest Service. 55 p.

Type: Government Document
Geographic Area: Pacific Northwest USA
Compilers’ Keywords: restoration, plant materials

Abstract: Grass cultivars are a distinct subset of a species,
often intentionally bred to behave uniformly and predictably
when grown in an environment to which the species is adapted.
A cultivar, also called a variety or a release, is given a unique
trade name chosen by the breeder. These single-word names—
such as “Arlington,” “Bromar” or “Secar’—most often relate
to the place of origin, species name, cultivar characteristics,
or an individual involved in the process. Grass cultivars have
been used in large quantities, often without an assessment of
the consequences. Since grass cultivars vary in their origins,
development history, and effects on native plant populations,
it is important to know more than the brand name and the spe-
cies name when considering a seed source for revegetation.
Although a cultivar has been developed for particular uses
or appears to be adapted to a wide range of conditions, the
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material may not necessarily be suitable or optimal for all situ-
ations. Use of such material may have long-term and possi-
bly irreversible genetic and ecological effects. Therefore it is
essential to have a thorough understanding of plant material
genetic origins, biological attributes, and level of compatibility
with management objectives. In this paper we address the ori-
gins, and development of grass cultivars that have been used
on national forests and grasslands in the Pacific Northwest. The
genetic and ecological consequences of their use are discussed
as well as recommendations for selection of plant materials for
restoration projects.

Link: http://www.fs.fed.us/wildflowers/nativeplantmaterials/
documents/cultivars maindoc 040405 appendices.pdf

235. Bailey DW, Tabini RA, Waldron BL, Libbin JD,
Al-Khalidi K, Algadi A, Oun MA, Jensen KB. 2010.
Potential of Kochia prostrata and perennial grasses for range-
land restoration in Jordan. Rangeland Ecology & Management
63:707-711.

Type: Journal
Geographic Area: Jordan, Middle East

Keywords: alternate forage sources, crested wheatgrass, for-
age kochia, Middle East, Russian wildrye, Siberian wheatgrass

Abstract: Six varieties of forage kochia (Kochia prostrata [L.]
Schrad.), two Atriplex shrubs native to North America, and
four drought tolerant perennial grass varieties were seeded and
evaluated under arid rangeland conditions in Jordan. Varieties
were seeded in December 2007 and evaluated in 2008 and
2009 at two sites. Conditions were dry with Qurain receiving
110 mm and 73 mm and Tal Rimah receiving 58 mm and 43
mm of annual precipitation during the winters of 2007/2008
and 2008/2009, respectively. Plants were more abundant and
taller (P < 0.001) at Qurain than Tal Rimah in 2008. Forage
kochia frequency was 48% and 30% in 2008 at Qurain and Tal
Rimabh, respectively. However, no seeded plants were observed
at Tal Rimah in 2009, suggesting that 58 mm and 43 mm of an-
nual precipitation are insufficient to allow plants to persist over
multiple years. At the wetter site, forage kochia abundance in
2009 was similar (P = 0.90) to that observed in 2008 and plant
height increased (P < 0.001) from 2008 (14.4 cm = 1.1 SE) to
2009 (38.4 cm = 1.1 SE). Sahro-select and Otavny-select were
the most abundant forage kochia varieties (P = 0.05), suggest-
ing that these experimental lines could be more adapted to the
environmental conditions of Jordan than the commercially
available cultivar Immigrant. Frequency of perennial grass va-
rieties declined (P < 0.001) at Qurain from 82% + 4 SE to 39%
+ 4 SE between 2008 and 2009, respectively. Among grasses,
Siberian wheatgrass had better stands than crested wheatgrass,
with Russian wildrye being intermediate. Based on this study,
forage kochia appears to have great potential for establish-
ing palatable perennial shrubs in arid rangeland conditions in
Jordan if annual precipitation is at least 70 mm. Arid-adapted

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015

CONSERVATION AND RESTORATION -

RESEARCH

perennial grass varieties might also be useful in rangeland res-
toration if annual precipitation is over 100 mm.

236. Benayas JMR, Newton AC, Diaz A, Bullock JM.
2009. Enhancement of biodiversity and ecosystem services by
ecological restoration: a meta-analysis. Science 325:1121-1124.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: assessment, reference ecosystems,
tropical biomes, environmental degradation, restoration
success

Abstract: Ecological restoration is widely used to reverse
the environmental degradation caused by human activities.
However, the effectiveness of restoration actions in increasing
provision of both biodiversity and ecosystem services has not
been evaluated systematically. A meta-analysis of 89 restora-
tion assessments in a wide range of ecosystem types across the
globe indicates that ecological restoration increased provision
of biodiversity and ecosystem services by 44 and 25%, respec-
tively. However, values of both remained lower in restored ver-
sus intact reference ecosystems. Increases in biodiversity and
ecosystem service measures after restoration were positively
correlated. Results indicate that restoration actions focused on
enhancing biodiversity should support increased provision of
ecosystem services, particularly in tropical terrestrial biomes.

Link: http://www.sciencemag.org/content/325/5944/1121.
short

237. Bhattarai K, Bushman BS, Johnson DA,
Carman )G. 2011. Searls prairie clover (Dalea searlsiae)
for rangeland revegetation: phenotypic and genetic evaluations.
Crop Science 51:716-727.

Type: Journal
Geographic Area: Western USA

Compilers’ Keywords: legume, rangeland restoration, ge-
netic diversity, phenology, forb, common garden

Abstract: Few North American legumes are available for
use in rangeland revegetation in the western USA, but Searls
prairie clover [Dalea searlsiae (A. Gray) Barneby] is one that
holds promise. Commercial scale seed production of this spe-
cies could address the issues of unreliable seed availability and
high seed costs associated with its wildland seed collection. To
evaluate its utility for revegetation, we collected Searls prai-
rie clover at 20 locations across Utah and Nevada. Amplified
fragment length polymorphisms (AFLP) and morphological
and phenotypic traits (measured in common-garden plots)
were used to clarify the role of evolutionary forces respon-
sible for its genetic structure. Collections were evaluated for
dry-matter yield, inflorescence weight, number of inflores-
cences, plant height, foliage diameter, flowering date, acid-
detergent fiber, neutral-detergent fiber, and crude protein at two
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common-garden locations in northern Utah. Collections from
southern Utah and eastern Nevada exhibited high phenotypic
values, whereas collections from western Nevada and north-
western Utah had low phenotypic values. Collections from
northwestern Utah were genetically differentiated from those
of southern Utah and Nevada via AFLP markers. Strong isola-
tion by distance between collections suggests that genetic drift
and gene flow are important factors in determining population
structure in Searls prairie clover.

Link: http://www.fs.fed.us/rm/boise/research/shrub/
Links/2011papers/bhattaraietall2011.pdf

238. Bhattarai K, Johnson DA, Jones TA, Connors
K), Gardner DR. 2008. Physiological and morphological
characterization of basalt milkvetch (Astragalus filipes): basis
for plant improvement. Rangeland Ecology & Management
61:444-455.

Type: Journal
Geographic Area: Western USA

Keywords: Astragalus filipes, restoration, revegetation, sage-
brush steppe, western United States

Abstract: Astragalus filipes Torr. ex A. Gray (basalt milkvetch
or threadstalk milkvetch) is a legume that is widely distributed
in western North America and holds promise for revegetation
and restoration programs in the western United States. Seed of
67 accessions was collected in 2003 from Utah, Nevada, Idaho,
Oregon, California, and Washington. Field-collected forage
samples from these accessions had non-detectable or low
levels of selenium, swainsonine, and nitrotoxins. Accessions
were evaluated at Providence and Millville in northern Utah in
2005 and 2006. At Providence accessions from north-central
Oregon exhibited comparatively high biomass yield in sum-
mer and fall during both years. Basalt milkvetch accessions
with low biomass generally had high crude protein concen-
tration. Acid-detergent fiber and neutral-detergent fiber were
positively correlated with biomass yield (r = 0.42, P =0.0001;
r = 0.57, P = 0.0001, respectively). At Millville accessions
from north central Oregon exhibited comparatively high bio-
mass and seed yield. Seed weight per 100 seeds varied among
basalt milkvetch accessions in both years at Millville. Plants at
Millville treated with imadicloprid insecticide had greater seed
yields than nontreated plants in 2006, but not in 2005. When
averaged across sites and years, a high correlation between
number of stems and biomass (r = 0.82, P = 0.0001) indicated
that number of stems is a reliable predictor of high biomass
and seed yield. Principal component analysis of seven consoli-
dated plant traits identified two principal components that ac-
counted for 60% and 15% of the variation among accessions.
The first principal component was negatively correlated with
elevation (r = 20.71, P = 0.01) and positively correlated with
latitude (r = 0.46, P = 0.01). The second principal component
was positively correlated with elevation (r = 0.36, P = 0.01)
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and negatively correlated with latitude (r = 20.47, P = 0.01).
These results are beneficial in identifying basalt milkvetch ac-
cessions that hold promise for plant improvement efforts.

239. Bockelmann AC, Wels T, Bakker JP. 2011.
Seed origin determines the range expansion of the clonal grass
Elymus athericus. Basic and Applied Ecology 12:496-504.

Type: Journal
Geographic Area: Europe

Keywords: invasion, seedling, herbivory, competition, habitat
adaptation, salt marsh

Abstract: The recent invasion of clonal grasses to novel habi-
tats poses a threat to biodiversity in various habitats. Elymus
athericus, a clonal grass of north-western European salt marsh-
es, is currently increasing in abundance and invading new hab-
itats. In this study, we analyzed controlling factors for seedling
establishment of E. athericus in frequently flooded low marsh
habitats. Here, biotic and abiotic conditions are very differ-
ent from the conditions of the parental sites with established
populations higher up in the marsh. Hence, we hypothesized
that seedling establishment at the expanding low marsh edge
would depend on the parental origin (either through maternal
effects or heritable local adaptation). We further hypothesized
that seedling origin interacts with biotic factors such as her-
bivory and competition as well as with abiotic factors like in-
undation frequency. We tested the dependence of seedling sur-
vival, growth and vegetative reproduction on these factors in a
factorial transplant experiment on Schiermonnikoog. Survival
was high, with 77% of the planted seedling surviving until
the end of the experiment. Biotic factors had a much stronger
effect on seedling growth and mortality than parental origin
and were independent of inundation. However, parental origin
strongly interacted with herbivory and competition, with seed-
lings performing better under the conditions that resembled
their parental site. We conclude that seedlings of E. athericus,
a species that was previously thought to occur only in mid- to
high marsh elevation, can establish at a frequently inundated
low-marsh sites. Long term survival and further invasion will
primarily depend on biotic factors in interaction with seed
origin. Our results suggest that next to herbivory, limitation of
seeds adapted to colonizing conditions is likely to slow down
range expansion.

240. Bonner FT. 1990. Storage of seeds: potential and
limitations for germplasm conservation. Forest Ecology and
Management 35:35-43.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: seed germination, forestry, recalci-
trant seeds, orthodox seeds, seed collection
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Abstract: Objectives of seed storage are primarily either
short-term for forestry operations, or long-term for germplasm
conservation. Seeds can be grouped into four classes of stor-
age characteristics: ‘true orthodox’ seeds can be stored for long
periods at seed moisture contents of 5-10% and sub-freezing
temperatures; ‘sub-orthodox’ seeds can be stored under the
same conditions, but for shorter periods due to high lipid con-
tent or thin seed coats; ‘temperate recalcitrant’ seeds cannot
be dried at all, but can be stored for 3-5 years at near-freezing
temperatures; and ‘tropical recalcitrant’ seeds also cannot be
dried, and they are killed by temperatures below 10-15 °C.
Cryogenic storage in liquid nitrogen at —196 °C holds prom-
ise, but needs more research. Some genetic damage may occur
during seed storage, but the extent and effect of this damage
has yet to be determined. Seed storage, by both conventional
and cryogenic technologies, offers a relatively cheap method
of conserving a broad range of germplasm. It will likely play
an essential, complementary role, in germplasm conservation
as temporary conservation until ex-situ stands are established,
and as a safety measure against disastrous losses for limited
numbers of seedlots. To fulfill the conservation roles, seed stor-
age life must exceed the natural interval between germination
and seed production for the next generation. Most true ortho-
dox and many sub-orthodox seeds offer no problem, but nei-
ther recalcitrant seed class can meet this criterion with present
technology. However, even short gains in viability retention
of recalcitrant species can be useful (e.g., in transporting seed
collections from remote areas to nurseries or laboratories).

241. Bower AD, McLane SC, Eckert A, Jorgensen
S, Schoettle AW, Aitken SN. 2011. Conservation ge-
netics of high elevation five-needle white pines. In: Keane RE,
Tomback DF, Murray MP, Smith CM, editors. High Five
Symposium. Fort Collins (CO): USDA Forest Service, Rocky
Mountain Research Station. Proceedings RMRS-P-63. p
98-117.

Type: Government Document
Geographic Area: Western North America

Compilers’ Keywords: Pinus, restoration, genetic diversity,
white pine blister rust, forest management

Abstract: Conservation genetics examines the biophysical
factors influencing genetic processes and uses that information
to conserve and maintain the evolutionary potential of spe-
cies and populations. Here we review published and unpub-
lished literature on the conservation genetics of seven North
American high-elevation five-needle pines. Although these
species are widely distributed across much of western North
America, many face considerable conservation challenges:
they are not valued for timber, yet they have high ecological
value; they are susceptible to the introduced disease white pine
blister rust (caused by the fungus Cronartium ribicola) and en-
demic-turned-epidemic pests; and some are affected by habitat
fragmentation and successional replacement by other species.
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Potential range shifts resulting from global climate change
pose additional threats to these high-elevation species, as suit-
able climates may no longer exist on the mountains where they
grow. The combined impacts of these threats have necessitated
active management and conservation activities. While several
high-elevation five-needle pines have been well studied, large
information gaps exist regarding the genetic diversity and pop-
ulation structure of others. This information is crucial for the
development of conservation management strategies. In this
report, information on genetic diversity, population structure,
and strategies for gene conservation is presented and informa-
tion gaps identified for North America’s high-elevation five-
needle pines.

Link: http://www.treesearch.fs.fed.us/pubs/38207

242. Bowles ML, Betz RF, DeMauro MM. 1993.
Propagation of rare plants from historic seed collections: im-
plications for species restoration and herbarium management.
Restoration Ecology 1:101-106.

Type: Journal
Geographic Area: Central USA

Compilers’ Keywords: milkweed, milkvetch, germination,
rare plants, Asclepias lanuginosa, Astragalus neglectus, Asclepias
meadii, Astragalus tennesseensis, seed viability, seed storage

Abstract: Herbaria are potentially important repositories of
living seeds that could be useful for recovery of rare plant spe-
cies. To examine this capacity, we tested seed germination of
rare milkweed (Asclepias) and milkvetch (Astragalus) species
representing different collection dates and different herbaria.
These groups have contrasting seed characteristics, with great-
er potential for longevity in the nonpermeable hard-coated
milkvetch seeds. Twelve-year-old Asclepias lanuginosa seeds
failed to germinate. However, we achieved 45% germina-
tion from three-year-old Asclepias meadii seeds, but germina-
tion dropped to 0% after ages of four to five years. Astragalus
neglectus seeds germinated from 97-, 48-, and 28-year-old
herbarium specimens, and Astragalus tennesseensis seeds ger-
minated from a four-year-old collection. Seedlings produced
from these experiments were incorporated into ex situ garden
populations for recovery or restoration of rare species popula-
tions. Different herbarium pest control techniques may have
significant bearing on the viability of seeds stored on herbari-
um specimens. Microwaving can cause precipitous loss of seed
viability, while deep-freezing appears to allow some seeds to
remain viable. Potentially live seeds of rare species should be
stored under conditions that enhance their long-term viability.

243. Burton P}, Burton CM. 2002. Promoting genetic
diversity in the production of large quantities of native plant
seed. Restoration Ecology 20:117-123.

Type: Journal

Geographic Area: Western Canada
87



CHAPTER 2 -

Keywords: restoration, seed production, genotype

Introduction: To address the lack of commercial quantities
of native plant seed, we embarked on a 5-year research pro-
gram to collect, propagate and screen common native grasses,
sedges, legumes, and other forbs for use in the northern interior
of British Columbia. Starting out with very little knowledge
about the ecology, range, or breeding systems of candidate
plant species, the challenge was to produce large quantities of
seed at prices below that of wild-collected seed, while main-
taining a high level of genetic diversity in this plant material.
How could we benefit from concentrated production of single,
identified native plant species in cultivated fields, without fully
“domesticating” these species?

24A4. Cripps CL, Antibus RK. 2011. Native ectomycor-
rhizal fungi of limber and whitebark pine: necessary for forest
sustainability? In: Keane RE, Tomback DF, Murray MP, Smith
CM, editors. High Five Symposium. Fort Collins (CO): USDA
Forest Service, Rocky Mountain Research Station. Proceedings
RMRS-P-63. p 37-44.

Type: Government Document

Geographic Area: Western USA

Compilers’ Keywords: white pine blister rust, mountain pine
beetle, forest sustainability, Rocky Mountains, Pinus flexilis,
Pinus albicaulis

Abstract: Ectomycorrhizal fungi are an important compo-
nent of northern coniferous forests, including those of Pinus
flexilis (limber pine) and P. albicaulis (whitebark pine) which
are being decimated by white pine blister rust and mountain
pine beetles. Ectomycorrhizal fungi are known to promote
seedling establishment, tree health, and may play a role
in forest sustainability. The goal of this research is to dis-
cover the native ectomycorrhizal fungi associated with these
two pines in the Rocky Mountain region. Here we report
32 species of ectomycorrhizal fungi associated with white-
bark pine, 26 with limber pine, with an overlap of 14 spe-
cies (primarily suilloids). The ectomycorrhizal fungi can be
grouped into 1. generalists, 2. western conifer associates, 3.
calcareous species (limber pine) and 4. specialists for five-
needle pine or stone pines (primarily suilloids). Some of the
Suillus species occur with stone pines globally, suggesting a
long co-evolutionary history and important ecological roles.
Their association with limber pines is newly reported. These
five-needle pine specialists could confer a competitive ad-
vantage over spruce and fir when present. A preliminary
study of the physiology of the suilloid fungi reveals intra-
and inter-specific variation in pH/preference/tolerance in
vitro. Strains with limber pines from calcareous sites exhibit
a broader pH tolerance than those found with whitebark pine
which is restricted to high elevations. It is hoped that these
efforts contribute to an understanding of the native ectomy-
corrhizal fungi with whitebark and limber pine and provide
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information useful towards sustaining these tree species, in-
cluding strain selection for inoculation of nursery seedlings.

Link: http://www.treesearch.fs.fed.us/pubs/38191

245. De Steven D, Sharitz RR, Singer JH, Barton
CD. 2006. Testing a passive revegetation approach for restor-

ing coastal plain depression wetlands. Restoration Ecology
14:452-460.

Type: Journal
Geographic Area: Southeastern USA

Keywords: Carolina bays, depression wetlands, drought ef-
fects, isolated wetlands, revegetation, seed banks, wetland
restoration

Abstract: Restoration of coastal plain depressions, a biologi-
cally significant and threatened wetland type of the southeastern
United States, has received little systematic research. Within the
context of an experimental project designed to evaluate several
restoration approaches, we tested whether successful revegeta-
tion can be achieved by passive methods (recruitment from seed
banks or seed dispersal) that allow for wetland “self-design” in
response to hydrologic recovery. For 16 forested depressions
that historically had been drained and altered, drainage ditches
were plugged to reestablish natural ponding regimes, and the
successional forest was harvested to open the sites and promote
establishment of emergent wetland vegetation. We sampled
seed bank and vegetation composition 1 year before restoration
and monitored vegetation response for 3 years after. Following
forest removal and ditch plugging, the restored wetlands quickly
developed a dense cover of herbaceous plant species, of which
roughly half were wetland species. Seed banks were a major
source of wetland species for early revegetation. However, hy-
drologic recovery was slowed by a prolonged drought, which
allowed nonwetland plant species to establish from seed banks
and dispersal or to regrow after site harvest. Some nonwetland
species were later suppressed by ponded conditions in the third
year, but resprouting woody plants persisted and could alter the
future trajectory of revegetation. Some characteristic wetland
species were largely absent in the restored sites, indicating that
passive methods may not fully replicate the composition of ref-
erence systems. Passive revegetation was partially successful,
but regional droughts present inherent challenges to restoring
depression wetlands whose hydrologic regimes are strongly
controlled by rainfall variability.

Link: http://www.srs.fs.usda.gov/pubs/ja/ja_desteven005.pdf

246. Dey DC, Jacobs D, McNabb K, Miller G,
Baldwin V, Foster G. 2008. Artificial regeneration of ma-
jor oak (Quercus) species in the eastern United States—a review
of the literature. Forest Science 54:77.

Type: Journal
Geographic Area: Eastern USA
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Keywords: reforestation, afforestation, planting seedlings,
competition control, direct seeding, regeneration success,
Quercus, oak, silviculture, animal damage

Abstract: Although natural regeneration is often the best
method for establishing new oak (Quercus spp.) stands, there
are increasingly more situations in which high potential for oak
regeneration failure dictates the use of artificial regeneration
including direct seeding and planting seedlings. Additionally,
afforestation planting programs frequently incorporate oak
species. Artificial regeneration of oak stands is challenging for
numerous reasons. In this article we synthesize the current state
of knowledge regarding growing and planting the major oak
species in the eastern United States, point out critical research
gaps, and provide some general rowing, planting, and stand
tending guidelines and recommendations. Adequate site prepa-
ration, careful planting of healthy, genetically adapted seed or
seedlings of high morphological and physiological quality, and
subsequent control of competing vegetation and browse dam-
age are necessary actions to assure regeneration success. Oak
seedling survival in the early years after planting or seeding is
a poor indicator of regeneration success. Successful regenera-
tion may be defined as having a desired proportion of the oak
planting stock reach dominant/codominant status in the stand.
The costs of all activities required to produce a successful oak
tree in the future stand should be considered in economic com-
parison of alternative prescriptions for oak regeneration.

Link: http://www.treesearch.fs.fed.us/pubs/14223

247. Dunne RA, Dunne CG. 2002. Potential for ex-
panded production of native rangeland seeds in western North
America. Native Plants Journal 3:34-37.

Type: Journal
Geographic Area: Western North America

Keywords: seed collection, market price, seed increase, field
production, federal agencies

Abstract: As producers of native plant seeds, we contacted
similar businesses, asked them questions about expanding
their cultivated production of native plant seeds, and incorpo-
rated their responses with our observations to provide a “seed
producers’ opinion” on what is limiting native plant seed pro-
duction in the western U.S. and Canada. Here, we report the
results of this survey and discuss common problems associated
with wildland seed production from public lands and subse-
quent sale to the federal government.

Link: http://www.nativeplantnetwork.org/Content/Articles/3-
1NPJ34-37.PDF

248. Ferrero-Serrano A, Hild AL, Mealor BA. 2011.
Can invasive species enhance competitive ability and restora-
tion potential in native grass populations? Restoration Ecology
19:545-551.
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Type: Journal
Geographic Area: Intermountain West USA

Keywords: Cirsium arvense, contemporary evolution, ex-
otic, invasion, genetic differentiation, Hesperostipa comata,
Sporobolus airoides

Abstract: Native plant individuals often persist within com-
munities dominated by exotics but the influence of this expo-
sure on native populations is poorly understood. Selection for
traits contributing to competitive ability may lead to native plant
populations that are more tolerant of the presence of exotic in-
vaders. In this way, long-term coexistence with an exotic may
confer competitive advantages to remnant (experienced) na-
tive populations and be potentially beneficial to restoration. In
past studies we have documented genetic differentiation within
native grass populations exposed to the exotic invader Russian
knapweed (Acroptilon repens). Here, we examine populations
of a cool-season grass, needle-and-thread (Hesperostipa comata
[Trin. & Rupr.]) and a warm season, alkali sacaton (Sporobolus
airoides [Torr.]) collected from Russian knapweed-invaded
sites and adjacent noninvaded sites to assess their relative com-
petitive ability against a novel exotic neighbor, Canada thistle
(Cirsium arvense). Experienced S. airoides (from within A. re-
pens invasions) appear to better tolerate (accumulate biomass,
leaf nitrogen content, and to initiate new tillers) the presence
of a novel competitor (C. arvense). Experienced and inexperi-
enced H. comata genets differ in their response to the presence
of C. arvense. Relative neighbor effects of native grasses on
C. arvense were generally greater from experienced grasses.
The ability to compete with novel neighbors may be driven
by general competitive traits rather than species-specific co-
evolutionary trajectories. Irrespective of competitive mecha-
nisms, the conservation of native species populations within
weed invasions may provide an important restoration tool by
retaining unique components of native gene pools selected by
competitive interactions with exotics.

Link: http://weedcontrolfreaks.com/wp-content/up-
loads/2013/03/Fererro-Serrano-2009.pdf

249. Fiske ), Tappeiner JC. 2005. An overview of key
silvicultural information for ponderosa pine. In: Ritchie MW,
Maguire DA, Youngblood A, editors. Ponderosa Pine: Issues,
Trends, and Management. Albany (CA): USDA Forest Service,
Pacific Southwest Research Station. General Technical Report
PSW-GTR-198. p 33-47.

Type: Government Document
Geographic Area: Western USA

Compilers’ Keywords: Pinus ponderosa, review, refor-
estation, timber stand development, stand growth, forest
management

Abstract: This paper provides a selected list of classical ref-
erences for the important silvicultural findings for ponderosa
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pine, and categorizes some of the key current literature, as well
as some of the older, lesser known but important literature. The
paper also provides some history of scientific developments,
and sources of further information.

Link: http://www.treesearch.fs.fed.us/pubs/27255

250. Fu Y, Thompson D, Willms W, Mackay M.
2005. Long-term grazing effects on genetic variability in
mountain rough fescue. Rangeland Ecology & Management
58:637-642.

Type: Journal
Geographic Area: Western Canada

Keywords: native grass, Festuca campestris, cattle grazing,
genetic diversity, AFLP

Abstract: Festuca campestris Rydb. (mountain rough fescue)
is a dominant grass species in the montane grasslands of west-
ern Canada. Little is known about the genetic diversity of this
plant and the effects of long-term grazing on the genetics of
populations. The amplified fragment length polymorphism
(AFLP) technique was applied to compare the genetic diver-
sity of fescue plants at adjacent grazed and protected areas
for 3 populations spread across a longitudinal range: Stavely
in the foothills, Milroy in the Rocky Mountain trench, and
Goose Lake on the interior plateau. Five AFLP primer pairs
were used to screen the tiller samples of about 39 plants in each
grazed (or ungrazed) area, and 139 polymorphic AFLP bands
were scored for each individual sample. These scored bands
had frequencies ranging from 0.03 to 0.98 with an average of
0.56. About 81% of the total AFLP variation resided within the
populations. The Goose Lake population had the lowest level
of AFLP variation, but genetically was the most distinct. Four
AFLP bands were possibly associated with chromosomal seg-
ments significant for grazing resistance. Comparisons of AFLP
variation between grazing and nongrazing samples revealed
variable and relatively small impacts of the long-term grazing
on the genetic diversity of the grazed populations. The AFLP
variation of grazed samples was 1.5% lower at Goose Lake,
2.2% higher at Milroy, and not different at Stavely. If develop-
ing diverse germplasm for rangeland seeding is desired, one
should sample across geographic space rather than combining
materials with and without historical grazing pressure.

251. Funda T, Lstibiirek M, Klapsté ), El-Kassaby
YA. 2012. Optimization of genetic gain and diversity in
seed orchard crops considering variation in seed germination.
Scandinavian Journal of Forest Research 27:787-793.

Type: Journal
Geographic Area: Western Canada

Keywords: seed orchard, germination capacity, optimization,
genetic gain, genetic diversity
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Abstract: Balancing genetic gain and diversity in seed or-
chard crops is of a major regeneration importance. Here we
extend our earlier work on the development of an optimization
protocol that maximizes crops’ genetic gain at any predefined
diversity level, considering parental reproductive output, co-
ancestry, and inbreeding, by incorporating variation in seed
germination as an input. Variation in seed germination capac-
ity substantially affected seedlots’ genetic diversity by either
under- or overestimating their effective population size; how-
ever, genetic gains were robust and their differences were neg-
ligible. The contrasting results of gain and diversity support the
inclusion of the germination capacity, when available, in the
optimization protocol.

252, Glass S. 1989. The role of soil seed banks in restoration
and management. Restoration and Management 7:24-29.

Type: Journal

Geographic Area: Global

Compilers’ Keywords: ecological conservation, seed lon-
gevity, species composition

Introduction: The role of seed banks (the reserves of viable
seeds in the soil) is increasingly being viewed as important
in understanding population and community dynamics and
in planning and interpreting a broad range of conservation

activities including ecological preservation, management and
restoration.

Link: http://er.uwpress.org/content/7/1/24.full.pdf

253. Johnson GR, Berrang PC. 2007. Seed shatter
dates of antelope bitterbrush in Oregon. Rangeland Ecology &
Management 60:99-103.

Type: Journal
Geographic Area: Oregon, USA
Keywords: Purshia tridentata, seed collection, seed maturation

Abstract: Seed shatter dates for antelope bitterbrush (Purshia
tridentata [Pursh] DC) were estimated from collections at
192 sites in Oregon and surrounding states. Shatter date was
strongly correlated to elevation (r = 0.74) and an equation that
included elevation, latitude, longitude, and longitude squared
explained 79% of the variation in seed shatter dates. In general,
earlier shatter dates were associated with more southerly lati-
tudes, easterly longitudes, and lower elevations. Examination
of climatic data confirmed the expectation that earlier shatter
dates were associated with warmer sites. This information can
assist those needing to schedule seed collection activities at
multiple locations.

254. King JN, Hunt RS. 2004. Five needle pines in
British Columbia, Canada: past, present, future. In: Sniezko
R, Samman S, Schlarbaum SE, Kriebel HB, editors. IUFRO
Working Party 2.02.15. Fort Collins (CO): USDA Forest
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Service, Rocky Mountain Research Station. Proceedings
RMRS-P-32. p 12-19.

Type: Government Document
Geographic Area: Western Canada

Keywords: genetic resistance, western white pine, whitebark
pine, limber pine

Abstract: In British Columbia (BC), Canada, we have been
involved with white pine and blister rust since the rust’s discov-
ery on imported infected pines through the port of Vancouver
in 1910. Just after the rust’s introduction, the USDA Forest
Service established monitoring plots and species trials in BC,
but these were abandoned when the rust became well estab-
lished in the USA. Resistance research began again in 1946
with a collection of western white pine (Pinus monticola
Dougl. ex D. Don) seed that was sent to Ontario for testing.
In about 1950 grafted plus trees were inoculated in a disease
garden, but this work was also abandoned in 1960 when it
was demonstrated that seedlings from such selections could
be susceptible. Parent tree selection and seedling inoculation
of open-pollinated families of western white pine began again
in earnest in 1987. From this material we have the basis of a
breeding and seed orchard program based on partial resistance
mechanisms. An F1 generation is being produced for future
research. Additionally, we are considering single gene resis-
tance traits, such as major gene resistance (MGR), which can
be pyramided onto the partial resistance of our breeding popu-
lation. Efforts, particularly for conservation interests, are also
being started for whitebark pine (P, albicaulis Engel.).

Link: http://www.fs.fed.us/rm/pubs/rmrs p032/rmrs
p032 012 019.pdf

255. Krakowski ), El-Kassaby YA. 2003. Effects of
stratification and simulated aging on germination of Douglas-fir
seed from a clonal seed orchard. Forest Genetics 10:65-70.

Type: Journal
Geographic Area: Western Canada

Keywords: Pseudotsuga menziesii, germination parameters,
stratification, aging

Abstract: Seed from 15 Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) clones were germinated in a factorial design
with two pre-treatments (unstratified and stratified) and sev-
en simulated aging periods (0, 2, 4, 7, 10, 12 and 14 days).
Simulated aging consisted of high temperature (40 °C) and
humidity (100 % RH) exposure, which simulates physiologi-
cal stresses and consequent deterioration in long term storage.
Seed deteriorated as aging treatments lengthened; no germina-
tion occurred after 12 days. Germination parameters (capac-
ity, peak value, speed, completeness) were calculated, and
pre-treatment and aging effects evaluated using a mixed model
analysis of variance. Germination completeness and speed
were higher after two days of aging for stratified seed, whereas
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only peak value increased for unstratified seed. After four days
aging, all parameters decreased. Two days of aging enhanced
germination capacity of unstratified seed by 15%, but stratified
seed was still 13% higher. Douglas-fir seed should be strati-
fied before germination, but unstratified seed can be exposed
to 40 °C and 100% humidity for two days to augment seedling
stock during the growing season. Ex situ Douglas-fir genetic
resource conservation, as well as more adequate representation
of planted genotypes across the landscape, can benefit from
two days of aging, which would ensure slowly-germinating
genotypes are represented in the population.

Link: http://www.researchgate.net/publication/228479582
Effects of stratification and simulated aging on germina-

tion of Douglas-fir seed from a clonal seed orchard/file/
d912151015315cf10e.pdf

256. Kramer AT, Zorn-Arnold B, Havens K. 2010.
Assessing botanical capacity to address grand challenges in the
United States. Chicago (IL): Chicago Botanic Garden. 64 p.

Type: Report
Geographic Area: USA

Compilers’ Keywords: workshop, report, human capacity,
management, workforce, survey

Preface: Plants are central to the future of scientific discovery,
human well-being, and the sustainable use and preservation of
the nation’s resources. The botanical community in the United
States plays a mission-critical role in researching, conserving,
and sustainably managing our plant diversity and resources.
Botanical expertise is required to address current and future
grand challenges and issues, including climate change mitiga-
tion, land management and wildlife habitat restoration, under-
standing the provision of ecosystem services, management and
control of invasive species, and the conservation and recovery
of rare species. Despite the fundamental role botanical capac-
ity plays in tackling each of these issues, this report outlines
where botanical capacity, particularly human capacity, is lack-
ing across all sectors (government, academic, and private). In
the United States over the past two decades, the botanical com-
munity has experienced significant changes in the demands
placed upon it and the resources available to it. Since the early
1990s a series of published and anecdotal reports have outlined
declining botanical capacity in many facets of this sector. This
includes declines in human resources like botanical training and
expertise, financial and management level support for research,
education and application, and the loss of infrastructure such as
herbaria. The nation’s science and land management agenda is
suffering as a result. Government agencies are losing botanical
capacity as staff botanists retire and positions are not refilled,
either because positions are eliminated, replaced by individuals
without equivalent botanical training, or because there is an in-
ability to find appropriately qualified new candidates to fill them.
Botanical education and training likewise appears to be on the
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decline, with many botany departments at universities being
subsumed into more general or interdisciplinary departments,
and subsequently losing resident expertise as professors retire
and are replaced by individuals without botanical expertise.
Organizations in the private sector (e.g., botanic gardens and
other non-profit conservation organizations, as well as for-profit
businesses and self-employed individuals) are filling these wid-
ening gaps in capacity, providing botanical training, expertise,
application, and infrastructure where it otherwise would not
exist. Though there are ongoing concerns about funding and
program sustainability, organizations in the private sector are
poised to do more with additional resources and the right part-
nerships. Prior to this project, it was unclear exactly where the
most critical gaps existed and which sector was most capable
of filling them in both the short and long-term. Funding from
the National Fish and Wildlife Foundation was awarded to the
Chicago Botanic Garden to carry out a one year project to as-
sess the nation’s current and future botanical capacity to conduct
research in the plant sciences, to educate the public, train the
next generation of plant scientists, and to conserve and manage
the nation’s native plant species and habitat. In conducting this
assessment, we utilized all background information available
relating to botanical capacity (education, training, research, ap-
plication, and infrastructure) in the United States. We conducted
literature searches and obtained documents on plant science
education, research, and application. With this information, and
in consultation with members of an established Advisory Board
and other individuals in the botanical community, we developed
and conducted a series of seven on-line surveys. This included
surveys for individuals involved in plant science research, edu-
cation, or natural resource management at 1) federal government
agencies; 2) state heritage programs; 3) other regional, state,
county or city government agencies; 4) non-profit organizations;
5) self-employed and for-profit companies; 6) graduate school
(master’s and doctoral graduate students); and 7) academia
(faculty and administrators). Surveys focused primarily but not
exclusively on the humanly components of botanical capacity,
and were open and publicly available for 8 weeks during the
summer of 2009, with requests for participation sent via print
and electronic means (e.g., the Botanical Society of America’s
Plant Science Bulletin, Facebook, websites, email, and through
plant science, conservation, ecology and related list serves). We
registered more than 1,500 survey respondents representing all
50 states, an indication that this topic is important and of interest
throughout the United States. Survey results were an important
source of information for this report, as the last time a survey
was carried out that specifically targeted the botanical commu-
nity in the United States was in 1989. Most surveys have been
focused on a single sector (primarily the research/training com-
ponents of the academic sector). To our knowledge, this is the
first time multiple sectors of the botanical community (e.g., the
entire pipeline from education and training to research, applica-
tion, and employment) in the United States have been surveyed
simultaneously.
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Link: http://www.bgci.org/usa/bcap

257. Krasowski MJ, Owens JN. 2000. Morphological
and physiological attributes of root systems and seedling
growth in three different Picea glauca reforestation stock.
Canadian Journal of Botany 30:1669-1681.

Type: Journal
Geographic Area: Western Canada

Compilers’ Keywords: root characteristics, planting stock,
forest, white spruce

Abstract: The relationship between certain morphological
characteristics of white spruce (Picea glauca (Moench) Voss)
planting stock (STK) and post-planting seedling performance
was evaluated. Root system size at planting, its expansion,
and its capacity to conduct water during the first post-planting
weeks were determined. These characteristics were related
to the performance of STK planted on two forest sites and
measured for three growing seasons and to the performance
of seedlings grown in large wooden boxes buried in the soil
outdoors for one growing season (grown without competition
from other vegetation). The compared STK were (i) polysty-
roblock grown, (ii) polystyroblock grown with chemical root
pruning, and (iii) peat-board grown with mechanical root prun-
ing. After three growing seasons on forest sites, seedlings with
mechanically pruned roots grew more above ground than did
seedlings from polystyroblock containers. This difference in
seedling growth performance was even more significant for
seedlings grown in wooden boxes. Of these, the mechanically
pruned seedlings grew more not only above the ground but
they also produced larger root systems by the end of the first
growing season. This was despite the initially significantly
smaller root systems of mechanically pruned seedlings, com-
pared with the other two STK. Early (5—7 weeks after planting)
post planting root expansion patterns in the three STK were
significantly different, with the roots of mechanically pruned
seedlings growing less than the roots in the other two STK. In
spite of this, pressure-probe measured hydraulic conductivity
and water flux through root systems increased during the first
post-planting weeks in mechanically pruned seedlings while
declining or changing little in the other two STK. It was con-
cluded that root system size at planting and its early postplant-
ing expansion did not relate well to the root system hydraulic
properties or to the post-planting seedling growth performance.

258. Kujawski ), Ogle D. 2005. Not your grandpa’s
cultivars: the new conservation releases. Native Plants Journal
6:49-51.

Type: Journal
Geographic Area: USA

Keywords: pre-varietal, tested, selected, source identified,
germplasm, restoration
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Abstract: Three new types of conservation plant releases
are now available from USDA Plant Materials Centers as
less thoroughly tested but still useful alternatives to tradi-
tional cultivars. These “pre-varietal” releases include “test-
ed,” “selected,” and “source-identified” plant material and
have distinct labeling. They help meet strong customer de-
mand for native plant material that is available more quickly
than it takes to develop and test a cultivar for a particular
conservation use.

Link: http://npj.uwpress.org/content/6/1/49.short

259. Lambert JK. 2008. Willamette Valley prairie restora-
tion: the Native Seed Network and Sidalcea [Thesis]. Corvallis
(OR): Oregon State University. 95 p.

Type: Thesis
Geographic Area: Oregon, USA

Compilers’ Keywords: applied science, conservation biol-
ogy, native seed network, population genetics

Abstract: My internship was conducted with the Native Seed
Network program within the Institute for Applied Ecology, a
non-profit organization located in Corvallis, whose focus is
education, applied research and active restoration and of native
ecosystems. My internship goals were to increase my experi-
ence in applied restoration ecology and conservation biology
with the emphasis on native plant communities in particular
the endangered prairie communities of the Willamette Valley.
These goals were met through my tenure with the Native
Seed Network’s native seed collection and increase program
during the 2007 field season. This work provided me strong
experience with a process necessary for genetically conserva-
tive restoration and provided the NSN with a willing intern to
complete their goals for 2007. Additional work I accomplished
included a morphometric analysis of the native Willamette
Valley prairie forb Sidalcea campestris which served as one
constituent towards resolving the general ambiguity of this
focal species for prairie restoration. Included in this analysis
is a presentation and my interpretation of an initial molecular
phylogenetic analysis on a selection of S. campestris acces-
sions by Liston and deFeniks (unpublished) that may aid in
the future resolution of S. campestris and other congeners in
the Willamette Valley. The purpose of the morphological re-
search was not mastery of population genetics or statistics but
an exercise in concentration and achievement towards a more
integrated and advanced application of taxonomic work orient-
ed towards preserving biological diversity. This entire report
completes the written requirement for the Professional Science
Masters degree in Applied Systematic through the Botany and
Plant Pathology Department at Oregon State University.

Link: http://scholarsarchive.library.oregonstate.edu/xmlui/bit-
stream/handle/1957/13792/Joshua.Lambert.2008.BPP-PSM.

pdf?sequence=1
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260. Leif JW, Durling JC, Burgdorf DW. 2011.
Comparison of seed germination techniques for common elder-
berry (Sambucus nigra L. ssp. canadensis). Native Plants Journal
12:132-135.

Type: Journal
Geographic Area: USA

Keywords: American black elderberry, stratification, scarifi-
cation, sulfuric acid, Caprifoliaceae

Abstract: Soaking common elderberry seeds (Sambucus nig-
ra L. ssp. canadensis (L.) R. Bolli [Caprifoliaceae]) in sulfuric
acid followed by a 60-d stratification, or subjecting common
elderberry seeds to a 60-d warm, moist treatment followed by
a 90-d stratification, significantly increased seed germination
of accession 9084126 common elderberry seeds. Stratification
alone was less effective in promoting germination than was
acid scarification followed by stratification or warm, moist
treatment followed by stratification. Germination of common
elderberry seeds soaked in hot water was not significantly dif-
ferent from the control treatment.

Link: http://www.plant-materials.nrcs.usda.gov/pubs/mipm-
crj10583.pdf

261. Loch DS, Boyce KG. 2003. Balancing public and
private sector roles in an effective seed supply system. Field
Crops Research 84:105-122.

Type: Journal
Geographic Area: Global

Keywords: seed supply systems, public sector, private sector,
seed quality, intellectual property

Abstract: A seed supply system can be defined in general
terms as that combination of components, processes and their
organisation, along with the interactions and support involved
in the production and marketing of seeds of one or more spe-
cies to a particular user—client grouping in an ongoing way.
Seed supply systems come in a variety of forms, and operate
at a range of levels (national, regional and local) and with dif-
ferent plant materials used for different purposes. In all cases,
however, the public and the private sectors have complemen-
tary roles in ensuring that there is an effective seed supply
system, which can meet consumer needs in terms of the range
of plant materials available and the quantities and quality of
seed required at an affordable price. Nationally, it is the gov-
ernment that sets the policy framework within which seed sup-
ply systems must operate, and also provides some supporting
infrastructure. The private sector then is responsible for the
timely and cost-effective production and delivery of seed to
end users/clients within the policy framework that has been
set by government. The balance in terms of public—private
sector roles and responsibilities differs from place to place
and changes over time. This paper discusses the factors that
help shape what is an effective seed supply system under a
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particular set of circumstances, but one that may not necessar-
ily be as effective in other countries/regions or with a different
product mix. It also considers the forces that lead to a gradual
evolution of the system over time and to recent and more radi-
cal changes in major developed countries. The latter shift has
been brought about by the commercial opportunities presented
by genetic engineering and legal protection of the intellectual
property (IP) in new plant varieties, coupled with a shift in
government policy towards deregulation of the economy (and
so greater industry self-regulation in areas like quality assur-
ance). These factors have led to far-reaching structural changes
in relation to commercial seed production and delivery in the
developed world over the past decade. The recent changes in
seed supply arrangements were focused initially on high vol-
ume arable food crops in the larger developed economies of
North America and western Europe. However, they are now
gradually moving through to lower volume seed markets and
to smaller, less developed economies where they will have dif-
ferent implications for the development of effective country
specific seed supply policies.

Link: http://startinternational.org/library/archive/files/public-
private-seed-sector d371f58830.pdf

262. Losey JE, Vaughan M. 2006. The economic value of
ecological services provided by insects. BioScience 56:311-323.

Type: Journal
Geographic Area: USA

Keywords: ecological services, economic value, conserva-
tion, biodiversity, environmental policy

Abstract: In this article we focus on the vital ecological ser-
vices provided by insects. We restrict our focus to services
provided by “wild” insects; we do not include services from
domesticated or mass-reared insect species. The four insect
services for which we provide value estimates—dung burial,
pest control, pollination, and wildlife nutrition—were chosen
not because of their importance but because of the availability
of data and an algorithm for their estimation. We base our es-
timations of the value of each service on projections of losses
that would accrue if insects were not functioning at their cur-
rent level. We estimate the annual value of these ecological
services provided in the United States to be at least $57 billion,
an amount that justifies greater investment in the conservation
of these services.

Link: http://xerces.org/wp-content/uploads/2008/09/econom-
ic_value insects.pdf

263. Matlaga D, Karoly K. 2004. Long-term grazing
effects on genetic variation in Idaho fescue. Rangeland Ecology
& Management 57:275-279.

Type: Journal
Geographic Area: Oregon, USA

94

CONSERVATION AND RESTORATION -

RESEARCH

Keywords: cattle grazing, Inter-Simple Sequence Repeat
markers, Festuca idahoensis, Monte Carlo procedure

Abstract: The effect of cattle grazing on the genetic struc-
ture of native grass populations has received little attention.
We investigated the effect of cattle grazing on genetic varia-
tion in Idaho fescue (Festuca idahoensis Elmer) using ISSR
(inter simple sequence repeat) DNA markers. The ISSR
markers are hypervariable and are generally interpreted as
being selectively neutral. Idaho fescue tillers were sampled
from inside (N = 31) and outside (N = 34) a 64-year-old
cattle exclosure in southeastern Oregon. We extracted DNA
and used 2 ISSR primers to determine the genotypes for
grazed and ungrazed plants at 60 variable loci. No statisti-
cally significant differences were observed between grazed
and ungrazed samples for percent polymorphic loci (grazed
= 85%; ungrazed = 80%), mean expected heterozygosity
(grazed = 0.1393; ungrazed = 0.1365), or for a measure of
loci dissimilarity (grazed = 0.506; ungrazed = 0.536). We
also found that the ungrazed individuals sampled inside the
exclosure were not significantly genetically differentiated
from the grazed individuals sampled outside the exclosure
(Gst = 0.0008 averaged across all loci). Our results differ
from past studies that found demographic and physiological
differences between Idaho fescue inside and outside of graz-
ing exclosures at the same site. Our results mirror those of
other researchers who have also failed to detect genetic dif-
ferences at marker loci in response to grazing. We propose
that either the mechanisms that must be present to cause
changes in neutral genetic variation are not affected by cattle
grazing for Idaho fescue at this site, or that any effects of
grazing on neutral genetic variation were overwhelmed by
gene flow between the grazed and ungrazed samples.

Link: https://journals.uair.arizona.edu/index.php/jrm/article/
download/12431/11710

264. Mealor BA, Hild AL. 2006. Potential selection in
native grass populations by exotic invasion. Molecular Ecology
15:2291-2300.

Type: Journal
Geographic Area: USA

Keywords: AFLP, genetic differentiation, genomics, invasive
species, native grasses, selection

Abstract: Ecological impacts of invasive plant species are
well documented, but the genetic response of native species
to invasive dominance has been often overlooked. Invasive
plants can drastically alter site conditions where they reach
dominance, potentially exerting novel selective pressures on
persistent native plant populations. Do native plant populations
in old exotic invasions show evidence of selection when com-
pared to conspecific populations in adjacent, noninvaded areas?
We employ amplified fragment length polymorphism (AFLP)
analysis to screen a large number of loci from two native grass
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species (Hesperostipa comata (Trin. & Rupr.) Barkworth and
Sporobolus airoides Torr.) that occur in old infestations of the
invasive forb Acroptilon repens. We then compare observed
locus by locus FST values with distributions of FST estimated
from simulation models under expectation of neutrality. We
also compare the proportion of loci possibly linked to selec-
tion and those not linked to selection which exhibit parallel
trends in divergence between two community types (invaded,
noninvaded). Few loci (H. comata, 2.6%; S. airoides, 8.7%) in
the two native grasses may be linked to genes under the in-
fluence of selection. Also, loci linked to selection showed a
greater portion of parallel trends in divergence than neutral
loci. Genetic similarities between community types were less
than genetic similarity within community types suggesting dif-
ferentiation in response to community alteration. These results
indicate that a small portion of scored AFLP loci may be linked
to genes undergoing selection tied to community dominance
by an invasive species. We propose that native plants in com-
munities dominated by exotic invasives may be undergoing
natural selection.

Link: http://www.ncbi.nlm.nih.gov/pubmed/16780441

265. Mealor BA, Hild AL, Shaw NL. 2004. Native
plant community composition and genetic diversity associ-
ated with long-term weed invasions. Western North American
Naturalist 64:503-513.

Type: Journal
Geographic Area: USA

Keywords: native grasses, invasive plants, diversity, ISSR,
Acroptilon repens, Cardaria draba, Achnatherum hymenoides,
Hesperostipa comata, Sporobolus airoides, Poa secunda

Abstract: Many studies have assessed genetic changes in
exotic plant species in their native and introduced ranges,
but none have focused on genetic variation in native plant
species in response to exotic invasion. We examine charac-
teristics of native plant communities within and outside old
(>25 year) invasions of Acroptilon repens (Russian knapweed)
and Cardaria draba (hoary cress). We also document genetic
variability of 4 native grass populations (Hesperostipa comata
[needle and thread], Achnatherum hymenoides [Indian rice-
grass], Sporobolus airoides [alkali sacaton], and Poa secunda
[Sandberg bluegrass]) from 2 areas: adjacent to and within
weed invasions. Native plant species richness and diversity
did not differ between invaded and noninvaded areas. Inter-
simple sequence repeat (ISSR) analysis of individual native
perennial grasses of each of the 4 species suggests that popu-
lations exposed to long-term coexistence with exotics may
differ from adjacent noninvaded populations. We suggest that
future research efforts should focus on intraspecific diversity
of native plant species to identify possible candidates for res-
toration following weed control.

Link: http://www.treesearch.fs.fed.us/pubs/40785
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266. Merritt D), Dixon KW. 2011. Restoration seed
banks—a matter of scale. Science 332:424-425.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: conservation, long-term manage-
ment, provenances, seed collection

Compilers’ Summary: Comment on the current state of res-
toration in relation to seed banks and scale. The authors pref-
ace the article with the fact that seed banks do not have enough
seed for large-scale restoration projects. Seed banks must shift
from being “‘stamp-collections” of species to collections that can
provide tons of seeds and the expertise to improve restoration
efforts. Further, in the seed bank system, seed source, avail-
ability, or management and use of seeds are rarely considered
in collections. The lack of information about each seed lot can
lead to storage and planting failures. Some needs are seed farm-
ing of native species, seed technology for effective use and site
delivery, genetic analysis tools to address provenances in seed
farming, refinement of seed collection and utilization strategies,
and transfer of knowledge on collecting, using and storing seeds.

Link: http://www.esalg.usp.br/Icb/lerf/divulgacao/recomen-
dados/artigos/merritt2011.pdf

267. Miller RS. 1967. Pattern and process in competition.
Advances in Ecological Research 4:1-74.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: plant populations, spatial distribu-
tion, coexistence, species diversity

Summary: This chapter discusses the development of com-
petition theory, which has traditionally included three stages:
inferences drawn from observation of natural populations,
construction of mathematical models, and laboratory experi-
ments designed to test elements of competitive interactions
in controlled environments. Interference to any activity either
directly or indirectly limits a competitor’s access to a neces-
sary resource or requirement. Different types of evidence are
assigned for competition in nature. Principal categories are
mutually exclusive spatial distributions without supporting
evidence of a competitive interaction, observed or inferred
ecological displacement in sympatric populations, and induced
changes in distribution pattern. A considerable amount of am-
biguity exists in interpretations of the results of interspecies
competition. It is necessary to distinguish between maximum
exploitation of the available resources by one species, and
equitable utilization of the resources and possible coexistence
in a mixed species system. The chapter suggests two major
sources of species diversity. When competition is primarily
through exploitation and the system is under strong environ-
mental control, it is likely that fluctuations in factors affecting
reproduction and survival will continually alter the outcome
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of the competitive interaction, allowing coexistence of mixed
species populations

Link: http://www.sciencedirect.com/science/article/pii/
S0065250408603190

268. Monsen SB, Shaw NL. 2001. Development and
use of plant resources for western wildlands. In: McArthur
ED, Fairbanks DJ, editors. Shrubland Ecosystem Genetics
and Biodiversity. Fort Collins (CO): USDA Forest Service,
Rocky Mountain Research Station. Proceedings RMRS-P-21.
p47-61.

Type: Government Document
Geographic Area: Western USA

Compilers’ Keywords: native plant materials, biodiversity,
restoration, native seed, review

Abstract: Concern for declines in big game habitat throughout
the West and the pioneering work of revegetation researchers in
the mid twentieth century led to increased use of native shrubs,
grasses, and forbs for revegetation, and the 1975 establishment
of the USDA Forest Service, Shrub Sciences Laboratory in
Provo, Utah. During this period revegetation objectives shifted
from an emphasis on production of commodities to conserva-
tion of biodiversity and ecosystem functions. Plant resource
development altered from an agronomic approach focusing on
plant improvement to one that incorporates ecological, genetic,
and practical considerations. Although many problems remain,
research, technological advances, efforts to stabilize the native
seed industry, and improved seed testing and certification pro-
cedures are increasing our options for revegetating disturbed
lands.

Link: http://www.treesearch.fs.fed.us/pubs/40780

269. Mortlock W. 2000. Local seed for revegetation:
where will all that seed come from? Ecological Management
and Restoration 1:93-101.

Type: Journal
Geographic Area: Australia

Compilers’ Keywords: seed collection, large-scale demand,
local adaptation

Abstract: Broad-scale revegetation requires large quantities
of locally indigenous seed, but there are worrying signs that
current demand for local seed may already be outstripping
supply in some areas of Australia. Could integrated solutions
include better regional cooperation for seed collection as well
as the creation of seed production areas?

270. Muir )P, Taylor }, Interrante SM. 2005. Herbage
and seed from Texan native perennial herbaceous legumes.
Rangeland Ecology & Management 58:643-651.

Type: Journal
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Geographic Area: Texas, USA

Keywords: herbage nutritive value, yield, wildlife, revegeta-
tion, rangeland

Abstract: Native seed mixes for rangeland seeding, prairie
restoration, or cultivated pasture can benefit from a greater va-
riety of forbs that more closely reflect the original vegetation
of the southern Great Plains. Fifteen native, perennial herba-
ceous legumes were collected in central Texas and evaluated
for herbage production, mineral content, and fiber concentra-
tion of established plants in research plots over 2 years. Downy
milk-pea (Galactia volubilis [L.] Britton) was productive, re-
gardless of rainfall, whereas prairie acacia (Acacia angustis-
sima [Mill.] Kuntze var. hirta [Nutt.] B.L. Rob.) and Illinois
bundle-flower (Desmanthus illinoensis [Michx.] MacMill. Ex.
B.L. Rob. & Fernald) out-yielded others in year 3 when rain-
fall was the greatest. Herbage crude protein averaged approxi-
mately 100 g/kg for bush-clovers (Lespedeza spp.) compared to
bundle-flowers (Desmanthus spp.), which exceeded 200 g/kg;
the latter also was high in herbage phosphorus. Herbage neutral
detergent fiber ranged from 300 to more than 500 g/kg, acid de-
tergent fiber ranged from 140 to 360 g/kg, and acid detergent
lignin ranged from 36 to 140 g/kg, a wide range from which
to select if animal nutrition is a primary criterion. Seed pro-
duction was evaluated within a subset of 8 entries submitted
to periodic herbage removal or left intact throughout the sea-
son. Three bundle-flowers yielded the greatest mass and seed
number, but were negatively affected by harvest, unlike prai-
rie acacia. Herbage and seed characteristics indicate there are
promising perennial herbaceous legumes in the southern Great
Plains that can be included in native seed mixes.

271. Page M), Baxter GS, Lisle AT. 2006. Evaluating
the adequacy of sampling germinable soil seed banks in semi-
arid systems. Journal of Arid Environments 64:323-341.

Type: Journal
Geographic Area: Australia

Keywords: soil seed banks, species richness estimates, sample
size, sampling strategy, seed distribution, semi-arid, first-order
jackknife

Abstract: Quantification of soil seed is an important tool for
understanding vegetation dynamics. However, determining
adequate sample sizes and sampling regimes is problematic.
The literature reports highly variable sample sizes and re-
gimes without any generally applicable standards appearing to
emerge. This problem is exaggerated by the heterogeneous and
patchy nature of arid and semi-arid environments. Species ac-
cumulation curves are commonly used in floristic sampling to
plan sampling effort and to evaluate its adequacy. However, the
precision of the sample cannot be quantified and it is difficult
to determine the number of species missed. We suggest an al-
ternate approach in which a species richness estimator is com-
pared to the actual number of species found. When applied to
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data collected in a semi-arid region of South-West Queensland,
this method gave a good indication of sampling adequacy at
large sample sizes. We suggest that this post hoc comparison
of the predicted species richness (with coefficient of variation)
to the actual number of species found would be useful in all
studies reporting seed bank composition. This would allow the
reader to evaluate the adequacy of the sampling effort, when
judged against the research aims. We also investigated the de-
ployment of sampling effort by examining structured subsets
of our data. The results suggest that sampling effort may be
optimized by taking fewer samples per transect in any one site,
but selecting more transects and sites.

272. Peppin DL, Fulé PZ, Lynn JC, Mottek-Lucas
AL, Hull Sieg C. 2010. Market perceptions and opportuni-
ties for native plant production on the southern Colorado pla-
teau. Restoration Ecology 18:113-124.

Type: Journal
Geographic Area: Southwestern USA

Keywords: local genotype, market perception differences, na-
tive plant market, native plant policy, web-based survey

Abstract: Increases in revegetation activities have created a
large demand for locally adapted native plant materials (NPM)
in the southwestern United States. Currently, there is a minimal
supply of local genotypes to meet this demand. We investi-
gated the potential for the initiation of a native plant market
in the southern Colorado Plateau. Through a literature search,
interviews, and site visits, we identified existing native plant
markets outside of the region as useful models to help initiate
a regional market. We used web based surveys to identify and
analyze current and future NPM needs and concerns. Survey
results indicate that management policy strongly drives deci-
sions regarding the use and purchase of NPM. From a demand
perspective, lack of availability and cost of NPM has kept pur-
chasing minimal, despite policy changes favoring the use of
natives. For suppliers, further development of NPM is limited
by inconsistent and unreliable demand and lack of production
knowledge. The knowledge and tools necessary to initiate an
NPM market are available, but inadequate funding sources
and insufficient information sharing hinder its development.
Communication among producers, land managers, buyers, and
researchers, as well as partnerships with local growers, appear
to be vital to initiating a functional market.

Link: http://www.fs.fed.us/rm/pubs_other/rmrs 2010 pep-
pin dOOl.pdf

273. Peppin DL, Fulé PZ, Hull Sieg C, Beyers JL,
Hunter ME, Robichaude PR. 2011. Recent trends in
post-wildfire seeding in western U.S. forests: costs and seed mix-
es. International Journal of Wildland Fire 20:702-708.

Type: Journal
Geographic Area: Western USA
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Keywords: annual cereal grains, Burned Area Emergency
Response, native plant species

Abstract: Broadcast seeding is one of the most commonly
used post fire rehabilitation treatments to establish ground
cover for erosion control and mitigation of non-native plant
species invasions. Little quantitative information is available
on overall trends of post-fire seeding expenditures and seed
mixes used over time in forested ecosystems in the western
USA. We reviewed scientific articles, government publications
and unpublished documents as well as USDA Forest Service
Burned Area Reports to determine trends in post-fire seeding in
forested ecosystems over time. Of 1164 USDA Forest Service
Burned Area Reports, 380 contained information on seeding
treatments conducted in forested ecosystems. A review of 40
papers and 67 Burned Area Reports reporting species seeded
between 1970 and 2007 revealed a trend of increasing use of
native species, annual cereal grains and sterile-grass hybrids,
with natives dominating seed mixes. According to 380 Burned
Area Reports with data on costs and area seeded, total post-fire
seeding expenditures have increased substantially, averaging
U.S. $3.3 million per year spent on post-fire emergency seed-
ing treatments in forested ecosystems that involved the Forest
Service during the period 2000 to 2007—an increase of 192%
compared with the average spent during the previous 30 years.
The percentage of the total burned area seeded averaged 21%
in the 1970s, compared with only 4% between 2000 and 2007.

Link: http://www.fs.fed.us/rm/pubs_other/rmrs 2011 pep-
pin_d001.pdf

274. Pitman WD. 2009. Establishment and survival of na-
tive legumes on upland sites in Louisiana. Native Plants Journal
10:241-250.

Type: Journal
Geographic Area: Louisiana, USA

Keywords: renovation, Centrosem virginianum, Mimosa stri-
gillosa, Neptunia lutea, Rhynchosia latifolia, Strophostyles um-
bellata, Tephrosia virginiana

Abstract: Field evaluations of perennial native legumes
(Fabaceae) from Louisiana pineland ecosystems revealed dif-
fering colonization abilities among species under natural recol-
onization of disturbed sites. Initial establishment and growth
of transplanted seedlings of 5 different species were good in
an early field evaluation. In a subsequent evaluation initiated
with scarified seeds, poor establishment of herbaceous mimosa
(Mimosa strigillosa Torr. & A. Gray) indicated that populations
of this species may be limited by lack of competitiveness of
emerging seedlings. Virginia tephrosia (Tephrosia virginiana
(L.) Pers.) produced vigorous upright seedling growth with
population expansion in only one year of these evaluations.
Initial establishment of prairie snoutbean (Rhynchosia latifolia
Nutt. ex Torr. & A. Gray) was limited by inadequate rainfall
in some instances, but under favorable conditions this species
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was superior in seed production and population expansion.
Individual plants of these species were rather short-lived with
long-term population survival dependent on seed production
and seedling recruitment. Seed germination of these legumes
was limited by hard seedcoats. Physical scarification readily
overcame this limitation for all species evaluated. Rhynchosia
latifolia appears to have potential value for use in reclama-
tion and revegetation plantings because of potential for seed
production and establishment of persistent populations under
favorable conditions. Mimosa strigillosa has potential to pro-
vide superior ground cover and sustainable populations, but
limited establishment from seeds indicates that selection from
expanded germplasm collections for seedling vigor may be
particularly important for successful use of this species.

275. Ray-Mukherjee ), Jones TA, Adler PB, Monaco
TA. 2011. Immature seedling growth of two North American
native perennial bunchgrasses and the invasive grass Bromus tec-
torum. Rangeland Ecology & Management 64:358-365.

Type: Journal
Geographic Area: Intermountain West USA

Keywords: absolute growth rate, bluebunch wheatgrass, rela-
tive growth rate, Snake River wheatgrass, specific leaf area,
specific root length

Abstract: Pseudoroegneria spicata (Pursh) A. Love and
Elymus wawawaiensis J. Carlson & Barkworth are two na-
tive perennial grasses widely used for restoration in the
Intermountain West. However, the rapid establishment and
spread of Bromus tectorum L., an invasive annual grass, has
led to a decline in the abundance of native perennial grasses.
Proliferation of B. tectorum has been attributed to its early
germination, superior cold-temperature growth, profuse root
production, and high specific leaf area (SLA). To enhance
restoration success, we compared B. tectorum to commer-
cially available plant materials of two perennial rangeland
bunchgrasses, P. spicata (cv. Whitmar, cv. Goldar, and
Anatone Germplasm) and E. wawawaiensis (cv. Secar), for
germination, seedling morphological traits, and growth rates
at the immature seedling stage. We monitored germination
and immature seedling growth in a growth chamber in two
separate experiments, one under low (5/10 °C) and the other
under high (15/20 °C) day/night temperatures. Compared
to the average of the two perennials, B. tectorum was 93%
(77%) greater at high (and low) temperature for root:shoot
length ratio, but only 14% (14%) greater for root:shoot bio-
mass ratio and 12% (19%) lower for SLA. This suggests that
B. tectorum’s substantial investment in surface area of roots,
rather than in shoot length, root biomass, or leaf area, may
be responsible for the annual’s success at the early seedling
stage. Compared to E. wawawaiensis, P. spicata averaged
65% (41%) higher shoot biomass, 39% (88%) higher root
biomass, and 70% (10%) higher absolute growth rate, but
25% (15%) lower SLA and 15% (36%) lower specific root
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length (SRL) at high (and low) temperatures, respectively.
Although P, spicata’s greater productivity may initially make
for better seedling establishment than E. wawawaiensis, it
may also prove disadvantageous in competitive or highly re-
source limited environments where high SLA or SRL could
be an advantage.

Link: http://www.researchgate.net/publication/231186284
Immature Seedling Growth of Two North American Na-

tive Perennial Bunchgrasses and the Invasive Grass Bro-
mus_tectorum/file/d912{5065¢1749dd03.pdf

276. Rowe CL), Leger EA. 2011. Competitive seed-
lings and inherited traits: a test of rapid evolution of Elymus
multisetus (big squirreltail) in response to cheatgrass invasion.
Evolutionary Applications 4:485-498.

Type: Journal
Geographic Area: California, Nevada, USA

Keywords: adaptation, competition, contemporary evolu-
tion, ecological genetics, invasive species, natural selection,
restoration

Abstract: Widespread invasion by Bromus tectorum (cheat-
grass) in the Intermountain West has drastically altered native
plant communities. We investigated whether (big squirreltail)
is evolving in response to invasion and what traits contribute
to increased performance. Seedlings from invaded areas ex-
hibited significantly greater tolerance to B. fectorum competi-
tion and a greater ability to suppress B. fectorum biomass than
seedlings from adjacent uninvaded areas. To identify poten-
tially adaptive traits, we examined which phenological and
phenotypic traits were correlated with seedling performance
within the uninvaded area, determined their genetic variation
by measuring sibling resemblance, and asked whether trait dis-
tribution had shifted in invaded areas. Increased tolerance to
competition was correlated with early seedling root to shoot
ratio, root fork number, and fine root length. Root forks dif-
fered among families, but none of these traits differed signifi-
cantly across invasion status. Additionally, we surveyed more
broadly for traits that varied between invaded and uninvaded
areas. Elymus multisetus plants collected from invaded areas
were smaller, allocated more biomass to roots, and produced
a higher percentage of fine roots than plants from uninvaded
areas. The ability of native populations to evolve in response to
invasion has significant implications for the management and
restoration of B. tectorum-invaded communities.

Link: http://naes.agnt.unr.edu/PMS/Pubs/548 2011 03.pdf

277. Samnegard U, Persson AS, Smith HG. 2011.
Gardens benefit bees and enhance pollination in intensively
managed farmland. Biological Conservation 144:2602-2606.

Type: Journal

Geographic Area: Sweden, Europe
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Keywords: Apoidea, Bombus, Campanula, pollinator, seed
set, agriculture, landscape

Abstract: The recent loss of pollinating insects and out-
crossing plants in agricultural landscapes has raised concern
for the maintenance of ecosystem services. Wild bees have
been shown to benefit from garden habitats in urban and
suburban areas. We investigated the effects of distance from
garden habitats on wild bees and seed set of a native out
crossing plant Campanula persicifolia, in intensively man-
aged agricultural landscapes in southern Sweden. Bee abun-
dance and species richness, as well as plant seed set, were
higher closer to gardens (<15 m) than further away (>140
m). This highlights private gardens as a landscape wide re-
source for pollinators but also the lack of sufficient pollina-
tion of wild plants in contemporary agricultural landscapes.

278. Shaukat SS, Siddiqui IA. 2004. Spatial pattern
analysis of seeds of an arable soil seed bank and its relationship
with above-ground vegetation in an arid region. Journal of Arid
Environments 57:311-327.

Type: Journal
Geographic Area: Pakistan, Southern Asia

Keywords: spatial pattern, seed bank, weeds, vegetation,
dispersal

Abstract: The composition and spatial pattern of weeds
was analysed in an arable-soil seed bank after the harvest of
wheat. Four hundred cores were collected from a 10x10m
grid in April 1999. Three indices of pattern detection (vari-
ance/mean ratio, Lloyd’s index of mean crowding, and
Morisita’s index of aggregation) and Moran’s I statistic of
spatial autocorrelation were computed. The above-ground
vegetation of the corresponding area was sampled by 100
randomly placed quadrats in March and September 1999
and variance/mean ratio of all the species was calculated.
The seed bank of the field was dominated by annuals in-
cluding Convovulus arvensis, Amaranthus viridis, Anagallis
arvensis, Chenopodium album and Conyza canadensis. In all
27 species were recorded from the seed bank. For most of
the species with a mean higher than 0.05 per core, the seed
pattern (with two exceptions) was aggregated as indicated
by various indices of pattern detection. Among the common
species, only Amaranthus viridis exhibited a random pat-
tern. Aggregated pattern of seeds was generally due to seeds
settling in the neighbourhood of the mother plant and the
clumped distribution of plant species in the overlying veg-
etation. Suggestions have been made regarding the improve-
ment of the precision of the soil seed bank sample, in view
of the aggregated distribution of seeds in soil. Seed bank
showed considerable qualitative similarity with the above-
ground vegetation, which is presumably the consequence of
recurrent disturbances in the arable field.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015
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279. Smith FS, Lloyd-Reilley J, Ocumpaugh WR.
2010. South Texas Natives: a collaborative regional effort to
meet restoration needs in south Texas. Native Plants Journal
11:252-268.

Type: Journal
Geographic Area: Texas, USA

Keywords: USDA NRCS Plant Materials Program, resto-
ration, revegetation, Rio Grande Plains, Sand Plains, Gulf
Prairies and Marshes

Abstract: South Texas Natives (STN) is an initiative started
in 2001 to develop and promote native plants for the restora-
tion and reclamation of public and private lands in south Texas.
At the urging of concerned conservationists and private land-
owners, STN has developed commercially viable sources of
native seed and conducted research to discover effective res-
toration strategies that can be used by private landowners and
government agencies to restore native plant communities. STN
grew out of a strong partnership among the USDA Natural
Resources Conservation Service E “Kika” de la Garza Plant
Materials Center, Texas Agrilife Research, Rio Farms Inc,
Caesar Kleberg Wildlife Research Institute, and private land-
owners of south Texas. Plant development efforts center on the
release of commercially viable, multiple origin germplasms
selected with an awareness of the commercial requirements
for production but grounded in genetic and ecosystem function
parameters. In addition to plant development efforts, extensive
restoration and revegetation research is conducted by STN to
develop usable methodology and much-needed guidelines for
restoration in south Texas. Current restoration research empha-
sis centers on providing techniques for the diversification of
areas dominated by invasive exotic grasses.

280. Sniezko R, Kegley A, Danchok R, Long S.
2007. Variation in resistance to white pine blister rust among
43 whitebark pine families from Oregon and Washington -
Early results and implications for conservation. In: Goheen
EM, Sniezko R, editors. Whitebark Pine: A Pacific Coast
Perspective. Portland (OR): USDA Forest Service, Pacific
Northwest Region. R6-NR-FHP-2007-01. p 82-97.

Type: Government Document
Geographic Area: Pacific Northwest USA

Compilers’ Keywords: resistance, seed collection, inocula-
tion, pest management, Cronartium ribicola

Abstract: All nine North American species of white pines are
susceptible to the introduced, invasive pathogen Cronartium
ribicola, the cause of white pine blister rust. Whitebark pine
is considered one of the most susceptible species. Genetic re-
sistance is considered a cornerstone for survival to this patho-
gen. Fortunately, all of the native species of white pines have
some level of resistance. Evaluation of resistance in Oregon
and Washington families of whitebark pine has only recently
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begun; currently over 150 seedlots collected from individual
parent trees are in resistance testing. This report summarizes
differences in responses among 43 seedling families and one
bulked seedlot through two years after artificial inoculation
with blister rust. Initial infection after inoculation of three-
year-old seedlings was very high in the first set of trials; 100%
of the seedlings developed needle lesions in the two trials re-
ported in this paper. There were large differences among fami-
lies in several traits, including percentage of trees with stem
symptoms and survival two years after inoculation. The level
of resistance present in some families and the frequency of re-
sistance among the 43 families reported here is encouraging.
A possible geographic trend in resistance is also noted. It is
recommended that at least a subset of families be field planted
to validate resistance ratings from this short-term screening.
The collection and use of seed from putative resistance parent
trees identified through this testing would be a good starting
point for restoration efforts.

Link: http://www.fs.fed.us/r6/dorena/documents/publica-
tions/pub308.pdf

281. Teste FP, Lieffers V), Landhausser SM. 2011.
Seed release in serotinous lodgepole pine forests after mountain
pine beetle outbreak. Ecological Applications 21:150-162.

Type: Journal
Geographic Area: Western Canada

Keywords: biotic disturbance, cone burial, cone opening,
Dendroctonus ponderosae, ground-foraging vertebrates, moun-
tain pine beetle, natural regeneration, Pinus contorta var. lati-
folia, Rocky Mountain lodgepole pine, seed banks, serotiny
(canopy seed storage), Tamiasciurus hudsonicus

Abstract: There are concerns that large-scale stand mor-
tality due to mountain pine beetle (MPB) could greatly
reduce natural regeneration of serotinous Rocky Mountain
(RM) lodgepole pine (Pinus contorta var. latifolia) because
the closed cones are held in place without the fire cue for
cone opening. We selected 20 stands (five stands each of
live [control], 3 years since MPB [3-yr-MPB], 6 years since
MPB [6-yr MPB], and 9 years since MPB [9-yr-MPB] mor-
tality) in north central British Columbia, Canada. The goal
was to determine partial loss of serotiny due to fall of crown-
stored cones via breakage of branches and in situ opening
of canopy cones throughout the 2008 and 2009 growing
seasons. We also quantified seed release by the opening of
forest-floor cones, loss of seed from rodent predation, and
cone burial. Trees killed by MPB three years earlier dropped;
3.5 times more cones via branch breakage compared to live
stands. After six years, MPB-killed stands had released 45%
of their canopy seed bank through cone opening, cone fall
due to breakage, and squirrel predation. Further losses of
canopy seed banks are expected with time since we found
9-yr-MPB stands had 38% more open canopy cones. This
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was countered by the development of a modest forest floor
seed bank (6% of the original canopy seed bank) from burial
of cones; this seed bank may be ecologically important if
a fire or anthropogenic disturbance exposes these cones. If
adequate levels of regeneration are to occur, disturbances to
create seedbeds must occur shortly after tree mortality, be-
fore the seed banks are lost. Our findings also suggest that
the sustained seed rain (over at least nine years) after MPB
outbreak may be beneficial for population growth of ground-
foraging vertebrates. Our study adds insight to the seed ecol-
ogy of serotinous pines under a potentially continental-wide
insect outbreak, threatening vast forests adapted to regenera-
tion after fire.

Link: http://digitalcommons.usu.edu/barkbeetles/232/

282. Thompson PA. 1976. Factors involved in the selec-
tion of plant resources for conservation as seed in gene banks.
Biological Conservation 10:159-167.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: seed bank, seed conservation, plant
conservation genetics, cold storage, review

Abstract: The preservation of seed in cold stores provides
a convenient and effective method of conserving many spe-
cies of plants. The ease with which collections of some spe-
cies may be kept in this way poses the danger that it may be
applied uncritically to populations or taxa to which it is less
suited. The paper briefly reviews the major factors which
contribute to the success of collections for a seed bank and
derives criteria from them which may be used as a means of
evaluating proposals for seed conservation by this means.
The method can also be used to identify possible problems
or to estimate relative expenditures of time and other re-
sources which would be involved in making collections or
looking after banked seed.

283. Tomback DF Achuff P, Schoettle AW,
Schwandt JW, Mastrogiuseppe R). 2011. The mag-
nificent high-elevation five-needle white pines: ecological roles
and future outlook. In: Keane RE, Tomback DF, Murray
MP, Smith CM, editors. The Future of High-Elevation, Five-
Needle White Pines in Western North America: Proceedings
of the High Five Symposium. Fort Collins (CO): USDA Forest
Service, Rocky Mountain Research Station. Proceedings
RMRS-P-63. p 2-28.

Type: Government Document

Geographic Area: Western USA

Compilers’ Keywords: mountain pine beetle, white pine
blister rust, review, threats

Abstract: The High Five symposium is devoted to exchanging
information about a small group of pines with little commercial
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value but great importance to the ecology of high-mountain
ecosystems of the West. These High Five pines include the
subalpine and treeline species—whitebark (Pinus albicaulis),
Rocky Mountain bristlecone (P, aristata), Great Basin bristle-
cone (P, longaeva), and foxtail (P. balfouriana)—the montane
to subalpine pine, southwestern white (P. strobiformis), and the
lower treeline to upper treeline pine, limber (P, flexilis). Here,
we discuss the taxonomy, distribution, ecology, and Native
American use of these pines, as well as current threats and
conservation status. Traditional classification places the bris-
tlecones and foxtail pine together in Subsection Balfourianae,
limber and southwestern white pine in Subsection Strobi, and
whitebark pine in Subsection Cembrae. Whitebark pine has
the largest range and most northerly occurrence. The distribu-
tion of limber pine is also large, with a wide elevational range.
Southwestern white pine occurs from the southwestern U.S.
through northern Mexico; foxtail pine is found in two widely-
separated regions in California; and, Rocky Mountain bristle-
cone pine occurs in northern Arizona and the southern Rocky
Mountains. Great Basin bristlecone pine is restricted to the
high desert ranges of eastern California, Utah, and Nevada. The
High Five pines vary successionally and geographically from
minor to major forest and treeline components. As a group,
they are also moderately to strongly shade intolerant, and de-
pendent on disturbance, particularly fire, on productive sites
for forest renewal. The high elevation pines tolerate cold, arid
sites with poor soils. On exposed sites with infrequent distur-
bance, these trees can live for 1,000 to 4,500 years, depending
on the species. Thus, these pines together comprise geographi-
cally extensive and ecologically diverse forest habitat types.
Whitebark, limber and southwestern white pine produce large,
wingless seeds that are eaten by a diversity of wildlife. Clark’s
nutcrackers (Nucifraga columbiana) are important seed dispers-
ers for whitebark and limber pine, for southwestern white pine
in its northern range, and to a lesser extent for the bristlecone
pines. Furthermore, the High Five pines provide important
ecosystem services directly benefiting humans, including the
use of the seeds and other parts of pines as food and medicines
by Native Americans, the regulation of downstream flow and
the prevention of soil erosion by treeline forests, and the aes-
thetic and spiritual values often associated with high elevation
forests. The future survival of the High Five pines is threatened
by the exotic blister rust pathogen Cronartium ribicola, current
mountain pine beetle (Dendroctonus ponderosae) outbreaks,
successional replacement from fire suppression, and climate
change. Whitebark pine has been assigned special status in
Washington and British Columbia, and endangered status
along with limber pine in Alberta. A petition to list whitebark
pine as an endangered or threatened species is currently being
evaluated by the U.S. Fish and Wildlife Service. In Canada,
whitebark pine has been assessed federally as Endangered and
is expected to be legally listed soon under the Species at Risk
Act.

Link: http://www.treesearch.fs.fed.us/pubs/38188
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284. Vance NC. 2010. Evaluation of native plant seeds
and seeding in the East-Side Central Cascades Ponderosa Pine
Zone. Portland (OR): USDA Forest Service, Pacific Northwest
Research Station. General Technical Report PNW-GTR-823.
85p.

Type: Government Document
Geographic Area: Pacific Northwest USA

Keywords: postfire rehabilitation, native forb, native grass,
Pinus ponderosa/Purshia tridentate/Festuca idahoensis plant as-
sociation, seeds, seedlings east-side central Oregon Cascades

Abstract: In dry, open coniferous forests of the montane West,
stand-replacing wildfires and land use activities alter the com-
position and abundance of native grasses and forbs by degrad-
ing the habitat and accelerating the invasion of exotic annuals.
On these lands, native forbs and grasses delayed or prevented
from recovery by natural processes may require intervention
through supplementary seeding. However, effective seeding of
native plants requires that their seed traits and the potential out-
come of the seeding be better understood. This study evaluated
seeds and seedlings of 13 native forbs and 5 grasses common
in the dry Pinus ponderosa/Purshia tridentata/Festuca idahoen-
sis plant communities east of the Oregon Cascades crest and
their potential for establishment in a landscape altered by past
grazing and a recent, stand-replacing wildfire. Their potential
for germination and establishment was examined in the labora-
tory and in 20 test plots located within the burned boundary of
a 2002 wildfire. Seed collection, handling, testing, and sowing
procedures are described. Data on seedling emergence, height,
second-year survival and cover are presented in tables and fig-
ures. Onsite emergence and early growth data helped to reveal
cause of early mortality related to biological and site condi-
tions, including invasive competition, and differences in early
growth and site occupancy. The study supports the efficacy of
using multiple and functionally diverse species in a seeding
program. Additional information on each of the 18 species is
included in an appendix.

Link: http://www.treesearch.fs.fed.us/pubs/36921

285. Walters C, Wheeler LM, Grotenhuis JM.
2005. Longevity of seeds stored in a genebank: species charac-
teristics. Seed Science Research 15:1-20.

Type: Journal
Geographic Area: USA, Global

Keywords: storage, viability, longevity, conservation, gene-
bank, Avrami, composition, evolution, genetic diversity, seed

Abstract: Seeds of different species are believed to have char-
acteristic shelf lives, although data confirming this are scarce,
and a mechanistic understanding of why this should be remains
elusive. We have quantified storage performance of c. 42,000
seed accessions, representing 276 species, within the USDA
National Plant Germplasm System (NPGS) collection, as
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well as a smaller experiment of 207 cultivars from 42 species.
Accessions from the NPGS collection were harvested between
1934 and 1975, and had relatively high initial germination
percentages that decreased at a variable rate during storage at
both 5 and -18 °C. Germination time courses, which represent
the average performance of the species, were fitted to Avrami
kinetics, to calculate the time at which germination character-
istically declined to 50% (P50). These P50 values correlated
with other longevity surveys reported in the literature for seeds
stored under controlled conditions, but there was no correlation
among these studies and seed persistence observed in the clas-
sic buried seed experiment by Duvel. Some plant families had
characteristically short-lived (e.g., Apiaceae and Brassicaceae)
or long-lived (e.g., Malvaceae and Chenopodiaceae) seeds.
Also, seeds from species that originated from particular lo-
calities had characteristically short (e.g., Europe) or long (e.g.,
South Asia and Australia) shelf lives. However, there appeared
to be no correlation between longevity and dry matter reserves,
soluble carbohydrates and parameters relating to soil persis-
tence or resource allocation. Although data from this survey
support the hypothesis that some species tend to survive lon-
ger than others in a genebank environment, there is little in-
formation on the attributes of the seed that affect its storage
performance.
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286. Aubry CA, Rochefort R. 2007. Whitebark pine in
the Pacific Northwest: what’s next? In: Goheen EM, Sniezko R,
editors. Whitebark Pine: A Pacific Coast Perspective. Portland
(OR): USDA Forest Service, Pacific Northwest Region. R6-
NR-FHP-2007-01. p 64-70.

Type: Government Document
Geographic Area: Pacific Northwest USA

Compilers’ Keywords: conservation, decision framework,
forest management, Pinus albicaulis, restoration

Abstract: Conservation and restoration of whitebark pine are
two important challenges facing us in the immediate future.
We will present our approach for a whitebark pine conserva-
tion strategy which will focus on Federal lands in Oregon,
Washington and California. This management plan will iden-
tify the actions needed to reduce the threats to the continued
existence of whitebark pine throughout the planning area.
Following the completion of the strategy, we will develop a
land manager’s guide for restoration and managing whitebark
pine. This manual will describe site assessments, provide a
decision-making guide for setting stand level prioritization,
and explain restoration techniques. In our presentation we will
review these restoration techniques and discuss the challenges
of their application to the highly variable whitebark pine stands
in the Pacific Northwest.

Link: http://prdp2fs.ess.usda.gov/Internet/FSE DOCU-
MENTS/fsbdev2 026093.pdf

287. Booth DT, Jones TA. 2001. Plants for ecological
restoration: a foundation and philosophy for the future. Native
Plants Journal 2:12-20.

Type: Journal
Geographic Area: Global

Keywords: gene pool, evolution, reclamation, conservation,
restoration gene pool concept

Abstract: Today’s conservation concerns range from rare
plant preservation to landscapes threatened by alien annuals.
Effective action follows effective decision-making based on
appropriately framed questions. We present the restoration
gene pool (RGP) concept as a framework for choosing plant
materials based on the priorities of the species, plant com-
munities, systems, and landscapes threatened. We couch our
discussion in an acknowledgment of 65 y of national plant ma-
terials progress that has evolved with society’s priorities and
has maintained a high degree of cooperation among participat-
ing entities. The plant materials program and its cooperators
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have contributed the bulk of the material and technology now
used in ecosystem restoration and are foundation for meeting
conservation challenges of the future. Using a discussion of
the genetics of native plant materials and 2 conservation chal-
lenges, we illustrate how the RGP concept can be used to select
plant materials based on their ability to meet priority concerns.

Link: http://afrsweb.usda.gov/SP2UserFiles/Place/54281000/
pdfs/tj40.pdf

288. Burton CM, Burton PJ, Hebda R, Turner NJ.
2006. Determining the optimal sowing density for a mix-
ture of native plants used to revegetate degraded ecosystems.
Restoration Ecology 14:379-390.

Type: Journal
Geographic Area: Western Canada

Keywords: cover production, degraded soils, ecological res-
toration, fertilization, seeding densities, soil rehabilitation

Abstract: No standardized, objective methodology exists
for optimizing seeding rates when establishing herbaceous
plant cover for pastures, hay fields, ecological restoration,
or other revegetation activities. Seeding densities, fertilizer
use, season of seeding, and the interaction of these treat-
ments were tested using native plants on degraded sites
in northern British Columbia, Canada. A mixture of 20%
Achillea millefolium, 20% Carex aenea, 20% Elymus glaucus,
20% Festuca occidentalis, 16% Geum macrophyllum, and 4%
Lupinus polyphyllus seed was applied at 0, 375, 750, 1,500,
3,000, and 6,000 pure live seed (PLS) per m? in 2.5 x 2.5-m
rototilled test plots, established in the fall and spring, with
and without fertilizer. There was no significant difference in
plant cover of sown species between fall seeding and spring
seeding, and few treatment interactions were identified in
the first 2 years after sowing. There was no significant dif-
ference in cover between seed densities of 3,000 and 6,000
PLS/m? in the first year, nor among 1,500, 3,000, and 6,000
PLS/m? treatments in the second year. Seed densities as low
as 375 PLS/m? produced year 2 plant cover equivalent to
that observed at 3,000 PLS/m? in year 1. Plots sown to seed
densities less than or equal to 750 PLS/m? generally exhibit-
ed an increase (infilling) in plant density from year 1 to year
2, whereas plots sown to seed densities greater than or equal
to 1,500 PLS/m? generally exhibited a decrease (density-
dependent mortality) in plant density. These results imply a
most efficient sowing density between 750 and 1,500 PLS/
m? (corresponding to 190-301 established plants m2 after
two growing seasons). It is suggested that net changes in
plant populations observed over a range of sowing densi-
ties are a robust and objective means of determining opti-
mal sowing densities for the establishment of herbaceous
perennials.

Link: http://www.researchgate.net/publication/229671456
Determining the Optimal Sowing Density for a Mix-
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ture of Native Plants Used to Revegetate Degraded Eco-
systems/file/32bfe5140b3b283e0d.pdf

289. Davies KW, Boyd CS, Beck JL, Bates )D,
Svegcar T), Gregg MA. 2011. Saving the sagebrush sea:
an ecosystem conservation plan for big sagebrush plant commu-
nities. Biological Conservation 144:2573-2584.

Type: Journal
Geographic Area: Western USA

Keywords: annual grasses, conservation easements, develop-
ment, ecosystem management, mitigation, restoration, wood-
land encroachment

Abstract: Vegetation change and anthropogenic develop-
ment are altering ecosystems and decreasing biodiversity.
Successful management of ecosystems threatened by multiple
stressors requires development of ecosystem conservation
plans rather than single species plans. We selected the big
sagebrush (Artemisia tridentata Nutt.) ecosystem to demon-
strate this approach. The area occupied by the sagebrush eco-
system is declining and becoming increasingly fragmented
at an alarming rate because of conifer encroachment, exotic
annual grass invasion, and anthropogenic development. This
is causing rangewide declines and localized extirpations of
sagebrush associated fauna and flora. To develop an ecosystem
conservation plan, a synthesis of existing knowledge is needed
to prioritize and direct management and research. Based on
the synthesis, we concluded that efforts to restore higher el-
evation conifer-encroached, sagebrush communities were
frequently successful, while restoration of exotic annual grass-
invaded, lower elevation, sagebrush communities often failed.
Overcoming exotic annual grass invasion is challenging and
needs additional research to improve the probability of restora-
tion and identify areas where success would be more probable.
Management of fire regimes will be paramount to conserving
sagebrush communities, as infrequent fires facilitate conifer
encroachment and too frequent fires promote exotic annual
grasses. Anthropogenic development needs to be mitigated
and reduced to protect sagebrush communities and this prob-
ably includes more conservation easements and other incen-
tives to landowners to not develop their properties. Threats to
the sustainability of sagebrush ecosystem are daunting, but a
coordinated ecosystem conservation plan that focuses on ap-
plying successful practices and research to overcome limita-
tions to conservation is most likely to yield success.

Link: http://oregonstate.edu/dept/eoarc/sites/default/files/
publication/702.pdf

290. Engelmann F. 2012. Germplasm collection, stor-
age, and conservation. Chapter 17. In: Altman A, Michael-
Hasegawa P, editors. Plant Biotechnology and Agriculture:
Prospects for the 21st century. London, United Kingdom:
Academic Press. p 255-267.
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Type: Book Section
Geographic Area: Global

Compilers’ Keywords: biodiversity, ex situ, in situ, in vi-
tro, cryopreservation, orthodox seeds, recalcitrant seeds, seed
banking, climate change, genetic loss, gene conservation

Introduction: Two basic conservation strategies, in situ and
ex situ, each composed of various techniques, are employed
for conservation of plant biodiversity. Until recently, most con-
servation efforts, apart from work on forest genetic resources,
have concentrated on ex situ conservation, particularly seed
genebanks. In the 1950s and 1960s, major advances in plant
breeding brought about the Green Revolution, which resulted
in the wide-scale adoption of high-yielding varieties and ge-
netically uniform cultivars of staple crops, particularly wheat
and rice. Consequently, global concern about the loss of ge-
netic diversity in these crops increased, as farmers abandoned
their locally adapted landraces and traditional varieties and
replaced them with improved, yet genetically uniform, modern
ones. In response to this concern, research groups started to as-
semble germplasm collections of the major crop species within
their respective mandates. It is in this context that the IBPBR
(Biodiversity International) was established in 1974 to coordi-
nate the global effort to systematically collect and conserve the
world’s threatened plant genetic diversity.

291. Falk DA, Knapp EE, Guerrant EO Jr. 2001. An
introduction to restoration genetics. Tucson (AZ): Society for
Ecological Restoration. 33 p.

Type: Report
Geographic Area: Global

Compilers’ Keywords: climate change, diversity, review,
guide, ecological restoration, policy, adaptation, uncertainty

Introduction: All living organisms carry a genetic blueprint.
This is so regardless of whether they are plants, animals, or
fungi, whether they are short- or long-lived, and whether they
reproduce sexually or clonally. Therefore, to the extent that
restoration deals with living organisms, genetics are part of the
picture. Although the basic principles underlying restoration
genetics may be familiar, to date surprisingly little attention
has been devoted to genetic considerations in restoration prac-
tice. The purpose of this Restoration Science and Policy Paper
is to outline some considerations that restoration designers and
managers should be aware of, and to identify more detailed
resources that may be useful in practice.

Link: http://www.ser.org/docs/default-document-library/
ser restoration genetics.pdf

292. Falk DA, Palmer MA, Zedler )B. 2006.
Foundations of restoration ecology. Washington (DC): Island
Press. 379 p.

Type: Book
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Geographic Area: Global

Compilers’ Keywords: ecological function, approaches, cli-
mate change, paleoecology, framework

Introduction: This book is meant to provide a scientific
framework for restoration ecology that can be used to inform
ecological restoration as well as stimulate advances in our un-
derstanding of nature. As you read, bear in mind that the imple-
mentation of ecological restoration is not only escalating at an
astounding rate, but also that it remains the most ecologically
viable and aesthetically appealing remedy for mending Earth’s
ever increasing number and scale of degraded ecosystems.

Link: http://xa.yimg.com/kq/groups/22969879/472658511/
name/Foundations+of+Restoration+Ecology.pdf#page=328

293. Ford-Lloyd BV, Jackson MT. 1991. Biotechnology
and methods of conservation of plant genetic resources. Journal
of Biotechnology 17:247-256.

Type: Journal
Geographic Area: Global

Keywords: genetic diversity, germplasm, conservation, gene-
bank, cryopreservation

Introduction: The loss of biological diversity is of major en-
vironmental concern at the present time. Whether this relates
to the destruction of the tropical rain forests, for instance, or
the threat which faces natural ecosystems as climates change
due to global warming, it is important that in order to survive
and continue to evolve, plant and animal species must con-
tain an ample reservoir of genetic diversity. One aspect of this
process is the continuing loss of genetic diversity in the crops
upon which world agriculture is based. Scientists throughout
the world are rightly engaged in developing better and higher
yielding cultivars of crop plants to be used on increasingly
larger scales. But this involves the replacement of the gener-
ally variable, lower yielding, locally adapted strains grown in
traditional farming systems, by the products of modern agri-
culture. Nowadays every major crop has a relatively narrow
genetic base, and so under such situations, diversity in farming
systems is replaced by genetic uniformity. However, in order
to be able to respond to the various stresses that threaten mod-
ern agriculture, plant breeders are dependent upon the avail-
ability of a pool of diverse genetic material. The significance
of genetic uniformity can be highlighted by several crop ex-
amples, one of historical importance and two others of more
recent times. The history of the potato in Europe illustrates the
necessity for utilizing genetic resources to broaden the genetic
base of crop plants. The narrow genetic base of the potato crop
was recognised during the last century following the devastat-
ing epidemics of late blight disease, caused by Phytophthora
infestans, in the 1840s in Ireland. Massive destruction of the
corn crop came about in the United States in 1970 with the
southern corn leaf blight epidemic (caused by the fungus
Helmmthosportum maydls). Modern plant breeding had led to
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the use of a cytoplasmic gene which conferred susceptibility
to a particular race of this fungal pathogen. A more recent, but
less publicised case of genetic vulnerability was caused not
by plant disease, but by cold weather. By 1972 in the Soviet
Union the wheat variety ‘Bezostaja’ was grown on almost 15
million hectares. It had been moved beyond its original area of
cultivation into the Ukraine during a period of relatively mild
winters. Then in 1972 a very severe winter occurred, causing
losses of millions of tons of winter wheat (Fischbeck, 1981). In
relation to this example, we can ask whether global warming
will lead to similar crop losses in the future (Jackson and Ford-
Lloyd, 1990). Plant genetic resources (germplasm) is a term
used to describe the total genetic diversity of cultivated species
and their wild relatives, much of which may be of value to
breeders. Although commercial and obsolete varieties, breed-
ers’ lines and induced or natural mutations may be included
under this term, it is much more usual to describe plant genetic
resources as landraces or primitive forms, weed races which
are closely related to the cultivated species, and related wild
species. Landraces are populations of crops, often collected
from remote areas, where the new, highly bred cultivars have
not been introduced. They are highly diverse genetically, and
have often been grown as mixtures of species, as well as di-
verse populations of one species. Such materials are closely
allied genetically to modern varieties and are extremely impor-
tant genetic resources, and as such have received top priority
for conservation.

294. Graudal L, Aravanopoulos F, Bennadji
Z, Changtragoon S, Fady B, Kjer ED, Loo },
Ramamonjisoa L, Vendramin GG. 2014. Global
to local genetic diversity indicators of evolutionary potential
in tree species within and outside forests. Forest Ecology and
Management 333:35-51.

Type: Journal
Geographic Area: Global

Keywords: types of indicators, genetic and demographic
verifiers, the genecological approach, diversity-productivity-
knowledge management

Abstract: There is a general trend of biodiversity loss at
global, regional, national and local levels. To monitor this
trend, international policy processes have created a wealth
of indicators over the last two decades. However, genetic di-
versity indicators are regrettably absent from comprehensive
bio-monitoring schemes. Here, we provide a review and an
assessment of the different attempts made to provide such in-
dicators for tree genetic diversity from the global level down to
the level of the management unit. So far, no generally accepted
indicators have been provided as international standards, nor
tested for their possible use in practice. We suggest that indi-
cators for monitoring genetic diversity and dynamics should
be based on ecological and demographic surrogates of adap-
tive diversity as well as genetic markers capable of identifying
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genetic erosion and gene flow. A comparison of past and pres-
ent genecological distributions (patterns of genetic variation
of key adaptive traits in the ecological space) of selected spe-
cies is a realistic way of assessing the trend of intra-specific
variation, and thus provides a state indicator of tree genetic
diversity also able to reflect possible pressures threatening ge-
netic diversity. Revealing benefits of genetic diversity related
to ecosystem services is complex, but current trends in planta-
tion performance offer the possibility of an indicator of ben-
efit. Response indicators are generally much easier to define,
because recognition and even quantification of, e.g., research,
education, breeding, conservation, and regulation actions and
programs are relatively straightforward. Only state indicators
can reveal genetic patterns and processes, which are funda-
mental for maintaining genetic diversity. Indirect indicators
of pressure, benefit, or response should therefore not be used
independently of state indicators. A coherent set of indicators
covering diversity—productivity—knowledge—management
based on the genecological approach is proposed for applica-
tion on appropriate groups of tree species in the wild and in
cultivation worldwide. These indicators realistically reflect the
state, trends and potentials of the world’s tree genetic resources
to support sustainable growth. The state of the genetic diversity
will be based on trends in species population distribution and
diversity patterns for selected species. The productivity of the
genetic resource of trees in current use will reflect the possible
potential of mobilizing the resource further. Trends in knowl-
edge will underpin the potential capacity for development of
the resource and current management of the genetic resource
itself will reveal how well we are actually doing and where
improvements are required.

Link: http://www.sciencedirect.com/science/article/pii/
S0378112714002825

295. Hargrove WM, Hoffman FM. 2005. Potential of
multivariate quantitative methods for delineation and visualiza-
tion of ecoregions. Environmental Management 34:S39-S60.

Type: Journal
Geographic Area: USA

Compilers’ Keywords: clustering, climate change, ecotone,
environmental envelope, niche, preserve design, time series

Abstract: Multivariate clustering based on fine spatial resolu-
tion maps of elevation, temperature, precipitation, soil char-
acteristics, and solar inputs has been used at several specified
levels of division to produce a spectrum of quantitative ecore-
gion maps for the conterminous United States. The coarse
ecoregion divisions accurately capture intuitively-understood
regional environmental differences, whereas the finer divisions
highlight local condition gradients, ecotones, and clines. Such
statistically generated ecoregions can be produced based on
user-selected continuous variables, allowing customized re-
gions to be delineated for any specific problem. By creating
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an objective ecoregion classification, the ecoregion concept is
removed from the limitations of human subjectivity, making
possible a new array of ecologically useful derivative products.
A red—green—blue visualization based on principal components
analysis of ecoregion centroids indicates with color the relative
combination of environmental conditions found within each
ecoregion. Multiple geographic areas can be classified into
a single common set of quantitative ecoregions to provide a
basis for comparison, or maps of a single area through time
can be classified to portray climatic or environmental changes
geographically in terms of current conditions. Quantified rep-
resentativeness can characterize borders between ecoregions
as gradual, sharp, or of changing character along their length.
Similarity of any ecoregion to all other ecoregions can be
quantified and displayed as a “representativeness’” map. The
representativeness of an existing spatial array of sample loca-
tions or study sites can be mapped relative to a set of quantita-
tive ecoregions, suggesting locations for additional samples or
sites. In addition, the shape of Hutchinsonian niches in envi-
ronment space can be defined if a multivariate range map of
species occurrence is available.

Link: http://www.researchgate.net/publication/7856972 Po-
tential of multivariate quantitative methods for de-

lineation and visualization of ecoregions/file/d912f-
508063c35b761.pdf

296. Havens K, Vitt P, Maunder M, Guerrant EO
Jr, Dixon KW. 2006. Ex situ plant conservation and beyond.
BioScience 56:525-531.

Type: Journal
Geographic Area: USA

Keywords: botanic garden, performance indicators, conserva-
tion strategies

Abstract: In recent years, the mission of many botanic gar-
dens and arboreta has expanded from a traditional focus on
developing a horticultural collection to one that includes tak-
ing a proactive role in plant conservation. To use their limited
resources more effectively, many gardens are seeking ways to
quantify their contributions to conservation efforts, both as a
self-assessment tool to improve their effectiveness and as a
way to give an explicit accounting of activities to donors and
funding agencies. We suggest many ways gardens can measure
the success of their conservation programs, and present results
from a survey conducted to assess current conservation activi-
ties at botanic gardens.

Link: http://www.researchgate.net/publica-
tion/232691529 Ex Situ Plant Conservation and Beyond/

file/5046351a4cdelf0le9.pdf

297. Jones TA. 2003. The restoration gene pool concept: be-
yond the native versus non-native debate. Restoration Ecology
11:281-290.
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Type: Journal
Geographic Area: Global

Keywords: genetic adaptation, genetic identity, metapopula-
tion, multiple-origin polycross

Abstract: Restoration practitioners have long been faced
with a dichotomous choice of native versus introduced plant
material confounded by a general lack of consensus concern-
ing what constitutes being native. The “restoration gene pool”
concept assigns plant materials to one of four restoration gene
pools (primary to quaternary) in order of declining genetic cor-
respondence to the target population. Adaptation is decoupled
from genetic identity because they often do not correspond,
particularly if ecosystem function of the disturbed site has been
altered. Because use of plant material with highest genetic
identity, that is, the primary restoration gene pool, may not be
ultimately successful, material of higher order pools may be
substituted. This decision can be made individually for each
plant species in the restored plant community in the scientific
context that ecosystem management demands. The restoration
gene pool concept provides a place for cultivars of native spe-
cies and noninvasive introduced plant material when use of
native-site material is not feasible. The use of metapopulation
polycrosses or composites and multiple-origin polycrosses or
composites is encouraged as appropriate. The restoration gene
pool concept can be implemented as a hierarchical decision-
support tool within the larger context of planning seedings.

Link: http://www.fs.fed.us/rm/boise/research/shrub/
Links/2003papers/jones2003.pdf

298. Jones TA, Johnson DA. 1998. Integrating genetic
concepts into planning rangeland seedings. Journal of Range
Management 51:594-606.

Type: Journal
Geographic Area: USA

Keywords: genetic integrity, genetic pollution, introgression,
natural selection, plant materials, polyploidy, rangeland weeds,
succession

Abstract: Choice of plant materials is a fundamental compo-
nent of any rangeland rehabilitation, reclamation, or restoration
project. We describe here an integrated approach for such de-
cision-making. This approach considers site potential, desired
landscape, seeding objectives, conflicting land use philoso-
phies, appropriate plant materials, weed invasion, community
seral status, and economic limitations. Technical limitations
are considered in generating a plan that has the greatest poten-
tial for success. Determining whether native-site plant mate-
rial is best depends on objectives, heterogeneity of the site’s
environment, uniqueness of the site, plant population size, and
biotic or abiotic site disturbance. Fixation of alien genes into
a population is referred to both as introgression, which may
ensure maintenance of genetic variation critical for adaptation
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to a changing environment, and as genetic pollution, with the
potential for swamping native cross-pollinating annual or
short-lived perennial gene pools. Precautionary procedures
during seed increase minimize genetic shift, which may be
reversible, but genetic drift could result in permanent loss of
desirable genes. A variety of germplasm classes, ranging from
site-specific to widely adapted and varying in degrees of het-
erozygosity and heterogeneity should be considered. Material
originating from multiple sites may increase the opportunity
for natural selection. An understanding of the magnitude and
nature of a species’ genetic variation, its relationship to eco-
logical adaptation, and its interaction with other ecosystem
components contribute to informed decision-making. Though
often unavailable, experience is the best guide for predicting
performance of materials on non-native sites.

Link: http://afrsweb.usda.gov/SP2UserFiles/Place/54281000/
pdfs/tj33.pdf

299. Jones TA, Monaco TA. 2007. A restoration prac-
titioner’s guide to the restoration gene pool concept. Ecological
Restoration 25:12-19.

Type: Journal
Geographic Area: USA

Keywords: plant materials, genetic identity, metapopulation,
ecoregion, restoration gene pool concept, ecological restoration

Abstract: Choosing plant materials for each desired species
is often one of the most difficult steps in developing a restora-
tion plan. The Restoration Gene Pool concept was developed
to clarify the options available to the ecological restoration
practitioner in terms of plant materials. We present a decision-
making flowchart incorporating the issues delineated in the
Restoration Gene Pool concept. We intend to provide practitio-
ners with a framework to make objective and defensible plant
materials choices in keeping with the objectives and philoso-
phy of the restoration project. The flowchart consists of a series
of boxes with single or multiple statements to be judged as true
or false. The statements deal with issues such as genetic identi-
ty, plant metapopulation, functional guild, ecoregion, invasive
weed presence, site soil and climate, endangered species pres-
ence, commercial seed availability, seed contracting potential,
and availability of material bred for improved stress tolerance.
Implementing the flowchart is a straightforward way to apply
the Restoration Gene Pool concept to a particular project, but
we encourage each practitioner to personalize the flowchart to
make it as practical as possible for the situations that she or he
most often encounters.

Link: http://www.fs.fed.us/rm/pubs other/rmrs 2007 jones
t001.pdf

300. Keane RE, Schoettle AW. 2011. Strategies, tools,
and challenges for sustaining and restoring high elevation five-
needle white pine forests in western North America. In: Keane
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RE, Tomback DF, Murray MP, Smith CM, editors. High Five
Symposium. Fort Collins (CO): USDA Forest Service, Rocky
Mountain Research Station. Proceedings RMRS-P-63. p
276-294.

Type: Government Document
Geographic Area: Western North America

Compilers’ Keywords: conference paper, white pine forests,
mountain pine beetle, Dendroctonus spp., conservation, key-
stone species, restoration, strategies

Abstract: Many ecologically important, five-needle white
pine forests that historically dominated the high elevation land-
scapes of western North America are now being heavily im-
pacted by mountain pine beetle (Dendroctonus spp.) outbreaks,
the exotic disease white pine blister rust (WPBR), and altered
high elevation fire regimes. Management intervention using
specially designed strategic treatments will be needed to con-
serve these keystone species. The goal of this intervention is to
promote self-sustaining five-needle white pine ecosystems that
have both resilience to disturbances and genetic resistance to
white pine blister rust. Many tools and methods are available
for land managers. In this paper we outline important steps for
implementation of restoration treatments in declining high el-
evation white pine stands and discuss a number of proactive
treatments in threatened ecosystems to mitigate adverse im-
pacts of rust, beetles, and lack of fire. These steps for restora-
tion include (1) create a strategy for restoration across multiple
scales, (2) develop materials and techniques for conducting
restoration treatments, such as seed collections and rust resis-
tance assessments of the genetic material, (3) prioritize stands
or landscapes by integrating the strategy with other manage-
ment issues, administrative barriers, climate change mitiga-
tion, and other local concerns, (4) implement silvicultural cut-
tings and prescribed fire according to landscape and stand level
strategies, (5) conduct activities and assessments to enhance
and ensure restoration treatments are effective including plant-
ing rust-resistant pine seedlings and protecting valuable seed-
sources, and finally (6) monitor treated landscape and stands
for effects and adjust and modify future treatment designs ac-
cordingly. Examples from whitebark pine ecosystems in the
northern Rocky Mountains will be presented to demonstrate
this process. For those high elevation white pine ecosystems
that are threatened by white pine blister rust or mountain pine
beetle, there are actions that can be taken proactively to gain
necessary information to evaluate risk and prepared landscapes
for invasion to mitigate future impacts. The proactive strategy
includes: (1) educate and engage the public and managers to
shift from crisis management to management for resiliency, (2)
conserve genetic diversity from native populations before they
are impacted by WPBR or other stresses, (3) conduct research
on patterns, processes and responses of native ecosystems to
provide process level understanding of ecosystem behavior
and (4) develop and conduct appropriate management activi-
ties to increase the resiliency of high elevation five-needle pine
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ecosystems to prepare them for change. Whether it is restoring
impacted landscapes or interventions to mitigate the develop-
ment of impacts on threatened landscapes, there are two im-
portant factors that will govern the success of these species
even with comprehensive and effective rangewide strategies:
(1) the magnitude of resources available over time to conduct
restoration efforts, and (2) the commitment of natural resource
agencies to conduct restoration activities over the long term,
most likely for many decades to centuries.

Link: http://www.treesearch.fs.fed.us/pubs/38240

301. MacKinnon A, Meidinger DV, Klinka K. 1992.
Use of the biogeoclimatic ecosystem classification in British
Columbia. The Forestry Chronicle 68:100-120.

Type: Journal
Geographic Area: Western Canada

Compilers’ Keywords: silviculture, land management, land
classification

Abstract: Biogeoclimatic ecosystem classification (BEC) is a
hierarchical system that organizes ecosystems at three levels of
integration - local, regional, and chronological. The system is
used by silviculturists and range, recreation and wildlife man-
agers in British Columbia. Based on the study of both vegeta-
tion and sites, the system reveals ecological potentialities and
limitations of particular sites, and combined with the accumu-
lation and widespread dissemination of ecological knowledge
provides an ideal framework for integrated resource manage-
ment. The ways in which the BEC system is adapted for, and
used by, resource managers are described and demonstrated.
Ongoing activities, including classification of seral ecosys-
tems, quantification of soil moisture and nutrient regimes,
identification of relationships between forest productivity and
site quality, and provincial correlation of the six regional clas-
sifications, are outlined.

302. Mahalovich MF. 1995. The role of genetics in im-
proving forest health. In: Eskew LG, editors. 1995 National
Silviculture Workshop: Forest Health through Silviculture.
Fort Collins (CO): USDA Forest Service, Rocky Mountain
Forest and Range Experiment Station. General Technical
Report RM-GTR-267. p 200-207.

Type: Government Document

Geographic Area: Northwestern USA

Compilers’ Keywords: forest management, seed transfer,
guidelines

Abstract: An often ignored tool to improve forest health is
the application of genetics. Tree improvement programs in the
Inland West utilize genetic principles to develop-seed transfer
guidelines to avoid the problems associated with off-site plant-
ings and to improve characteristics in conifers related to forest
health. PC-based expert systems have been developed to aid in
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seed transfer in ponderosa pine and Douglas-fir. Genetic gains
in adaptation, and insect and disease resistance, continue to be
made in western white pine, western larch, ponderosa pine,
Douglas-fir, and lodgepole pine. While progress has been made
in the white pine blister rust program, restoring western white
pine to Inland Northwest forests requires a continued commit-
ment to selective breeding. Other insect and disease problems
should also receive strong consideration in selective breeding
programs, to prevent erosion of existing genetic resistance, and
when warranted, to sustain and enhance this resistance.

Link: http://www.treesearch.fs.fed.us/pubs/23502

303. McArthur ED, Young SA. 1999. Development of
native seed supplies to support restoration of piflon-juniper sites.
In: Monsen SB, Stevens R, editors. Ecology and Management
of Piflon-Juniper Communities within the Interior West. Ogden
(UT): USDA Forest Service, Rocky Mountain Research
Station. Proceedings RMRS-P-9. p 327-330.

Type: Government Document
Geographic Area: Western USA

Compilers’ Keywords: woodlands, pifion-juniper, land man-
agement, survey, native plant materials

Abstract: Use of native plants for restoration and rehabilita-
tion of disturbed or manipulated pifion-juniper communities is
increasing in response to desires of land managers and society
in general. Seeds of native plants are becoming more available,
but estimates and surveys show there is still more demand than
available supply. Field grown seeds and warehousing do antic-
ipate demand but are only partial solutions to the native plant
seed shortage. Exotic, developed plant materials, especially
Triticeae grasses and legumes, remain important resources for
rehabilitation plantings. Private industry seed collectors, grow-
ers, and developers will be responsive to plant materials needs
of land managers. Seed genetic identity and quality can be bet-
ter assured through the seed certification process whether the
seed is wildland collected or field grown.

Link: http://www.fs.fed.us/rm/pubs/rmrs p009/rmrs
p009 327 330.pdf

304. McMahon G, Gregonis SM, Waltman SW,
Omernik JM, Thorson TD, Freeouf JA, Rorick AH,
Keys JE. 2001. Developing a spatial framework of common
ecological regions for the conterminous US. Environmental
Management 28:293-316.

Type: Journal

Geographic Area: USA

Keywords: ecological region, spatial framework, ecologically
oriented management, land resources, ecosystem management

Abstract: In 1996, nine federal agencies with mandates to
inventory and manage the nation’s land, water, and biologi-
cal resources signed a memorandum of understanding entitled
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“Developing a Spatial Framework of Ecological Units of the
United States.” This spatial framework is the basis for inter-
agency coordination and collaboration in the development of
ecosystem management strategies. One of the objectives in
this memorandum is the development of a map of common
ecological regions for the conterminous United States. The
regions defined in the spatial framework will be areas within
which biotic, abiotic, terrestrial, and aquatic capacities and po-
tentials are similar. The agencies agreed to begin by exploring
areas of agreement and disagreement in three federal natural-
resource spatial frameworks—Major Land Resource Areas of
the U.S. Department of Agriculture (USDA) Natural Resources
Conservation Service, National Hierarchy of Ecological Units
of the USDA Forest Service, and Level III Ecoregions of the
U.S. Environmental Protection Agency. The explicit intention
is that the framework will foster an ecological understand-
ing of the landscape, rather than an understanding based on a
single resource, single discipline, or single agency perspective.
This paper describes the origin, capabilities, and limitations of
three major federal agency frameworks and suggests why a
common ecological framework is desirable. The scientific and
programmatic benefits of common ecological regions are de-
scribed, and a proposed process for development of the com-
mon framework is presented.

305. Meyer SE. 1999. Genecological considerations in grass-
land restoration using wild-collected seed sources. In: Buchanan-
Smith JG, Bailey LD, McCaughey P, editors. Proceedings of
the 18th International Grassland Congress. Calgary, Alberta:
Association Management Center. p 299-304.

Type: Conference Paper
Geographic Area: Western USA

Keywords: disturbed land reclamation, ecological restoration,
genetic variation, propagation, seed transfer guidelines

Abstract: Choice of species and seed sources to use in the
revegetation of drastically disturbed lands depends on intend-
ed post-reclamation land use. When the intent is to return the
land to predisturbance native plant cover and composition, the
process can be termed ecological restoration. Seed sources for
species used in restoration are usually wildland populations.
Genecology deals with the ecological or adaptive significance
of genetic variation within and among populations of plants. In
contrast with plant breeding or biotechnological approaches,
in restoration this knowledge is used to safeguard the genetic
composition of source populations, restored populations, and
populations adjacent to restored areas. Particular attention is
paid to adequate sampling of source populations and to the
maintenance of within-population genetic diversity through
seed increase or nursery propagation phases. The goal is to
initiate processes that will lead to the reestablishment of native
ecosystems with diversity, resilience, and capacity for contin-
ued evolution, nor to try to create static, idealized predistur-
bance vegetation.
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Link: http://www.internationalgrasslands.org/files/igc/publi-
cations/1997/iii-299.pdf

306. Millar Cl. 2014. Historic variability: informing resto-
ration strategies, not prescribing targets. Journal of Sustainable
Forestry 33:S28-S42.

Type: Journal
Geographic Area: North America

Keywords: climate change, ecological restoration, ecosystem
management, forest management, historical ecology, historic
range of variability

Abstract: The concept of historic range of variability (HRV)
is briefly evaluated within the context of its application in
ecosystem management over the past two decades. Despite
caveats to the contrary, an implicit assumption continues to
emerge of climatic stationarity, and, by corollary, that pre-
settlement centuries provide an appropriate reference period.
This is examined from the perspective of historic climate
change and ecosystem response. As a means of developing
reference prescriptions and management targets, HRV is
generally inappropriate, although if historic periods are used
for reconstruction that have coarse resemblance to present
or projected future climates, such as the Medieval Climate
Anomaly or middle Holocene rather than the pre-settlement
centuries, these might be defensible. In cases of reclamation
of severely degraded ecosystems, HRV prescriptions devel-
oped from analogous climate periods could provide coarse
guides. In most situations, however, historic reconstruc-
tions are best used to improve understanding of ecological
response to a wide range of forcing factors, and thereby to
inform (rather than prescribe) management strategies. Such
historically informed approaches are likely more effective
than an HRV approach under future changing climate re-
gimes for managing and restoring ecosystem function and
for assisting transitions to new ecosystem states.

Link: http://www.treesearch.fs.fed.us/pubs/47361

307. Neale DB, Kremer A. 2011. Forest tree genomics:
growing resources and applications. Nature 12:111-122.

Type: Journal
Geographic Area: Global
Compilers’ Keywords: genomics, climate change

Abstract: Over the past two decades, research in forest tree
genomics has lagged behind that of model and agricultural
systems. However, genomic research in forest trees is poised
to enter into an important and productive phase owing to the
advent of next-generation sequencing technologies, the enor-
mous genetic diversity in forest trees and the need to mitigate
the effects of climate change. Research on long-lived woody
perennials is extending our molecular knowledge of complex
life histories and adaptations to the environment—enriching a

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015



CHAPTER 2 -

field that has traditionally drawn biological inference from a
few short-lived herbaceous species.

Link: http://www.ncbi.nlm.nih.gov/pubmed/21245829

308. Nuismer SL, Gandon S. 2008. Moving beyond
common-garden and transplant designs: insight into the causes

of local adaptation in species interactions. The American
Naturalist 171:658-668.

Type: Journal
Geographic Area: Global

Keywords: coevolution, gene flow, geographic mosaic, host-
parasite, Red Queen

Abstract: Theoretical and empirical studies of local adapta-
tion in species interactions have increased greatly over the
past decade, yielding new insights into the conditions that
favor local adaptation or maladaptation. Generalizing the re-
sults of these studies is difficult, however, because of the dif-
ferent experimental designs that have been used to infer lo-
cal adaptation. Particularly challenging is comparing results
across empirical studies conducted in a common laboratory
or garden environment with results of those conducted us-
ing transplants in natural environments. Here we develop
simple and easily interpretable mathematical expressions for
the quantities measured by these two different types of stud-
ies. Our results reveal that common-garden designs measure
only a single component of local adaptation-the spatial co-
variance between the genotype frequencies of the interacting
species-and thus provide only a partial description of local
adaptation. In contrast, reciprocal-transplant designs incor-
porate additional terms that measure the contribution of spa-
tial variability in the ecological environment. Consequently,
the two types of studies should yield identical results only
when local adaptation is caused by spatial variability in the
genotype frequencies of the interacting species alone. In or-
der to unify these disparate approaches, we develop a new
methodology that can be used to estimate the individual
components of local adaptation. When implemented in an
appropriate experimental system, this partitioning allows the
examination of fundamental questions such as the relative
proportion of local adaptation attributable to interactions be-
tween species or to the abiotic environment.

Link: http://www.ncbi.nlm.nih.gov/pubmed/18419564

309. Opdam P, Steingrover E, van Rooij S. 2006.
Ecological networks: a spatial concept for multi-actor planning
of sustainable landscapes. Landscape and Urban Planning
75:322-332.

Type: Journal
Geographic Area: Global

Keywords: ecological networks, landscape planning, stake-
holder decision-making, biodiversity, sustainable development
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Abstract: In this paper, we propose the ecological network
concept as a suitable basis for inserting biodiversity conserva-
tion into sustainable landscape development. For landscapes
to be ecologically sustainable, the landscape structure should
support those ecological processes required for the landscape
to deliver biodiversity services for present and future genera-
tions. We first show that in multifunctional, human dominated
landscapes, biodiversity conservation needs a coherent large-
scale spatial structure of ecosystems. Theory and empirical
knowledge of ecological networks provides a framework for
the design of such structures. Secondly, ecological networks
can bridge the paradox between reserve conservation (fixing
nature in space and time) and development, which implies
change. This is because ecological networks can change
structure without losing their conservation potential. Thirdly,
ecological networks facilitate stakeholder decision-making on
feasible biodiversity goals. They help to focus on an effective
spatial scale. We conclude that extending the ecological net-
work concept with multifunctional indicators is a promising
step towards sustainable landscape development and stake-
holder decision-making.

310. Perry N. 2010. The ecological importance of species
and the Noah’s Ark problem. Ecological Economics 69:478-485.

Type: Journal
Geographic Area: Global

Keywords: ecological importance, ecosystem process, func-
tional diversity, biodiversity, endangered species conservation

Abstract: Using the Noah’s Ark problem—the problem of ef-
ficiently allocating limited funds to conserve biodiversity - the
standard economic approach to endangered species conserva-
tion constructs a human-centered biodiversity by favoring spe-
cies directly valuable to humans. I analyze this approach and
draw on the functional ecology literature to offer an alternative
emphasizing the role species play in their ecosystems. The aim
is to create a working ecosystem on the Ark rather than a col-
lection of charismatic and distinct species. To do so, I construct
a new measure of a species’ ecological importance and an
ecological objective appropriate for cost-effective resource al-
location. The ecological approach fundamentally changes the
notion of species-value from a direct value based on a species’
appearance or taxonomic difference to an indirect value based
on a species’ ecological role in its ecosystem. In the process,
‘populations’ of species become the fundamental unit of biodi-
versity rather than ‘species,” and biotic processes also possess
value. When compared to the economic approach, the eco-
logical approach prioritizes different species for the Ark and
achieves superior economic outcomes in all but the mythical
Noah’s Ark scenario where interactions are non-existent. The
analysis challenges the approach of U.S. endangered species
legislation and I call for a reformulation based on endangered
ecological interactions.
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311. Pojar ), Klinka K, Meidinger DV. 1987.
Biogeoclimatic ecosystem classification in British Columbia.
Forest Ecology and Management 22:119-154.

Type: Journal
Geographic Area: Western Canada

Compilers’ Keywords: land classification, land manage-
ment, forest management

Abstract: Biogeoclimatic ecosystem classification is a system
of ecological classification widely used in British Columbia.
The system has been expanded by the B.C. Forest Service
from the pioneering work of V.J. Krajina and his students.
The recognized units result from a synthesis of vegetation,
climate, and soil data. The approach to classification is hi-
erarchical with three interrelated levels of integration. The
multiple-category, local and regional levels involve vegetation
and site; a chronological level deals with vegetation dynamics.
Taxa of any level and category can be integrated according to
their interpretive value for management. Vegetation units are
defined and arranged into a floristic hierarchy based on the
plant association, using traditional Braun-Blanquet methods
modified to suit regional conditions. Where possible, zonal
(climatic climax) plant associations are identified, thus defin-
ing biogeoclimatic subzones, which are divided into variants
and aggregated into zones, regions, and formations. Plant as-
sociations are transformed into site associations environmen-
tally characterized classes of ecosystems with similar biotic
potential. Site associations are then subdivided into series and
types, using biogeoclimatic and edaphic characteristics as dif-
ferentiae. Examples of classification at local and regional lev-
els are provided, as are examples of management applications.
Biogeoclimatic ecosystem classification is a unique approach
that draws on several of the European (including Russian) and
North American schools of vegetation and land classification,
and has similarities with the Cajander forest type, Barnes land
type, Daubenmire habitat type, and Hills site type approaches.
The classification provides a powerful integrative and predic-
tive tool, with proven practical value for forest managers.

312. Renn SC, Siemens DH. 2010. Ecological
genomics—changing perspectives on Darwin’s basic concerns.
Molecular Ecology 19:3025-3030.

Type: Journal
Geographic Area: Global

Keywords: adaptation, gene duplication, gene expression,
gene phylogeny, genetic variation, genomics, speciation

Abstract: Ecological Genomics is an interdisciplinary field
that seeks to understand the genetic and physiological basis
of species interactions for evolutionary inferences. At the
7th annual Ecological Genomics Symposium, November
13-15, 2009, members of the Ecological Genomics program
at Kansas State University invited 13 speakers and 56 poster
presentations.
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Link: http://www.ncbi.nlm.nih.gov/pubmed/20618901

313. Richardson BA, Ekramoddoulah AKM, Liu J),
Kim M-S, Klopfenstein NB. 2010. Current and future
molecular approaches to investigate the white pine blister rust
pathosystem. Forest Pathology 40:314-331.

Type: Journal
Geographic Area: Western USA
Compilers’ Keywords: Pinus, genetic variation

Abstract: Molecular genetics is proving to be especially use-
ful for addressing a wide variety of research and management
questions on the white pine blister rust pathosystem. White
pine blister rust, caused by Cronartium ribicola, is an ideal
model for studying biogeography, genetics, and evolution be-
cause: (1) it involves an introduced pathogen; (2) it includes
multiple primary and alternate hosts occurring in large, rela-
tively undisturbed ecosystems; (3) some hosts exhibit endemic
resistance; and (4) the disease interaction is long enduring.
Molecular techniques are used to investigate population ge-
netics, phylogenetics, hybrids, and proteomics in white pine
(Pinus, subgenus Strobus) and blister rust (Cronartium) and the
genetics of resistance and virulence in the blister rust patho-
system. These techniques include genetic markers, mapping,
microarrays, sequencing, association genetics, genomics, and
genecology. Molecular genetics contributes to gene conserva-
tion, breeding for resistance, and ecosystem management.

Link: http://www.treesearch.fs.fed.us/pubs/36219

314. Riggs LA. 1990. Conserving genetic resources on-
site in forest ecosystems. Forest Ecology and Management
35:45-68.

Type: Journal
Geographic Area: California, USA

Compilers’ Keywords: in situ, forest management, decision
framework, genetic diversity, Douglas-fir, Pseudotsuga men-
ziesii, ecosystem services, genetic conservation

Abstract: Genetic diversity and its structure (its organization
in space and time) are the critical raw materials from which
many other aspects of diversity are derived. These genetic
resources represent information about unique and successful
relationships among genes and between gene complexes and
environments. Only a fraction of this information has been
mined through research. The balance, and the genetic materi-
als themselves, are most effectively conserved for future use
by on-site (in-situ) preservation, management, or restoration
of populations, communities and entire landscapes. While
we have far to go on the road to understanding biodiversity,
research progressing in an array of disciplines offers ample
justification to maintain evolved patterns and processes that
underlie biodiversity, mediate the efficiency of ecosystem ‘ser-
vices’, and influence the availability of genetic raw material
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for bioresource development, restoration, and use. As biotech-
nologies advance, we will appreciate more fully the true costs
of constructing genetic moieties into fully functional organ-
isms, and maintaining populations of these under controlled
conditions or combining them in self-perpetuating systems.
Intact populations and ecosystems will be ever more valuable
sources of the genetic resources and contextual information
required for this enterprise. Three elements are required to
realize the values of biodiversity: genetic materials; environ-
ments; and information about the functional relationships of
the first two. Effective conservation involves uniting these
elements. Thorough review of historical, scientific, socioeco-
nomic, and practical information about particular elements
of biodiversity is necessary to assess the constraints on and
opportunities for conservation activities. The California Gene
Resources Program activities from 1980 to 1983 are examples
of'this kind of undertaking. Computerized information systems
can assist managers and researchers in uniting these elements
and facilitating both conservation of, and access to, genetic
resources. The California Forest Genetic Sources Catalog, a
microcomputer database application developed by GENREC
for the Wildland Resources Center, is one such application.
Well-constructed databases coupled with knowledge-based
decision aids will become indispensable as in situ preserves
and managed areas are integrated with ex-situ collections and
research findings into effective genetic-resource conservation
systems.

315. Satterthwaite W, Holl K, Hayes G, Barber A.
2007. Seed banks in plant conservation: case study of Santa
Cruz tarplant restoration. Biological Conservation 135:57-66.

Type: Journal
Geographic Area: California, USA

Keywords: dormancy, population viability, coastal prairie,
reintroduction macradenia

Abstract: Although conservation and restoration practitio-
ners have focused on maximizing aboveground population
size and seed set of rare plants, a clear understanding of seed
bank dynamics is crucial to managing these species. Santa
Cruz tarplant (Holocarpha macradenia) is a threatened annual
forb restricted to coastal prairie habitats in central California.
Holocarpha produces disk achenes germinating within a year
of production and ray achenes forming a persistent seed bank.
We constructed both deterministic and stochastic demographic
models for a restored Holocarpha population, using demo-
graphic rates measured separately for unmanipulated plants
and plants growing in plots where vegetation was clipped. The
deterministic models indicated that regardless of germination
from the seed bank, the population would decline without clip-
ping or similar treatments that enhance survival and reproduc-
tive output. Deterministic models showed only a slight positive
effect of increased ray seed germination rates on population
growth, which would need to be balanced against a potential
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loss of buffering against environmental variation as the dor-
mant seed bank was reduced. Our stochastic simulations sug-
gested that extinction risk for Holocarpha populations would
be minimized by intermediate levels of ray seed germination.
Thus, managers should focus on improving the performance
of aboveground plants before considering actions to stimulate
germination, since the former will yield a greater increase in
deterministic population growth and not sacrifice any buffer-
ing effect of the seed bank. This case study emphasizes the
importance of considering dormant seeds and seed banks in
designing successful restoration and management strategies
for plant species at risk of extinction.

Link: http://www.elkhornsloughctp.org/uploads/
files/1168483236Satterthwaite%202007%20Seed%20Banks.

pdf

316. Schoettle AW. 2004. Developing proactive manage-
ment options to sustain bristlecone and limber pine ecosystems
in the presence of a non-native pathogen. In: Shepperd WD,
Eskew LG, editors. Silviculture in Special Places: Proceedings
of the National Silviculture Workshop. Fort Collins (CO):
USDA Forest Service, Rocky Mountain Research Station.
Proceedings RMRS-P-34. p 146-155.

Type: Government Document
Geographic Area: Northwestern USA

Compilers’ Keywords: white pine blister rust, strategy,
Rocky Mountain, Pinus strobus, Pinus flexilis, Pinus aristata

Abstract: Limber pine and Rocky Mountain bristlecone pine
are currently threatened by the non-native pathogen white pine
blister rust (WPBR). Limber pine is experiencing mortality in
the northern Rocky Mountains and the infection front contin-
ues to move southward. The first report of WPBR on Rocky
Mountain bristlecone pine was made in 2003, at a site that is
more than 220 miles away from the former infection front.
No mortality has been observed in this recently infected area
but the species is highly susceptible. There are no ecological
reasons to suspect that WPBR on bristlecone and the southern
distribution of limber pine will not expand over time. Learning
from experiences in impacted ecosystems will facilitate the
development of proactive measures to mitigate impacts in
these southern populations in the future. If no action is taken,
and the pathogen takes its course, we risk losses of aesthetic
landscapes; impacts to ecosystem boundaries, successional
pathways, and watershed processes; and shifts from forested
to treeless sites at some landscape positions. This paper intro-
duces an interdisciplinary approach to developing proactive
management options for limber and bristlecone pines in the
southern Rocky Mountains. Managers, researchers, operation-
al professionals and interested public groups will have to work
together and share their knowledge and perspectives to sustain
these ecosystems for future generations.

Link: http://www.treesearch.fs.fed.us/pubs/7221
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317. Schoettle AW, Sniezko RA. 2007. Proactive inter-
vention to sustain high-elevation pine ecosystems threatened by
white pine blister rust. Journal of Forest Research 12:327-336.

Type: Journal
Geographic Area: Western North America

Keywords: evolution of resistance, exotic pathogen, Pinus
aristata, Pinus albicaulis, Pinus flexilis

Abstract: Only recently have efforts begun to address how
management might prepare currently healthy forests to af-
fect the outcome of invasion by established nonnative pests.
Cronartium ribicola, the fungus that causes the disease white
pine blister rust (WPBR), is among the introductions into
North America where containment and eradication have
failed; the disease continues to spread. Ecosystem function
is impaired by high rust-caused mortality in mature five-
needle white pine forests. This paper evaluates five proac-
tive management options to mitigate the development of im-
pacts caused by white pine blister rust in threatened remote
high-elevation five-needle pine ecosystems of western North
America. They are: reducing pest populations; managing for-
est composition; improving host vigor; introducing resistant
stock with artificial regeneration; and diversifying age class
structure to affect the natural selection process for resistance.
Proactive intervention to manage and facilitate evolutionary
change in the host species may sustain host populations and
ecosystem function during pathogen naturalization.

Link: http://www.treesearch.fs.fed.us/pubs/29500

318. Schoettle AW, Sniezko R, Burns KS, Freeman
F. 2007. Preparing the landscape for invasion—early interven-
tion approaches for threatened high elevation white pine ecosys-
tems. In: Goheen EM, Sniezko RA, editors. Whitebark Pine:
A Pacific Coast Perspective. Portland (OR): USDA Forest
Service, Pacific Northwest Region. R6-NR-FHP-2007-01. p
72-75.

Type: Government Document
Geographic Area: Northwestern USA

Compilers’ Keywords: whitebark pine, Pinus albicaulis,
white pine blister rust, regeneration, forest management, pest
management

Introduction: White pine blister rust is now a permanent
resident of North America. The disease continued to cause tree
mortality and impact ecosystems in many areas. However, not
all high elevation white pine ecosystems have been invaded;
the pathogen is still spreading within the distributions of the
whitebark, limber, foxtail, Rocky Mountain bristlecone pine
and has yet to infect Great Basin bristlecone pines. While the
heavily impacted areas are in need of immediate management
to restore ecosystem function, management of the threatened
areas to position them to avoid development of severe impacts
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upon invasion is also an immediate need—as the disease inten-
sifies, time is running out.

Link: http://www.treesearch.fs.fed.us/pubs/29501

319. Schoettle AW, Goodrich BA, Klutsch )G,
Burns KS, Costello S, Sniezko R, Connor J. 2011.
The proactive strategy for sustaining five-needle pine popula-
tions: an example of its implementation in the Southern Rocky
Mountains. In: Keane RE, Tomback DF, Murray MP, Smith
CM, editors. High Five Symposium. Fort Collins (CO): USDA
Forest Service, Rocky Mountain Research Station. Proceedings
RMRS-P-63. p 323-334.

Type: Government Document
Geographic Area: Northwestern USA

Compilers’ Keywords: Cronartium ribicola, white pine blis-
ter rust, mountain pine beetle, Dendroctonus ponderosae, cli-
mate change, limber pine, management, genetic diversity, seed
collection

Abstract: The imminent invasion of the non-native fun-
gus, Cronartium ribicola J.C. Fisch., that causes white pine
blister rust (WPBR) and the current mountain pine beetle
(Dendroctonus ponderosae Hopkins, MPB) epidemic in
northern Colorado limber pine forests will severely affect
the forest regeneration cycle necessary for functioning
ecosystems. The slow growth and maturity of limber pine
enables trees to persist on the landscape for centuries, but
without sufficient regeneration opportunities these traits
will inevitably hinder the ability of limber pine to adapt to
novel stresses such as WPBR or climate change. The current
MPB outbreak will result in the death of many mature limber
pines, including many with genetic resistance to WPBR. It
will be decades until advanced regeneration develops into
seed-producing mature trees in much of this region. This
development will be limited further by WPBR which rap-
idly kills susceptible young trees. Efforts to sustain limber
pine and Rocky Mountain bristlecone pine in the southern
Rockies were initiated in 2001. The Northern Colorado
Limber Pine Conservation Program, described here, is an ex-
ample of the Proactive Strategy being implemented at a local
scale. The program is a cooperative partnership between the
USFS Rocky Mountain Research Station, Rocky Mountain
National Park (RMNP), USFS Forest Health Management,
and several Ranger Districts on the Arapaho-Roosevelt
National Forest. It is designed to 1) conserve limber pine
genetic diversity and 2) collect needed data to assist land
managers in making informed decisions for preparation of
a management plan intended to sustain resilient limber pine
ecosystems in northern Colorado. The cooperative effort
aims to provide immediate protection of limber pine from
MPB, facilitate seed collections for WPBR resistance tests,
and store and use seed for conservation, research and resto-
ration. Seedlings are being screened for WPBR resistance
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to determine frequencies of resistance across the landscape
among populations and to identify resistant seed trees for
future seed collections. The seedling tests will also estimate
population differentiation along the elevation gradient to re-
fine seed transfer guidelines. Surveys of forest health, biotic
damage, rust incidence, and trends in advanced regeneration
will help project persistence of these populations after pas-
sage of the MPB epidemic. These data will provide a ba-
sis for evaluations of proactive management options on a
site specific basis before northern Colorado ecosystems are
impaired by WPBR; this should shorten the time frame to
return to functioning ecosystems. Focusing management on
proactively maintaining genetic diversity and a functional
regeneration cycle will promote sustained adaptive capacity
and ecosystems resilience to novel stresses such as WPBR
and climate change.

Link: http://www.treesearch.fs.fed.us/pubs/38244

320. Shaw NL, Youtie B, Olwell P. 2011. Building
bridges between agencies, researchers, farmers and non-gov-
ernmental organizations to create collaborative native seed
programs. In: Proceedings 7th European Conference on
Ecological Restoration. Avignon, France: Society for
Ecological Restoration. p 1-4.

Type: Conference Paper
Geographic Area: Western USA

Keywords: climate change, disturbance by fire, invasive spe-
cies, native plant programs

Abstract: The Native Plant Materials Development Program
was authorized by the U.S. Department of the Interior and
Related Agencies Appropriations Act of FY2001 to pro-
vide support for development of native plant materials re-
quired for restoration of disturbed public lands in the U.S.A.
The Washington, DC, Office of the USDI Bureau of Land
Management has provided national leadership for this program
by developing partnerships with more than 250 public and pri-
vate entities, a national program for collecting germplasm for
ex situ conservation and for seed increase for restoration uses,
and by initiating state and regional level native plant materials
programs. Regional programs such as the Great Basin Native
Plant Selection and Increase Project aim to fulfill long-term
plant material needs by providing genetically diverse, re-
gionally appropriate seed sources and fostering the research
required to produce seeds of new restoration species in agri-
cultural settings. The Deschutes Basin Native Plant Seedbank,
a non-profit organization, has provided valuable leadership by
functioning as a buyer’s cooperatives to provide affordable lo-
cal seed for public and private partners in areas with a mosaic
of land ownerships. At all levels, native plant materials devel-
opment programs rely heavily upon cooperation among land
managers, researchers, non-governmental organizations, and
the private sector seed industry.
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Link: http://www.treesearch.fs.fed.us/pubs/39211

321. Shaw NL, Lambert SM, DeBolt AM, Pellant
M. 2005. Increasing native forb seed supplies for the Great
Basin. In: Dumroese RK, Riley LE, Landis TD, editors. Forest
and Conservation Nursery Associations—2004. Fort Collins
(CO): USDA Forest Service, Rocky Mountain Research
Station. Proceedings RMRS-P-35. p 94-102.

Type: Government Document
Geographic Area: Great Basin USA

Keywords: native forbs, plant materials, seed production,
seeding, rangelands

Abstract: Over the last 150 years, excessive grazing, annual
weed invasions, increased wildfire frequency, and other human
disturbances have negatively impacted native plant communi-
ties of the Great Basin. Native plant materials and appropriate
planting strategies are needed to recreate diverse communities
in areas requiring active restoration. Although native forbs
are critical components of most plant communities, available
seed supplies remain low. A cooperative research project being
conducted by the USDI Bureau of Land Management Great
Basin Restoration Initiative, the USDA Forest Service Rocky
Mountain Research Station, and collaborators includes efforts
to develop 20 native forbs as revegetation species. Research
needs include selection of seed sources and development of
seed production and wildland seeding technology for each spe-
cies. Initial seed increase of new seed sources and maintenance
of seed supplies will require production at a range of scales,
likely creating new marketing niches for the native seed and
nursery industries.

Link: http://www.treesearch.fs.fed.us/pubs/20897

322. st. Clair)B, Lipow S, Vance-Borland K, Johnson
R. 2007. Conservation of forest genetic resources in the United
States. In: Loo JA, Simpson JD, editors. Proceedings of the
13th Meeting of the Canadian Tree Improvement Association:
Canada’s Forests-Enhancing Productivity, Protection and
Conservation. New Brunswick, Canada. p 16-24.

Type: Conference Paper
Geographic Area: USA

Compilers’ Keywords: genetic variation, forest manage-
ment, gene conservation, gap analysis, tree improvement

Abstract: Conservation of genetic diversity is recognized
as an important requirement of sustainable forest manage-
ment. Gene conservation activities include in situ conserva-
tion of native stands in reserves and ex sifu conservation in
seed banks, genetic tests, seed and breeding orchards, and
other plantations of known identity. We present an example
from Oregon and Washington of a GIS-based “gap analysis”
approach to determine the spatial distribution of protected
in situ genetic resources. GIS coverages showing detailed
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distributions of eight tree species stratified into presumably
unique genetic units using seed zones or ecoregions were
overlaid with coverages of reserves to determine the loca-
tions of protected populations as Well as gaps in protection.
The gap analysis indicated that most species appear to have
sufficient genetic resources conserved in in situ reserves.
This approach may be valuable elsewhere, particularly in
the eastern United States where fewer large reserves ex-
ist. Of particular note, for ex situ conservation, is a recent
agreement between the USDA Forest Service National Seed
Laboratory and the USDA Agricultural Research Service
National Center for Genetic Resources Preservation to
provide long-term storage of seed collections of valuable
plant germplasm in their facility in Ft. Collins, Colorado.
Protection from disease and insects is another important
component of gene conservation.

Link: http://www.treesearch.fs.fed.us/pubs/29348

323. Stanley AG, Kaye TN, Dunwiddle PW. 2008.
Regional strategies for restoring invaded prairies: observations
from a multisite, collaborative research project. Native Plants
Journal 9:247-254.

Type: Journal
Geographic Area: Pacific Northwest USA

Keywords: grassland restoration, prairie, herbicide, restora-
tion methods, seed addition, native diversity, invasive species

Abstract: Invasive plants, especially nonnative perennial
grasses, pose one of the most critical threats to protected
prairies and oak woodlands in the Pacific Northwest. Our
current knowledge regarding the effectiveness of weed
control methods, especially in sites that retain a significant
component of native vegetation, is largely anecdotal or
based on results from a few site-specific studies. The Nature
Conservancy jointly with the Institute for Applied Ecology
and its partners have initiated a large-scale, long-term, in-
terdisciplinary, and collaborative project to: 1) evaluate and
improve strategies for controlling the abundance of invasive
nonnative herbaceous weeds while maintaining or enhanc-
ing the abundance and diversity of native plant species; and
2) develop an approach to generalize results so they can be
applied by land managers engaged in prairie stewardship
throughout the region. This project combines simultaneous
small-scale replicated experiments with large-scale unrep-
licated experiments at 11 sites in Washington, Oregon, and
British Columbia. Experimental treatments, begun in 2005,
include combinations of spring and fall mowing, burning,
a grass-specific herbicide (sethoxydim), a broad-spectrum
herbicide (glyphosate), and seeding of native species. Our
preliminary observations show sethoxydim applications
effectively reduce exotic perennial grasses. Combining se-
thoxydim with other treatments had added benefits: fall burn-
ing reduced thatch and moss cover, glyphosate application
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1 to 2 wk after burning reduced broadleaf weeds, and seed
addition increased native diversity.

Link: http://www.researchgate.net/publication/228743458
Regional strategies for restoring invaded prairies obser-

vations from a multi-site collaborative research project/
file/9fctd5059e6cada2cd.pdf

324. Thomas E, Jalonen R, Loo }, Boshier D, Gallo
L, Cavers S, Bordacs S, Smith P, Bozzano M. 2014.
Genetic considerations in ecosystem restoration using native tree
species. Forest Ecology and Management 333:66-75.

Type: Journal
Geographic Area: Global

Keywords: ecosystem restoration, genetic diversity, native
tree species, seed selection, measures of success, tree nursery

Abstract: Rehabilitation and restoration of forest eco-
systems are in growing demand to tackle climate change,
biodiversity loss and desertification—major environmental
problems of our time. Interest in restoration of ecosystems
is increasingly translated into strong political commitment
to large-scale tree planting projects. Along with this new
impetus and the enormous scale of planned projects come
both opportunities and risks: opportunities to significantly
increase the use of native species, and risks of failure as-
sociated with the use of inadequate or mismatched repro-
ductive material, which though it may provide forest cover
in the short term, will not likely establish a self-sustaining
ecosystem. The value of using native tree species in ecosys-
tem restoration is receiving growing recognition both among
restoration practitioners and policy makers. However, insuf-
ficient attention has been given to genetic variation within
and among native tree species, their life histories and the
consequences of their interactions with each other and with
their environment. Also restoration practitioners have often
neglected to build in safeguards against the anticipated ef-
fects of anthropogenic climate change. Measurement of
restoration success has tended to be assessments of hectares
covered or seedling survival in a short timeframe, neither of
which is an indicator of ecosystem establishment in the long
term. In this article, we review current practices in ecosys-
tem restoration using native tree species, with a particular
focus on genetic considerations. Our discussion is organised
across three themes: (i) species selection and the sourcing of
forest reproductive material; (ii) increasing resilience by fos-
tering natural selection, ecological connectivity and species
associations; and (iii) measuring the success of restoration
activities. We present a number of practical recommenda-
tions for researchers, policymakers and restoration practi-
tioners to increase the potential for successful interventions.
We recommend the development and adoption of decision-
support tools for: (i) collecting and propagating germplasm
in a way that ensures a broad genetic base of restored tree
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populations, including planning the sourcing of propagation
material of desired species well before the intended planting
time; (ii) matching species and provenances to restoration
sites based on current and future site conditions, predicted
or known patterns of variation in adaptive traits and avail-
ability of seed sources; and (iii) landscape-level planning in
restoration projects.

Link: http://www.sciencedirect.com/science/article/pii/
S0378112714004356

325. van Slageren W. 2003. The Millennium Seed Bank:
building partnerships in arid regions for the conservation of wild
species. Journal of Arid Environments 54:195-201.

Type: Journal
Geographic Area: United Kingdom, Global

Keywords: seed bank, conservation, ex-situ, drylands, bene-
fit-sharing, conventions, research, education

Abstract: The Millennium Seed Bank Project is a large,
international conservation project. Most of the project will
focus—in collaboration with many dryland countries—on
the much-neglected need for conservation of wild species in
the (semi-) arid regions of the world. Its principal aim is to
help safeguard 24,000 species of dryland plants—10% of the
world’s flora—against extinction. A second aim is, equally
through ex-situ conservation, to secure the future of almost
all of the U.K.’s native flowering plants. For the project, a
new building has been constructed at Wakehurst Place in
Sussex, part of the Royal Botanic Gardens, Kew. After open-
ing in late 2000, it will house the Seed Bank and be a world
resource for seed conservation, research and education.

Link: http://www.cbd.int/doc/articles/2003/A-00155.pdf

326. Zhou S, Sauve R]. 2006. Genetic fingerprinting of
goldenseal using AFLP markers. Native Plants Journal 7:73-77.

Type: Journal
Geographic Area: Southeastern USA

Keywords: genetic diversity, molecular marker, plant DNA
profile

Abstract:  Goldenseal  (Hydrastis  canadensis L.
[Ranunculaceae]) could be considered a worthy ornamental
plant for a forest-like garden setting, however, its primary
use is medicinal. Research described in this paper dem-
onstrates that AFLP analysis can be used to determine the
genetic relationships between accessions of a plant species
collected from different regions. The genetic relationships
of 9 goldenseal accessions collected in 3 neighboring states,
Tennessee, Georgia, and Florida, were determined. A clus-
ter analysis from AFLP data showed that the 2 Tennessee
accessions were very closely related to each other with a
high bootstrap value of 93%. The 4 Georgia accessions were
more diversified with a bootstrap value ranging from 38% to
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63%. Among the 3 Florida accessions, genetic relatedness
was very low. One Florida accession was closely related to
the 2 Tennessee accessions (96%), one with the Georgia ac-
cessions (88%), and the other was distant to all accessions.
The molecular marker technique developed for determining
the genetic relationship and the genetic diversity between
accessions could be used by plant breeders for the selection
of parental material.
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327. Bonner FT, Karrfalt RP. 2008. The woody plant
seed manual. Washington (DC): USDA Forest Service.
Agriculture Handbook 727. 1223 p.

Type: Government Document
Geographic Area: USA

Compilers’ Keywords: seed storage, seed collection, germi-
nation, handbook, propagation, outplanting

Introduction: The first comprehensive handbook on the
seeds of trees and shrubs produced by the USDA Forest Service
was USDA Misc. Pub. 654, Woody-Plant Seed Manual. The
manuscript was ready for publication in 1941, but World War
II delayed publication until 1948. The boom in tree planting
in the 1950s and 1960s created a large demand for seeds and
exposed the gaps in our knowledge concerning production and
quality of seeds of woody plants in general. Realization of this
condition led to the revision and considerable expansion of
the manual, resulting in publication of USDA Agric. Handbk.
450, Seeds of Woody Plants in the United States, in 1974. Seed
data were presented for about 800 species, varieties, and sub-
species in 188 genera, considerable more than the 420 species
and 140 genera in the 1948 edition. The 1974 Handbook proved
to be very popular both in this country and abroad, leading to
five printings and translations in several other languages. More
than a quarter-century after its publication, however, numerous
advances in tree seed technology have dictated that a new revi-
sion is needed; the result is the current volume.

Link: http://www.treesearch.fs.fed.us/pubs/32626

328. Dumroese RK, Owston P. 2003. A user’s guide to
nursery stock types. Western Forester 4-5.

Type: Newsletter
Geographic Area: USA

Compilers’ Keywords: nursery practices, user guide, forest
management, seedlings, trees, container

Introduction: Foresters must consider many factors when
selecting nursery stock types for their planting projects.
Forest nurseries can now produce a vast array of stock types
to meet any challenge in the field—these target seedlings
can be defined for particular sites. It is important that for-
esters work with a nursery that is known from experience
or reputation to provide a consistently good product at a
reasonable price. Foresters and nurseries must foster open
and effective communication to continually improve stock
type quality. To facilitate communication between nurseries
and foresters, a system of naming stock types developed and
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those stock type descriptions fall into three broad categories:
bareroot, container and “plug plus.”

Link: http://www.treesearch.fs.fed.us/pubs/32849

329. Dumroese RK, Landis TD, Luna T. 2012.
Raising native plants in nurseries: basic concepts. Fort Collins
(CO): USDA Forest Service Rocky Mountain Research
Station. General Technical Report RMRS-GTR-274. 92 p.

Type: Government Document
Geographic Area: North America

Compilers’ Keywords: nursery practices, propagation, green-
house, seed, container nursery, bareroot nursery, guidelines

Abstract: Growing native plants can be fun, challenging, and
rewarding. This booklet, particularly the first chapter that in-
troduces important concepts, is for the novice who wants to
start growing native plants as a hobby; however, it can also be
helpful to someone with a bit more experience who is wonder-
ing about starting a nursery. The second chapter provides basic
information about collecting, processing, storing, and treating
seeds. Chapter three focuses on using seeds to grow plants in
the field or in containers using simple but effective techniques.
For those native plants that reproduce poorly from seeds, the
fourth chapter describes how to start native plants from cut-
tings. The final chapter provides valuable information on how
to successfully move native plants from the nursery and estab-
lish them in their final planting location. Several appendices
expand on what has been presented in the chapters, with more
details and specific information about growing a variety of na-
tive plants.

Link: http://www.treesearch.fs.fed.us/pubs/40753

330. Jaramillo S, Baena M. 2007. Ex situ conservation
of plant genetic resources. Cali, Columbia: International Plant
Genetic Resources Institute. 229 p.

Type: Book
Geographic Area: Global

Compilers’ Keywords: Latin America, Spain, training mod-
ule, guide

Forward: Plant genetic resources form the basis on which
humankind subsists. They provide basic needs and help solve
problems such as hunger and poverty. However, they are be-
ing lost, mainly through inappropriate use and destruction of
habitat. Given their vital importance, we must conserve them
for the benefit of both present and future generations. Plant
genetic resources can be conserved within or outside their
natural habitats, or by combining the two alternatives. Outside
their natural habitats, plant genetic resources are conserved in
germplasm collections and genebanks, going through different
stages and procedures that require trained staff. To help train
personnel in managing genebanks, Bioversity International
has developed this teaching manual as part of a collaborative
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project with Spain to promote the training and research of plant
genetic resources in Latin America. The text trains users in the
fundamental aspects of ex situ conservation of plant genetic
resources, that is, from collecting to germplasm use. It explains
principles and describes the procedures needed for effective ex
situ conservation. It also includes bibliographic references and
examples that illustrate how to move from theory to practice.
By developing and making this material available to users,
Biodiversity International hopes to significantly contribute to
the training of technicians in plant genetic resources, thereby
making them more efficient in ex situ conservation and germ-
plasm use.

331. McCaughey W, Scott GL, Izlar KL. 2009.
Whitebark pine planting guidelines. Western Journal of Applied
Forestry 24:163-166.

Type: Journal
Geographic Area: Northern USA

Keywords: Pinus albicaulis, reforestation, tree-planting, seed-
lings, plantations

Abstract: This article incorporates new information into
previous whitebark pine guidelines for planting prescriptions.
Earlier 2006 guidelines were developed based on review of
general literature, research studies, field observations, and
standard U.S. Forest Service survival surveys of high-eleva-
tion whitebark pine plantations. A recent study of biotic and
abiotic factors affecting survival in whitebark pine plantations
was conducted to determine survival rates over time and over a
wide range of geographic locations. In these revised guidelines,
we recommend reducing or avoiding overstory and understory
competition, avoiding swales or frost pockets, providing shade
and wind protection, protecting seedlings from heavy snow
loads and soil movement, providing adequate growing space,
avoiding sites with lodgepole or mixing with other tree spe-
cies, and avoiding planting next to snags.

Link: http://www.fs.fed.us/rm/pubs_other/rmrs 2009 mc-
caughey w001.pdf

332. Monsen SB, Stevens R, Shaw NL. 2004. Grasses.
Chapter 18. In: Monsen SB, Stevens R, Shaw NL, editors.
Restoring Western Ranges and Wildlands. Fort Collins (CO):
USDA Forest Service, Rocky Mountain Research Station.
General Technical Report RMRS-GTR-136. p 295-424.

Type: Government Document
Geographic Area: Western USA

Compilers’ Keywords: plant ecology, native plant material,
wildlife habitat, restoration

Introduction: Grasses are adapted to a wide range of edaphic
and climatic conditions and are found in nearly all plant com-
munities. In the Western United States, grasses are seeded on
disturbances to provide forage, wildlife habitat, and watershed
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stability. A number of introduced grass species proved well-
suited to Western rangelands and received extensive use in
early reseeding efforts. Use of these and other introductions
continued over time, but by the late 1900s, greater emphasis
was being placed on the use of native grasses.

Link: http://www.treesearch.fs.fed.us/pubs/31963

333. Monsen SB, Stevens R, Shaw NL. 2004.
Restoring western ranges and wildlands. Fort Collins (CO):
USDA Forest Service, Rocky Mountain Research Station.
General Technical Report RMRS-GTR-136. p 699-884.

Type: Government Document
Geographic Area: Western USA

Keywords: rehabilitation, revegetation, plant ecology, seed,
plant communities, wildlife habitat, invasive species, equip-
ment, plant materials, native plants

Abstract: This work, in three volumes, provides background
on philosophy, processes, plant materials selection, site prepa-
ration, and seed and seeding equipment for revegetating dis-
turbed rangelands, emphasizing use of native species. The
29 chapters include guidelines for planning, conducting, and
managing, and contain a compilation of rangeland revegeta-
tion research conducted over the last several decades to aid
practitioners in reestablishing healthy communities and curb-
ing the spread of invasive species. Volume 3 contains chapters
24-29 plus appendices and index.

Link: http://www.treesearch.fs.fed.us/pubs/7379

334. Pendleton RL, Kitchen SG, McArthur ED,
Mudge JE. 2008. The Appar’ flax release: origin, distin-
guishing characteristics, and use; and a native alternative.
Native Plants Journal 9:18-24.

Type: Journal
Geographic Area: North America, Europe

Keywords: heterostyly, distyly, native plant material, reveg-
etation, xeriscaping, Linum lewisii, Linum perenne, Linaceae,
native germplasm

Abstract: This article summarizes information on the taxon-
omy of ‘Appar’, a perennial blue flax cultivar (Linum perenne
L. [Linaceae]), and characteristics that distinguish it from
native Lewis flax (Linum lewisii Pursh [Linaceae]). ‘Appar’
apparently originated as a European flax that escaped from
garden cultivation. Randomly amplified polymorphic DNA
(RAPD) analysis places ‘Appar’ with other collections of
European Linum perenne and separates it from native North
American collections of Lewis flax. Morphologically, ‘Appar’
differs from Lewis flax in having an intense blue petal color,
shorter internodes, leaves that point upward along the stem,
and multiple slender stems suffused with red near the base.
The heterostylous reproductive system, which it shares with its
European cousins, keeps Appar’ reproductively isolated from
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native populations of Lewis flax. All available data indicate
that ‘Appar’ is not invasive and does not pose a threat to native
flax populations. Ease of establishment, seed production, and
showiness of the abundant flowers recommend ‘Appar’ for
use in xeriscape plantings. Alternatively, the recent germplasm
release of Lewis flax, ‘Maple Grove’, also establishes readily
from seed and can be effectively used when objectives dictate
the exclusive use of native germplasms.

Link: http://www.treesearch.fs.fed.us/pubs/30681

335. Proctor ), Haas W. 2007. Guidelines for revegeta-
tion for the Medicine Bow-Routt National Forests and Thunder
Basin National Grassland. 69 p.

Type: Report
Geographic Area: Intermountain West USA
Compilers’ Keywords: restoration, handbook

Compilers’ Summary: This is a revegetation handbook for
the Medicine Bow-Routt National Forests and Thunder Basin
National Grassland that cover approximately 2.9 million
acres in north central Colorado and central and northeastern
Wyoming. It covers guidelines for mountain ranges, grass-
lands and riparian systems.

336. Scott GL, McCaughey WW. 2006. Whitebark pine
guidelines for planting prescriptions. In: Riley LE, Dumroese
RK, Landis TD, editors. National Proceedings: Forest and
Conservation Nursery Associations—2005. Fort Collins (CO):
USDA Forest Service, Rocky Mountain Research Station.
Proceedings RMRS-P-43. p 84-90.

Type: Government Document
Geographic Area: Western USA

Keywords: whitebark pine, Pinus albicaulis, reforestation, tree
planting, pocket gophers, white pine blister rust, mountain pine
beetle, cones, seeds, fire suppression

Abstract: This paper reviews general literature, research
studies, field observations, and standard Forest Service sur-
vival surveys of high-elevation whitebark pine plantations and
presents a set of guidelines for outplanting prescriptions. When
planting whitebark pine, the recommendations are: 1) reduce
overstory competition; 2) reduce understory vegetation, espe-
cially grasses and sedges; 3) avoid outplanting in swales or
frost pocket areas; 4) provide shade protection; 5) plant where
there is protection from heavy snow loading; and 6) provide
adequate growing space.

Link: http://www.treesearch.fs.fed.us/pubs/26661

337. Society for Ecological Restoration Ecological
Restoration International Science and Policy
Working Group. 2004. The SER international primer on
ecological restoration. Tucson (AZ): Society for Ecological
Restoration International. 15 p.
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Type: Report
Geographic Area: Global
Compilers’ Keywords: planning, manual, guidelines

Introduction: Ecological restoration is an intentional activity
that initiates or accelerates the recovery of an ecosystem with
respect to its health, integrity and sustainability. Frequently, the
ecosystem that requires restoration has been degraded, dam-
aged, transformed or entirely destroyed as the direct or indirect
result of human activities. In some cases, these impacts to eco-
systems have been caused or aggravated by natural agencies
such as wildfire, floods, storms, or volcanic eruption, to the
point at which the ecosystem cannot recover its predisturbance
state or its historic developmental trajectory. This document is
a primer on ecological restoration.

Link: http://www.ser.org/resources/resources-detail-view/ser-
international-primer-on-ecological-restoration

338. USDA RNGR. 2014. National Nursery and Seed
Directory. (URL accessed 29 November 2015)

Type: Web Page
Geographic Area: USA

Compilers’ Keywords: native plants, directory, plant
materials

Summary: This is a directory of nurseries and farms that pro-
duce native plant materials. It is maintained by the USDA Forest
Service, Reforestation, Nurseries, and Genetics Resources
(RNGR) team in collaboration with the University of Georgia,
Southern Regional Extension Forestry (SREF). SREF verifies
one-third of the directory annually. The RNGR website (http://
www.rngr.net), also holds a vast amount of information about
growing native plants. One of the most important differences
between native plant materials and ornamental nursery stock is
that natives are usually outplanted in relatively harsh environ-
ments generally without any subsequent care.

Link: http://www.rngr.net/resources/directory
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339. Albrecht GA, Brooke C, Bennett DH, Garnett
ST. 2012. The ethics of assisted colonization in the age of
anthropogenic climate change. Journal of Agricultural and
Environmental Ethics 26:827-845.

Type: Journal
Geographic Area: Global

Keywords: ethics, climate change, assisted colonization, man-
aged relocation, mitigation, adaptation, intrinsic value, instru-
mental value, sentience, environmental ethics, sustainability
ethics, review

Abstract: This paper examines an issue that is becoming in-
creasingly relevant as the pressures of a warming planet, chang-
ing climate and changing ecosystems ramp up. The broad con-
text for the paper is the intragenerational, intergenerational, and
interspecies equity implications of changing the climate and the
value orientations of adapting to such change. In addition, the
need to stabilize the planetary climate by urgent mitigation of
change factors is a foundational ethical assumption. In order to
avoid further animal and plant extinctions, or at the very least,
their increased vulnerability to becoming rare and endangered,
the systematic assisted colonization of “at risk™ species is being
seriously considered by scientists and managers of biodiversity.
The more practical aspects of assisted colonization have been
covered in the conservation biology literature; however, the
ethical implications of such actions have not been extensively
examined. Our discussion of the value issues, using a novel case
study approach, will rectify the limited ethical analysis of the
issue of assisted colonization of species in the face of climate
change pressures.

340. Aubin 1, Garbe CM, Colombo S, Drever CR,
McKenney DW, Messier C, Pedlar ), Sander MA,
Venier L, Wellstead AM, Winder R, Witten E,
Ste-Marie C. 2011. Why we disagree about assisted migra-
tion: ethical implications of a key debate regarding the future of
Canada’s forests. The Forestry Chronicle 87:755-765.

Type: Journal
Geographic Area: Canada

Keywords: assisted colonization, climate change, environmen-
tal ethics, forest management, species conservation

Abstract: Assisted migration has been proposed as one tool
to reduce some of the negative ecological consequences of
climate change. The idea is to move species to locations that
could better suit them climatically in the future. Although hu-
man mediated movements are not a recent phenomenon, as-
sisted migration has lately been the source of debate, in par-
ticular within conservation biology circles. In this paper, we
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outline the major perspectives that help define differing views
on assisted migration and shed some light on the ethical roots
of the debate in the context of Canadian forests. We empha-
size that there are many different forms of assisted migration,
each responding to different (often unstated) objectives and
involving unique risks and benefits, thus making the debate
more nuanced than often portrayed. We point out certain seem-
ing contradictions whereby the same argument may be used to
both support and oppose assisted migration. The current debate
on assisted migration primarily focuses on ecological risks and
benefits; however, numerous uncertainties reduce our capac-
ity to quantitatively assess these outcomes. In fact, much of
the debate can be traced back to fundamental perspectives on
nature, particularly to the ethical question of whether to delib-
erately manage natural systems or allow them to adapt on their
own. To facilitate discussion, we suggest that the focus should
move towards a clearer identification of values and objectives
for assisted migration.

341. Barlow C. 2011. Paleoecology and the assisted migra-
tion debate: why a deep-time perspective is vital. (URL accessed
15 May 2015)

Type: Web Page
Geographic Area: Florida, USA

Compilers’ Keywords: Torreya taxifolia, climate change,
species extinctions

Background and Abstract: In the six years since the as-
sisted migration (assisted colonization) debate was launched
as a pro and con “Forum” in the Winter 2004/2005 issue of
Wild Earth journal, the paleoecological perspective has been
almost entirely missing from both the academic papers and
the media reports on this vital conservation issue. The original
PRO-assistance essay by Connie Barlow and (the late) Paul
S. Martin was titled “Bring Torreya taxifolia North—Now”.
The original ANTI-assistance essay by Mark Schwartz was
titled “Conservationists Should Not Move Torreya taxifolia”.
The intent of this skeletal essay is to demonstrate, by using the
example of “poster plant” Torreya taxifolia, why the assisted
migration debate must broaden to encompass a deep-time, pa-
leoecological perspective. Since the beginning of the debate,
the major advocates in favor of assisted migration for Torreya
taxifolia have argued that paleoecological reasoning is exceed-
ingly strong in favor of assisting the migration of this highly
endangered conifer tree northward from the panhandle of
Florida to the southern Appalachians. Notably, there is no dis-
pute that the highly restricted endemic range of Torreya taxifo-
lia in Florida (along the east shore of the Apalachicola River)
served as one of the primary “pocket refuges” for America’s
rich Appalachian flora during the peak of the last glacial ad-
vance c. 18,000 years ago. It is therefore reasonable to suggest
that Torreya taxifolia be looked upon as a “glacial relict” that,
for one reason or another, failed to make the return trip north
when the present interglacial began some 13,000 years ago. It
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is also plausible to posit that the reason this particular species
failed to make the return journey north is that, in contrast to
previous interglacial episodes, newly arrived humans obstruct-
ed northward migration by overhunting the conifer’s obligate
seed dispersal partners (squirrels and possibly now-extinct tor-
toises) in the narrow riverine corridor that contains soils rich
enough to support the maturation of this yew-like tree.

Link: http://www.torreyaguardians.org/assisted-migration.
html

342. Camacho AE. 2010. Assisted migration: redefining
nature and natural resource law under climate change. Irvine
(CA): University of California School of Law. Legal Studies
Research Paper Series No. 2009-37. 86 p.

Type: Report
Geographic Area: USA

Compilers’ Keywords: land management, resource manage-
ment, uncertainty, endangered species, economic value conser-
vation, ethics, review

Summary: To avoid extinctions and other harms to ecologi-
cal health from escalating climatic change, scientists, resource
managers, and activists are considering and even engaging
in “assisted migration” - the intentional movement of an or-
ganism to an area in which its species has never existed. This
article explores the profound implications of climate change
for American natural resource management through the lens of
this controversial adaptation strategy. It details arguments re-
garding the scientific viability and legality of assisted migration
under the thicket of laws that govern natural resources in the
United States. The article asserts, however, that the fundamen-
tal tensions raised by this strategy are ethical: to protect endan-
gered species or conserve native biota; to manage ecological
systems actively or leave nature wild and uncontrolled; and to
preserve resources or manage them to promote their fitness un-
der future conditions. The article explains why contemporary
natural resource law’s fidelity to historic baselines, protecting
preexisting biota, and shielding nature from human activity is
increasingly untenable, particularly in light of climate change.
Active, anticipatory strategies such as assisted migration may
not only be permissible but even necessary to avert substan-
tial irreversible harm to ecological systems. Scientists and
resource managers should focus on developing scientific data
to aid analyses of the risks and benefits of assisted migration
in particular circumstances. To help develop such data while
minimizing ecological harm, the article proposes provisionally
limiting experimental translocations to situations where trans-
location is technically and economically feasible, and where
the species is endangered, ecologically valuable, and compat-
ible with the proposed site. More broadly, assisted migration
illustrates how the institutions and goals of natural resource
law must be changed to better reflect a dynamic, integrated
world. Climate changes forces a radical reconsideration of
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the aims, foci, and standards of natural resource management.
Accordingly, the crucial project of natural resource law must
be improving governance by cultivating agency accounting
and learning to better manage uncertainty, promoting opportu-
nities for interjurisdictional collaboration, and fostering public
information and deliberation over the tradeoffs of strategies
like assisted migration and the resource values that matter.

343. Camacho A. 2013. The law and ethics of assisted mi-
gration. In: Assisted Migration: A Primer for Reforestation and
Restoration Decision Makers; Portland, OR. 42 p.

Type: Presentation
Geographic Area: Global

Compilers’ Keywords: policies, EPA, Endangered Species
Act, natural resource management

Abstract: To avoid extinctions and other harms to ecologi-
cal health from escalating climatic change, scientists, resource
managers, and activists are considering and even engaging
in “assisted migration” — the intentional movement of an or-
ganism to an area in which its species has never existed. This
article explores the profound implications of climate change
for American natural resource management through the lens of
this controversial adaptation strategy. It details arguments re-
garding the scientific viability and legality of assisted migration
under the thicket of laws that govern natural resources in the
United States. The article asserts, however, that the fundamen-
tal tensions raised by the strategy are ethical: to protect endan-
gered species or conserve native biota; to manage ecological
systems actively or leave nature wild and uncontrolled; and to
preserve resources or manage them to promote their fitness un-
der future conditions. The article explains why contemporary
natural resource law’s fidelity to historic baselines, protecting
preexisting biota, and shielding nature from human activity is
increasingly untenable, particularly in light of climate change.
Active, anticipatory strategies such as assisted migration may
not only be permissible but even necessary to avert substan-
tial irreversible harm to ecological systems. Scientists and
resource managers should focus on developing scientific data
to aid analyses of the risks and benefits of assisted migration
in particular circumstances. To help develop such data while
minimizing ecological harm, the article proposes provisionally
limiting experimental translocations to situation where translo-
cation is technically and economically feasible, and where the
species is endangered, ecologically valuable, and compatible
with the proposed site.

Link: http://www.rngr.net/resources/assisted-migration

344. Crespi B). 2000. The evolution of maladaptation.
Heredity 84:623-629.

Type: Journal
Geographic Area: Global
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Keywords: adaptation, adaptive peaks, evolution,
maladaptation

Abstract: This review contains a description of a research
program for the study of maladaptation, defined here in terms
of deviation from adaptive peaks. Maladaptation has many ge-
netic causes, including mutation, inbreeding, drift, gene flow,
heterozygote advantage and pleiotropy. Degrees of maladapta-
tion are determined by genetic architecture and the relationship
between the rates of selective, environmental change and the
nature and extent of genetic responses to selection. The empiri-
cal analysis of maladaptation requires: (1) recognition of puta-
tive maladaptation, using methods from phylogenetics, tele-
onomy, development and genetics, followed by an assessment
of the nature and degree of deviation from adaptation, using
studies of natural selection and teleonomy; (2) determination
of the causes of the deviation, using analyses of genetics, de-
velopment, or other methods. Conditions for unambiguously
identifying maladaptation are considerably more stringent than
those for demonstrating adaptation and remarkably few studies
have clearly identified and characterized maladaptive traits. A
thorough understanding of the nature of phenotypic variation
will never be achieved without an analysis of the scope and
usual causes of maladaptation.

Link: http://www.sfu.ca/biology/courses/bisc441/Course Ma-

terials/Readings/9-(Lect6)Crespi2000.pdf

345. Davis MB. 1990. Climate change and the survival of
forest species. Chapter 6. In: Woodwell GM, editor. The Earth in
Transition: Patterns and Processes of Biotic Impoverishment.
Cambridge, United Kingdom: Cambridge University. p 99-110.

Type: Book Section
Geographic Area: Global

Compilers’ Keywords: pollen, migration, paleoecology, trees,
Tsuga canadensis

Introduction: The fossil record provides many examples of
changes in geographical distributions of plants in response to
changing climate. These examples provide a basis for predict-
ing response to future climate. The accumulation of greenhouse
gases in the atmosphere will soon cause climatic warming.
With CO, doubling, global temperatures are expected to rise
3 degrees £+ 1.5 °C degrees. If emission of greenhouse gases
continues to increase at the present rates, global warming will
average 0.3 °C per decade for the next century. Can the flora
adjust easily? Or will climatic change cause extinction? The
survival of many taxa through a series of glacial-interglacial
cycles during the Pleistocene suggests that most plant spe-
cies in the temperate zone have been able to disperse to keep
pace with climatic changes in the past. Temperate zone trees
survived the last glacial maximum as small populations in re-
fugia in southeastern United States. As the ice sheets melted
and the climate warmed at the end of the glacial interval, these
plants were able to disperse northward hundreds of kilometers
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to occupy their present-day range. Future greenhouse warm-
ing, however, differs from climatic changes in the past: the rate
of change will be at least one order of magnitude more rapid.
Examples from the most recent time of relatively rapid change
exist—the warming just at the end of the last glacial interval
in northwestern Europe fossils from warmth-requiring species
of water plants and beetles are found earlier than the oldest
fossils from trees. This suggests that the climate became warm
enough for trees several centuries before trees began to grow
on the local landscape. Dispersal of tree seeds was insufficient
to track the change in temperature, or development of soils was
not rapid enough to provide appropriate habitats for trees.

346. Davis MB, Shaw RG. 2001. Range shifts and
adaptive responses to Quaternary climate change. Science
292:673-679.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: vegetation change, latitude shifts,
elevation shifts, migration, extinction, tree

Abstract: Tree taxa shifted latitude or elevation range in re-
sponse to changes in Quaternary climate. Because many mod-
ern trees display adaptive differentiation in relation to latitude
or elevation, it is likely that ancient trees were also so differen-
tiated, with environmental sensitivities of populations through-
out the range evolving in conjunction with migrations. Rapid
climate changes challenge this process by imposing stronger
selection and by distancing populations from environments to
which they are adapted. The unprecedented rates of climate
changes anticipated to occur in the future, coupled with land
use changes that impede gene flow, can be expected to disrupt
the interplay of adaptation and migration, likely affecting pro-
ductivity and threatening the persistence of many species.

Link: http://web.clas.ufl.edu/users/mbinford/ GEOXXXX
Biogeography/LiteratureForLinks/Davis and Shaw 2001
range shifts climate adaption Science.pdf

347. Fazey |, Fischer ). 2009. Assisted colonization is a
techno-fix. Trends in Ecology and Evolution 24:475.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: animals, conservation, assisted mi-
gration, ecosystem, biological extinction, biological models,
risk assessment

Introduction: In this letter, authors agree with the tenet of
the argument of Ricciardi and Simberloff (2009) that the at-
tention and credibility given to such schemes is worrying and
that it might send an overly optimistic message about assisted
colonization to policymakers and the public. Here we propose
three important additional considerations which lend further
support to the view that widespread implementation of assisted
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colonization will be inappropriate, especially when the broader
social-ecological context of threatened species conservation is
taken into account.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19577323

348. Hannah L. 2008. Protected areas and climate change.
Annals of the New York Academy of Sciences 1134:201-212.

Type: Journal
Geographic Area: Global

Keywords: protected areas, climate change, biodiversity, re-
serves, connectivity, corridors, assisted migration

Abstract: The study of protected areas and climate change
has now spanned two decades. Pioneering work in the late
1980s recognized the potential implications of shifting spe-
cies range boundaries for static protected areas. Many early
recommendations for protected area design were general, em-
phasizing larger protected areas, buffer zones, and connectivity
between reserves. There were limited practical tests of these
suggestions. Development of modeling and conservation plan-
ning methods in the 1990s allowed more rigorous testing of
concepts of reserve and connectivity function in a changing
climate. These studies have shown decreasing species repre-
sentation in existing reserves due to climate change, and the
ability of new protected areas to help slow loss of represen-
tation in mid-century scenarios. Connectivity on protected
area periphery seems more effective than corridors linking
protected areas. However, corridors serving other purposes,
such as large carnivore movement, may be useful for accom-
modating species range shifts as well. Assisted migration and
ex situ management strategies to complement protected areas
are being explored. Finally, in scenarios of the latter half of the
century, protected areas and connectivity become increasingly
expensive and decreasingly effective, indicating the impor-
tance of reducing human-induced climate change.

349. Hewitt N, Klenk N, Smith AL, Bazely DR,
Yan N, Wood S, MacLellan JI, Lipsig-Mumme C,
Henriques 1. 2011. Taking stock of the assisted migration
debate. Biological Conservation 144:2560-2572.

Type: Journal
Geographic Area: Global

Keywords: assisted migration, assisted colonization, man-
aged relocation, climate change adaptation, debate

Abstract: Assisted migration was proposed several decades
ago as a means of addressing the impacts of climate change
on species populations. While its risks and benefits have been
debated, and suggestions for planning and management given,
there is little consensus within the academic literature over
whether to adopt it as a policy. We evaluated the main features
of the assisted migration literature including the study meth-
ods, taxonomic groups, geographic regions and disciplines
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involved. We further assessed the debate about the use of assist-
ed migration, the main barriers to consensus, and the range of
recommendations put forth in the literature for policy, planning
or implementation. Commentaries and secondary literature re-
views were as prevalent as first-hand scientific research and
attention focused on a global rather than regional level. There
was little evidence of knowledge transfer outside of the natu-
ral sciences, despite the obvious policy relevance. Scholarly
debate on this topic has intensified during the last 3 years. We
present a conceptual framework for evaluating arguments in
the debate, distinguishing among the direct risks and benefits
to species, ecosystems and society on the one hand, and other
arguments regarding scientific justification, evidence-base and
feasibility on the other. We also identify recommendations with
potential to advance the debate, including careful evaluation of
risks, benefits and trade-offs, involvement of relevant stake-
holders and consideration of the complementarity among as-
sisted migration and less risk tolerant strategies. We conclude,
however, that none of these will solve the fundamental, often
values-based, challenges in the debate. Solutions are likely to
be complex, context-dependent and multi-faceted, emerging
from further research, discussion and experience.

Link: http://www.researchgate.net/publication/232361203

Taking stock of the assisted migration debate/
file/79e41512f9fdb8e5a8.pdf

350. Hunter ML, Jr. 2007. Climate change and mov-
ing species: furthering the debate on assisted colonization.
Conservation Biology 21:1356-1358.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: animals, conservation, biological
extinction, greenhouse effect, population dynamics, assisted
migration

Introduction: With global climate change looming large in
the public psyche, the recent paper by McLachlan et al. (2007)
and its popular accompaniment (Fox 2007) are timely indeed.
Of course some conservation biologists will not wish to think
about the prospect of actively moving species that are threat-
ened with extinction by climate change. For them this would
be almost analogous to handing out placebos in the midst of
an epidemic and worse yet, these placebos may have serious
unintended consequences if translocated species become inva-
sive. They will probably argue that we should focus almost
exclusively on two central roles for conservation biology: (1)
facilitating natural range shifts by redoubling efforts to main-
tain or restore large scale connectivity and (2) working with
our fellow environmental professionals to avoid carbon-man-
agement solutions that will have unacceptable consequences
for biodiversity (e.g., by directing biofuel production away
from sites that would involve the conversion of native vegeta-
tion into fuel farms. These two roles will be very demanding,
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but I believe we should allocate a small portion of our attention
to the issue of assisted colonization. McLachlan et al. propose
framing the debate around two considerations—perception
of risk and confidence in ecological understanding—that can
be construed to generate an axis or continuum from scientists
who would strongly support assisted colonization to those who
would oppose it. I think it is useful to advance this exercise by
considering three issues that can also be construed as continua:
species that are more or less acceptable to translocate, sites that
are more or less acceptable for receiving translocations, and
projects that are more or less acceptable because of their so-
cioeconomic ramifications and feasibility. | have used the term
assisted colonization in contrast to assisted migration used by
McLachlan et al. because many animal ecologists reserve the
word migration for the seasonal, round-trip movements of ani-
mals and because the real goal of translocation goes beyond
assisting dispersal to assuring successful colonization, a step
that will often require extended husbandry.

Link: http://www.ncbi.nlm.nih.gov/pubmed/17883502

351. Iverson LR, Peters MP, Matthews S, Prasad
AM. 2013. An overview of some concepts, potentials, issues,
and realities of assisted migration for climate change adaptation
in forests. In: Browning J, Palacios P, editors. Proceedings of
the 60th Annual Western International Forest Disease Work
Conference. Tahoe City (CA): USDA Forest Service, Northern
Research Station. p 25-34.

Type: Government Document
Geographic Area: Global

Compilers’ Keywords: assisted migration, climate change,
land management

Abstract: The climate has always been changing, but the
rapid rate of climate change, as projected by the IPCC (2007)
will likely place unique stresses on plant communities. In ad-
dition, anthropogenic barriers (e.g., fragmented land use) pres-
ent a significant modern constraint that will limit the ability of
species migration in responses to a changing climate. As such,
managers are faced with four options that lay along a continu-
um when managing species in the face of climate change: (1)
They can do nothing, and therefore allow existing landscapes
to change without active intervention, accepting unknown or
risky outcomes; (2) They can rely on passive resource manage-
ment strategies to allow accommodation, such as Linking ex-
isting preserves with corridors; (3) They can actively manage
landscapes to preserve them as they are, thus create refuges.
Such habitat management would include actions like prevent-
ing invasions, installing irrigation, and regulating biotic inter-
actions; or (4) They can actively manage landscapes to convert
them into something deemed more compatible with projected
climatic conditions. This last example of management would
include assisted migration. The specific risks and benefits of
each of these actions will depend upon the magnitude of climate
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pressure, the context of the ecosystem and its landscape, and
the goals of human decisions. This paper describes some op-
tions on how to decide among the above choices, introduces
assisted migration, and describes the possible ramifications
associated with it. We then present one research approach to
assist in locating and evaluating potential applications of as-
sisted migration.

Link: http://www.treesearch.fs.fed.us/pubs/45280

352. Johnson R. 2010. Seed movement and climate change
from a Forest Service perspective. In: National Native Seed
Conference: Native Plant Materials Development, Production,
and Use for Habitat Restoration. Corvallis (OR): Institute for
Applied Ecology. 39 p.

Type: Presentation
Geographic Area: USA

Compilers’ Keywords: forest genetics, forest management,
seedlot selection tool

Abstract: The USDA Forest Service (USFS) Native plant res-
toration policy calls for use of “genetically appropriate” native
plant material on USFS lands. This is typically accomplished
by delineating seed zones to restrict seed movement to ensure
locally-adapted plant material is used in restoration / reforesta-
tion / rehabilitation efforts. Given that the climate is changing
more rapidly than any time in the recent past, our starting point
of “local is best” may not be the optimal option given that lo-
cal climates have changed over the last few decades and even
more change is forecasted in the future. While the USFS pol-
icy has not changed, USFS Regional Geneticists, along with
USEFS researchers, came together for a 3-day workshop to dis-
cuss seed movement options in light of climate change (a paper
is forthcoming). The workshop centered on forest trees, not
smaller native plants. Discussions acknowledged that climate
has already changed in the last few decades (surface tempera-
ture has warmed about 1 °F) and that certain forest tree species
have migrated in some places. Both genetic theory and spe-
cies migration models suggest that climate change will impact
species differently. The impact of climate change on a species
will be function of lifespan, mating system, dispersal capabili-
ties, habitat specialization, genetic variation, population size,
pest/pathogen interactions, etc. Key points coming out of the
meeting included: (1) The importance of deploying genetically
diverse populations in our restoration efforts. (2) Local sources
still appear to be appropriate choices at present, but includ-
ing additional sources from adjacent seed zones could provide
the variation needed for the future. (3) At least one region is
moving seed up one elevation or “north” one cold hardiness
band. (4) We will take minimal risks over large scales and
larger risks at smaller scales (i.e., only do assisted migration
studies over large distances on experimental scales). (5) The
need for gene conservation programs is increasing in light of
climate change. (6) For most species, we have no genetic data
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(common garden /provenance trials) to assist with making seed
movement guidelines and research is needed.

Link: http://nativeseed.info/2010/session/climate.html#kaye

353. Keim B. 2008. Last-ditch resort: move polar bears to
Antarctica? Wired 17 July 2008. (URL accessed 25 November
2015)

Type: Article
Geographic Area: Global
Compilers’ Keywords: migration, conservation, extinctions

Introduction: It may seem like a preposterous question. But
polar bears are just the tip of the “assisted colonization” iceberg.
Other possibilities: moving African big game to the American
Great Plains, or airlifting endangered species from one moun-
taintop to another as climate zones shrink. Once dismissed as
wrongheaded and dangerous, assisted colonization—rescuing
vanishing species by moving them someplace new—is now
being discussed by serious conservationists. And no wonder:
Caught between climate change and human pressure, species
are going extinct 100 times faster than at any point in human
history. And some scientists say that figure is too conservative.
The real extinction rate, they say, is a full 1,000 times higher
than normal. The last time such annihilation took place was
during the time of the dinosaurs. And though many conserva-
tionists say that saving species by transplanting them is foolish,
others say there’s no choice.

Link: http://www.wired.com/science/planetearth/
news/2008/07/species relocation?currentPage=all

354. Koskela ), Vinceti B, Dvorak W, Bush D,
Dawson IK, Loo ), Kjaer ED, Navarro C, Padolina C,
Bordacs S, Jamnadass R, Graudal L, Ramamonjisoa
L. 2014. Utilization and transfer of forest genetic resources: a
global review. Forest Ecology and Management 333:22-34.

Type: Journal
Geographic Area: Global

Keywords: reproductive material, plantations, introduced
species, access and benefit sharing, Nagoya Protocol

Abstract: Over the last 200 years, genetic resources of forest
trees have been increasingly transferred, within and outside of
species’ native distribution ranges, for forestry and for research
and development (R&D). Transferred germplasm has been de-
ployed to grow trees for numerous purposes, ranging from the
production of wood and non-wood products to the provision
of ecosystem services such as the restoration of forests for bio-
diversity conservation. The oldest form of R&D, provenance
trials, revealed early on that seed origin has a major influence
on the performance of planted trees. International provenance
trials have been essential for selecting seed sources for refor-
estation and for improving tree germplasm through breeding.
Many tree breeding programmes were initiated in the 1950s,
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but as one round of testing and selection typically takes de-
cades, the most advanced of them are only in their third cycle.
Recent advances in forest genomics have increased the under-
standing of the genetic basis of different traits, but it is unlikely
that molecular marker-assisted approaches will quickly replace
traditional tree breeding methods. Furthermore, provenance
trials and progeny tests are still needed to complement new
research approaches. Currently, seed of boreal and temperate
trees for reforestation purposes are largely obtained from im-
proved sources. The situation is similar for fast growing tropi-
cal and subtropical trees grown in plantations, but in the case of
tropical hardwoods and many agroforestry trees, only limited
tested or improved seed sources are available. Transfers of tree
germplasm involve some risks of spreading pests and diseases,
of introducing invasive tree species and of polluting the genet-
ic make-up of already present tree populations. Many of these
risks have been underestimated in the past, but they are now
better understood and managed. Relatively few tree species
used for forestry have become invasive, and the risk of spread-
ing pests and diseases while transferring seed is considerably
lower than when moving live plants. The implementation of
the Nagoya Protocol on access to genetic resources and ben-
efit sharing (ABS) may significantly change current transfer
practices in the forestry sector by increasing transaction costs
and the time needed to lawfully obtain forest genetic resources
for R&D purposes. Many countries are likely to struggle to
establish a well-functioning ABS regulatory system, slowing
down the process of obtaining the necessary documentation for
exchange. This is unfortunate, as climate change, outbreaks of
pests and diseases, and continual pressure to support produc-
tivity, increase the need for transferring tree germplasm and
accelerating R&D.

Link: http://www.bioversityinternational.org/uploads/

tx_news/Utilization and transfer of forest genetic
resources a global review 1869.pdf

355. Lawler J), Olden )D. 2011. Reframing the de-
bate over assisted colonization. Frontiers in Ecology and the
Environment 9:569-574.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: migration, climate change, landscape
connectivity, managed relocation, framework, guidelines

Abstract: Assisted colonization—also known as managed re-
location or assisted migration—is one way of facilitating range
shifts for species that are restricted in their ability to move in
response to climate or other environmental changes. Over
the past decade, a healthy debate has evolved in the scientific
community over the costs and benefits of assisted coloniza-
tion as a climate-adaptation strategy. This discussion has fo-
cused largely on the specific risks and benefits of intentionally
moving species, and has led to the development of multiple
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frameworks and numerous recommendations for weighing and
evaluating these factors. Here, we argue that this debate is, in
part, misguided, and that a more productive discussion would
result if the issue were reframed in light of (1) the goals of
assisted colonization, (2) the realities of projected climate im-
pacts, and (3) the use of complementary adaptation strategies,
such as enhancing landscape connectivity.

Link: http://depts.washington.edu/oldenlab/wordpress/wp-
content/uploads/2013/03/FrontiersEcoEnv _2011.pdf

356. McLachlan JS, Hellmann JJ, Schwartz MW.
2007. A framework for debate of assisted migration in an era of
climate change. Conservation Biology 21:297-302.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: conservation, demography, ecosys-
tem, biological extinction, genetic variation, greenhouse effect,
biological models, population dynamics, policy, framework

Introduction: Assisted migration is contentious issue that
places different conservation objectives at odds with one an-
other. This element of debate, together with the growing risk
of biodiversity loss under climate change, means the now is
the time for the conservation community to consider assisted
migration. Our intent here is to highlight the problem caused
by a lack of a scientifically based policy on assisted migration,
suggest a spectrum of policy options, and outline a framework
for moving toward a consensus on this emerging conservation
dilemma.

Link: http://www.ncbi.nlm.nih.gov/pubmed/17391179

357. Millar CI. 2013. The role of assisted migration in
climate adaptation planning: when and where to employ it? In:
Assisted Migration: A Primer for Reforestation and Restoration
Decision Makers; Portland, OR. 42 p.

Type: Presentation
Geographic Area: Global

Compilers’ Keywords: assisted migration, climate change,
natural migration, decision making, resistance, resilience,
response, realignment, spatial scales, temporal scales,
paleoclimate

Abstract: In the face of changing climates, either historic or
contemporary, species respond by adapting, moving, or dying
(going extinct or populations extirpating). Assisted migration
commonly has been discussed in the context of genetic adap-
tation. As background to addressing the questions of “When
and where to employ assisted migration?” I briefly review
as well the ways in which species have moved in response
to historic climate change. This begins with an overview of
principles regarding natural climate change that are relevant
to decision-making for contemporary climate adaptation. In an
historic context, climates: 1) have been changing continually;
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2) express at multiple and nested scales, including interannual,
decadal, centennial, and millennial; 3) are driven by mostly
independent mechanisms at each scale; and 4) cumulatively
result in climate changes that have been novel, gradual and
directional, episodic and quasi-reversible, and chaotic. At long
time scales and in response to large climate changes, species
have migrated (shifted ranges) long distances (e.g., hundreds
of kilometers) in regions of low relief or across large elevation
gradients (e.g., 1000 m) in mountainous environments. Species
responded individualistically based on life-history characteris-
tics and inherent climate envelopes. As a result, community
compositions (species diversity) were transient, emerging as
novel assemblages of species associated together at any one
time and place. In response to shorter time-scale and smaller
magnitude climate changes, species responded less often with
biogeographic range contractions or expansions and more
through changes in demography, species dominance relation-
ships, density and vigor, and disturbance regimes. Lessons
that emerge for climate adaptation focus on working with, not
against, these inherent adaptive responses of species in the face
of climate change. That change has been constant, hoever, does
not imply that “anything goes.” I review lessons learned from
natural climate responses for implications to concepts of native
range, neo-native distributions, community resilience, novel
climates and non-analog associations, “red queen” responses,
the role of climatic refugia in maintenance of diversity, and
pace of change following disturbance. With this background, I
turn to issues regarding decision—making for assisted migra-
tion: when and where to employ it in the face of contemporary
climate change. Institutional context influences these factors,
whether goals are primarily for ecosystem services (produc-
tion of goods and services) or ecosystem management (spe-
cies protection and recovery). First principles apply, includ-
ing: do no harm, don’t fix what isn’t broken, learn as you go;
leave intact escape routes; and weigh risk and urgency into
decisions. Scale also affects decisions regarding “When?” in
climate adaptation: actions justifiably made for the short term
or small spatial scale are likely different from those focused
on long-term investments and benefits. In regard to “Where?”
considerations are important for both the source (donor) and
destination locations. In the former, genetic concerns often are
paramount, but ecological issues such as co-factors of disease
or insect transmission, history of the population, and vigor of
propagules (seed or ramet stock) are equally important. Factors
to consider at the destination locations include concerns for
both the target species (how well it will thrive) and the receiv-
ing ecosystem (how it is affected). Effects to weight include
invasiveness, genetic contamination, allelo-chemical and soil-
nutrient alterations, phenology, community interactions and
species displacement, and influences on disturbance regimes.
I review these considerations relative to the four fundamental
options for climate adaptation planning: resistance, resilience,
response, and realignment (restoration), and provide illustra-
tive examples for each. In conclusion I comment on policy and
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regulatory opportunities and constraints relative to implement-
ing assisted migration.

Link: http://www.rngr.net/resources/assisted-migration

358. Minteer BA, Collins JP. 2010. Move it or lose it?
The ecological ethics of relocating species under climate change.
Ecological Applications 20:1801-1804.

Type: Journal
Geographic Area: Global

Keywords: climate change, ecological policy, ethics, man-
aged relocation, species conservation

Abstract: Managed relocation (also known as assisted colo-
nization, assisted migration) is one of the more controversial
proposals to emerge in the ecological community in recent
years. A conservation strategy involving the translocation of
species to novel ecosystems in anticipation of range shifts
forced by climate change, managed relocation (MR) has di-
vided many ecologists and conservationists, mostly because
of concerns about the potential invasion risk of the relocated
species in their new environments. While this is indeed an im-
portant consideration in any evaluation of MR, moving spe-
cies across the landscape in response to predicted climate shifts
also raises a number of larger and important ethical and policy
challenges that need to be addressed. These include evaluat-
ing the implications of a more aggressive approach to species
conservation, assessing MR as a broader ecological policy
and philosophy that departs from longstanding scientific and
management goals focused on preserving ecological integrity,
and considering MR within a more comprehensive ethical and
policy response to climate change. Given the complexity and
novelty of many of the issues at stake in the MR debate, a more
dynamic and pragmatic approach to ethical analysis and debate
is needed to help ecologists, conservationists, and environmen-
tal decision makers come to grips with MR and the emerging
ethical challenges of ecological policy and management under
global environmental change.

Link: http://cirge.stanford.edu/Minter managedrelocation
ethics 2010.pdf

359. Odenbaugh ). 2013. Assisted migration and invasive
species: exploring an ethical dilemma. In: Assisted Migration:
A Primer for Reforestation and Restoration Decision Makers;
Portland, OR. 22 p.

Type: Presentation
Geographic Area: Global

Compilers’ Keywords: ecological morality, species extinc-
tions, climate change, exotic species

Abstract: According to many, we are subject to two duties.
First, it is morally wrong for human to cause a species to go
extinct. Second, it is morally wrong to introduce a species into
an area in which it is not native. Unfortunately, human-induced
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climate change will cause species to go extinct unless we relo-
cate those species to areas outside their native range. Thus, we
are either causing species to go extinct or creating exotic spe-
cies both of which are morally wrong. In this talk, I consider
ways of dealing with the environmental dilemma.

Link: http://www.rngr.net/resources/assisted-migration

360. Park A, Talbot C. 2012. Assisted migration:
uncertainty, risk and opportunity. The Forestry Chronicle
88:412-419.

Type: Journal
Geographic Area: Canada

Keywords: assisted migration, managed relocation, climate
change scenarios, uncertainty, ecophysiology, epigenetics

Abstract: The recent Forestry Chronicle special section on
the subject of Assisted Migration (AM) did a great service to
the Canadian forestry community by summarizing the risks,
opportunities and ecological aspects of this forest management
strategy. In this paper, we expand on some aspects of AM that
were discussed in the special section, as well as discussing
additional dimensions of AM that should be considered and
debated. We expand on the theme of scientific uncertainties
around future warming, emphasizing the full extent of uncer-
tainty in estimates of climate sensitivity. We also expand upon
and summarize a number of recent ecophysiological results
that have implications for the adaptation and acclimation of
trees to climate change. We also discuss opportunities for in-
novative forest management, the influence of economic trends
on the future of the Canadian forest industry, and limitations on
public knowledge of climate change, all of which are factors
that will influence the feasibility of AM schemes in the future.

361. Pedlar J, McKenney DW, Aubin I, Beardmore
T, Beaulieu ), Ilverson LR, O'Neill GA, Winder RS,
Ste-Marie C. 2012. Placing forestry in the assisted migra-
tion debate. BioScience 62:835-842.

Type: Journal
Geographic Area: North America

Keywords: assisted migration, climate change, forestry, con-
servation, trees

Abstract: Assisted migration (AM) is often presented as a
strategy to save species that are imminently threatened by rapid
climate change. This conception of AM, which has generated
considerable controversy, typically proposes the movement
of narrowly distributed, threatened species to suitable sites
beyond their current range limits. However, existing North
American forestry operations present an opportunity to prac-
tice AM on a larger scale, across millions of hectares, with a
focus on moving populations of widely distributed, nonthreat-
ened tree species within their current range limits. Despite
these differences (and many others detailed herein), these two
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conceptions of AM have not been clearly distinguished in the
literature, which has added confusion to recent dialogue and
debate. Here, we aim to facilitate clearer communication on
this ftopic by detailing this distinction and encouraging a more
nuanced view of AM.

362. Peters RL. 1992. Conservation of biological
diversity in the face of climate change. Chapter 2. In: Peters RL,
Lovejoy TE, editors. Global warming and biological diversity.
New Haven (CT): Yale University Press. p 15-31.

Type: Book Section
Geographic Area: Global

Compilers’ Keywords: climate change, range shifts, conser-
vation, guidelines

Introduction: We can infer how the biota might respond
to climate change by observing present and past distribu-
tions of plants and animals, which are largely determined by
temperature and moisture patterns. For example, one race of
dwarf birch (Betula nana) can grow only where the tempera-
ture never exceeds 22 °C, suggesting that it would disappear
from those areas where global warming causes temperatures
to exceed 22 °C. Recent historical observations of changes in
range and species dominance, such as the gradual replacement
spruce (Picea rubens) by deciduous species during the past
180 years in the eastern United States, can also suggest future
responses. Insight into long-term responses to large climatic
changes can be gleaned from studies of fossil distributions of,
particularly, pollen and small mammals. Such observations tell
us that plants and animals are very sensitive to climate. Their
ranges move when the climate patterns change—species die
out in areas where they were once found and colonize new
areas where the climate becomes newly suitable.

363. Peters RL, Darling JDS. 1985. The greenhouse-
effect and nature reserves. BioScience 35:707-717.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: assisted migration, climate change,
biodiversity, global warming, conservation, review, species
extinctions

Introduction: Current human development and population
trends suggest to all but the very optimistic that by the next
century most other surviving terrestrial species may well be
relegated to small patches of their original habitat, patches iso-
lated by vast areas of human-dominated urban and agricultural
lands. Without heroic measures of habitat conservation and
intelligent management, hundreds of thousands of plant and
animal species could become extinct by the end of this century,
with more to follow in the next. In this paper, we will identify
problems caused by climate change that affect biological com-
munities, examine the particular difficulties faced by species
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in biological reserves, and suggest management options.
Although we recognize that dealing with short-term extinc-
tion threats alone will strain the resources of conservationists,
we feel that the possible negative effects of global warming
could be so severe that conservation plans should be amended
to reflect knowledge of climatic effects as soon as it becomes
available. Decisions about the siting and design of reserves and
assumptions about how much management will be needed in
the future must reflect the increased demands, both economic
and biological, of global warming.

364. Ricciardi A, Simberloff D. 2009. Assisted coloni-
zation is not a viable conservation strategy. Trends in Ecology
and Evolution 24:248-253.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: animals, conservation, ecosystem,
biological extinction, human activities, biological models,
plants, assisted migration, management

Abstract: A potential conservation strategy increasingly dis-
cussed by conservation biologists is the translocation of species
to favorable habitat beyond their native range to protect them
from human-induced threats, such as climate change. Even if
preceded by careful risk assessment, such action is likely to
produce myriad unintended and unpredictable consequences.
Accurate risk assessment is impeded by contingency: the im-
pacts of introduced species vary over time and space under the
influence of local environmental variables, interspecific inter-
actions and evolutionary change. Some impacts, such as native
species extinctions, are large and irrevocable. Here we argue
that conservation biologists have not yet developed a sufficient
understanding of the impacts of introduced species to make
informed decisions regarding species translocations.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19324453

365. Roberts L. 1989. How fast can trees migrate?
Science 243:735-737.

Type: Journal
Geographic Area: USA

Compilers’ Keywords: research news, tree migration, cli-
mate change, forest management, review, rates

Introduction: The forests in the south will go first. Seedlings
will wither, the understory plants will be replaced. And over
the next century or so, many now-abundant trees will go ex-
tinct across much of the United States. Such are the predic-
tions of Margaret Davis, one of handful of ecologists looking
at the effects of the much discussed greenhouse warming on
North American forests. As Davis and others who make these
predictions readily admit, they are riddled with uncertainties.
Data are scarce and have been cobbled together from fossil
records, theoretical models, and experiments in controlled
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environments. Few long-term field studies have been done.
The critical question to Davis and a colleague, Catherine
Zabinski, is how quickly trees can migrate, for the fate of nu-
merous species in North America will depend on whether they
can shift north to cooler climates when their current range be-
comes uninhabitable.

366. Safford HD, Hellmann JJ, McLachlan JM, Sax
DF, Schwartz MW. 2009. Managed relocation of species:
Noah’s Ark or Pandora’s Box? Eos 90:1.

Type: Journal
Geographic Area: Global

Compilers’
conservation

Keywords: assisted migration, species
Introduction: “Managed relocation” (MR; also called “as-
sisted migration” or “assisted colonization”) is the human-aid-
ed movement of species adversity affected by global change
where these species cannot move themselves. Goals of MR
include, but are not limited to, conservation of biodiversity, re-
duction of extinction risk, enhancement of evolutionary poten-
tial, and maintenance or augmentation of ecosystem services.
Recently there has been much talk, in the scientific literature
as well as in the press, about the costs and benefits of MR.
As a conservation strategy, MR has promise, but it could also
have serious collateral costs. For example, MR may succeed
in rescuing a given species from extinction, but it may also
introduce a species into habitat where it becomes invasive,
causing ecosystem disruptions or extinctions of other taxa. A
working group met in August 2008, in conjunction with the
annual meeting of the ESA, to develop a framework for under-
standing the degree to which MR could achieve its objectives,
the risks that it might incur, and strategies that could be used
to implement it.

367. Sandler R. 2010. The value of species and the ethi-
cal foundations of assisted colonization. Conservation Biology
24:424-431.

Type: Journal
Geographic Area: Global

Keywords: assisted colonization, biodiversity, ecosystem
management, value of species

Abstract: Discourse around assisted colonization focuses on
the ecological risks, costs, and uncertainties associated with the
practice, as well as on its technical feasibility and alternative
approaches to it. Nevertheless, the ethical underpinnings of
the case for assisted colonization are claims about the value of
species. A complete discussion of assisted colonization needs
to include assessment of these claims. For each type of value
that species are thought to possess it is necessary to determine
whether it is plausible that species possess the type of value
and, if so, to what extent their possessing it justifies assisted
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colonization. I conducted such an assessment for each of the
predominant types of value ascribed to species: ecological,
instrumental (including option value), existence, and intrinsic
value (including interest-based, objective, and value-dependent
intrinsic value). The vast majority of species, including several
that have been proposed as candidates for assisted colonization,
have much less value than is often presumed. Moreover, with
respect to some types of value, assisted colonization would not
fully preserve the value of the target species even if it were to
keep the target species in existence. Therefore, the case for as-
sisted colonization is significantly weaker and more qualified
than its advocates often suppose. There may be exceptional
species for which assisted colonization is well justified—and
for this reason, case-by-case assessment is necessary—but in
general the burden of justification generated by the ecological
risks associated with assisted colonization is not met by the
value potentially preserved by assisted colonization. This sug-
gests that assisted colonization ought to have, at most, a very
minor role in the portfolio of ecosystem management practic-
es, even as it pertains to species conservation under conditions
of rapid climate change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/19878237

368. Sax DF, Smith KF, Thompson AR. 2009.
Managed relocation: a nuanced evaluation is needed. Trends in
Ecology and Evolution 24:472.

Type: Journal
Geographic Area: Global
Compilers’ Keywords: assisted migration, climate change

Introduction: Managed relocation (aka ‘assisted coloniza-
tion” and ‘assisted migration’) aims to save species from the
effects of climate change by purposefully transporting them to
areas where they have not previously occurred, but where they
are expected to survive as temperatures increase. In a recent
Opinion article in TREE, Ricciardi and Simberloff suggest that
‘assisted colonization is tantamount to ecological roulette and
should probably be rejected as a sound conservation strategy
by the precautionary principle.” We disagree for three primary
reasons. First, the precautionary principle is not a stand-alone
reason to rule out managed relocation. Second, we know
more about the impacts of species invasions than Ricciardi
and Simberloff suggest, particularly with respect to species
extinction. Third, because extinctions are permanent and ir-
reversible, using managed relocation to reduce extinctions at
the cost of changing the composition and functioning of eco-
systems is a tradeoff that some managers might be willing to
make. Ultimately, the risk of species extinctions from climate
changes is too large to summarily discount managed relocation
without first carefully evaluating its benefits and dangers in a
nuanced way.

Link: http://www.brown.edu/Research/Sax Research Lab/
Documents/PDFs/reply%20t0%20managed%20relocation.pdf
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369. Schlaepfer MA, Helenbrook WD, Searing
KB, Shoemaker KT. 2009. Assisted colonization: evaluat-
ing contrasting management actions (and values) in the face of
uncertainty. Trends in Ecology and Evolution 24:421-422.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: assisted migration, conservation,
debate

Introduction: In their recent opinion article in Trends in
Ecology & Evolution, Ricciardi and Simberloff argue that as-
sisted colonization is not an appropriate management option
because the impacts of introduced species are too difficult to
predict, and can have harmful consequences for recipient eco-
systems, including the extinction of native species. Invoking
the precautionary principle, the authors argue that alternative
conservation tactics must be pursued, even for species faced
with extinction in their native range. We concur with the au-
thors that there are risks associated with introducing species
outside of their current range. However, we disagree that these
risks are so great that assisted colonization should not be con-
sidered among possible management options.

Link: http://noss.cos.ucf.edu/papers/Schlaepfer%20et%20
al%202009%20and%20Sax%20et%20al%202009.pdf

370. Schwartz MW. 1994. Conflicting goals for conserv-
ing biodiversity: issues of scale and value. Natural Areas Journal
14:213-216.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: review, conservation, translocation,
assisted migration

Abstract: Differing conservation values create a multiplic-
ity of goals toward which conservation activities are directed.
Multiple and differing goals also are inherent in conservation
at differing spatial and temporal scales. In many cases these
different goals result in management actions that are comple-
mentary and that simultaneously benefit many species and
habitats. In contrast, there are instances in which conservation
for one set of values, or at one spatial scale, suggests a man-
agement action that would violate other conservation goals. I
define the goals and value systems used to support biological
conservation and present three cases where differing conser-
vation objectives conflict. Specifically, I address how (1) a
proposed translocation of an endangered species outside its
historic range, to prevent its extinction, would violate the his-
toric integrity of the recipient community; (2) the use of fire,
to maintain plant community composition in grasslands, may
threaten native insect biodiversity; and (3) assisting the pro-
cess of long-distance seed dispersal, to aid plant-range shifts
disrupted by anthropogenic climate warming, would violate
the integrity of recipient plant communities. While examples
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of conflicting goals are not hard to describe, they are hard to
resolve and pose challenges to conservation biology that are
not adequately addressed at the present time. Increased use of
goal-setting would improve our ability to explicitly measure
the success of conservation projects. Failure to set priorities
and goals in conservation management implies a misplaced
faith in the balance of nature.

371. Schwartz MW, Hellmann JJ, MclLachlan
JM, Sax DF, Borevitz JO, Brennan ), Camacho
AE, Ceballos G, Clark JR, Doremus H, Early R,
Etterson )R, Fielder D, Gill JL, Gonzalez P, Green N,
Hannah L, Jamieson DW, Javeline D, Minteer BA,
Odenbaugh }, Polasky S, Richardson DM, Root TL,
Safford HD, Sala O, Schneider SH, Thompson AR,
Williams JW, Vellend M, Vitt P, Zellmer S. 2012.
Managed relocation: integrating the scientific, regulatory, and
ethical challenges. BioScience 62:732-743.

Type: Journal
Geographic Area: Global
Keywords: ethics, policy, law, conservation, translocation

Abstract: Managed relocation is defined as the movement of
species, populations, or genotypes to places outside the areas
of their historical distributions to maintain biological diversity
or ecosystem functioning with changing climate. It has been
claimed that a major extinction event is under way and that
climate change is increasing its severity. Projections indicat-
ing that climate change may drive substantial losses of bio-
diversity have compelled some scientists to suggest that tra-
ditional management strategies are insufficient. The managed
relocation of species is a controversial management response
to climate change. The published literature has emphasized
biological concerns over difficult ethical, legal, and policy is-
sues. Furthermore, ongoing managed relocation actions lack
scientific and societal engagement. Our interdisciplinary team
considered ethics, law, policy, ecology, and natural resources
management in order to identify the key issues of managed
relocation relevant for developing sound policies that support
decisions for resource management. We recommend that gov-
ernment agencies develop and adopt best practices for man-
aged relocation.

372. Seddon P). 2010. From reintroduction to assisted
colonization: moving along the conservation translocation spec-
trum. Restoration Ecology 18:796-802.

Type: Journal
Geographic Area: Global

Keywords: ecological engineering, novel ecosystems, popu-
lation restoration, species introductions

Abstract: Translocation, the intentional movement of liv-
ing organisms from one area to another is increasingly being
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used as a conservation tool to overcome barriers to dispersal.
A dichotomy exists for conservation-oriented translocations:
on one hand, there are those that release plants or animals into
known historic ranges and on the other hand, there are releases
outside historic distributions. Misuse of or attempts to redefine
established terms and a proliferation of variants of new terms
such as assisted colonization confuse and hamper communica-
tion. The aim of this opinion article is to describe and define
a conservation translocation spectrum, from species reintro-
ductions to assisted colonization, and beyond, and in so doing
provide a standard framework and terminology for discussing
translocation options. I suggest that we are moving along this
spectrum, away from the dictates of historical species distri-
bution records, toward the inclusion of more risky interven-
tions that will be required to respond to habitat shifts due to
anthropogenic impacts. To some extent rapid climate change
changes everything, including how we should view introduc-
tions versus reintroductions. We need to seriously consider
adding other approaches to our conservation toolbox. Assisted
colonization will start us along this path, acknowledging as it
does the accelerated rate of habitat change and the problems of
attempting to preserve dynamic systems. The next step along
the conservation translocation spectrum may be for reintroduc-
tion biology and restoration ecology to more comprehensively
join forces on carefully selected projects to use species intro-
ductions to create novel ecosystems through active ecological
community construction.

373. Shirey PD, Lamberti GA. 2010. Assisted colo-
nization under the U.S. Endangered Species Act. Conservation
Letters 3:45-52.

Type: Journal
Geographic Area: USA

Keywords: assisted colonization, assisted migration, climate
change, endangered species act, endangered species policy,
experimental population provision, managed relocation,
Mitchell’s satyr butterfly, Neonympha mitchellii mitchellii,
translocation

Abstract: Assisted colonization could help prevent the ex-
tinction of threatened and endangered species by intentionally
moving a species to a region where it has not occurred in the
recent past, but should survive under future climate scenarios.
Where species are naturally localized and confined to patchy
habitats, assisted colonization might be the only means for
population dispersal across human landscape barriers such as
urban and agriculture areas. The major risk associated with as-
sisted colonization is introducing ecologically harmful species.
Previous policy papers have described management options for
deciding when to move a species to mitigate for climate change.
We build on this previous work by examining management op-
tions and policy solutions for assisted colonization under the
U.S. Endangered Species Act (ESA). On its surface, the ESA
statutory language appears to provide the legal framework for
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allowing assisted colonization, as the U.S. Congress gave the
U.S. Fish and Wildlife Service (USFWS) broad discretion to
manage populations of endangered species. However, current
USFWS regulations are an impediment to assisted coloniza-
tion for many endangered animal species, whereas regulations
do not necessarily restrict assisted colonization of endangered
plants. Because this discrepancy, we recommend a review of
the regulatory language governing movements of endangered
species.

Link: http://dev.cakex.org/sites/default/files/ Assisted %20
colonization%20under%20the%20U.S.%20Endangered%20

Species%20Act.pdf

374. Sollenberger D, Vitt P, Yates E. 2010. Climate
change, seeding banking and assisted migration - the long shad-
ows of humanity. In: National Native Seed Conference: Native
Plant Materials Development, Production, and Use in Habitat
Restoration. Corvallis (OR): Institute for Applied Ecology. 33
p.

Type: Presentation

Geographic Area: USA

Compilers’ Keywords: MaxEnt,
Andropogon gerardii, seed collection

Cirsium  pitcheri,

Abstract: Rapid climate change has the potential to alter the
climatic regime of many plant species globally. Plant species
will respond variously via phenotypic plasticity, evolutionary
adaptation, migration, or extinction. Using Species Distribution
Model to predict how the bioclimatic envelopes for individual
species might shift can provide insight into conservation strate-
gies, including seed banking. When fragmentation limits the
migration potential or when natural migration rates are out-
stripped by the pace of climate change, some propose purpose-
ful, human-mediated migration (assisted migration or manage
relocation) as a solution. We present a strategy to collect and
bank seeds of plant species at risk of extinction in the face of
rapid climate change to ensure that emerging habitats are as
species-diverse as possible.

Link: http://nativeseed.info/2010/presentations/Vitt.pdf

375. Ste-Marie C, Nelson EA, Dabros A, Bonneau
M. 2011. Assisted migration: introduction to a multifaceted
concept. The Forestry Chronicle 87:724-730.

Type: Journal
Geographic Area: Canada

Keywords: assisted migration, Canada’s forests, climate
change, forest management, adaptation, species migration

Abstract: The idea that humans can assist nature by purposely
moving species to suitable habitats to fill the gap between their
migration capability and the expected rate of climate change
is being increasingly contemplated and debated as an adaptive
management option. The interest in assisted migration, both
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in the scientific community and society at large, is growing
rapidly and is starting to be translated into action in Canada.
However, the concept is in its infancy; clear terminology has
not yet been established and assisted migration still encom-
passes a broad range of practices. This introductory paper for
the special issue of The Forestry Chronicle on the subject of as-
sisted migration describes increasing interest in the subject and
its complexity. It also provides an overview of the potential
scale of assisted migration, proposes a terminology, and briefly
introduces the following papers. Overall, the five papers aim to
present a comprehensive state of the scientific and operational
knowledge and the debate on assisted migration in the context
of Canada’s forests.

376. Stone R. 2010. Home, home outside the range?
Science 329:1592-1594.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: assisted migration, climate change,
conservation, assisted colonization, butterfly, Orchidaceae

Compilers’ Summary: One of the earlier popular press
articles about moving species to new places in response to
climate change. In China, orchids will be impacted by an in-
crease in temperature, such that some scientists are considering
assisted colonization to save species. But other scientists fear
that movements may cause more harm than good. The article
discusses both sides of the debate.

Link: http://plantecology.syr.edu/conbio/readings/Stone2010.
pdf

377. Thomas CD. 2011. Translocation of species, climate
change, and the end of trying to recreate past ecological commu-
nities. Trends in Ecology Evolution 26:216-221.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: biota, conservation, environment,
conservation, environment, extinction, review

Abstract: Many of the species at greatest risk of extinction
from anthropogenic climate change are narrow endemics that
face insurmountable dispersal barriers. In this review, I argue
that the only viable option to maintain populations of these
species in the wild is to translocate them to other locations
where the climate is suitable. Risks of extinction to native spe-
cies in destination areas are small, provided that translocations
take place within the same broad geographic region and that
the destinations lack local endemics. Biological communities
in these areas are in the process of receiving many hundreds of
other immigrant species as a result of climate change; ensuring
that some of the ‘new’ inhabitants are climate-endangered spe-
cies could reduce the net rate of extinction.

Link: http://www.ncbi.nlm.nih.gov/pubmed/21411178
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378. Watts A. 2014. Assisted migration: growing forests
adapted to the future. The Forestry Source 19:1, 3.

Type: Newsletter
Geographic Area: North America

Compilers’ Keywords: forest management, silviculture,
Assisted Migration Adaptation Trial, Society of American
Foresters

Introduction: Of the management strategies available to cre-
ate resilient, productive forests in a changing climate, assisted
migration is one strategy that is prompting much discussion
in the forestry community. Assisted migration is viewed as a
proactive strategy because many tree species do not have the
ability to adapt or migrate naturally at the same rate as the cli-
mate is expected to change. This mismatch between trees and
their environment could result in forests that are less produc-
tive and unhealthy.

379. Williams MI, Dumroese RK. 2013. Growing
assisted migration: synthesis of a climate change adaptation
strategy. In: Haase DL, Pinto JR, Wilkinson KM, editors.
National Proceedings: Forest and Conservation Nursery
Associations—2012. Fort Collins (CO): USDA Forest Service,
Rocky Mountain Research Station. Proceedings RMRS-P-69.
p 90-96.

Type: Government Document
Geographic Area: North America

Keywords: climate change, decision framework, implemen-
tation, managed relocation, native plant transfer guidelines,
seed transfer zones

Abstract: Assisted migration may be necessary as a climate
change adaptation strategy for native plant species that are less
adaptive or mobile. Moving plants has been practiced a long
time in human history, but movement of species in response
to climate change is a new context. First proposed in 1985,
assisted migration has gained attention since 2007 as a strategy
to prevent species extinction, minimize economic loss, and
sustain ecosystem services. We present a synthesis of proposed
assisted migration guidelines and provide resources for nurser-
ies, landowners, and researchers.

Link: http://www.treesearch.fs.fed.us/pubs/45634

380. Williams MI, Dumroese RK. 2014. Planning the
future’s forests with assisted migration. In: Sample VA, Bixler
RP, editors. Forest Conservation and Management in the
Anthropocene: Adaptation of Science, Policy, and Practices.
Fort Collins (CO): USDA Forest Service, Rocky Mountain
Research Station. Proceedings RMRS-P-71. p 133-144.

Type: Government Document

Geographic Area: Global
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Keywords: assisted migration, strategies, review, forest
management

Abstract: Studies show that changes in climate may exceed
plant adaptation and migration. The mismatch in rates between
climate change and plant adaptation and migration will pose
significant challenges for practitioners that select, grow, and
outplant native tree species. Native tree species and populations
that are planted today must meet the climatic challenges that
they will face during this century. Anticipated shifts in climate
call for the revision of ethical, legal, political, and economical
paradigms, as well as changes in the guidelines for growing
and outplanting trees to maximize survival and curtail malad-
aptation. Growing trees that survive may be more important
than growing perfectly shaped trees and may require selection
of adapted genetic material and/or movement of plant popula-
tions (for example, assisted migration). We review and explore
assisted migration as an adaptation strategy, present some
working examples, and provide resources for consultation.

Link: http://www.treesearch.fs.fed.us/pubs/46582

135



CHAPTER 3 o

Migration

General (339-380)—debates, reviews,

trends, surveys, summaries
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Each reference contains the following:

#. Author(s), Date. Title. Source. —

ID number and
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book, book section, conference
paper, dissertation, government

Type: document, journal article,

newsletter, presentation, report,
thesis or web page

Geographic Area: — location of study
keywords written by the
Keywords: ——————1 author(s) or provided by the
compilers

abstract, summary, or
portions of the introduction

Description: —— or conclusion written by the
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compilers

Link: internet address of reference
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381. Ager A, Nordh NE, Ledin S, Ostry M, Carlson
M, Ronnberg-Wastljung A. 1990. International trans-
fer of Alnus, Populus, and Salix germplasm: early test results.
Biomass 22:49-62.

Type: Journal
Geographic Area: Canada, USA, Sweden

Keywords: biomass, alders, poplars, willows, energy forestry,
tree improvement

Abstract: The interim results of a genetic testing program
established within the International Energy Agency (IEA)
Forestry Energy Agreement are reported. The ‘Joint Evaluation
Activity’ was initiated to evaluate Alnus, Populus and Salix
germplasm collected by IEA projects and national programs.
The project was designed to compare the growth rates of select-
ed genetic materials under a variety of growing environments,
and identify germplasm with potential for biomass cultivation.
The project was also designed to examine the limitations of
long-distance international transfer of alder, poplar, and wil-
low clones/provenances ~ species among national biomass
programs. Four field tests were established, each containing
selected clones and provenances of alder poplar and willow.
Three-year growth data are reported here that identify genetic
materials with superior growth potential in one or more of the
test environments. They also identify the maximum climatic
tolerance of several previously untested species/provenances.
The results can be used to guide the selection of materials for
future exchanges among the national programs participating in
the study.

382. Aitken SN, Whitlock MC. 2013. Assisted gene
flow to facilitate local adaptation to climate change. Annual
Review of Ecology, Evolution, and Systematics 44:367-388.

Type: Journal
Geographic Area: Global

Keywords: assisted migration, evolutionary rescue, ge-
netic rescue, outbreeding depression, phenotypic plasticity,
seed transfer, ecological restoration, reforestation, facilitated
adaptation

Abstract: Assisted gene flow (AGF) between populations has
the potential to mitigate maladaptation due to climate change.
However, AGF may cause outbreeding depression (especially
if source and recipient populations have been long isolated)
and may disrupt local adaptation to nonclimatic factors.
Selection should eliminate extrinsic outbreeding depression
due to adaptive differences in large populations, and simula-
tions suggest that, within a few generations, evolution should
resolve mild intrinsic outbreeding depression due to epistasis.
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To weigh the risks of AGF against those of maladaptation due
to climate change, we need to know the species’ extent of lo-
cal adaptation to climate and other environmental factors, as
well as its pattern of gene flow. AGF should be a powerful tool
for managing foundation and resource-producing species with
large populations and broad ranges that show signs of histori-
cal adaptation to local climatic conditions.

Link: http://www.annualreviews.org/doi/abs/10.1146/an-
nurev-ecolsys-110512-135747

383. Aitken SN, Yeaman S, Holliday JA, Wang T,
Curtis-McLane S. 2008. Adaptation, migration or extirpa-
tion: climate change outcomes for tree populations. Evolutionary
Applications 1:95-111.

Type: Journal
Geographic Area: Global

Keywords: conifer, ecological genetics, forest, gene flow, ge-
nomics, population, selection, species distribution models

Abstract: Species distribution models predict a wholesale re-
distribution of trees in the next century, yet migratory respons-
es necessary to spatially track climates far exceed maximum
post-glacial rates. The extent to which populations will adapt
will depend upon phenotypic variation, strength of selection,
fecundity, interspecific competition, and biotic interactions.
Populations of temperate and boreal trees show moderate to
strong clines in phenology and growth along temperature gra-
dients, indicating substantial local adaptation. Traits involved
in local adaptation appear to be the product of small effects
of many genes, and the resulting genotypic redundancy com-
bined with high fecundity may facilitate rapid local adaptation
despite high gene flow. Gene flow with preadapted alleles from
warmer climates may promote adaptation and migration at the
leading edge, while populations at the rear will likely face
extirpation. Widespread species with large populations and
high fecundity are likely to persist and adapt, but will likely
suffer adaptation lag for a few generations. As all tree species
will be suffering lags, interspecific competition may weaken,
facilitating persistence under suboptimal conditions. Species
with small populations, fragmented ranges, low fecundity, or
suffering declines due to introduced insects or diseases should
be candidates for facilitated migration.

Link: http://www3.botany.ubc.ca/rieseberglab/plantevol/Ait-
ken et al 2008.pdf

384. Alberto F)J, Aitken SN, Alia R, Gonzalez-
Martinez SC, Hanninen H, Kremer A, Lefevre F,
Lenormand T, Yeaman S, Whetten R, Savolainen
0. 2013. Potential for evolutionary responses to climate

change—evidence from tree populations. Global Change
Biology 19:1645-1661.

Type: Journal
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Geographic Area: Northern Hemisphere

Keywords: adaptive traits, conifers, local adaptation, natural
selection, phenotypic plasticity, provenance trial, quantitative
genetics

Abstract: Evolutionary responses are required for tree popu-
lations to be able to track climate change. Results of 250 years
of common garden experiments show that most forest trees
have evolved local adaptation, as evidenced by the adaptive
differentiation of populations in quantitative traits, reflecting
environmental conditions of population origins. On the basis
of the patterns of quantitative variation for 19 adaptation-re-
lated traits studied in 59 tree species (mostly temperate and
boreal species from the Northern Hemisphere), we found that
genetic differentiation between populations and clinal varia-
tion along environmental gradients were very common (re-
spectively, 90% and 78% of cases). Thus, responding to cli-
mate change will likely require that the quantitative traits of
populations again match their environments. We examine what
kind of information is needed for evaluating the potential to
respond, and what information is already available. We review
the genetic models related to selection responses, and what is
known currently about the genetic basis of the traits. We ad-
dress special problems to be found at the range margins, and
highlight the need for more modeling to understand specific is-
sues at southern and northern margins. We need new common
garden experiments for less known species. For extensively
studied species, new experiments are needed outside the cur-
rent ranges. Improving genomic information will allow better
prediction of responses. Competitive and other interactions
within species and interactions between species deserve more
consideration. Despite the long generation times, the strong
background in quantitative genetics and growing genomic
resources make forest trees useful species for climate change
research. The greatest adaptive response is expected when
populations are large, have high genetic variability, selection is
strong, and there is ecological opportunity for establishment of
better adapted genotypes.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23505261

385. Albrecht MA, Guerrant EO Jr, Maschinski },
Kennedy KL. 2011. A long-term view of rare plant reintro-
duction. Biological Conservation 144:2557-2558.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: rare plant conservation, literature
review

Introduction: Drawing on a literature review and survey
questionnaires, Godefroid et al. (2011) explore how demo-
graphic, genetic, and ecological factors influence success rates
in plant reintroductions and present valuable recommendations
to improve plant reintroduction success. But we are concerned
that the generally dismal picture they paint may erroneously be

137



CHAPTER 3

viewed by conservation practitioners, land managers, and pol-
icy makers as being broadly representative of reintroduction in
general, causing hesitation or even dismissing reintroduction
as a beneficial conservation tool.

386. Anderson AS, Reside AE, VanDerWal JJ, Shoo
LP, Pearson RG, Williams SE. 2012. Immigrants and
refugees: the importance of dispersal in mediating biotic attrition
under climate change. Global Change Biology 18:2126-2134.

Type: Journal
Geographic Area: Australia

Keywords: climate change, global warming, MAXENT,
montane tropics, ornithology, range shift

Abstract: Montane tropical rainforests are critically important
areas for global bird diversity, but are projected to be highly
vulnerable to contemporary climate change. Upslope shifts of
lowland species may partially offset declines in upland spe-
cies but also result in a process of lowland biotic attrition. This
latter process is contingent on the absence of species adapted
to novel warm climates, and isolation from pools of potential
colonizers. In the Australian Wet Tropics, species distribution
modelling has forecast critical declines in suitable environ-
mental areas for upland endemic birds, raising the question of
the future role of both natural and assisted dispersal in species
survival, but information is lacking for important neighbouring
rainforest regions. Here we use expanded geographic coverage
of data to model the realized distributions of 120 bird species
found in north-eastern Australian rainforest, including species
from potential source locations in the north and recipient lo-
cations in the south. We reaffirm previous conclusions as to
the high vulnerability of this fauna to global warming, and
extend the list of species whose suitable environmental area
is projected to decrease. However, we find that expansion of
suitable area for some species currently restricted to northern
rainforests has the potential to offset biotic attrition in lowland
forest of the Australian Wet Tropics. By examining contrasting
dispersal scenarios, we show that responses to climate change
in this region may critically depend on dispersal limitation, as
climate change shifts the suitable environmental envelopes
of many species south into currently unsuitable habitats. For
lowland and northern species, future change in vegetation con-
nectivity across contemporary habitat barriers is likely to be
an important mediator of climate change impacts. In contrast,
upland species are projected to become increasingly isolated
and restricted. Their survival is likely to be more dependent
on the viability of assisted migration, and the emergence and
persistence of suitable environments at recipient locations.

387. BC Ministry of Forests. 2009. Assisted migra-
tion adaptation trial. British Columbia, Canada: BC Ministry
of Forests, Land and Natural Resource Operations. (URL ac-
cessed 29 November 2015)

138

MIGRATION -

RESEARCH

Type: Web Page
Geographic Area: Western North America
Compilers’ Keywords: forest management, climate change

Summary: Approximately 200 million seedlings are plant-
ed in BC each year. When those trees are harvested 60-80
years after they are planted, the climate could be 3-4 degrees
warmer than when the seedlings were planted, exposing
the trees to maladaptation and health risks. Consequently,
Ministry of Forests, Land and Natural Resource Operations
researchers have initiated a large, long-term climate change
research study—the Assisted Migration Adaptation Trial
(AMAT)—to better understand tree species’ climate toler-
ances. Seeds from 15 species growing in BC and neighbor-
ing U.S. states were planted between 2009 and 2012 at 48 re-
forestation sites from northern California to southern Yukon.
Their growth and health will be monitored, and related to the
climate of the plantations, enabling researchers to identify
the seed sources most likely to be best adapted to current
and future climates. The information will be used to revise
BC’s species and seed source selection guidelines, helping
to ensure maximum health and productivity of BC’s planted
forests well into the future.

Link: http://www.for.gov.bc.ca/hre/forgen/interior/ AMAT.
htm

388. Beardmore T, Winder R. 2011. Review of science-
based assessments of species vulnerability: contributions to
decision-making for assisted migration. The Forestry Chronicle
87:745-754.

Type: Journal
Geographic Area: Canada

Keywords: climate change, forest species, vulnerability
assessments

Abstract: Assessing climate change impacts on forest spe-
cies can significantly assist forest management planning.
Recently, many tools have been developed for assessing
species-specific vulnerability to climate change. These tools
are question-based assessments that consider multiple crite-
ria for individual species; the criteria are related to exposure
and sensitivity to climate change. The following tools are dis-
cussed in relation to their use in Canada: (1) the NatureServe
Climate Change Vulnerability Index; (2) the System for
Assessing Vulnerability of Species to Climate Change
(SAVS); (3) the Forest Tree Genetic Risk Assessment; (4)
the Index for Predicting Tree Species Vulnerability; (5)
ecological standards developed for the assisted migration
of Torreya taxifolia; and (6) the Seeds of Success Program.
These tools can all be applied to different forest species and
they vary in such areas as their species-specific evaluation
criteria, means for addressing uncertainty, and the integra-
tion of climate change models.
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389. Beckage B, Osborne B, Gavin DG, Pucko C,
Siccama T, Perkins T. 2008. A rapid upward shift of a for-
est ecotone during 40 years of warming in the Green Mountains

of Vermont. Proceedings of the National Academy of Sciences
USA 105:4197-4202.

Type: Journal
Geographic Area: Northeastern USA
Keywords: climate change, range shifts

Abstract: Detecting latitudinal range shifts of forest trees in
response to recent climate change is difficult because of slow
demographic rates and limited dispersal but may be facilitated
by spatially compressed climatic zones along elevation gra-
dients in montane environments. We resurveyed forest plots
established in 1964 along elevation transects in the Green
Mountains (Vermont) to examine whether a shift had occurred
in the location of the northern hardwood-boreal forest eco-
tone (NBE) from 1964 to 2004. We found a 19% increase in
dominance of northern hardwoods from 70% in 1964 to 89%
in 2004 in the lower half of the NBE. This shift was driven by
a decrease (up to 76%) in boreal and increase (up to 16%) in
northern hardwood basal area within the lower portions of the
ecotone. We used aerial photographs and satellite imagery to
estimate a 91- to 119-m upslope shift in the upper limits of the
NBE from 1962 to 2005. The upward shift is consistent with
regional climatic change during the same period; interpolating
climate data to the NBE showed a 1.1 °C increase in annual
temperature, which would predict a 208-m upslope movement
of the ecotone, along with a 34% increase in precipitation.
The rapid upward movement of the NBE indicates little in-
ertia to climatically induced range shifts in montane forests;
the upslope shift may have been accelerated by high turnover
in canopy trees that provided opportunities for ingrowth of
lower elevation species. Our results indicate that high-eleva-
tion forests may be jeopardized by climate change sooner than
anticipated.

Link: http://www.ncbi.nlm.nih.gov/pubmed/18334647

390. Becker U, Dostal P, Jorritsma-Wienk LD,
Matthies D. 2008. The spatial scale of adaptive population
differentiation in a wide-spread, well-dispersed plant species.
Oikos 117:1865-1873.

Type: Journal
Geographic Area: Europe

Compilers’ Keywords: adaptation, Hypochoeris radicata, re-
ciprocal transplant, genetic variation, gene flow

Abstract: Adaptation to the specific conditions at different
sites may contribute strongly to the wide distribution of a plant
species. However, little is known about the scale at which such
adaptation occurs in common species. We studied population
differentiation, plasticity and local adaptation of the short-lived
perennial Hypochoeris radicata, a widespread and common
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plant whose seeds are well dispersed. We reciprocally trans-
planted seedlings among several populations of different size
within and among three European regions (in the northwest
Czech Republic, central Germany and the central Netherlands)
and studied several fitness-related traits over two growing
seasons. The region in which the reciprocal transplant experi-
ment was carried out had no influence on the performance of
seedlings, indicating that there were no differences in overall
habitat quality. In contrast, the site within region, and the plot
within site strongly influenced mean plant performance. Plants
from different populations of origin differed in their perfor-
mance, indicating genetic variation among populations, but
performance strongly depended on the specific combination
of population of origin and transplant site. Plants that grew at
their home site produced on average almost twice the number
of seeds per transplant (a multiplicative fitness measure) than
foreign plants originating from other sites. Survival, rosette
size and multiplicative fitness all decreased with increasing
distance from the home site to the transplant site. The size of
the population of origin did not influence overall plant perfor-
mance or the strength of local adaptation. In conclusion, our
results indicate that the common and widespread H. radicata
consists of locally adapted genotypes within its European range
at a relatively small scale. Thus a large potential for gene flow
by seeds and a high density of populations do not appear to
be sufficient to prevent population differentiation by selection.

391. Bennie J, Hodgson JA, Lawson CR, Holloway
CT, Roy DB, Brereton T, Thomas CD, Wilson RJ.
201 3. Range expansion through fragmented landscapes under
avariable climate. Ecology Letters 16:921-929.

Type: Journal
Geographic Area: United Kingdom

Keywords: climate variability, colonization, environmental
threshold model, extinction, habitat networks, mechanis-
tic model, metapopulation dynamics, microrefugia, species
distribution

Abstract: Ecological responses to climate change may de-
pend on complex patterns of variability in weather and local
microclimate that overlay global increases in mean tempera-
ture. Here, we show that high-resolution temporal and spatial
variability in temperature drives the dynamics of range expan-
sion for an exemplar species, the butterfly Hesperia comma.
Using fine-resolution (5 m) models of vegetation surface mi-
croclimate, we estimate the thermal suitability of 906 habitat
patches at the species’ range margin for 27 years. Population
and metapopulation models that incorporate this dynamic mi-
croclimate surface improve predictions of observed annual
changes to population density and patch occupancy dynam-
ics during the species’ range expansion from 1982 to 2009.
Our findings reveal how fine-scale, short-term environmental
variability drives rates and patterns of range expansion through
spatially localized, intermittent episodes of expansion and
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contraction. Incorporating dynamic microclimates can thus
improve models of species range shifts at spatial and temporal
scales relevant to conservation interventions.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23701124

392. Bennuah SY, Wang T, Aitken SN. 2004.
Genetic analysis of the Picea sitchensis x glauca introgression
zone in British Columbia. Forest Ecology and Management
197:65-77.

Type: Journal
Geographic Area: Western Canada

Keywords: Sitka spruce, white spruce, introgression zone,
hybrid index, STS markers, allozymes, geographic pattern

Abstract: A genetic analysis of the introgression zone be-
tween Sitka spruce (Picea sitchensis) and white spruce (P
glauca) in northwestern British Columbia was conducted
to (1) quantify the contributions of parental species to in-
trogressed populations; (2) characterize genetic patterns
of variation across the introgression zone; and (3) address
practical issues of gene resource management in this region.
Seeds were sampled and seedlings grown from 57 putative
hybrid parent trees from 16 locations across the introgres-
sion zone. Foliage samples were also obtained for allopatric
Sitka and white spruce reference populations. Based on al-
lele frequencies for sequence-tagged-site (STS) molecular
markers, a hybrid index was developed that reflects the
relative contribution of Sitka spruce to hybrid populations (0
= white spruce, 1 = Sitka spruce). Mean STS hybrid index
estimates ranged from 0.46 to 0.95 for locations within the
zone of introgression. Significant differences in hybrid index
were observed among sampling locations. Hybrid indices
decreased from the coast to the interior within the introgres-
sion zone in spite of large among family variation within
locations. Variation among locations in hybrid index was
better explained by geographic variables than by climatic
or ecological variables. Physical drainage distance along
river valleys to the nearest marine inlet explained 78% of
the variation in STS hybrid index. Concordant clines were
obtained when the same analytical techniques were applied
to published allozyme frequencies for seedlots originating
from a wider geographic area across the introgression zone.
Allozyme hybrid index estimates ranged from 0.01 to 0.98.
The relatively steep cline observed in hybrid index across
the maritime/continental climate ecotone is best managed by
limiting longitudinal seed transfer for reforestation in this
region.

393. Biere A, Verhoeven KJF. 2008. Local adaptation
and the consequences of being dislocated for coevolved enemies.
New Phytologist 180:265-268.

Type: Journal
Geographic Area: Global
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Compilers’ Keywords: assisted migration, translocation,
maladaptation, commentary, Laccaria, editorial

Introduction: Plants are being moved across the globe at an
increasing rate both within and outside their current distribu-
tional range. Research in the past few decades has focused in-
tensely on invasive exotic plant species that are moved outside
their distributional range. Such invaders can have dramatic
impacts on indigenous communities through altered biotic in-
teractions with competitors, mutualists, and antagonists. But
likewise, translocation within the distributional range exposes
nonnative plant genotypes to interactions with nonlocal co-
evolved competitors, mutualists, and antagonists. A major con-
cern in restoration ecology is that translocation of seeds from
foreign seed sources introduces plant genotypes that are mal-
adapted to local conditions and subsequently hybridize with
locally adapted conspecifics, decreasing mean population fit-
ness. Interestingly, while local adaptation of plants to their abi-
otic environment is well documented, warranting the concern,
studies of plant local adaptation to their biotic environment
have shown less unequivocal results, ranging from local adap-
tion to local maladaptation for interactions with antagonists. A
large reciprocal transplant field study by Cremieux et al. re-
ported in this issue of New Phytologist, offers a prime example
of the diversity of outcomes of altered biotic interactions that
we can observe following translocation of plants within their
current distributional range even within a single community.
In one plant species, local plant genotypes were more resistant
to the local demes of specialist antagonist than nonlocal plant
genotypes, suggesting plant local adaptation to important as-
pects of the biotic environment. However, in another plant spe-
cies, the reverse pattern was observed. The take-home message
from this study is a teeth-grinder for restoration ecologists: it
is hard to make a general prediction as to whether foreign seed
provenances pose a risk of introducing alleles causing low bi-
otic resistance in the restoration area or not.

394. Bodin ), Badeau V, Bruno E, Cluzeau C,
Moisselin }J-M, Walther GR, Dupouey J-L. 2013.
Shifts of forest species along an elevational gradient in Southeast
France: climate change or stand maturation? Journal of
Vegetation Science 24:269-283.

Type: Journal
Geographic Area: Southeast France

Keywords: elevation, forest dynamics, forest inventory, land-
use change, long-term monitoring, mountains of Southeast
France, niche, modelling, plant species shift

Abstract: Recent vegetation changes in mountain areas are
often explained by climate warming. However, effects of land-
use changes, such as recolonization of abandoned pastures by
forest, are difficult to separate from those of climate change.
Even within forest belts, changes in stand structure due to
forest management and stand maturation could confound the
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climate signal. Here, we evaluate the direction and rate of
plant species elevation shifts in mountain forests, considering
the role of stand dynamics. We compared floristic data from
the French National Forest Inventory collected in the 1980s
and 1990s. They provided a large-scale (30,985 plots) and rep-
resentative sample of vegetation between 0 and 2500 m a.s.l.
Species response curves along the elevation and exposure gra-
dients were fitted with a logistic regression model. In order to
assess the effect of changes in successional stages of the forest
stands, we compared plant species shifts in the whole set of
stands with those solely in closed stands. A total of 62 species
shifted downward, whereas 113 shifted upward, resulting in a
significant upward mean shift of 17.9 m. Upward shifting spe-
cies were preferentially woody and heliophilous, suggesting a
role for forest closure and maturation in the observed changes.
Excluding all open forest stages from analyses, the upward
trend became weaker (-3.0 m) and was not significant. Forests
of the study area have undergone closure and maturation, more
strongly at lower altitudes than at higher ones, producing an
apparent shift of species. In the mountain relief of Southeast
France, changes in the successional stages of stands appear
as the main cause of the apparent upslope movement of for-
est species. Since a similar trend of forest maturation exists in
large areas throughout Europe, forest dynamics should be bet-
ter taken into account among the causes of vegetation changes
before inferring any climate change effect.

Link: http://onlinelibrary.wiley.com/doi/10.1111/j.1654-
1103.2012.01456 x/full

395. Box EO, Crumpacker DW, Hardin ED. 1999.
Predicted effects of climate change on distribution of ecological-
ly important native tree and shrub species in Florida. Climatic
Change 41:213-248.

Type: Journal
Geographic Area: Florida, USA

Compilers’ Keywords: climatic envelope model, temperate
species, tropical species

Abstract: A previously developed plant species-climatic en-
velope model was evaluated further and used to predict effects
of hypothesized climatic change on the potential distribution
of 124 native woody plant species in Florida, U.S.A. Twelve
scenarios were investigated. These included mean annual tem-
perature increases of 1 °C or 2 °C, achieved either by equal 1
°C or 2 °C increases on a monthly basis throughout the year, or
by disproportionately larger seasonal increases in winter and
smaller ones in summer. The various temperature increases
were then combined with each of several precipitation chang-
es, ranging from +10% to —20%, to produce the final set of
scenarios. More detailed analysis involving six of the scenarios
and a subset of 28 representative, ecologically important spe-
cies suggested that (1) large decreases in the Florida range of
many temperate species would result if 1 °C warming occurs
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predominantly in winter or with a 20% decrease in annual
precipitation, or (2) if 2 °C warming occurs, with or without
decrease in annual precipitation, and regardless of whether
there is a uniform monthly warming pattern or one that is
higher in winter than in summer. Available information con-
cerning other factors that might also affect climatic-change
responses suggests that these large predicted impacts on tem-
perate Florida species may be underestimates. Subtropical
Florida species will tend to move north and inland with warm-
ing but extensive human assistance may be needed, if they are
to realize their newly expanded, potential natural ranges.

396.Bradley BA, Blumenthal DM, Early R, Grosholz
ED, Lawler J), Miller LP, Sorte CJB, D'Antonio CM,
Diez JM, Dukes JS, Ibanez I, Olden JD. 2012. Global
change, global trade, and the next wave of plant invasions.
Frontiers in Ecology and the Environment 10:20-28.

Type: Journal
Geographic Area: North America

Compilers’ Keywords: non-native plants, climate change,
horticulture trade, drought-tolerance, migration, review

Abstract: Many non-native plants in the U.S. have become
problematic invaders of native and managed ecosystems, but
a new generation of invasive species may be at our doorstep.
Here, we review trends in the horticultural trade and invasion
patterns of previously introduced species and show that novel
species introductions from emerging horticultural trade part-
ners are likely to rapidly increase invasion risk. At the same
time, climate change and water restrictions are increasing de-
mand for new types of species adapted to warm and dry envi-
ronments. This confluence of forces could expose the U.S. to
a range of new invasive species, including many from tropical
and semiarid Africa as well as the Middle East. Risk assess-
ment strategies have proven successful elsewhere at identify-
ing and preventing invasions, although some modifications are
needed to address emerging threats. Now is the time to imple-
ment horticulture import screening measures to prevent this
new wave of plant invasions.

Link: http://web.ics.purdue.edu/~jsdukes/BradleyEtAI2012.
pdf

397. Brooker RW, Travis JM, Clark EJ, Dytham C.
2007. Modelling species’ range shifts in a changing climate: the
impacts of biotic interactions, dispersal distance and the rate of
climate change. Journal of Theoretical Biology 245:59-65.

Type: Journal
Geographic Area: Global

Keywords: climate change, biodiversity, range shifting, biotic
interactions, dispersal, modelling

Abstract: There is an urgent need for accurate prediction of
climate change impacts on species ranges. Current reliance on
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bioclimatic envelope approaches ignores important biological
processes such as interactions and dispersal. Although much
debated, it is unclear how such processes might influence
range shifting. Using individual-based modelling we show that
interspecific interactions and dispersal ability interact with the
rate of climate change to determine range-shifting dynamics
in a simulated community with two growth forms—mutualists
and competitors. Interactions determine spatial arrangements
of species prior to the onset of rapid climate change. These
lead to space-occupancy effects that limit the rate of expansion
of the fast-growing competitors but which can be overcome
by increased long-distance dispersal. As the rate of climate
change increases, lower levels of long-distance dispersal can
drive the mutualists to extinction, demonstrating the potential
for subtle process balances, non-linear dynamics and abrupt
changes from species coexistence to species loss during cli-
mate change.

Link: http://www.ncbi.nlm.nih.gov/pubmed/17087974

398. Burke MB, Lobell DB, Guarino L. 2009.
Shifts in African crop climates by 2050, and the implications for
crop improvement and genetic resources conservation. Global
Environmental Change 19:317-325.

Type: Journal
Geographic Area: Africa

Keywords: maize, Africa, genetic resources, climate change,
adaptation, sorghum, millet

Abstract: Increased understanding of the substantial threat
climate change poses to agriculture has not been met with a
similarly improved understanding of how best to respond.
Here we examine likely shifts in crop climates in Sub-Saharan
Africa under climate change to 2050, and explore the impli-
cations for agricultural adaptation, with particular focus on
identifying priorities in crop breeding and the conservation
of crop genetic resources. We find that for three of Africa’s
primary cereal crops—maize, millet, and sorghum—expected
changes in growing season temperature are considerable and
dwarf changes projected for precipitation, with the warm-
est recent temperatures on average cooler than almost 9 out
of 10 expected observations by 2050. For the “novel” crop
climates currently unrepresented in each country but likely
extant there in 2050, we identify current analogs across the
continent. The majority of African countries will have novel
climates over at least half of their current crop area by 2050.
Of these countries, 75% will have novel climates with analogs
in the current climate of at least five other countries, suggest-
ing that international movement of germplasm will be neces-
sary for adaptation. A more troubling set of countries—Ilargely
the hotter Sahelian countries—will have climates with few
analogs for any crop. Finally, we identify countries, such as
Sudan, Cameroon, and Nigeria, whose current crop areas are
analogs to many future climates but that are poorly represented
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in major genebanks—promising locations in which to focus
future genetic resource conservation efforts.

Link: http://www.stanford.edu/~mburke/papers/burke%20
et%20al%20GEC%202009.pdf

399. Burrows MT, Schoeman DS, Richardson
AJ, Molinos )G, Hoffmann A, Buckley LB, Moore
P), Brown (], Bruno JF, Duarte CM, Halpern BS,
Hoegh-Guldberg O, Kappel CV, Kiessling W,
O0’Connor MI, Pandolfi JM, Parmesan C, Sydeman
W), Ferrier S, Williams KJ, Poloczanska ES. 2014.
Geographical limits to species-range shifts are suggested by cli-
mate velocity. Nature 507:492-495.

Type: Journal
Geographic Area: Global

Compilers’ Keywords: migration, biodiversity, climate
change, climate niche, species distributions, modelling,
trajectories

Abstract: The reorganization of patterns of species diver-
sity driven by anthropogenic climate change, and the con-
sequences for humans, are not yet fully understood or ap-
preciated. Nevertheless, changes in climate conditions are
useful for predicting shifts in species distributions at global
and local scales. Here we use the velocity of climate change
to derive spatial trajectories for climatic niches from 1960
to 2009 (ref. 7) and from 2006 to 2100, and use the proper-
ties of these trajectories to infer changes in species distribu-
tions. Coastlines act as barriers and locally cooler areas act
as attractors for trajectories, creating source and sink areas
for local climatic conditions. Climate source areas indicate
where locally novel conditions are not connected to areas
where similar climates previously occurred, and are thereby
inaccessible to climate migrants tracking isotherms: 16% of
global surface area for 1960 to 2009, and 34% of ocean for
the ‘business as usual’ climate scenario (representative con-
centration pathway (RCP) 8.5) representing continued use of
fossil fuels without mitigation. Climate sink areas are where
climate conditions locally disappear, potentially blocking the
movement of climate migrants. Sink areas comprise 1.0% of
ocean area and 3.6% of land and are prevalent on coasts and
high ground. Using this approach to infer shifts in species
distributions gives global and regional maps of the expected
direction and rate of shifts of climate migrants, and suggests
areas of potential loss of species richness.

Link: http://www.ncbi.nlm.nih.gov/pubmed/24509712

400. Byrne M, Stone L, Millar MA. 2011. Assessing
genetic risk in revegetation. Journal of Applied Ecology
48:1365-1373.

Type: Journal
Geographic Area: Global
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Keywords: gene flow, genetic change, hybridisation, out-
breeding depression, pollen dispersal, risk assessment

Abstract: Revegetation can provide major environmental
benefits in degraded landscapes, but there is also potential for
negative impacts from genetic change in local native popula-
tions. Broad areas of revegetation may provide a large source of
foreign genes in landscapes where small remnant native popu-
lations act as a sink. Genetic change from hybridisation can
threaten population persistence and contribute to species ex-
tinction through genetic assimilation or demographic swamp-
ing. Implementation of revegtation within a risk management
framework allows identification of risk factors, analysis and
evaluation of risk to inform decision-making and manage-
ment to minimize and mitigate the risk. Informed analysis and
evaluation of genetic risk is important in revegetation because
it will be difficult to control or reverse the impacts in natural
ecosystems and they are often not expressed until the second
generation or later. A risk assessment protocol is presented
based on evaluation of factors that influence the likelihood and
consequences of adverse genetic change from revegetation
arising through pollen dispersal. The assessment is applicable
to a broad ranges of revegetation activities and contributes to
the development of informed decision-making processes in
implementation of revegetation systems and land use practices
that protect and enhance biodiversity in degraded landscapes.
Implementation of revegetation programmes within a risk
management framework will help to ensure that significant en-
vironmental benefits are captured with minimal concomitant
negative impacts on the surrounding biodiversity. A genetic
risk protocol provides a tool for evaluation of potential adverse
genetic impacts on native populations from revegetation and
can be implemented in conjunction with weed risk assessment.
Risk assessment as an integral part of evaluation of environ-
mental impact for large-scale revegetation programmes will
contribute to the development of informed decision-making
processes in the implementation of revegetation systems, and
ultimately, it will aid in the development of land uses that pro-
tect and enhance biodiversity in degraded landscapes.

401. Chuine 1. 2010. Why does phenology drive species
distribution? Philosophical Transactions of the Royal Society
B: Biological Sciences 365:3149-3160.

Type: Journal
Geographic Area: Global
Keywords: fitness, adaptation, niche, species distribution

Abstract: Despite the numerous studies which have been
conducted during the past decade on species ranges and their
relationship to the environment, our understanding of how
environmental conditions shape species distribution is still far
from complete. Yet, some process-based species distribution
models have been able to simulate plants and insects distri-
bution at a global scale. These models strongly rely on the
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completion of the annual cycle of the species and therefore on
their accomplished phenology. In particular, they have shown
that the northern limit of species’ ranges appears to be caused
mainly by the inability to undergo full fruit maturation, while
the southern limit appears to be caused by the inability to flow-
er or unfold leaves owing to a lack of chilling temperatures
that are necessary to break bud dormancy. I discuss here why
phenology is a key adaptive trait in shaping species distribu-
tion using mostly examples from plant species, which have
been the most documented. After discussing how phenology is
involved in fitness and why it is an adaptive trait susceptible to
evolve quickly in changing climate conditions, I describe how
phenology is related to fitness in species distribution process-
based models and discuss the fate of species under climate
change scenarios using model projections and experimental or
field studies from the literature.

Link: http://www.ncbi.nlm.nih.gov/pubmed/20819809

402. Corlett RT, Westcott DA. 2013. Will plant move-
ments keep up with climate change? Trends in Ecology and
Evolution 28:482-488.

Type: Journal
Geographic Area: Global
Compilers’ Keywords: review, migration, velocity, tracking

Abstract: In the face of anthropogenic climate change, spe-
cies must acclimate, adapt, move, or die. Although some spe-
cies are moving already, their ability to keep up with the faster
changes expected in the future is unclear. ‘Migration lag’ is a
particular concern with plants, because it could threaten both
biodiversity and carbon storage. Plant movements are not real-
istically represented in models currently used to predict future
vegetation and carbon-cycle feedbacks, so there is an urgent
need to understand how much of a problem failure to track
climate change is likely to be. Therefore, in this review, we
compare how fast plants need to move with how fast they can
move; that is, the velocity of climate change with the velocity
of plant movement.

Link: http://www.ncbi.nlm.nih.gov/pubmed/23721732

403. Damschen El, Harrison S, Ackerly DD,
Fernandez-Going BM, Anacker BL. 2012. Endemic
plant communities on special soils: early victims or hardy sur-
vivors of climate change? Journal of Ecology 100:1122-1130.
Type: Journal

Geographic Area: Global

Keywords: assisted migration, azonal vegetation, commu-
nity, conservation, edaphic, functional diversity, managed
relocation, plant-climate interactions, risk, serpentine, species
diversity

Abstract: Predicting and mitigating climate change effects
on ecological communities is a tremendous challenge. Little
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attention has been given to how endemic-rich communities
on isolated patches of low-nutrient soil (e.g. serpentine) will
respond to climate change. To address spatial factors (the iso-
lated nature of outcrops), we incorporate habitat patchiness
into species distribution models under climate change. The
degree of overlap between current and future suitable habitat
does not change when patchy habitats are incorporated, prob-
ably because serpentine occurs in mountainous regions where
climatically and edaphically suitable regions geographically
coincide. The dispersal distances required to move to newly
suitable habitat are large, however, making successful migra-
tion unlikely. To address how non-spatial factors affect the cli-
mate change responses of serpentine plant communities (e.g.
the impacts of nutrient limitation and stress-tolerant functional
traits), we conduct a literature review. Some studies suggest
that serpentine communities may be at less risk than ‘normal’
soil communities due to their stress-tolerant functional traits,
but there is also evidence to the contrary. Assessing climate
change risk for the world’s diverse edaphic floras requires
determining impacts on both special and ‘normal’ soil com-
munities. Studies are needed that use functional traits, evalu-
ate the role of evolutionary and ecological plasticity, examine
responses across spatial and temporal scales and assess the ef-
ficacy of managed relocation efforts.

404. Davies AL. 2011. Long-term approaches to native
woodland restoration: palaeoecological and stakeholder per-
spectives on Atlantic forests of northern Europe. Forest Ecology
and Management 261:751-763.

Type: Journal
Geographic Area: Northern Europe

Keywords: long-term ecology, western oakwood, stakeholder
perspectives, palacoecology, adaptive management

Abstract: The long timeframes involved in woodland regen-
eration and adaptation introduce considerable uncertainty into
management and conservation planning as most ecological
datasets span only a small part of ecosystem dynamics. This
is a particular concern in vulnerable habitats, such as Atlantic
birch-oak woods in north-western Britain, where range edge
populations are at risk from herbivory and climate change.
This study combines historical palacoecology and stakeholder
observations to assess how multiple perspectives can inform
existing models, expectations and goals for Atlantic woodland
management. Long-term evidence for changing woodland
composition addresses stakeholder uncertainties over the cur-
rently restricted distribution of oak, alder and hazel. Oak has
remained a secondary component of birch-dominated woods
and habitat definitions based on oak are too narrow to ensure
sustainability. Birch has survived numerous periods of climatic
and biotic adversity and shows the strongest positive response
to historic reductions in grazing pressure. This has led to a
pulse of regeneration since ¢. AD 1900, so current restoration
efforts are taking place within the strongest period of woodland
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expansion in the last ¢. 500 years. Positive and negative cultur-
al legacies are evident and intervention is considered a neces-
sary restoration tool. Managed grazing at key stages of habitat
development can support continued recruitment and regenera-
tion. A more flexible and integrated management approach is
recommended. Long-term ecology can provide direction and
address uncertainties, while ecological and stakeholder evi-
dence provide the detail necessary to develop effective man-
agement that incorporates ecosystem perspectives. This can
help shape management strategies that balance possible con-
flicts over perceived short-term ‘damage’ to secure longer term
processes. Learning based on multiple temporal perspectives
has the potential to contribute to conservation and restoration
planning and practice. These principles are more widely ap-
plicable in adaptive management.

405. Diaz S, Cabido M. 1997. Plant functional types
and ecosystem function in relation to global change. Journal of
Vegetation Science 8:463-474.

Type: Journal
Geographic Area: Global

Keywords: Argentina, climate change, plant functional trait,
regional gradient

Abstract: Plant functional types (PFTs) bridge the gap between
plant physiology and community and ecosystem processes,
thus providing a powerful tool in climate change research. We
aimed at identifying PFTs within the flora of central-western
Argentina, and to explore their possible consequences for eco-
system function. We analyzed 24 vegetative and regenerative
traits of the 100 most abundant species along a steep climatic
gradient. Based on plant traits and standard multivariate tech-
niques, we identified eight PFTs. Our results confirmed, over
a wide range of climatic conditions, the occurrence of broad
recurrent patterns of association among plant traits reported
for other floras; namely trade-offs between high investment in
photosynthesis and growth on the one hand, and preferential
allocation to storage and defense on the other. Regenerative
traits were only partially coupled with vegetative traits. Using
easily-measured plant traits and individual species cover in 63
sites, we predicted main community ecosystem processes along
the regional gradient. We hypothesized likely impacts of global
climatic change on PFTs and ecosystems in situ, and analysed
their probabilities of migrating in response to changing climatic
conditions. Finally, we discuss the advantages and limitations
of this kind of approach in predicting changes in plant distribu-
tion and in ecosystem processes over the next century.

Link: http://www.dpi.inpe.br/referata/arqg/16 Andre/Diaz e
Cabido 1997.pdf

406. Drayton B, Primack RB. 2012. Success rates for
reintroductions of eight perennial plant species after 15 years.
Restoration Ecology 20:299-303.
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Type: Journal
Geographic Area: Eastern USA

Keywords: plant conservation, plant reintroduction, reintro-
duction methods

Abstract: The creation of new populations of rare and en-
dangered plant species has become well-established as a
standard technique in conservation and restoration ecology.
However, much remains unknown about the actual rates of
success or failure of such reintroductions. Recent research
suggests that in part this reflects under-reporting of failures.
In 2000, the authors published a paper reporting rates of suc-
cess in reintroducing eight perennial plant species into two
reserves near Boston, MA, in 1994-1995. In 2010, the au-
thors conducted a census of the experimental sites 15 years
after reintroduction; almost all the populations reported in
2000 had disappeared. The implications for reintroduction
methodology, with respect to establishing and reporting both
successful and unsuccessful experiments are discussed.

407. Duran KL, Lowrey TK, Parmenter RR, Lewis
PO. 2005. Genetic diversity in Chihuahuan Desert popu-
lations of creosotebush (Zygophyllaceae: Larrea tridentata).
American Journal of Botany 92:722-729.

Type: Journal
Geographic Area: Mexico, Southwestern USA

Keywords: biogeography, Chihuahuan Desert, creosotebush,
genetic variation, isozymes, Larrea tridentata, population
genetics, Zygophyllaceae

Abstract: We examined isozyme variation in the dominant
Chihuahuan Desert shrub, Larrea tridentata (creosotebush),
to determine the genetic variation within and among popula-
tions, the biogeographic relationships of populations, and the
potential inbreeding in the species. We surveyed 17 popula-
tions consisting of 20 to 50 individuals per population along a
1600 km north—south transect across the Chihuahuan Desert.
The southernmost population was near Villa Hidalgo, Mexico,
and the northernmost near Isleta Pueblo, New Mexico. All 12
isozyme loci examined were polymorphic (H, = 0.416), with
up to nine alleles per locus. Despite high levels of variation,
we detected moderate inbreeding in L. tridentata popula-
tions. Most variation was found within rather than among
populations (Ggr = 0.118). Furthermore, recently estab-
lished populations in the northern limits of the Chihuahuan
Desert did not show decreased levels of genetic variation
(H,= 0.336). A significant correlation was found between pair-
wise genetic and geographic distances (r = 0.305). Larrea triden-
tata showed and continues to show a massive range expansion
into the arid and semi-arid regions of the American Southwest,
but as shown by the high genetic variation, this expansion took
place as a wave, rather than a series of founder events.

Link: http://sev.lternet.edu/sites/default/files/sev306 duran
etal ajb 2005.pdf
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408. Elith ), Leathwick JR. 2009. Species distribution
models: ecological explanation and prediction across space and
time. Annual Review of Ecology, Evolution, and Systematics
40:677-697.

Type: Journal
Geographic Area: Global

Keywords: climate change, invasions, niche, predict, pres-
ence-only, spatial

Abstract: Species distribution models (SDMs) are numerical
tools that combine observations of species occurrence or abun-
dance with environmental estimates. They are used to gain eco-
logical and evolutionary insights and to predict distributions
across landscapes, sometimes requiring extrapolation in space
and time. SDMs are now widely used across terrestrial, fresh-
water, and marine realms. Differences in methods between dis-
ciplines reflect both differences in species mobility and in “es-
tablished use.” Model realism and robustness is influenced by
selection of relevant predictors and modeling method, consid-
eration of scale, how the interplay between environmental and
geographic factors is handled, and the extent of extrapolation.
Current linkages between SDM practice and ecological theory
are often weak, hindering progress. Remaining challenges in-
clude: improvement of methods for modeling presence-only
data and for model selection and evaluation; accounting for
biotic interactions; and assessing model uncertainty.

Link: http://mgel.env.duke.edu/wp-content/workshop-drop-
box/Elith Leathwick 2009.pdf

409. Elith ), Phillips S), Hastie T, Dudik M, Chee
YE, Yates CJ. 2011. A statistical explanation of MaxEnt for
ecologists. Diversity and Distributions 17:43-57.

Type: Journal
Geographic Area: Global

Keywords: absence, ecological niche, entropy, machine learn-
ing, presence-only, species distribution model

Abstract: MaxEnt is a program for modelling species dis-
tributions from presence only species records. This paper is
written for ecologists and describes the MaxEnt model from
a statistical perspective, making explicit links between the
structure of the model, decisions required in producing a
modelled distribution, and knowledge about the species and
the data that might affect those decisions. To begin we discuss
the characteristics of presence-only data, highlighting implica-
tions for modelling distributions. We particularly focus on the
problems of sample bias and lack of information on species
prevalence. The keystone of the paper is a new statistical ex-
planation of MaxEnt which shows that the model minimizes
the relative entropy between two probability densities (one
estimated from the presence data and one, from the landscape)
defined in covariate space. For many users, this viewpoint is
likely to be a more accessible way to understand the model
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than previous ones that rely on machine learning concepts. We
then step through a detailed explanation of MaxEnt describing
key components (e.g. covariates and features, and definition
of the landscape extent), the mechanics of model fitting (e.g.
feature selection, constraints and regularization) and outputs.
Using case studies for a Banksia species native to south-west
Australia and a riverine fish, we fit models and interpret them,
exploring why certain choices affect the result and what this
means. The fish example illustrates use of the model with vec-
tor data for linear river segments rather than raster (gridded)
data. Appropriate treatments for survey bias, unprojected data,
locally restricted species, and predicting to environments out-
side the range of the training data are demonstrated, and new
capabilities discussed. Online appendices include additional
details of the model and the mathematical links between pre-
vious explanations and this one, example code and data, and
further information on the case studies.

Link: http://nate2.myweb.uga.edu/FANR8400/Elith
etal 2010 maxent%20for%20ecologists.pdf

410. Fernandez M, Hamilton H, Kueppers LM.
201 3. Characterizing uncertainty in species distribution mod-
els derived from interpolated weather station data. Ecosphere
4:1-17.

Type: Journal

Geographic Area: North America

Keywords: climate-based niche models, gridded climate,
uncertainty

Abstract: Species distribution models (SDMs) are used to
generate hypotheses regarding the potential distributions of
species under different environmental conditions, such as fore-
casts of species range shifts in response to climate change and
predictions of invasive species range expansions. However, an
accurate description of species’ geographic ranges as a func-
tion of the environment requires that species observations
and climatic variables are measured at the same spatial and
temporal resolution, which is usually not the case. Weather
station data are interpolated and these resulting continuous
data layers are incorporated into SDMs, often without any
uncertainty assessment. Here we quantify the effects of three
unrelated but complementary aspects of uncertainty in weather
station interpolations on SDM performance using MaxEnt. We
examine the influence of topographic heterogeneity, interan-
nual variability, and distance to station on the over- and un-
der-prediction of modeled North American bird distributions.
Our species observations are derived from presence-absence
information for 20 bird species with well-known distributions.
These three metrics of uncertainty in interpolated weather sta-
tion data have varying contributions to over- and under predic-
tion errors in SDMs. Topographic heterogeneity had the high-
est contribution to omission errors; the lowest contribution to
commission errors was from Euclidean distance to station. The
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results confirm the importance of establishing an appropriate
relational basis in time and space between species and climatic
layers, providing key operational criteria for selection of spe-
cies observations fed into SDMs. Our findings highlight the
importance of identifying weather stations locations used in
interpolated products, which will allow a characterization of
some aspects of uncertainty and identification of regions where
users need to be particularly careful when making a decision
based on a SDM.

411. Fischer ), Lindenmayer DB. 2000. An assess-
ment of the published results of animal relocations. Biological
Conservation 96:1-11.

Type: Journal
Geographic Area: Global

Keywords: translocation, re-introduction, supplementation,
relocation, re-introduction success

Abstract: We reviewed 180 case studies and a number of
theoretical papers on animal relocations published in 12 ma-
jor international scientific journals over the last 20 years. The
study focused on re-introductions, supplementations and trans-
locations. We did not assess introductions. Re-introductions
were the most common type of relocation (116/180); three
quarters of these were conducted for conservation purposes.
Supplementations (48/180) and translocations (36/180) oc-
curred less frequently, and both were commonly carried out for
reasons other than conservation. Simple descriptive statistics
were used to analyze factors influencing relocation success.
Translocations that aimed to solve human animal conflicts
generally failed. Re-introduction success was not found to
have changed over the last two decades, but re-introductions
appeared to be more successful when the source population
was wild, a large number of animals was released (n >100),
and the cause of original decline was removed. More complex
trends were found for the effect of predation and the use of sup-
portive measures such as provision of food or shelter, or preda-
tor control prior to release. The success of 47% of reintroduc-
tions was uncertain at the time case studies were published in
journals. This was partly due to the lack of generally accepted
and widely applied criteria to assess success. Very few case
studies (3%) reported the cost of the relocation attempt. We
conclude that there were three primary aims for animal reloca-
tions. These were to solve human-animal conflicts, to restock
game populations, and conservation. Our extensive review
of the present literature leads us to conclude that the value of
animal relocations as a conservation tool could be enhanced
through (1) more rigorous testing for the appropriateness of
the approach in a given case, (2) the establishment of widely
used and generally accepted criteria for judging the success or
failure of relocations, (3) better monitoring after a relocation,
(4) better financial accountability, and (5) greater effort to pub-
lish the results of relocations, even ones that are unsuccessful.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-347. 2015
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412. Freeman DC, Turner WA, McArthur ED,
Graham JH. 1991. Characterization of a narrow hybrid zone

between two subspecies of big sagebrush. American Journal of
Botany 78:805-815.

Type: Journal
Geographic Area: Utah, USA

Compilers’ Keywords: Artemisia tridentata, morphological
variation

Abstract: Hybridization between Artemisia tridentata ssp.
tridentata and A. t. ssp. vaseyana occurs in a narrow eleva-
tional zone along the west face and canyons of the Wasatch
Mountains of Utah. Two sites in central Utah (Orem and Salt
Creek) were examined. The parental taxa differ in anatomy,
morphology, flavonoid and coumarin content, as well as vari-
ous growth parameters. Hybrids are intermediate for the ma-
jority of traits examined, including flavonoid and coumarin
composition. Multivariate statistics show that these taxa can
be unambiguously identified using simple field measures of
morphology. A hybrid index was constructed using principal
component analyses on morphological variables.

Link: http://facultyweb.berry.edu/jgraham/Wang%?20Nar-
row%204%20Rec.pdf

413. Godefroid S, Piazza C, Rossi G, Buord S,
Stevens A, Aguraiuja R, Cowell C, Weekley CW,
Vogg G, Iriondo JM, Johnson |, Dixon B, Gordon
DR, Magnanon §, Valentin B, Bjureke K, Koopman
R, Vicens M, Virevaire M, Vanderborght T.
2011. How successful are plant species reintroductions?
Biological Conservation 144:672-682.

Type: Journal
Geographic Area: Global

Keywords: species translocation, population reinforcement,
population supplementation, population augmentation, re-
stored populations

Abstract: Reintroduction of native species has become in-
creasingly important in conservation worldwide for recovery
of rare species and restoration purposes. However, few stud-
ies have reported the outcome of reintroduction efforts in
plant species. Using data from the literature combined with
a questionnaire survey, this paper analyses 249 plant species
reintroductions worldwide by assessing the methods used and
the results obtained from these reintroduction experiments.
The objectives were: (1) to examine how successful plant
species reintroductions have been so far in establishing or sig-
nificantly augmenting viable, self-sustaining populations in
nature; (2) to determine the conditions under which we might
expect plant species reintroductions to be most successful; (3)
to make the results of this survey available for future plant
reintroduction trials. Results indicate that survival, flowering
and fruiting rates of reintroduced plants are generally quite low
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(on average 52%, 19% and 16%, respectively). Furthermore,
our results show a success rate decline in individual experi-
ments with time. Survival rates reported in the literature are
also much higher (78% on average) than those mentioned
by survey participants (33% on average). We identified vari-
ous parameters that positively influence plant reintroduction
outcomes, e.g., working in protected sites, using seedlings,
increasing the number of reintroduced individuals, mixing ma-
terial from diverse populations, using transplants from stable
source populations, site preparation or management effort and
knowledge of the genetic variation of the target species. This
study also revealed shortcomings of common experimental de-
signs that greatly limit the interpretation of plant reintroduction
studies: (1) insufficient monitoring following reintroduction
(usually ceasing after 4 years); (2) inadequate documentation,
which is especially acute for reintroductions that are regarded
as failures; (3) lack of understanding of the underlying reasons
for decline in existing plant populations; (4) overly optimis-
tic evaluation of success based on short-term results; and (5)
poorly defined success criteria for reintroduction projects. We
therefore conclude that the value of plant reintroductions as a
conservation tool could be improved by: (1) an increased focus
on species biology; (2) using a higher number of transplants
(preferring seedlings rather than seeds); (3) taking better ac-
count of seed production and recruitment when assessing the
success of reintroductions; (4) a consistent long-term monitor-
ing after reintroduction.

Link: http://www.researchgate.net/publication/229104055
How successful are plant species reintroductions/file/

d912f513etbd06d991.pdf

414. Gray LK. 2011. Assisted migration to address
climate change: recommendations for reforestation in west-
ern Canada [Dissertation]. Edmonton, Alberta, Canada:
University of Alberta. 229 p.

Type: Dissertation
Geographic Area: Western Canada

Compilers’ Keywords: tree populations, seed sources, forest
management

Abstract: A changing climate is the largest threat to forest
productivity in western Canada and to the ability of forested
landscapes to provide ecological and economic services, both
now and in the future. As climate changes, locally adapted tree
populations become mismatched with local conditions, lead-
ing to mal-adaptation that may result in a reduction in forest
health and productivity. This problem can be reduced with
interventions that match reforestation stock to anticipated fu-
ture environments. As such, there is a pressing need to inform
such actions by carefully developing and contextualizing sci-
entific information and by applying it to provincial reforesta-
tion policies. Assisted migration is a climate change adaptation
strategy used in the forestry sector, where species and seed
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sources are moved to new locations. The goal of this thesis
is to develop a methodological framework to guide assisted
migration efforts for forest trees in western Canada, under a
comprehensive range of future climate projections. To assist
with these management needs I create a new ecosystem-based
climate envelope modeling approach for 16 commercially im-
portant tree species. Habitat projections show populations al-
ready geographically lag behind their optimal climate and the
magnitude of this lag is projected to double for the 2020s. The
most pronounced habitat shifts are projected to occur in the bo-
real forests and the Rocky Mountains, predominately affecting
black spruce, tamarack, white spruce and aspen populations.
In a case study for Alberta, I find that genotypes of species
that are adapted to drier climatic conditions will be the pre-
ferred planting stock over much of the commercially managed
boreal forest. Interestingly, no alternate non-native species to
Alberta that were examined in this study can be recommended
with any confidence as planting stock. Finally, I observe high
uncertainty in projections of suitable habitat for most species
making reforestation planning beyond the 2050s difficult.
Using genetic and remote sensing data for aspen populations,
I show that habitat projections from climate envelope models
under observed climate change conform well to empirical data
on loss of aspen productivity and genetic data on sub-optimal
growth due to mal-adaptation.

415. Gray LK, Hamann A. 201 3. Tracking suitable habi-
tat for tree populations under climate change in western North
America. Climatic Change 117:289-303.

Type: Journal
Geographic Area: Western North America

Compilers’ Keywords: transfer guidelines, assisted migra-
tion, bioclimate envelope modeling, Random Forest, optimal
climate

Abstract: An important criticism of bioclimate envelope
models is that many wide-ranging species consist of locally
adapted populations that may all lag behind their optimal cli-
mate habitat under climate change, and thus should be modeled
separately. Here, we apply a bioclimate envelope model that
tracks habitat of individual populations to estimate adaptation
lags for 15 wide-ranging forest tree species in western North
America. An ensemble classifier modeling approach (Random
Forest) was used to spatially project the climate space of tree
populations under observed climate trends (1970s to 2000s)
and multi-model projections for the 2020s, 2050s, and 2080s.
We find that, on average, populations already lag behind their
optimal climate niche by approximately 130 km in latitude, or
60 m in elevation. For the 2020s we expect an average lag of
approximately 310 km in latitude or 140 m in elevation, with
the most pronounced geographic lags in the Rocky Mountains
and the boreal forest. We show that our results could in prin-
ciple be applied to guide assisted migration of planting stock in
reforestation programs using a general formula where 100 km
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north shift is equivalent to approximately 44 m upward shift
in elevation. However, additional non-climatic factors should
be considered when matching reforestation stock to suitable
planting environments.

Link: http://www.ualberta.ca/~ahamann/publications/pdfs/
Gray Hamann 2012.pdf

416. Gray LK, Gylander T, Mbogga MS, Chen P,
Hamann A. 2011. Assisted migration to address climate
change: recommendations for aspen reforestation in western
Canada. Ecological Applications 21:1591-1603.

Type: Journal
Geographic Area: Western Canada

Keywords: bioclimate