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Seed transfer guidelines/zones
▪ Way to constrain the movement
of germplasm so as to reduce the
chance of maladaptation

▪ Fixed zone approach
▪ Focal point (floating zone)

Local adaptation of populations
▪ A century of local adaptation
research

▪ Early reforestation in PNW
▪ Development of seed transfer
guidelines (1939, 1966)

▪ Canadian guidelines from 1940s1960’s, regulated in 1987

Celebrating the Siuslaw: A Century of Growth, Siuslaw National Forest

Seed transfer zones, updated
• Genecological studies show differences in
the degree of local adaptation
• Refinement of seed zones (Randall and Berrang 2002)

What about shrubs and
herbs?
▪ Little research and shrubs/herbs
assumed to be generally adapted

▪ But life history characteristics
suggest otherwise (Chai et el. 2013)
▪
▪
▪
▪

Stature
Pollination/mating systems
Ploidy
Lifespan

▪ Recent genecological work (Horning et
al. 2008, St. Clair et al. 2013)

Horning et al. 2008

In the meantime: provisional seed zones
1. Level III or IV Ecoregions
2. Bower et al. 2008: Based on intersection of
▪ Omernick’s Level III Ecoregions
▪ MAP/MAT (aridity index)
▪ Min winter Temp

▪ Explained the greatest proportion of variation in
9 traits in 3 spp.

Natural species and population
responses to climate change
▪ Experiencing climate change, plants may:
▪ Adapt through phenotypic plasticity
▪ Evolve through natural selection
▪ Migrate through gene flow (pollen and seed movement)

▪ Tree populations migrated during Pleistocene: 20-40 km/century
(and up to 150 km/century)

▪ Current projections require 300-400 km/century to avoid
maladaptation (Davis and Shaw 2001)

▪ Migration of locally adapted populations: May require assisted
migration
Davis and Shaw 2001

Assisted migration: multiple concepts
Dumroese 2014)

(Williams and

The case for assisted population migration
(Williams and Dumroese 2014, Gray et al. 2011)

▪ The process mimics natural migration process

▪ The movement of forestry stock is a long-tested and implemented
practice

▪ Ecosystem impacts less from introducing new genotype of present
species (small proportion of invasives from intra-continental transfer)

▪ Well-tested predictive habitat models can guide movements for the
common species impacted by these practices

Assisted Migration
Adaptation Trial
▪ BC Ministry of Forests
▪ 48 sites, 15 spp., 49 seed lots

https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/treeseed/forest-genetics/seed-transfer-climate-change/assisted-migration-adaptation-trial

Case study: Adaptation Forestry in Minnesota’s
Northwoods
▪ Julie Etterson (U.Minn), Mark White and Meredith
Cornett (Nature Conservancy)

▪ Plant 2000 acres of boreal and northern hardwoods in
NE Minnesota with a mix of more warm –adapted
native trees

▪ Focus on Bur Oak, Red Oak, White Pine (Less emphasis
on quaking aspen, paper birch, white spruce, and jack
pine)

▪ Initial results: good survivorship of climate-focused
plant palette, greater growth from southern MN
provenances

Climate Change Response Framework
https://forestadaptation.org/node/216

Forestry Commission England

Recommendations and Regulations in the
Northwest
(Kasten and Dumroese 2013)

▪ Province of BC (2009, O’Neill 2008) modified seed transfer
standards to allow 200m upslope movement , western
larch to be planted slightly north of current range

▪ Climate Based Seed Transfer (CBST, Ministry of Forests,
2018) using CBST seedlot selection tool

▪ Alberta relaxing seed transfer guidelines to allow
replanting lodgepole pine with tamarack and
ponderosa pine

▪ Province of Alberta allowing for movement of materials
2°N or 200 m upslope

Guidelines for AM
▪ Only engage in AM if you are able to monitor outcomes

▪ Aim for short-term change projections (Gray and Hamman 2013)
▪ Projections become less certain beyond 20 years
▪ Seedling and sapling stages most vulnerable
▪ Larger shifts entail greater ecosystem impact risks

▪ Include a portfolio of genotypes in plantings to provide “insurance”
▪ The level of diversity included should match the level of uncertainty

Tools
▪ Seed zone maps:
http://www.dnr.wa.gov/Publications/lm_wfn_seedzone_book.pdf
▪ http://www.forestseedlingnetwork.com/resources/seed-zone-maps.aspx)

▪ Western Wildland Environmental Threat Assessment Center:
https://www.fs.fed.us/wwetac/threat-map/TRMSeedZoneData.php

▪ RNGR: https://www.rngr.net/resources/assisted-migration
▪ USDA Forest Service: reforestation, nurseries, and genetic resources
▪ Seedlot selection tool: https://seedlotselectiontool.org/sst/

▪ Seedwhere? http://seedwhere.com/index.php?randNum=13706

Seedlot selection tool

(Howe and St. Clair, Conservation Biology Institute)

Seedlot selection tool

Risk framework for sourcing
(Havens et al. 2015)

What are the challenges for nurseries?
▪ Bulking seedlots at a sufficiently fine scale for these provenancing
methods

▪ Getting sufficient time to grow specific seed sources
▪ Connecting with forestry or restoration professionals out of
immediate area

▪ Finding appropriate seed sources for some projects

How should restoration practitioners proceed?
▪ Use a diverse plant palette with a bias toward heat and droughttolerance

▪ Consider seeking funds for monitoring survivorship and success of nonlocal provenances

▪ Consider relaxed local or conservative composite provenancing for
shrubs, herbs or trees without extensive genecological data available
▪ Bias non-local seed sources toward south and lower elevations
▪ Use provisional seed zones as a guide for distance of transfer
▪ Consider disturbance level, landscape use, aesthetics, and risk
acceptance for project or location

How should restoration practitioners proceed?
▪ For well-studied tree species, consider seedlot selection tool to incorporate
some proportion of climate-preadapted plant material into plantings
▪ Only if some monitoring is possible
▪ Using transfer guidelines from literature (1-2°N movement) and winter
temp, summer or annual precipitation, or from seed zone extents

▪ Talk to your local nurseries (perhaps in collaboration with other groups)
about
▪ Providing standardized information about seed source
▪ Contract growing or collection in warmer areas
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Drought-tolerant plant palette
Drought tolerant native trees:

▪ Douglas-fir (Pseudotsuga menziesii)
▪ Shore pine (Pinus contorta)
▪ Madrone (Arbutus menziesii)
▪ Pacific dogwood (Cornus nuttallii)
▪ Rocky mountain maple (Acer glabrum)

Drought-tolerant plant palette
Drought tolerant native shrubs:

▪ Serviceberry (Amelanchier alnifolia)

▪ Snowbrush (Ceanothus velutinus)

▪ Red-flowering currant (Ribes sanguineum)

▪ Oceanspray (Holodiscus discolor)

▪ common snowberry (Symphoricarpos albus)

▪ Beaked hazel (Corylus cornuta)

▪ creeping snowberry (Symphoricarpos mollis)

▪ Salal (Gaultheria shallon)

▪ Bracken fern (Pteridium aquilinum)

▪ Oregon boxwood (Pachystima

▪ baldhip rose (Rosa gymnocarpa)

myrsinites)

▪ Tall Oregon grape (Mahonia aquifolium)
▪ Low Oregon grape (Mahonia nervosa)

Others
Moister-regime plants with fair drought tolerance:
Evergreen huckleberry, red huckleberry, dinebark, sword fern,
Rhododendron, Nootka rose
Semi-native plants with high drought tolerance
Golden chinkapin (Castanopsis chrysophylla)
Silt-tassel bush (Garrya elliptica, G. fremontii)
California wax-myrtle (Morella californica

Climate Resources:
University of Washington Climate Impacts Group: https://cig.uw.edu/
Acccess most up to date research and summaries on climate impacts for Pacific Northwest

Western Wildland Environmental Threat Assessment Center
Seed zones: http://www.fs.fed.us/wwetac/threat_map/seed_zones/Seed_Zone_Google_Map_Links.pdf
Workshops on climate impacts and other information: http://www.fs.fed.us/wwetac/workshops/
NOAA climate data center: https://www.climate.gov/maps-data/datasets
Repository with a wide variety of climate-related maps and analyses
U.S. Global Change Research Program (USGCRP): http://www.globalchange.gov/home
A national portal for information and tools for climate change planning based on a collaboration of
13 government agencies.

USDA Climate Change Resource Center (CCRC): http://www.fs.fed.us/ccrc/
Information hub with climate primer, video lectures, document library, and tools
library (including a seed lot selector that can incorporate future modeled
climates).
Climate Adaptation Knowledge Exchange (CAKE): http://www.cakex.org/
A portal for climate change information including case studies, a virtual library,
directory of organizations involved in climate adaptation, data tools, news, and
links to other information hubs.
NOAA climate data center:https://www.climate.gov/maps-data/datasets
Geospatial data repository with a wide variety of climate-related maps and
analyses

Natureserve Climate Vulnerability Index: https://connect.natureserve.org/science/climatechange/ccvi
A free online database/tool that helps users identify plant or animal species that are susceptible to
impacts from climate change and predict the impacts to these species. Requires detailed input on
natural history attributes of species of interest.
NETMAP
http://www.fs.fed.us/ccrc/video/
Sea Level Affecting Marshes Model (SLAMM): http://www.csc.noaa.gov/digitalcoast/tools/slamm
A set of downloadable tools used in conjunction with ArcGIS in order to model and visualize the
effects of sea level rise on coastal areas.
NOAA Sea Level Rise Viewer:
http://csc.noaa.gov/slr/viewer/
An online tool for visualizing extent of predicted flooding in coastal areas of the United States at
various degrees of sea level rise. The tool will produce maps of marsh type and extent, flooding
extent, and vulnerable human populations at various scales as well as visualizations of flooding at
simulated photopoints.

Online and downloadable climate tools
Climate wizard: http://www.climatewizard.org/
Allows user to view and download maps and data showing projected and historical temperature
and precipitation based on General Circulation Models and PRISM data.

TACCIMO (The Template for Assessing Climate Change Impacts and Management Options):
http://www.sgcp.ncsu.edu:8090/
Allows users to access a large database of summarized research conclusions (and associated
citations) related to climate change effects and adaptation strategiesSearches can be customized
by geographic region, resource type, and effect type. The site also includes a mapping program
that displays historic and projected temperature and precipitation data with a wide array of
available models and a number of possible base layer features, including watersheds and
protected areas.
Forestry CPR (King county GIS program): http://gismaps.kingcounty.gov/ForestryCPR/
Provides estimates of area, water resources, carbon storage, development pressure, wildlife
habitat network proximity, and local protected area for tax parcels in King County using a mapping
interface. Also contains an interactive tutorial on land management, customized through responses
to questions about property characteristics.

