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Preface

We acknowledgethat we conduct our work activities on the treaty lands and territory of numerous and
diverse Indigenous Nations and pay tribute to their heritage and legacy.

We aimto walk lightly, harvest with respect and learn from local knowledge -keepers of every Nation.

NTSC Staff with Earth Keepers from the Confederacy of Mainland Mi'kmag and Unama’ki Institute of Natural Resources,
CapeBreton during a two-way knowledge exchange session, October 2021.
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Introduction

Seedsthatthrive support healthy ecosystems. A core principle of forest landscaperestoration is based
on sustaining natural biodiversity at multiplelevels. Thisincludes the inherited genetics within
individuals, adaptive variation between populations, the diversity of species within an ecosystem, and
the co-dependent relationships between species. Sustainable forest managementand renewal after
harvestisan important component of FLR and an importantdriver of tree seed supply systemsin
Canada.

For over 100 years, Canada’s forestindustry has developed robust tree improvement and genetic
conservation programs to supporttree seed supply needs (see Figure 1and read Canada’s second report
for the State of the World’s Forest GeneticResources [2022]). Foresters know the ideal planting locations
and growing conditions foreach region. They often prescribe the most suitable species and seed sources
to replant after harvestor natural disturbance. Tree breeding, provenance testing and seed orchards are
continually improving the volume and value of genetically improved seed for growth. Policymakers at all
levels of government are also considering assisted migration to sustain forest growth and resiliency
undera changing climate.

Specialized Skills: Specialized Skills: Lab & Field
. Seed Planning, Collectors & Testing, Seed Certification
Producers
Tracked Source(s):

Jh Y
a0 L) 7 ¢ M
o WY -«
&‘\?& )‘)«—‘ Wild stand/production

TEST]| ,— 05—

area or intensive 1%, 219,
3rd generation seed
orchards

Geneticists & breeders studying
heritable traits of seed plants.
Leads to selection and tracking
of the best parent plants for
seed collection and propagation.

Seed Processors, Bankers & Ecologists, Nursery

Recovery Program Specialists Growers, & Planters.
Monitoring & Reporting
helps adapt genetic
resource policies.

Figure 1. Areliableseed supply chainrequires specialized producers and skillsateach step.
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Reclamation and restoration (R&R) are important emerging FLR sectors capable of reversing damage to
fragmented and degraded forested landscapes across Canada. R&R projects often utilizeindustrial,
governmental, or non-profit environmental protection funding to conduct theirwork ratherthan timber
harvestingrevenue. According to Statistics Canada, 87% of Canadian businesses reported $8.9billionin
expenditures on environmental protection, 5.8% of which went to the protection and restoration of
biodiversity and habitat. Many local organizations and Canadians benefit or could benefit directly and
indirectly fromincreased R&R spending, includingthose who planttrees and supply the appropriate
plant material. Effective forest landscape restoration also builds on knowledge long held by local
Indigenous communities and other professional land managers.

Publicseed stewardship on all publiclands (including registration, processing, testing and banking at
adequately staffed facilities) is an importantinsurance policy to help publicland managers and nurseries
plantheirlong-term activities. In recent decades, privateand non-governmental organizations are
becoming more involved in seed stewardship and storage in some jurisdictions. Seed banking
organizations (includingthe National Tree Seed Centre) can have single or multiple missions. These can
operate ona for-profit or not-for-profit basis. Examplesinclude operational services, long-term
conservation, and research and recovery programs.

Since the year 2000, regional surveys have indicated a chroniclack of appropriate seed and nursery
stock available to support some reclamation and restoration practitioners in Canada. Many project
planners cannotfind the diversity, quantity and quality of native stock required. Additional financial
pressures, consolidations and a shrinking labour force appearto have led to a reductionin the number
of tree seedlings reportedly produced and sold in Canada (since reforestation nurseries were excluded in
2016, Figure 2). However, that survey excludes:

e farmsin Canada'sthree territories

e institutional farms

e communityfarms

e greenhousesthatare marijuanaproducers

e greenhousesornurseriesthat produce tree seedlings forreforestation
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Canadian Nursery Production 2008-2019 cﬁ”éﬁiﬁ?,‘iles [115144111]

Total number of trees grown and sold in Canada per year (grown in the field and in containers). In 2016, tree seedlings B Fruit trees [115144121]
grown in Canada intended for reforestation are not included in the annual survey.

SR Other trees and plants [115144611]
Source: Statistics Canada Table 32-10-0031-01 (formerly CANSIM 001-0057)

Shade and ornamental trees [115144131]

Tree seedlings [11514451]
500M

Average 432.74M
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oM
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30M
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20M

iom

Production Units Reported by Crop Type

oM

2016 2017 2018 2019

Figure 2. Trends intree production from Canadian producers from2008-2019.

Thissurvey aimed to answerthe overriding question by 2030 (and beyond): “Where will all the seeds
needed for sustainable forestry, restoration and reclamation in Canada come from and who will supply
them?” The survey was designed to be as inclusive as possible, as the activities and definitions for what
experts and non-experts considerto be effective forestlandscaperestoration are broad, overlapping
and evolving. While Canada’s indigenous tree and shrub species were the focus, we allowed and
retained any responses indicatingthe unmetdemand for othertaxa (non-woody plants and grasses).

Below isa summary of the key findings from each survey. We would like to thank everyonewho
contributed to thiswork or participatedin oursurveys. Please contact usif you have questions orwould
like to contribute additional feedback.
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Survey and Interview Methodology

A Canadian Forest Service (CFS) Cumulative Effects Project (CE-13, fiscal years 2019 to 2021) initiated
scopingforthisresearch.

Questions were determined from a 2019-2020 literature reviewand existing CFSforest geneticresource
surveys. A species-specificsupply and demand Excel workbook based on Morgenstern and Wang’s 1999
national reforestation seed supply data was developed but not deployed during the pandemic.

The first survey was shared with participants at the Society for Ecological Restoration’s 9th World
Conference (virtual, June 19to 24, 2021). Surveys and outreach were puton hold during the Fall 2021
federal election. Questions referring to “Growing Canada’s Forests” were amended toinclude or
substitute the “2Billion Trees program.” A collaborative research agreement was undertaken with
Wilder Climate Solutions and Accenture from February to December 2022. They were alsointerestedin
studying the Canadian tree seed supplychain.

From March 4 to May 2, 2022, five survey links were distributed by email to NTSCresearch
collaborators, regional tree improvement programs, publicly listed native seed and seedling producers,
nursery and landscape associations, seed collectors and producers, and planting organizations across
the country. We thank many NTSC collaborators and supporters who helped raise awareness of the
effortand/or provided mailing lists.

Natural Resources Canada promoted each survey through its social media channels (Twitter, LinkedIn
and Facebook) and NTSC collaborators shared within theirown social media networks. From March 1 to
May 31, 2022, the “National Tree and Shrub Seed Supply Assessment” page had 1076 visits and 491
(46%) of visits were adirect result of the campaign. NTSC collaborators had the highest number of visits.
Members of the Canadian Forest Genetics Association’s Tree Seed Working Group had the highest
engagementrate.

The following summarizes the goal of each survey.

1. SizingCanada’s National Seed Supply (Survey 1, S1 intables)
The primary goal of this survey was to understand current and short-term forecasted activity and
playersinvolvedinthe domesticseed supply chainin Canadabefore the 2 Billion Tree s program was
announced.

2. Planning, policy, research and education providers (Survey 2, S2 in tables)
The primary goal of this survey was to highlight the importance of planners, researchers and
education providersinthe development of seed-based solutions beforethe Government of
Canada’s 2 Billion Trees program was announced.

3. Seedcollectors, orchards and producers (Survey 3, S3 in tables)
The primary goal of this survey was to highlight the importance of seed collectors, collection
agencies, seed orchards or managed production areas, and current demographicand economic
profiles to assess the sustainability of these activities.

4. Growers(Survey4, S4 intables)
The primary goal of this survey was to highlight the importance of nursery producers and recent
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trendsin native plant production before the Government of Canada’s 2 Billion Trees program was
announced.

5. Restoration and reclamation planners, practitioners and planters (Survey5, S5 in tables)
The primary goal of this survey was to understand the role and needs within the restoration /
reclamation sector before the Government of Canada’s 2 Billion Trees program was announced, and
anticipated needs forthe next decade were outlined.

Each survey was independentand voluntary. The responses wereanonymized. Respondents were not
requiredtocomplete all survey questions. We do not have insightinto why respondents may have
skipped questions. As aresult, there may be selection biasin responses. Toaccommodate for skips, data
presented as percentages (%) has been based on “all answering” per question or choice ratherthan
amongall respondents. Once fielding was complete, data was cleaned. Respondents wereremoved if
they:

e didnot meetsurvey qualifications (indication of relevant seed supply chain activity)
e werespeedingthroughthe survey and/orleavingalarge percentage of questions blank

Giventhe effects of the COVID-19 pandemicand delaysin outreach, insights are likely biased toward
those:

e withdesiretobenefitfromthe 2 Billion Trees program funding
e withthe capacity to grow theiroperations

Twenty-one qualitativeinterviews were conducted with voluntary and informed prior consent. The
NTSC specifically sought active collaborators and recently retired subject matter experts from potentially
under-represented geographicareasin the quantitative surveys (i.e., Quebec, the Far North, Prairies,
British Columbia, Newfoundland and Labrador, and northern Ontario). Semi-structured interviews were
30 to 60 minuteslongandtranscripts were coded by Accenture into common themes.

Research Participation

Table 1 summarizes jurisdictional participation by five online surveys and expertinterviews. Across the
online surveys, greatest participation came from those primarily located in Ontario, Alberta, British
Columbiaand New Brunswick. A small number of respondents were from Indigenous organizations or
communities (4inthe base survey, 2 growers and 1 planting organization). However, independent NTSC
inquiries, collaborators and interviews suggested far more communities are or were interested in
becominginvolvedin seed conservation and restoration activities.
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Table 1. Summary of study representation as indicated by their primary or head office locationin surveys or
interviews.

S5.
S1. S2. Restoration
Sizing Planning, S3. and

Canada’s policy, Seed reclamation

National research and collectors, planners,
Primary Seed Supply education | orchards and S4. practitioners
location Chain providers* producers Growers | and planters | Interviews
Alberta 12% 4% 10% 21% 13% 14%
British 17% 28% 20% 25% 16% 29%
Columbia
Manitoba 7% 4% 3% 2% 8% 5%
New Brunswick 13% 12% 15% 9% 6% 10%
Newfoundland 2% 0 0 0 3% 0
and Labrador
Northwest 0 0 0 0 0 0
Territories
Nova Scotia 6% 0 0 5% 5% 10%
Nunavut 0 0 0 0 0 0
Ontario 34% 36% 43% 34% 34% 14%
Prince Edward 3% 0 0 0 5% 5%
Island
Quebec 6% 8% 5% 2% 3% 5%
Saskatchewan 2% 8% 5% 2% 5% 10%
Yukon 0 0 0 0 0 5%
United States 0 0 0 0 2% 0
Answering (n=) 107 25 40 56 62 21
Skipped (n=) 4 1 0 0 0 8**
Total 111 26 40 56 62 21
respondents
(all questions)
Total number 24 28 22 30 35 10 (semi-
of questions structured)

Questiontext inall surveys:Pleaseidentify the head office or primarylocation where you or your organizationare
based (select one). Notes: totals may not add up to 100% due to rounding, and jurisdictional participation across
all surveys should notbe summed.

*Due to the small basesizewe did not analyzethe majority of data from the “Planning, policy, research and
education providers” survey.

**Eight of the interviewees who were still professionally engaged in seed supply told us they did not take any of
the onlinesurveys. Their roles were added to the cumulativesupply chainrepresentation in Table 3.
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Respondents werealso asked toreportall jurisdictions where they conduct research, business, and/or
purchase/deploy nativespecies of trees and plants. Table 2summarizes the “Area of Work” and
illustrates how seed supply chain expertiseand plant material can go far beyond primary centres of
productionin Canada. Thisincludes activity and trade with the United States.

Thiswas reinforced by some interviews where remote reclamation and restoration projects did not have
alocal nursery produceror seed source. Inone case, seed collection was done and shippedtoanursery
for production and return of planting plugs (seed went from Yukon to British Columbia, back to Yukon
for planting).Inasecond case, the planting organization had to source seed from Albertato plantin
Quebec. The second scenario may be riskierforlong-termtree survival if the climate of originis very
different from the plantingsite.

Table 2. Summary of all areas of work involving native species of trees and plants reported by respondents.

S2. S5.
S1. Planning, Restoration
Sizing policy, S3. and
Canada’s research Seed reclamation
National and collectors, planners,
SeedSupply | education | orchards and S4. practitioners
Area of Work Chain providers* producers Growers and planters
Alberta 33% 24% 25% 34% 26%
British Columbia 40% 32% 38% 39% 24%
Manitoba 21% 8% 15% 18% 19%
New Brunswick 30% 28% 25% 20% 15%
Newfoundland and 12% 8% 13% 5% 8%
Labrador
Northwest 7% 1% 8% 5% 2%
Territories
Nova Scotia 21% 12% 18% 20% 11%
Nunavut 3% 0% 5% 0% 0%
Ontario 47% 40% 58% 46% 37%
Prince Edward Island 18% 8% 13% 11% 15%
Quebec 21% 8% 15% 18% 8%
Saskatchewan 18% 16% 23% 18% 16%
Yukon 6% 4% 8% 5% 0%
United States NA** 1% 18% 18% 3%
Answering (n=) 107 25 40 56 62
Skipped (n=) 4 1 0 0 0

Question text inall surveys following Table 1. Pleaseidentify all the jurisdictions in which you conductresearch,

business, purchaseor deploy native species of trees and plants (checkall thatapply)
*Caution, small basesize,see Table1.
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**This choice was missingfromthe firstsurvey. See Table 5 for supporting data from 86 respondents regarding
sourcing seed and/or stock from the United States in the future.

Similar to Error! Reference source not found., respondents were asked what roles they played within
the seed supply chainin Canada (Table 3). Afterinterviews, the NTSC summarized the same roles from
those who had nottaken any online survey based on transcripts and/or prior knowledge of their
professional activities. We consider Table 3to represent our “core seed supply chain” groups of experts
capable of informingthe capacity and waysto meetincreased FLR demand by 2030. The proportions
may reflect the balance of workforce skills required to scale up and sustain long-term production.

Table 3. Summary of key supplychainroles reported by the “Sizing Canada’s National Seed Supply Chain”
respondents and additional interviewees.

Survey Additional Total per role
Supply chain roles Respondents | Interviewees (% of 115)
Collecting seed from wild, unmanaged 61 7 68 (59%)
populations
Planting/restoringsites 59 3 62 (54%)
Distributing seed orseedlings 46 6 52 (45%)
Processingseed 44 6 50 (43%)
Growingseedlings 46 3 49 (43%)
Storing seed 44 4 48 (42%)
Planningand procurement 39 5 44 (38%)
Carrying out seed-based research oreducation 33 2 35 (30%)
Producing seed froman orchard or managed 28 3 31 (27%)
production area
Forestinventory and botanical surveys that 18 4 22 (19%)
identify viable populations
Developingseed policies or certifications 10 0 10 (9%)
(voluntary orregulated)
Core seed supply chain participants (n=) 107 8 115

“Sizing Canada’s National Seed Supply Chain” Question text: Whatrole(s) do you fill inthe seed supply chain?
Pleasecheck all thatapply. 107 answering. 4 skipped this question.

Justover half of these respondents claim to hold 4 or more rolesinthe seed supply chain, indicating that
a diversity of skillsis required to conduct this type of work professionally.

Sizing Canada’s National Seed Supply Chain

One hundred eleven respondents were included in the final analysis. Tree planting, restoration and
reclamation activities are primarilyfacilitated by a diversity of small and medium-sized organizations
with less than 50 employees. Eleven percent of respondents werefrom organizations with 250 or more
employees. More than one third of activities are driven by private businesses, with non-governmental
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organizations, the federal government, research institutions and provincial governments also providing

support.

Eighty-five percent of respondents expect to participate in, or benefitfrom, the 2 Billion Trees program.
Respondentsindicated forany project, high environmental benefits and tree survival (including reduced

costs) are importantindicators of success.

Based on theirawareness of seed supply outside reforestation planning, we asked respondents to rate
the likelihood of future eventsintheirregion (Table 4). The table is sorted according to top 2 “very

likely” and “somewhat likely” combined responses.

Table 4. Survey respondents estimated the likelihood of 16 future seed supply chain events based on local

awareness intheir regioninthe next5 years.

to meet additionaldemand. (n=93)

Top 2 Box Bottom 2
(Very Box
likely/ (Not likely/
Somewhat Not at all Don’t
Future event or scenario likely) likely) Know
Foresters andrestoration practitioners will utilize existing knowledge to
encourage and measure additional natural regeneration to reduce costs 59% 27% 14%
and count toward the 2 billion treetarget. (n=92)
Growers V\./I|| increase pro.ductlon with contractual assuranceseed and 57% 17% 26%
afforestation programs will purchasestock. (n=93)
W(? have or planto adopt n.ew technc?logy that will increaseseed use 559% 26% 19%
efficiency or improve seedling establishmenton the landscape. (n=93)
We have or planto adopt new planning tools thatwill increaseseed use
559 289 179
efficiency or improve seedling establishmenton the landscape. (n=93) % % %
There are underutilized seed orchards and seed production areas that
L 54% 22% 24%
could be accessed to meet additional demand. (n=91) ° ? °
Certification bodies and provincial governments will ensureand verify
that appropriatespecies and seed sources are utilized to maintain 49% 35% 15%
genetic diversity under a changingclimate. (n=93)
Community gt.'oups and NGOs will increaseactivity and volunteer hours 49% 31% 19%
to help meet increased demand. (n=93)
Municipal planners and policymakers will ensurethat genetically-
appropriatespecies and seed sources areutilized in their programs. 40% 47% 13%
(n=92)
illi lonall ial f
Growgrs wi mcreastec onally produced material to compensate for 37% 26% 37%
genetically-appropriateseed supply shortages. (n=92)
There are enough general labourers availablelocally and/or through
Temporary Foreign Workers programs to supportseed supply, growers 37% 41% 23%
and distribution services. (n=93)
Ther.e’are enough sufficiently trained, capable planters to meet 35% 16% 18%
additional demand. (n=93)
There | h - - -
ereis e.m.)ug expert seed processing, testing and storage capacity to 27% 57% 16%
meet additional demand. (n=93)
There are enough skilled growers and underutilized production capacity 26% 58% 16%
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Reforestation companies will increase the production of appropriate
. . 26% 44% 30%

seed andstock beyond reforestation commitments. (n=93) ’ ? °
There are enough sufficientlytrained, capableseed collectors in my

. . 23% 64% 13%
region to meet additional demand. (n=92)
We ha.ve sufﬂcnentsurplus.s.eed instorageabove current reforestation 18% 62% 0%
commitments to meet additional demand. (n=92)

Question text: Seed supply chainshavebeen established for commercial timber species beginning with seed
collection frommanaged seed orchards and proven wild stands. These supply chains includethe nursery
productionand5 to 10 year planting plans toforecastdemand. Anticipating seed and seedling needs beyond
reforestation plans is noteasily accomplished. Inaddition to acquiringseed, the remainder of the delivery system
must be capableofthe additional effortand production. Select your responses based on your awareness of the
supply chaininyour region for the next 5 years.91-93 answering per choice, 18 skipped this question.

The bottom five least likely scenarios reflect serious practical limitations toimmediateincreased
demandsforseedand nursery stock production. Meanwhile, the top 5 most likely scenarios may reflect
creative means of achieving reclamation and restoration demand using existing knowledge or supply
chain capacity. To meet prospective additional demand fortree and shrub production, respondents
were then asked what measures they would take, and when they would take them (Table 5).

Table 5. Respondents rated 13 future measure(s) and timelines to meet additional demand.

Yes, but

1to2| 3to5 6 to 10 unsure of
Future anticipated measures and timelines Total | years years years timeline
Increase,improve or develop trainingand knowledge 72% 40% 6% 0% 26%
exchange opportunities (n=86)
Increasedomestic contracts, equipment, capital spendingor 64% 44% 7% 0% 13%
grant applications (n=86)
Optimize existing capacity and staff to boost productivityand 63% 45% 5% 2% 11%
production units (n=85)
Hire additional Canadian summer students (n=86) 58% 36% 2% 0% 20%
Hire additional Canadian part-time workers (n=86) 53% 33% 5% 0% 15%
Plantadditional seed production rows, areas or orchards 49% 32% 9% 0% 8%
(n=85)
Hire additional Canadian full-time workers (n=86) 49% 26% 6% 2% 15%
Source additional seed and/or stock from other Canadian 43% 27% 2% 0% 14%
jurisdictions (n=86)
Add more volunteer hours and outreach to engage new 40% 20% 6% 0% 14%
volunteers (n=85)
Source and importadditional seed and/or stock from the 26% 16% 3% 0% 7%
United States (n=86)
Increase piecework rates for nursery production or tree 22% 14% 0% 0% 8%
planters (n=85)
Hire additional Temporary Foreign Workers (n=85) 11% 6% 1% 0% 4%
Source and importadditional seed and/or stock from outside 6% 3% 1% 0% 2%
North America (n=86)
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Question text: Is your organization planning onimplementing any of the following measures to meet demand, and
ifso, when? 85-86 answering per statement. 25 skipped this question.

There were numerous open-end responses throughout this survey regarding the challenge of matching
supply and demand, as well as the importance of focusing on native species. Many organizations appear
to struggle with forecasting outside of jurisdictions with strong public seed stewardship policies and
directives. Without future contractual assurances, it’s difficult for the core seed supply chain group to
know if they have collected enough seed orto expand their operations confidently.

When asked about major restoration and reclamation planting opportunities in the next 5years, 105
respondents predicted the top 5in theirjurisdiction would be:

e Specialized habitatenhancement and species recovery programs (40%)

e Naturalizingagricultural fields, windrows, and pollinator strips (36%)

e Carbon offsetplantings (25%)

e Urban and community forestry (24%)

e Revegetation of wildfire-damaged sites (19%) and insect and pest-damaged sites (19%)

Question text: What do you foresee being the major restoration and reclamation opportunities inyour jurisdiction
for the next 5 years? Pleaseselectup to 3. 105 answering, 6 skipped this question.

The right seed for restoration and reclamation

Provincial governments are more likely to have excess seed in storage compared to other organizations.
Beyond existing reforestation commitments, access to excess tree seedin storage was notcommonin
our survey, and few respondents had more than 1 choice of managed or accessible seed production
sources Table 6. Access to typical managed reforestation seed supply areas and sources.Table 6).

Table 6. Access to typical managed reforestation seed supply areas and sources.

Choice %
Manage or have access to mature seed production areas 48%
Excesstree seedinstorage 25%
Manage or have access to mature seed orchards 24%
None of the above 39%
Those with 1 or more choices

1 choice 34%
2 choices 18%
3 choices 9%

Question text: Beyond current or planned reforestation commitments,
do you currently have any of the following? Check all thatapply.92 answering.
19 skipped this question.

Approximately half of those who reported collecting from wild stands also have access to mature seed
orchards or mature seed production areas. The “None of the above” proportion may have been due to
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lack of question applicability combined with those who truly need but do not have access to
reforestation seed sources.

In a follow-up question on facilities, more than half of 84 respondents accessed wild and restored
natural areas to manage their production. Less than half of those answering have specialized equipment
such as seed coolers (46%), seed processing equipment (44%) and seed freezers (36%), which are
necessary toimprove local seed storage and distribution capacity. Interviewees stated industrial seed
extraction equipmentis prohibitively expensive for most organizations.

For non-commercial timber species, more than three quarters of organizations are using some type of
seed transfer system, best practice, policy, or directive, with 64% referencing ecological land
classification units. Just over half of respondents say they are also considering or are already using
assisted migration forseed production or R&R planting. In open-end responses, arange of voluntary
guidelines and directives are followed, usually specificto specificjurisdictions and land bases (federal,
provincial, municipal, private land voluntary certification systems or adaptations frominternational best
practices).

Notable resources for seed planning and verificationincluded, but were not limited to:

e Provincial publicland reforestation policies and tools:
o AlbertaForest Genetics Resource Managementand Conservation Standards
o British Columbia ChiefForester’s Standards for Seed Use, Climate-Based Seed Transfer
and Seed Planning and Registry Application (SPAR)
o OntarioTree Seed Transfer Policy, including seed zones and ecodistricts
e Resourcessupporting species recovery:
o British Columbia’s best management practices for whitebark pine
o Parks Canada’s directive for mitigation planting for whitebark pine
o Federal SpeciesatRisk Registry and recovery strategies, including butternut
o OntarioEndangered Species Act and recovery strategies, including butternut
e Voluntaryregional andinternational standards:
o SocietyforEcological Restoration resources
o Forest Gene Conservation Association’s Certified Seed Collector workshop and manual
o The US Seeds of Success program, which was originally developed with the Millennium
Seed Bank Partnership

Question text: Pleaserefer us to the primary directives, best management practices, recovery plans or open-source
spatial files you usefor seed source planning, labelling or certification [URLs, separated by commas or semi -
colons].30answering, 81 skipped.

As Table 2 indicated, itappearsinter-jurisdictional procurement and deployment of native seed and
stock isfilling gaps to jurisdictions with fewer primary producers. By calculating the difference between
primary location and all otherareas of work in each survey by jurisdiction, it was clearthat as a group,
seed collectors and producers, followed by growers, can have a greatimpact on FLR projects beyond
their primary jurisdiction. This may be due to the recent resurgence of onlineand mail-order shipping.
This enables seed and planting stock to be shipped long distances with relative ease. While some retail
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transactions may be smallinvolume, they would have no provincialorfederal oversight on seed
registration, quality orgenetic suitability tothe region. These transactions are the end user’s
responsibility.

Respondents were asked which resources would be helpful toimprove their capacity to meet new
demand (Table 7). There were additional open-ended responses compiled thatindicated thereare
considerable knowledge gaps within some organizations.

Table 7. Resources that would be helpful to improve capacity and expertise.

Choice %
Propagation and seed germination protocols 58%
Seedstorage guidelines 56%
Seed processing guidelines 52%
Individual species fact sheets 51%
Ecoregional species lists (reference or ecological plant communitylists of 49%
whatis considered naturally occurring)

Seed collection guidelines 49%
Plantestablishment protocols, including seed mixes and density guidelines 46%
Seedtesting protocols 42%
Seedtransferlegislation orguidelines 33%
Seedlotregistration standards 28%
Seed primingand pelleting protocols 23%
Other(please specify) 15%

Question text: Which resources would be helpful to improve your capacity and expertise
to meet new demand (check all thatapply), 79 answering. 32 skipped this question.

After completing the Sizing Canada’s National Seed Supply survey, respondents were provided 4 links to
additional specialized surveys. Participants could choose any combination ororder to take these
surveys. Only surveys with more than 30 respondents are reported in detail below (seeTable 1and
Table 2 fordata for Survey #2: Planning, policy, research and education providers).

Seed Collectors, Orchards and Producers

Forty respondents were included in final analysis with twicethe number of respondents from Ontario
(43%) as BC (17%). As a lack of skilled seed collectors was already a known concernin many jurisdictions,
we attempted torectify this expected skew with interviews from a wide range of viewpoints and
sector(s) serviced.

Within the survey, the 35 to 44 years old and 55 to 64 years old age groups had the greatest number of
respondents. Fifty-eight percent were 45years or olderand 76% of respondents collect seed for forest
nurseries or nursery producers. The top three reasons for collecting were fortheirjob (56%), their own
use (36%), and/or paid contracts with industry (28%). In support of seed traceability throughout the

Page 21



Sizing Canada’s National Seed Supply Chain: Preliminary Assessmentfocused on Trees and Shrubs —Interim Report

supply chain, mostsaid theiremployers orclients were very stringent on documenting seed source and
seed registration information.

As faras we know, this survey was unique in being the most current study to try to establish abaseline
of job satisfaction, income and expenditures for those involved in the bulk of native seed collection (i.e.,
values are reportedin Canadian dollars [SCAN]).

e 57% of part-time or contract collectors reported making less than $10,000 per year collecting
seed, before taxes and expenses, with 21% making over $50,000 annually

e Most collectors spend 30 days or less collecting each year, with a median hourly pay of $27
before taxes and expenses

e 59% donot believeseed collectionis a profitable activity. However, there was a significant
difference between respondents grouped from Eastern Canada (ON, QC, NB, more likely to
report poor compensation)and those grouped from Western Canada (BC, AB, SK, MB, more
likely toreport better compensation)

Seed collection can be unpredictable, unreliable, and physically challenging work, particularly fromtree
speciesthatdonot setseedinthe wild everyyear. Most collectors travel within a 100 kilometer (km)
radius to collect seed, butsome travelled upwards of 500 km. Open-ended answers noted challenges
with:

e Health and safety: ticks, poisonivy, reaching high into the crowns, thorns

¢ Environmental conditions and pests: drought, wildlife, competition from livestock, habitat loss,
and timing seed collection with more variable weather patterns

o Effort required:travel planning, seasonality, remoteness, labour-intensive collection, tedious
seed cleaning, methods to preserve seed quality and difficulty in pricing their work

Despite these challenges, seed collectors and producers generally enjoy being outside in nature, the
challenge of learning adiversity of species, and knowing or seeing their efforts multiply into plantings
that contribute toward a healthier environment and climate change or conservation targets. These
sentiments seem to be important driving factors in engaging new trainees or volunteers as well.

Professionalseed collectors learned primarily on the job (74%) or were self-taught through existing
resources (50%). Only a few learned from professional or provincial training programs (18%). In a pair of
related questions, respondents were asked about typical seed management tasks, related
environmental workforce skills, and skills they were interested in learning more about (Table 8).

Page 22



Sizing Canada’s National Seed Supply Chain: Preliminary Assessmentfocused on Trees and Shrubs —Interim Report

Table 8. Expertise and skill development interests of seed collectors, orchardists and producers across Canada.

Experience | Interested
Choice with (%)* in (%)**
Seed orchard maintenance 60% 47%
Wild stand seed forecasting 57% 57%
Grafting 51% 33%
Seedorchard establishment 51% 47%
Controlled pollination 46% 20%
Pollen collection 40% 27%
Progeny measurements ortrial evaluation 37% 43%
Wood coring 31% 20%
Plustree selection 29% 23%
Herbarium specimen collecting 26% 20%
Flowerinduction (hormone injections) 23% 27%
DNAsamplinginthe field 20% 43%
Number of respondents 35 30

*Question 6 text: Do you have experience with any of the following? Check all thatapply:35answering,5 skipped
this question. **Question 7 text: Do you have interest inlearningany of the following? Checkall thatapply:30
answering, 10 skipped this question.

Seed collectors need dependable tools and technology to conduct their work. The most commonly
reported tools were smartphones, aseed coolerordedicated refrigerator, pole pruners and purpose -
built seed racks or cone sheds. The use of cherry-pickers and bucket-truck lifts, as well as tree climbing,
watercraftand aerial raking equipment was rare.

Twenty-threecollectors suggested many ideas to support the sectorincluding improved communication,
education and training, networking, workforce recruitment, support with permits for focal species, and
online tools toreduce seed forecasting challenges.

Growers

Fifty-sixrespondents were included in the final analysis. The majority of respondents work for private
businesses or contractors (77%) with 2 to 50 employees (61%). Thisis arelatively small sample
compared to Canadian nursery operators accounted by the North American Industry Classification
System (NAICS). In 2021, there were:
e 416 forest nurseries and gatherers of forest products; 120 with employees (Code 1132)
e 4,481 greenhouse, nursery and floriculture operators; 2,350 with employees (Code 1114,
includes Christmas trees, short-rotation woody crops grown for pulpwood, food crops and
bedding plants grown undercover)

Two national datasets reviewed in 2019 fortree plantingand production (National Forestry Database -
Regeneration and Statistics Canada Table 32-10-0031-01) indicated a potential domestic production
supply chain of 617.4 milliontrees and related economicactivity. Table 9summarizes the 2019
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production unitsreportedinoursurvey. We allowed input of 0 in eitherconiferous or deciduous
categories. The medianvalue is presented including and excludingO.

Table 9. 2019 native coniferous and deciduous production and sales in Canada reported by growers.

Median Median

Choice Range (including0) | (excludingO0) Total units
Number of native coniferous 0 —220 million 3,000 630,000 370,347,880
seedlings orvegetative units (91.9%)
grown and soldin Canada in 2019
(n=33)
Number of native deciduous 0 —15 million 5,000 19,000 32,826,800
woody seedlings orvegetative (8.1%)
units grown and soldin Canadain
2019 (n=35)

Total 403,174,680

Question 7 text: In 2019, canyou provide or approximatethe number of nativeconiferous seedlings or vegetative
units grown and soldin Canada (whole number)? This canincludereforestation, restoration and ornamental
production.33 answering (6 reported 0), 23 skipped this question. Question 8 text. In2019, canyou provideor
approximatethe number of native deciduous woody seedlings or vegetative units grown andsoldinCanada
(whole number)? This canincludereforestation, restoration and ornamental production. 35 answering (7 reported
0), 21 skipped this question.

As expected, including nurseries serving existing publicland reforestation commitments resultedin
coniferous native trees dominating domestic production volumes. One respondent reported producing
just over half of the 2019 survey total. Some growers specialized only in coniferous species.

The 2019 native deciduous woody production reported in our survey was higherthan expected from
such a small sample. While therewere large growers within the deciduous category, the range of
guantities was more normal, with just overathird of growers producing up to 10,000 units eachin 2019.
Some growers specialized only in deciduous species.

Seventy-eight percent of surveyed growers reported using Canadian seed sources for more than half of
their 2019 production (see Table 10for more detail). Just over half of growers reported thatitis not
difficultto maintain seed origin or geneticidentity through their nursery procurement and production
processes. However, 16% reportedly do not maintain geneticidentity. Challengesincluded client
education and user-friendly technology such as tracking systems for nursery staff and clients to
streamline the process.

The majority of growers reported that client understanding and awareness of local genotypes and seed
source origin has changedin the last 5 years. Nearly half of growers (46%) claimed seed source
requirements have increased, with 45% describing their clients as stringent (very orsomewhat)in
verifying seed sourcing and registration. Twenty-sixpercent said it varied by client, indicating some
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growerswere likely servicing multiple markets. One respondent emphasized that First Nations and
environmental companies wantto ensure the “right plantisinthe right place” in Western Canada.

Eighty-eight percent of growers think Statistics Canada's Annual Greenhouse Nursery and Sod survey
couldinclude definitions of native plants and report the share of production unitsin the standard crop
categories. However, afew disliked the additional reporting requirements.

Outside of policy-driven production, distance is often a coarse metricfor “local is best” native seed

sourcing principles and short production supply chainsin other national studies. Growers wereasked to
report multiple distances and alternative systems for sourcing native seed, liners and stock (Table 10).

Table 10. Distances and production sources for nativeseed, liners and stock reported by growers.

Sourcing | Sourcing Liners
Choice (grouped by similarity) Seed (%)' | orStock (%)?
We do not collect or purchase seed (Q11) 11% 37%

\We do not purchase liners orstock (Q13)

We collect or produce our own seed onsite (Q11) 66% 48%
\We produce ourown linersonsite (Q13)

We procure fromregistered seed sources set by jurisdictional 23% 2%
policy (Q11)

\We procure fromregistered sources set by jurisdictional

policy (Q13)

Less than 50 km radius 28% 9%
Lessthan 100 kmradius 26% 11%
100 to 500 km radius 43% 24%
More than 500 km 19% 13%
United States® 17%? 9%*

lQuestion 11 text: How far do you typically sourcenativeseed? Within Canada (checkall thatapply). 47 answering,
9 skipped.2Question 12 text: Within the United States (open box answer). 8 answered®. 48 skipped.3Question 13
text. How far do you typically sourceliners or stock of native species? Within Canada (check all thatapply). 46
answering, 10 skipped.*Question 14 text. Within the United States (open box answer). 4 answered?®, 52 skipped.
S*¥**caution: extremely small basesizes, calculated from preceding question all answering with responses not “no”
or “nfa.”

When asked what factors growers encounter that limit their capacity to produce more native treesand
plants, 48 responded. Note, this question was phrased similarly toa 2021 nursery survey in the United
States, which ranked workforce, market, financing and land as the top 4 of 9 factors affecting nursery
production expansion.
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Table 11. Factors affecting growers' capacity to produce more nativetrees and plants.

Choice %

Infrastructure 48%
General labour 48%
Seed availability 40%
Market demand 40%
Financing 33%
Skilled labour 31%
Seed quality 25%
Land 23%
Technology/innovation adoption 19%
Water 17%
Profitability 15%
Seed cost 13%
Lack of desire to expand 13%
Transportation logistics 10%
Seedling/lineravailability 8%
Regulations 6%
Other, or please explain above: 13%

Question text: What factors do you encounter that limityour capacity

to produce more nativetrees and plants? Check all thatapply.

48 answering, 8 skipped this question.

In general, seed availability and quality were more significant concerns to expansion than seed cost.
Since native seed can be collected and stored in advance of production needs, growers were asked how

much seed (reported interms of years of planned production) they had reserved (Table 12).

Table 12. Years of seed storageby species group reported by all growers.

Species Group Year(s) %
Conifer 0 59%
1 3%
2 3%
3 14%
4+ 22%
Hardwoods 58%
1 16%
2 16%
3 8%
4+ 3%
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Shrubs

56%

15%

15%

wN|[-R]O

3%

12%

Native grasses

o

61%

16%

18%

3%

3%

Herbaceous plants

68%

14%

8%

11%

4+

0%

Question text: How many years of seed do you have in storage to support your current production (i.e., average
season's worth of stored seed; if you collector purchaseannually, put0) By species group: Conifer, 37 answering,
19 skipped. Hardwoods, 38 answering, 18 skipped. Shrubs, 34 answering, 22 skipped. Native grasses, 38 answering,

18 skipped. Herbaceous plants,37 answering, 19 skipped.

This question was framed to compare to US reforestation supply chain challenges, which reported

easternstates had on average 2.5 years of coniferseed, and 0.8 years of hardwood seed stored,
whereas the western states had 4.9 and 2.2 years respectively.

In each of these categories, Canadian growers reported:

An average of 2.5 years of coniferseed in storage (range 0 to 25 years), withmore in
o NovaScotia: 10 yearsfor1 respondent

o Ontario:average 3.7 years for 13 respondents, and up to 25 years for 1 respondent
o Saskatchewan:3yearsfor1 respondent

An average of 1 year of hardwood seed in storage (range 0to 10 years), with more in

o Saskatchewan:3yearsforl respondent

o Alberta:average 2 yearsfor 11 respondents, up to 10 years for 1 respondent

An average of 1.4 years of shrub seed in storage (range 0 to 10 years), with morein
o Alberta:average 2.7 yearsfor 7 respondents, up to 10 years for 1 respondent

o Saskatchewan:2yearsfor1 respondent

o Ontario: 1.5 years for 14 respondents, up to 10 years for 1 respondent

An average of 0.9 years of native grass seed in storage (range 0 to 10 years), with more in
o Alberta:average 1.9 yearsfor 10 respondents, up to 10 for 1 respondent
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e Anaverage of 0.6 years of herbaceous plantseedin storage (range 0 to 3 years), withmorein
o British Columbia:average 0.9yearsfor 8 respondents, upto 3 years for2 respondents
o Ontario:average 0.7 years for 14 respondents, up to 3 years for 1 respondent

Itisencouragingto see that despite asmall number of responses, those storing seed are on par or
averaging betterin certain plant groups than expected, notably for hardwoods and shrubs. Twenty-two
percent of growers reportedly have 4 or more years of conifer seed on handto support current
production demands. Oursurveyisthe firstin Canadato report national shrub, native grasses and
herbaceous plantseed storage metrics. This supports recent regional reports asking for broader
resource developmentand native seed banking supportforrestoration and reclamation objectives. This
builds onthe success demonstrated by the reforestation industry.

The majority of growers surveyed reported they did not have any seed in storage. Itisimportant to note
thisdata isinfluenced by jurisdictional policies orunderstanding of the question; several provinces
require tree seed deployed to publiclands to be registered and stored at theirfacility (i.e., British
Columbia, Alberta, and Quebec). Seed is owned by the land management agency and provided to
growers as needed. Interviewees clarified that only growers serving clients outside these policies or
outside theirjurisdiction could choose to store theirown seed.

Half of the growers reported having difficulty sourcing avariety of species. This datais reported under
“Forecasting Demand and Improving Availability” because restoration and reclamation planners were
asked the same question.

Thirty-one growers reported a variety of beneficial onlinedirectories and nursery association
memberships, with RNGR.net and the Canadian Wildlife Federation supplier lists being among the most
popular. One third of the growers accessed Canadian Forest Service and Natural Resources Canada
resources forproduction support. Improved support could include more educational awareness,
research and extension services, networking opportunities within the sectorand technical resources for
seed procurementandimport.

Restoration and Reclamation Planners, Practitioners,
and Planters

Sixty-two respondents were included in the final analysis. While 40% were private businesses or
contractors, this surveyincluded slightly larger proportions of federal government departments (24%)
and non-governmental organizations (NGO)than othersurveys. Asaresult, avariety of federal and
NGO-related funding streams and reporting mechanisms were noted, with Environmentand Climate
Change Canada, the Nature Conservancy of Canada, and Tree Canada driving more than a quarter of the
reported restoration activities.

Most respondents were not aware of, not eligible for, or did not fill out Statistics Canada's Annual
Environmental Protection Expenditures Survey (EPES) in 2019, which reported $167 millionin
expenditures protecting biodiversity and habitat by over 6,000 companies.
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In our survey, 31 planting organizations reported atotal of $16.2 million as theiraverage annual spend
on supply chainservices such as site preparation, bulk seed mixes, planting stock, invasive species and
herbivore control, aswell as seed collection, cleaningand processing services. Thisincluded $3.2 million
on seed and stock from domesticproducers (0.47% of 2019 Canadian nursery salesand resales). Given
the small base size and potential lack of reforestation planting agency respondents, the true market
value of native seed and planting stock s likely much higher. However, one organization accounted for
almost 70% of the total spend,-primarilyon-site preparation services. The 5organizations reporting the
highest spend accounted for 85% of the total. Across all 31 organizations, the median annual spend was
$49,000.

Most claimed to be restoringlessthan 100 acres at a time, with amedian project size of 55 to 60 acres
(including orexcluding 0, up to 2,000 acres). Respondents reported a high proportion of projects were
to support wildlife habitat, ecosystem services, and conservation of nativetree species. When selecting
planting species, matching the target ecosystem and functional characteristics were the mostimportant
factors. Overa third of respondents typically plant 10or more native treesand shrub speciesintheir
work. More than halfindicated they do not use non-native species and 5% often do.

In spite of this, respondents reported difficulty in forecasting their planting needs. Athird were not able
to forecast beyond thisyear, and only 8% could forecast plant material needs 3years or longer.

When asked about the limits to the success of these projects, 45 respondents answered (Table 13).

Table 13. Limiting factors to restoration and reclamation projects.

Choice %

Lack of seed/planting material of desired species and/orseed sources 78%
Cost 53%
Insufficient funding 47%
Lack of knowledge of production/cultivation of desired species 33%
Germination problems 22%
Lack of support from stakeholders (government, local communities) 22%
Labour shortage 20%
Lack of knowledge for matching best species and seed source to restoration/reclamationsite | 20%
Seed or planting material of desired species/seed sources are poor quality 18%
Policy orregulation 18%
Seed storage problems 16%
Other(please specify) 18%

Question text. What factors doyou encounter that limitthe success or extent of your restoration/reclamation
projects?45 answering, 17 skipped.
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One notable additional comment wasfrom arespondent focused on “the return of life in the soils and
create[ing] conditions for other native species to return using their own adaptions.” This respondent
claimed over400 species progressively returned after 7 years to their restoration projects. The limiting
factor wasimplied to be a lack of recognition for such results. There was an emphasis on difficult to
procure species and planting techniques instead of waiting.

Half of respondents (49%) include a native species definitionin their procurement contracts. Most
respondents said that definition also makes reference to ecoregion, seed zone, local sourcing by distance
(kilometers [km]), or otherwise specified plants with geneticorigin parameters. Practices, tools and policies
varied significantly, though two thirds (65%) abided by ecodistricts or ecoregions for the majority of their
work. Compared to seed collectors and growers, planting organizations had to source from further away; more
than half (54%) sought material from 100 to 500 km away. Only 17% produced theirown supply onsite.

Fifty-sixpercent say their organization would be willing to pay up to 25% more for genetically appropriate
plantsand seeds and improved traceability. Forty-eight percent said they have purchased/utilized
certified native stock from Canada. However, this was to understand the awareness of trade seed
certification systems; there are no current federal interjurisdictional certification regulations, and only 6
native grass species are listed in Canada’s federal Seeds Act. Two respondents reported purchasing US
bulk seed mixes, which may have been certified elsewhere.

Respondents were asked fortheir opinions about what types of data should be collected toimprove
restoration outcomesin the future if funding, time, and labour were not constrained.

Table 14. Types of data that could help improve future restoration outcomes.

Choice %
Survival 2 to 10 years after planting 78%
Seedsource and geneticparameters (i.e., number of parent plants, breeding generation, | 58%
certified sources)
Weather conditions and extreme events on site after establishment 55%
Carbon sequestration rates (growth/biomass accumulation, soil C, etc.) 55%
Successional status on the site 5 to 10 years after planting(i.e., volunteerand invasive
species encroachment, biodiversity measures)*

Functional traits measured to better select restoration species (i.e., geneticvariation, 53%
growth rate, palatability, pollinator preferences, pest/disease/salinity/heavy
metal/drought tolerance)

Seedtestingresults (i.e., purity, germination, viability, empty %) 50%
Soil health, microbiota and fertility 50%
Seedingrate/number of seedlings planted 48%
Technique orquality assessment of planting 43%
Areaplanted 35%
Seed storage conditions (moisture, temperature) 33%
Species specified and received, including substitutions and misidentification 30%
Stock type 28%
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Water quality measures 25%
Otherimportant factors 18%

Question text. In your opinion, what data should be collected to improve restoration outcomes inthe future (if funding,
time, and labour constraints werenot a limitation)? Checkall thatapply.40 answering, 22 skipped. *“Carbon sequestration
rates (growth/biomass accumulation, soil C, etc.) Successionalstatus onthe site5 to -10 years after planting(i.e., volunteer
andinvasivespecies encroachment, biodiversity measures)” was intended to be two separateoptions but reported as is.

Forty-six percent of respondentsin this survey claimed to be professionally certified. About half were
very or somewhat satisfied with professional conferences and continuing education regarding seed-
basedrestoration. Frequently noted certifications included:

e ForestGene Conservation Association Certified Seed Collector (CSC)

e Society forEcological Restoration Certified Ecological Restoration Practitioner (CERP)

e AlbertaSociety of Professional Biologists (P. Biol)

e BCCollege of Applied Biology (CAB)

e Canadian Society of Landscape Architects (CSLA)

e International Society of Arboriculture (Certified Arborist)

Some planting organizations were looking forincreased Natural Resources Canada supportand engagement
with the sector, particularly with additional education and training. Funding, seed tracking and distribution,
and betterconnections to the seed supply chain players forenhanced planning would be helpful.

Forecasting Demand and Improving Availability

Matching supply and demand for native species’ seed procurement and production was a continual
theme throughout recent Canadian reports, surveys and interviews. Inthe next 5years, planting
organizationstold us theirtop 5 tree and shrub species needed for planting across Canada and within
certainregions. Giventhe timing of our surveys, we assume theseresponses were based primarily on
priorknown forest landscape restoration programs and needs within arespondents’ region ratherthan
2 Billion Tree Program planting site prescriptions. We weighted responses by organization size and
converted local common names to accepted scientificnames using the Database of Vascular Plants of
Canada (VasCan 2022).
1. White spruce (Picea glauca)—importantin Alberta, Ontario, Prince Edward Island, British
Columbiaand Quebec
2. Easternwhite pine (Pinus strobus) —importantin Ontario, Prince Edward Island, and New
Brunswick
3. Black spruce (Picea mariana)—importantin Newfoundland and Labradorand Nova Scotia
4. Redoak (Quercus rubra)—importantin Ontario and New Brunswick
5. Paperbirch (Betula papyrifera)—importantin Quebecand New Brunswick
6. Tremblingaspen (Populus tremuloides)—importantin Manitobaand Alberta
7. Buroak (Quercus macrocarpa)—importantin New Brunswick
8. Redmaple (Acerrubrum)—importantin NovaScotia
9. Silvermaple (Acersaccharinum)—importantin New Brunswick
10. Equallyranked were red pine (Pinus resinosa), tamarack (Larix laricina), green alder (Alnus
alnobetula), and sugar maple (Acer saccharum)
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Question text: Which 5 species do you anticipatewill beyour most planted over the next 10 years? 40 answering,
22 skipped.

Otherimportantand highly ranked species from respondents included whitebark pine ( Pinus albicaulis)
in British Columbia, balsam fir (Abies balsamea) in Newfoundland and Labradorand Nova Scotia, and
balsam poplarin Manitoba (Populus balsamifera). As we allowed input of any species, western
wheatgrass (which could be Pascopyrum smithiiand/or Elymus trachycaulus) and blue grama (Bouteloua
gracilis) also ranked high from Ontario to Western Canada.

In the listabove, it may be important for producers outside some of the regions to understand that
there are concerns about the geneticcomposition of certain local populations. In particular:
1. Buroakisa speciesof conservation concernin New Brunswick (see CFS Publications)
2. Redand eastern white pine are species of conservation concern on the island of
Newfoundland (see CFS Publications)
3. Whitebark pine, black and white spruce are a species of conservation concernin British
Columbia (https://climatebc.ca/cataloguing/default)

In terms of improving availability, we also understood that growers and restoration practitioners would
likely know what species they have difficulty sourcingto meetrecent orshort-term FLR clients’ needsin
theirregion. This question was asked the same way in both Survey 4 and 5. While there is a chance of
duplicate respondents, we felt it was more effectiveto combine the data, asit reflects needs within two
key parts of the supply chain. Assome responses were provided at the generalevel (i.e., all maples from
theirregion), we opted to group all responses as seed handling and procure mentissues are often similar
for related species.

The followingtree and shrub generawere listed as being “difficult to source” sufficient high -quality
and/orgenetically-appropriate seed and stock:
1. Maples(Acerspp.)

Oaks (Quercus spp.)

Pines (Pinus spp.)

Larch / Tamarack (Larix spp.)
Spruces (Picea spp.)

Hickories (Carya spp.)

Ash (Fraxinus spp.)

Willows (Salix spp.)

. Poplars/ Aspen (Populus spp.)
10. Walnuts (Juglans spp.)

©ONO VA WN

Growers Question 26 text. Please list which s pecies you have difficulty with sourcing s ufficient, high quality, and/or genetically-
appropriate seed orstock. 33 answering, 23 skipped this question. Restoration and reclamation planners, practitioners and
planters Question 31 text. Please list which species you have difficulty with sourcing suffident, high quality, and/or appropriate
seedorstock. 37 answering, 25 skipped thisquestion. Englishand French vernacular names were converted to binomial
scientificnames in each jurisdiction.

Deciduoustrees were twice as difficult to source as coniferous trees, and deciduous shrubs werejust as
difficultto source as conifers, according to some respondents. Some generalisted above are widespread
and commercially important in reforestation (i.e., pines, spruces, larch, and poplar/aspen). Resolving
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availability in these species may be permitting orimproving access to surplus reforestation seed banks
and/orunderutilized seed production sources (orchards and managed stands).

Otherspeciesdo not have robust tree improvement programs across much of their Canadian range at
thistime, but may in the United States (i.e., oaks, ash, walnuts). The United Statesis expected to ramp
up reforestation and restoration planting (similar commitments to the 2 Billion Tree program). This may
limitaccessto appropriate seed and stock under assisted migration scenariosinthe shortterm.

Recommended Strategies for Sustainable Development
of Forest Genetic Resources

Resolving seed supply bottlenecks in the “difficult to source” group of species may require strong
reinvestmentresearch and applied breeding programsin each ecologicallydistinct region. Thisincludes,
butisnot limitedto:

1. Improving plustree selection, grafting and pestresistance screening
This has provento be effectivein white pine blister rust resistance in whitebark pine, limber
pine and eastern white pine (see specific CFS Publications and find out more from Parks
Canada’srestoration strategies). Ongoing needs in Eastern Canadainclude screening existing
conservation collections and in situ populations of ash species at continued risk of mortality
fromthe alien emerald ash borer, butternut at risk of mortality from butternut canker disease,
red oak species at risk of oak wilt disease in Southern Ontario. The National Tree Seed Centreis
currentlyinvolved in seed banking in advance of pestresistance screeningforall 5 ash species,
butternutand eastern hemlock.

2. Understanding population geneticstructure and adaptive capacity
Using genomictoolsto speed up traditional tree breeding cyclesis now beingapplied to some
commerciallyimportant timberspecies across Canada (see specific CFS Publications). Although
genomictechnologies are increasingly affordable, there is stillalack of genetic dataavailable for
many ecologically important species in Canada. Increasing species specificknowledge using
next-generation sequencing (NGS) technologies will provide enormous levels of datato help
make informed decisions about urban forests, climate-based seed zones and transfer mapping.
Landscape-levelgenomics willalsoimprove our international environmental stewardship
reputation, asitcan support certification standards. Arobust NGS geneticlibrary can confirm
speciesidentification and the geographicorigin of forest exports with international trade
partners. Finally, it willallow the means to assess and analyze gapsin long-term seed bank
collections aiming to maximize geneticdiversity.

3. Incorporating strategic seed conservation and banking in advance of new threats
Many rare tree species were identified as “in demand” through. However, obstacles such as
habitatloss and exoticpests and diseases present various challenges. The National Tree Seed
Centreisnoted as a long-term bank for eastern hemlock ( Tsugacanadensis) threatened by the
invasive pest hemlock woolly adelgid now found in Ontario and Nova Scotia. The NTSC continues
to supportjurisdictional ex situ programs as a back-up gene conservation strategy forany rare
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or decliningtree and shrub species. The NTSCisalsoinvolved inthe research and development
of new methods, conventional and cryobiological, to expand the ex situ capabilities to other
species atrisk or species with recalcitrant seed behavior (e.g., oaks, magnolias, etc.). These
proactive efforts willallow methods and procedures to safeguard presently unbanked seed
sources and protect against future known and unknown abioticand bioticthreats.

Those seeking a definitive national action plan to help scale emerging forest landscaperestoration
sectorsintheirregion should consider Chapter 13 of Canada’s Second Reportforthe State of the
World’s Forest Genetic Resources (2022). This report concludes with 37 key recommendations to
address key gaps and short-term needs, particularly as the cumulativeimpacts of climate change
increase on Canada’s forest geneticresources:

e 13.1 Availability of information on forest geneticresources —7 research needs, 2 outreach and
information sharing needs

e 13.2 Conservation of forest genetic resources—8 identified needs

e 13.3 Use, developmentand management of forest geneticresources —8 identified needs

e 13.4 Policies, institutions and capacity-building—8 needs with respect to policies and
institutions, and 4 needs with respect to capacity-building

The authors consider thisintegrated action planto be “mission critical” to protectingand planting
indigenous species and genotypesin the right places now in orderto benefit Canadians into the future.
Seedsavingand production haslong provided people and communities with tangible hope and ameans
of locally-adapted resilience. Fortunately, seeds of native species are accessible to most Canadians to
learn about on a personal or professional level, permitted ethical harvestingand local laws are followed.
While trees and shrubs can be the most challenging to predict and conserve, growing a collective
“future-proof portfolio” for Canada will be agood investment, and always a good news story.
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Next Steps for the National Tree Seed Centre (NTSC)

In 2023-2024, the NTSCwill be focused on providing training, seed quality control services and low -
technology solutions for Indigenous communities and small and medium-sized enterprises to participate
inand supportthe 2 Billion Trees program.

The NTSC will also continue to support our core mandate by storing and providing seed forresearch and
conservation of indigenous tree and shrub species of concern. The NTSC continues to work with federal
departments and other national organizations toimprove and support biodiversity conservation and
recovery targetsin national and international reporting.

Contact the NTSC

Visitourwebsite: https://natural-resources.canada.ca/science-and-data/research-centres-and-
labs/forestry-research-centres/atlantic-forestry-centre/national-tree-seed-centre/13449

For more information or new support requests, please contact the National Tree Seed Centre’s general
inbox: ntsc-cnsf@nrcan-rncan.gc.ca

Indigenous communities can directinquiries to Mary Knockwood, Indigenous Seed Collection Program
Coordinator: mary.knockwood @nrcan-rncan.gc.ca
Mobile: 1-506-434-1075

AtlanticForestry Centre, National Tree Seed Centre
1350 Regent Street

Fredericton, NBE3C 2G6

Tel: 506-452-4162

Fax:506-452-3525
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