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Douglas-fir—long distance seed transfer




Bates. 1930. Journal of
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THE FROST HARDINESS OF GEOGRAPHIC STRAINS
OF NORWAY PINE'

By C. G. BATES
Silviculturist, Lake States Forest Experiment Station

BORWAY PINE is a species
0 which covers a comparatively
PEAN narrow latitudinal range, al-
though in its range from the north-
eastern coast to the Lake States and
southern Canada it encounters summer
temperature differences of about 10° F.
(say from 56° to 66° F., for the four
months, from June to September) and
considerably greater differences in mid-
winter temperatures {say from — 35 and
—40° F. in the northwestern part of the
range to not much below zero in the
Alleghenies, these being mean annual
minima). Nearly as great differences
are found in winter if mean January
temperatures be considered, or from o®
to 30° F.

Because of its great commercial value
and its extensive use on reforestation
projects, Norway pinc has been chosen
by the Lake States Forest Experiment
Starion as the first species to be subjected
to a scrutinizing study of geographical,
varietal, and individual differences, or in
other words to a " breeding™ study
whose primary purpose is to determine
what " seed zones ™ should be recognized
in order to avert failures in planting due
to lack of local adaptation. But because
of the great uniformity of appearance
and development of the species, as well

“The essential resclts of the experiment
here described were given in Technical Note
Mo 22 of the Lake 5States Forest Experiment
Station under date of Janvary, 1930

as the considerations mentioned in the
firet paragraph above, the writer has felt
some doubts as to whether outstanding
differences would be likely to be de-
veloped by such 2 study. Therefore, to
“ anticipate ' to some extent the results
of field comparisons which were started
ar the same time through nursery sow-
ings of 41 different collections of Norway
pine seed, an indoor experiment was be-
gun which it was hoped would bring out
the existence of physiological differences
affecting hardiness. Without geing into
the question of what comprises hardiness
to freezing and what causes the tree to
prepare itself for freezing temperatures,
it may be stated as more or less obvious
that differences within a species should
develop according as its local forms have
become adapted to long or short growing
seasons, to high or low growing tempera-
tures, and to moderately or extremely
low winter temperatures.

The idea of this experiment was sug-
gested directly by the work of De. R, B,
Harvey on the hardiness of a great vari-
ety of woody and herbaceous plants, and
the experiment was made possible by his
codperation and the use of his specially
designed equipment for such studies at
the University of Minnesota, this being
principally in the form of refrigeration
rooms which can be set at any reasonable
temperature. We wish to express our
gratitude for the splendid cobperation
El‘rm;
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Tree Seed Zone Map
(1966, revised 1972)

Elevarion bands
Jor all zones:
500’ bands jor all species

Randall and Berrang. 2002
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* Climate changeis likely to have serious negative
consequences on forest growth and health
* AM proposed to help maintainadaptation.
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* Climate changeis likely to have serious negative
consequences on forest growth and health

* AMin forestryis about maintaining adaptation of
forests and dependent ecosystems.
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Elsevier Science Publishers B.V .. Azsierdam

Genetic strategies for reforestation in the face of
global climate change

F. Thomas Ledig® and J.H. Kitzmiller®
*Institute of Fores: Genetics, Pacz-ic Soushwest Researck Station, USDA Forest Service, P.O. Box 245,

Beeieley. €4 94701, USA
- ramer Lane, Chico, CA 95926, L'SA

*Chico Trec Improvement Contes. LS4 Forest 5 2
1 Accepild 9 April 1991 )

ABSTRACT

Ledig, F.T. and Kitzmiller, J.H.. 1992 Genetic strategies for reforestation in the face of global climate
change. For. Ecol Manage., 50t 153-16%.

If global warming materializes as projected. natural or anificial regeneration of forests with local
seed sources will become increasingly difficuls. However, global warming is far from a certzinty and
prediclions of its magnitude and tmang vary at least vaofold. In the face of such uncertaingy. refores-

iversification, and broader deployment of species,

Lation sirategics should emphasize cosservation, d
seed sources, and families, Planting programs may have 1o deploy non-local seed sources. imporied
mw; e ficcessilales a system for conserving sative gene
pools in seed banks or clone banks. Planung a diverse array of species or seed sources is 3 hedge
against the uncertainty inherent in current projections of warming. Most iree improvement programs

already siress genetic diversity and deployment of multi-progeny mixes, but may betier prepare for
climate change by testing selections im an even wider sex of environments than it now the =178

INTRODUCTION

Numerous stresses threaten forests in the next century. Chlorofluorocar-
bons will probably deplete the earth’s protective ozone layer by 7%, perhaps,
reducing yield in some crop plants and forest trees (Caldwell et al., 1989).
Other atmospheric pollutants are already destroying forests or changing for-
€5t composition in some areas, such as the Los Angeles Basin (Miller, 1973)
and the Valley of Mexico. Acid deposition is leaching soils, which may in time
affect forest growth even in areas remote from sources of pollution (Schulze,
1989). And finally, mean annual temperatures are projected to increase 2.5°C
by the year 2050 as a result of the release of ‘greenhouse gases’, i.e. methane,

Correspondence to: F.T. Ledig, Inststute of Forest Genetics, Pacific Southwest Research Sia-
tion. USDA Forest Service, P.O. Box 245, Berkeley, CA 94701, USA.

€ 1992 Elsevier Science Publishers B V. All nighis reserved 0378-1127/92,/505.00
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* Inforestry, AMis about maintaining adaptation.
* Transfersinvolve short ecological, climate, and

geographicdistance.

* In conservation biology, AMis about avoiding

extinction.
* Transfersofteninvolve longecological, climate

and geographicdistance.
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Placing Forestry in the Assisted
Migration Debate

JOHN H. PEDLAR, DANIEL W. McKENNEY, ISABELLE AUBIN, TANNIS BEARDMORE, JEAN BEAULIEU,
LOUIS IVERSON, GREGORY A. O'NEILL, RICHARD S. WINDER, AND CATHERINE STE-MARIE

Table 1. Comparison between forestry assisted migration (AM) and species rescue AM.

Topic

Forestry AM

Species rescue AM

Intended outcome

Target species
Focal biological unit
Movement logistics

Risks

Feasibility of science-
based implementation

Scope

Cost

Practice

Maintain forest productivity and health under climate
change

Widespread, commercially valuable species
Focuses on the movement of populations

Often within the curment range of the species or within
modest range extensions

Limited potential for creating an exotic invasive, limited
potential to hybridize with new species, and limited
potential to introduce disease to new populations or to
other species

Provenance data for many commercial tree species,
established seed procurement and storage methods,
established best practices around plantation
establishment. and autecology often well described

Potential to be employed across the millions of hectares

that are regenerated annually in North America

Adds little to existing forest regeneration costs (see the
text for caveats)

Already implemented in several regions

Avoid extinctions among species threatened by climate
change

Species of conservation concern
Focuses on the movement of species
Often well outside the current natural range of species

Some potential for creating an exotic invasive, some
potential to hybridize with new species, and some potential
to introduce disease to other species

Provenance data not typically available, seeds not typically
procured or stored, establishment best practices often not
known, and autecology well described for relatively few
high-profile and well-studied species

Likely limited to suitable microsites
Costs vary widely with the scope of the initiative

Very few known cases being implemented

www.biosciencemag.org

September 2012 / Vol. 62 No. 9 * BioScience 835
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Biological Conservation

journal homepage: www.elsevier.com/locate/biocon

Perspective

Using assisted colonisation to conserve biodiversity and restore ecosystem
function under climate change

lan D. Lunt®, Margaret Byrne ™*, Jessica J. Hellmann®, Nicola J. Mitchell“, Stephen T. Garnett ,
Matt W. Hayward ’, Tara G. Martin®, Eve McDonald-Maddden 5", Stephen E. Williams ', Kerstin K. Zander®

*Institute for lond, Water & Sociery, Charles Sturt Universicy, Abury, NSW, Australio

* Department of Environment and Comservation, Bentley, WA, Australia

“ Department of Biological Sdences, University of Notre Dame, Notre Dame, IN, LISA

2 Centre for Evolutionary Biology, School of Animal Bobgy, University of Western Austrelis, Crowley, WA, Australio
* Research Instduie for The Environment and Livelihoods, Charies Darwin University, Cassaring, NT, Australis

! Aus trodion Wikdlfe Conservancy, Nichols Point, Victoria, Australio

EClimate Adoptation Flagship, CSIR0 Ecosystem Sdences, Dutton Park, Q. Australio

% ARC Centre for Excellence in Environmental Decisions. University of Queensiand St Lucie Qid. Austrafia

"Cenire for Tropical Biod iversity and Climate Change, jemes Cook University, Townsville, Qid Austrafio

ARTICLE INFO ABSTRACT
Artile history: Assisted colonisation has received considerable attention recently, and the nsks and benefits of introduc-
Received 15 Apnl 2012 iNg taxa to sites beyond their historical ange have been vigomusly debated. The debate has primanly

Received in revised form 6 August 2002
Accepted 24 August 2012
Available online 29 NMovember 2012

focused on using assisted colonization to enhance the persistence of taxa that would otherwise be
stranded in unsuitable habitat as a consequence of anthropogenic dimate change and habitat fragmen-
tation, However, a complementary motivation for assisted colonisation could be to relocate taxa to
restore declining ecosystem processes that suppornt biodiversity in recipient sites. We compare the ben-

mm efits and nsks of spedes introductions motivated by either goal, which we respectively term "push’ versus
Ecological replacernent k - ; ; ? ; : 2 i

MEinaped relneation pull’ strategies for introductions to preserve single species or for restoration of ecological processes. We
Climate change adaptation highlight that, by focusing on push and neglecting pull options, ecologists have greatly under-estimated
Erosystem management potential benefits and risks that may result from assisted colonisation, Assisted colonisation may receive
Restoration higher priority in climate change adaptation strategies if relocated taxa perform valuable ecological func-
Transdoction tions { pull ) rather than have bttle collateral benefit {push ). Potential roles incude enhancang resistance to

invasion by undesired species, suppoming co-dependent species, performing keystone funcrions, provid-
ing temporally critical resources, replacing taxa of low ecological redundancy. and avoiding time lags in
the provisioning of desired functions.

Crown Copyright © 2012 Published by Elsevier Ltd. All rights reserved.
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lllingworth Lodgepole Pine Provenance Test
Test site = Community Lake
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lllingworth Lodgepole Pine Provenance Test
Test site = Community Lake
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lllingworth Lodgepole Pine Provenance Test
Test site = Community Lake
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lllingworth Lodgepole Pine Provenance Test
Test site = Community Lake
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Assisted Migration Adaptation Trial (AMAT)
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Abies losiocarpa - Sub-gipine fir

Betula papyrifera - Poper Birch
Coliitropsis nootkatensis - Yellow cypress
Larix occidentalis - Western larch

Ficea glauca = P. engelmannii - interior spruce
Ficea sitchensis - 5itka spruce

Finus contorta - Lodgepole pine

Finus monticola - Western white pine

Finus ponderoso - Ponderosg pine

Fopulus tremuloides - Trembling aspen
Fseudotsuga menziesii - Douglas-fir

Thujo plicota - Western redcedar

Teugo heterophyiia - Western hemiock
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Website

http://www.for.egov.bc.ca/hre/forgen/
interior/AMAT.htm




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