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Executive summary

Canada’s forests cover 38% of its 9 millionkmZ2land area, totalling 347 million hectares and
accounting for about 9% of the world’s forest cover. Canada’s over-all forest condition has not
substantially changed since the 2012 Report on the State of Canada’s Forest Genetic Resources
(hereafter, “Canada’s 2012 FGR Report”). Privately owned land accounts for about 6% of
Canada’s forests, 2% is owned by the federal government, 2% is Indigenous owned, and 90%
fallsunder provincial and territorial jurisdiction. Provincial and territorial jurisdictions are
responsible formanagementand conservation of natural resources, while the federal
government has responsibility for representing Canada’s forests on the international stage,
regulatingtrade and commerce, managing national parks and lands used by the Department of
Defence, and Indigenous lands. Both levels of government hold responsibility forthe
environment, with some areas of shared jurisdiction.

The Food and Agriculture Organization of the United Nations (FAO) considers forest genetic
resources to represent “the heritable materials maintained withinand among tree and other
woody plantspecies (shrubs, palms and bamboo) that are of actual or potential economic,
environmental, scientificorsocietal value”. The presentreport focuses on the component of
forestgenetic resources represented by trees, while recognizing that all Canadian native tree
and shrub species can be treated as forest geneticresources giventheircurrent or potential
importance for ecosystemintegrity and conservation values, wood or non-wood forest
products, urban planting, ecological restoration, or for contributing to Canada’s bioeconomy.
More than 400 native tree and shrub species are foundin Canada, of which 126 are trees
(defined asreaching a height of at least 10m).

Currently, forest geneticresource valuationis most readily apparent in terms of overall forest
qualities, combined with actual or prospective examples of resource development. Ingeneral,
our forests provide recreational opportunities and spiritual benefits, habitat for large numbers
of associated species, and they contribute to water quality and other ecosystem services. The
main economic role of forestsin Canada issupply of forest products. About 45 tree speciesare
managed for commercial forestry. The total contribution of real GDP in 2012 dollars of the
forestindustry (logging, pulp and paper, and wood product manufacturing) rose from $18.8
billionin 2012 to $20.6 billionin 2018. Canada is the fourth largest forest product exporterin
the worldand leadsin the export of softwood lumberand newsprint. Non-wood forest
products such as maple syrup and Christmas trees, carbon sequestration, energy, and
bioeconomy are locally important economic contributors. Canada’s forests are also the second
largest source of renewable energy after hydroelectricity. For example, forest biomass was the
source of 85% of Canada’s bioenergyin 2016, and between 2010 and 2016 the forestindustry’s
fossil fuel greenhouse gas emissions decreased by 38% as a result of the use of forest-sourced
bioenergy. Canada’s emerging bioeconomy depends on the forest for biomass to produce
bioplastics, biochemicals, and biofuels, andit is expected to grow rapidly.

14



Range-wide geneticdata are lacking for most tree and shrub speciesin Canada, so existing
estimates of geneticvariation at the specieslevel are often extrapolated from geneticresearch
within a jurisdictional spatial scale, or are estimated based on surrogate measuressuch as
populationsize or fragmentation. In Canada’s 2012 FGR Report, jurisdictional assessments of ex
situ geneticconservation needs along these linesresulted in 39 native Canadian tree species
being categorised as requiring specific geneticconservation measures to preserve the integrity
of theirgene pools. Most of those species are hardwoods (33), five species are conifers from
the genus Pinus, and the final speciesis the coniferJuniperus maritima. As of the present
report, all 39 speciesare currently conserved as eitherseed lots or living ex situ accessions.

British Columbia, Alberta, and Ontario currently have strategies for forest geneticresources
which include in situ conservation. Gap analyses carried out in British Columbiaand Alberta
have suggestedthat in British Columbia most tree forest geneticresources are adequately
protected in the biogeoclimaticunitsin which they occur, while in Alberta protection appears
adequate in the largest ecoregions (representing 65% of the province’s area) but lacking for at
least some speciesinsmallerecoregions.

There are four main ex situ conservation reserves fortree speciesin Canada: three jurisdictional
seed banks (British Columbia, Alberta, Québec) and one federal Natural Resources Canada
National Tree Seed Centre (NTSC). The majority of their efforts revolve around the collection,
processing, testing and storage of seed sources from commercial speciesfor reforestation.
Currently, the NTSC has over 16,000 seed lots representing more than 120 species of native
treesand shrubs, and it also manages representative seed samples from native treesand
shrubs for conservation and research purposes. In 2019, the NTSC providedto domesticand
international researchers over 6.5 million seeds from 520 source-identified and quality-tested
seed lots, representing 60 tree species. Ultimately, the centre aims to store representative seed
samples from across the natural ranges of all Canadian tree and shrub species.

Currently, the main use of tree forestgeneticresources is in selective tree breeding (commonly
referredto as “tree improvement”) programmes, especially for qualities thatenhance
commercial forestry operations. Breeding for insect and disease resistance for species
conservationis a growing but secondary goal. In British Columbia, 67% of the 300 million
seedlings planted on publiclands in 2020 were grown from this source. The proportion of
selectively bred seedsislowerin other provinces, but nationally at least 50% of seed needsfor
reforestation are met by seed orchards, with the rest coming from wild stands. In Atlantic
Canada, most seed requirements forseveral species are met with second generation orchard
seeds. In Alberta, only about 15% of seedsare obtained from seed orchards, but the percentage
increases annually as orchards mature and achieve higher production.

Most selective tree breedingis carried out using the classic methods for selection, seed orchard
establishmentand management, and controlled crosses. However, new technologies aimed at
accelerating selection and breeding are gathering momentum. These include genomicanalyses
to develop marker-assisted selection fora broader assortment of traits than has beenapplied
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traditionally. A literature search revealed 40 articles published since Canada’s 2012 FGR Report
that describe geneticand genomicstudiesaimed at improved breedingand selectionfor 10
tree species, in particular white spruce (Picea glauca).

Promoting forestresilience to climate change must play an integral role in guiding stewardship
of Canadian forest geneticresources. Climate change has strongly affected our forests and the
forestsector viafire-, insect-, or pathogen-related impacts on plant health and forest
ecosystem function. For example, although the total area of Canada’s forested land burned by
fire has not increased significantly overthe past 20 years, several recent fires have occurred in
locations where they were historically uncommon. As a case in point, large areas of pine that
were killed by beetles in British Columbia as a result of climate change subsequently burnedin
2018. The adoption by several provinces of a climate-based seed transferapproach is now
providinga new level of complexity to tree breeding populations, seed orchard composition,
and sourcing and deployment of seedlings. Besides these operational challenges, predicting
future climate regimes and the tree traits that might bestrespond to those changes are areas of
ongoing investigation. Breeding for multiple traits also poses the challenge of potential trade-
offs between managing forests for overall resilience and promoting traits of importance to the
forestindustry.

Several related trends may enhance prospects for the conservation, sustainable use, and
development of forest geneticresources in Canada. Consolidation of forestindustry in recent
years may improve prospects for effective forest management. Expanded forest protection is
also anticipated, witha $1.3 billion federal investmentannouncedin 2018 to enhance existing
protected lands, including the use of forestinventory data. A federal “2 billiontree” initiative
announced in 2019 offersadditional opportunitiesforsupporting selective tree breeding,
particularly giventhe needfor planting material that is adapted to future climates. In a related
effort, the Canadian Forest Service has initiated a tree seed study headed by the National Tree
Seed Centre inan assessment of future seed supply and demand. More generally, rapid
advances in marker-assisted and genomicselection tools presentvaluable opportunities for
advancing our understandingand use of forest geneticresources. This is most immediately
apparent in terms of extending breeding programmes beyond traditional commercial selective
tree breedingto applications such as land reclamation, ecosystem restoration, and climate -
based seed transfer.

The Forest Genetic Resource Working Group (FGRWG) of the North American Forest
Commission continues to benefit Canadian interests in forest geneticresource stewardship by
promoting collaborative research and engagement betweenthe United States, Mexico, and
Canada. At a national level, The FGRWG delivers high quality science and science-to-policy
tools, while also linking with national forest management agencies and contributingto the
FAQ’s Global Plan of Action for the Conservation, Sustainable Management, and Development
of Forest GeneticResources. At a regional level, The FGRWG fosters dialogue and research at
the North American scale encompassing many tree species’ natural ranges. Its effortsalong
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these linesraise awareness of the importance of forestgeneticresources through training
sessions, conferences, and publications.

Within Canada, the Canadian Forest Genetics Association (CFGA) is a network of forest genetics
scientists and practitioners that promotesthe use of scientifically and technically sound genetic
practices in Canadian forestry activities, while the Conservation of Forest Genetic Resources
group (CONFORGEN) promotes coordination and improvementin the stewardship of Canadian
forestgeneticresourcesin particular. CONFORGEN works to define and mainstream science-
based guidelines forforest geneticresource monitoringand conservation. The group also
identifies emergingissues and research prioritiesforgenetic resource stewardshipin
collaboration with the FGRWG. Specificproducts delivered by CONFORGEN include
conservation guidelines developed forseventree species, a drafted scientific paper on ex situ
conservation, approval of guidelines for ex situ conservation practices, and participationin the
preparation of both Canada’s 2012 FGR Report and the presentreport.

Needsidentified withinjurisdictions for effective FGR stewardship include: (1) identifyingthe
geneticbasis and potential adaptive responses of trees to climate change, and to insect and
disease tolerance or resistance; (2) profiling population- and adaptive geneticcharacteristics of
tree species neededforreforestation, restoration and land reclamation planting material; (3)
establishmentof a stronger forest health and resilience component within breeding programs
to take full advantage of advanced generation breeding material, and; (4) promotion of
increased awareness of the importance of forest geneticresources in forest resource
management. Stable funding will be needed to support qualified personnel and materialsinthe
activities above.
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Chapter 1. Value and importance of forest genetic resources

Introduction

Canada, as the second largest country in the world with an area greater than 9 million km?2,
accounts for about 9% of the world’s forest, making it the third most forested country in the
world. Forests cover 38% of Canada’s land area, amountingto 347 million hectares (ha) and
about 9% of that area is inlegally protected areas. This means that there isabout 10 ha of
forest per Canadian (State of Canada’s Forest 2020) and the forest has a special significance for
Canadians. Forests have been a mainstay of Canada’s economy for generations as a major
contributor of jobs and income. The provision of recreational, restorative and spiritual values by
Canada’s forests has forged an ongoing connection with the Canadian psyche. Today, forests
are also central to meeting Canada’s climate change goals and are providingthe fodderfor the
rapidly emerging bioeconomy.

Canada isa federation of 10 provinces and three territories (“jurisdictions”), which rangein size
from 5.6 thousand to 1.9 million km?2 (Figure 1.1). Canada’s populationis about 38 million
(Statistics Canada, 2020) resultinginrelatively low population density compared to most
countries. The populationis geographically concentrated however, with two-thirds of
Canadians living within 100 km of the US border (Statistics Canada, 2020).

Only 6% of Canada’s forest land (almost 400 million ha)is privately owned; 2% is owned by the
federal government (national parks and Department of National Defence land); 2% is
Indigenous owned, and; 90% falls under provincial and territorial jurisdiction (Natural
Resources Canada, 2020 ). The different powersand responsibilities of provincial, territorial,
and federal governmentsresultin diverse land management policies and regulations across the
country. Provincial and territorial jurisdictions are responsible formanagementand
conservation of natural resources, while the federal government has responsibility for
regulation of trade and commerce and Indigenous lands. Both levels of government have
responsibility toward the environment with some areas of shared jurisdiction.

Canada’s forested land has been classified as eight forestregions (Figure 1.2), and of these
regions, the Boreal Forestis by far the largest, accounting for approximately 80% of Canada’s
forested area (Figure 2). The tree speciesfoundin the Boreal Forest Region typically have very
broad distribution, ranging across several provinces and territories. Otherforest regions contain
tree species with much narrower distribution within Canada, but they may have large north-
south distribution, ranginginto the US. For example, the mountainous topography of British
Columbiawith its north-south orientation has four distinct forest regions hosting tree species
that are not found in other parts of Canada. The number of tree speciesis inversely related to
the size of the forest regions. The vast Boreal Forest contains a relatively low numberof wide -
spread speciesthat are mainly wind-pollinated and exhibit high geneticdiversity. The smallest
forestregion, the Carolinian Forest has the highesttree species diversity but some of the
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species, with limited distribution in Canada and shrinking habitat, have relatively low genetic
diversity.
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Figure 1.1. Political map of Canada.
About this report

This report builds on the previousreport, submittedin 2012, hereafterreferredto as “Canada’s

2012 FGR Report”. We note throughout this document where content from the 2012 report
remains unchanged. A large volume of research carried out since 2012 contributes substantially

to the understanding of forest tree geneticresources interms of geneticdiversity, genomic
structure and function, and evolutionary processes. This report captures highlights of those
research results, in addition to updating status and trend information.
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Figure 1.2. The forestregions of Canada (Natural Resources Canada)
1.1. The role of the forest sector in the national economy

According to data from Statistics Canada’s Natural Resources Satellite Account (NRSA), the
forestsector directly accounted for $27.6 billion of Canada’s nominal GDP in 2017. The direct
economic value of Canada’s forest sector as a proportion of the nation’s GDP has risen over the
past 10 years. However, its exact value (1.4%) does not adequately reflect the great importance
of the forest sector relative to other resource sectors. The forest sector creates more jobs and
contributes more to the balance of trade for every dollar of value added than do other major
sectors. The industry has a disproportionate value to rural areas and re mote communities,
supporting, with jobs and revenues, about 300 municipalities across the country. The forest
industry provided employmentfor about 205,000 people across the country. This includes
about 12,000 Indigenous people (State of Canada’s Forests 2020b).
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The total contribution of real GDP in 2012 dollars of the forest industry (logging, pulp and
paper, and wood product manufacturing) rose from $18.8 billionin 2012 to $20.6 billionin
2018 and total revenue from goods manufactured was more than $77 billionin 2018 (Table
1.1).

Table 1.1. The role of the forestsector inthe national economy.

Year 2012 2013 2014 2015 2016 2017 2018
Contribution to nominal GDP (current dollars)

Forestry and 3,937,00 3,391,000, 3,728,000, 3,985,000, 4,086,000, 4,161,000, 4,614,818,
logging 0,000 000 000 000 000 067 030
industry

Pulpand paper 7,466,00 7,419,000, 7,927,000, 8,581,000, 8,607,000, 9,115,046, 10,046,85
product 0,000 000 000 000 000 993 5,544
manufacturing

industry

Wood product  7,402,00 8,785,000, 8,724,000, 8,961,000, 9,990,000, 10,841,22 11,350,67

manufacturing 0,000 000 000 000 000 4,359 5,885
industry

Total 18,805,0 19,595,00 20,397,00 21,527,00 22,683,000 24,117,27 26,012,34
contributionto 00,000 0,000 0,000 0,000 0,000 1,419 9,459

nominal GDP
Contribution to real GDP (constant 2012 dollars)

Forestry and 3,937,00 4,049,000, 4,210,000, 4,259,000, 4,030,000, 3,939,000, 3,985,000,
logging 0,000 000 000 000 000 000 000
industry

Pulpand paper 7,466,00 7,146,000, 7,547,000, 7,857,000, 7,647,000, 7,690,000, 7,604,000,

product 0,000 000 000 000 000 000 000
manufacturing

industry

Wood product 7,402,00 7,928,000, 8,124,000, 8,394,000, 8,872,000, 9,138,000, 8,971,000,
manufacturing 0,000 000 000 000 000 000 000
industry

Total 18,805,0 19,123,00 19,881,00 20,510,00 20,549,00 20,767,00  20,560,00
contributionto 00,000 0,000 0,000 0,000 0,000 0,000 0,000

real GDP

Revenue from goods manufactured (dollars)
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Year 2012 2013 2014 2015 2016 2017 2018

Logging 8,565,75 8,928,442, 9,199,638, 9,381,792, 9,782,530, 10,154,335 10,806,58
industry 2,000 000 000 000 000 8,000 4,000
Pulpand paper 23,2451 23,165,41  25,352,93 25,861,31 25,684,26 27, 30,592,30
product 71,000 4,000 4,000 5,000 9,000 736,303,0 8,000
manufacturing 00

industry

Converted 7,883,66 8,686,178, 10,249,21 9,807,737, 9,839,123, 10,580,36  11,027,16
paper product 6,000 000 7,000 000 000 8,000 2,000
manufacturing

Pulp, paper 15,361,5 14,479,23  15,103,71  16,053,57 15, 17,155,93  19,565,14
and 05,000 6,000 7,000 8,000 845,146,0 5,000 6,000
paperboard 00

mills

Wood product  21,328,3  25,207,65  26,409,94 27,415,98 29, 33,355,76  35,814,78
manufacturing 95,000 7,000 8,000 6,000 772,070,0 5,000 8,000
industry 00

Other wood 6,743,43 7,361,273, 7,478,184, 7,689,949, 7, 8,409,112, 9,141,275,
product 0,000 000 000 000 988,203,0 000 000
manufacturing 00

Sawmillsand 9,997,18 12,481,87 13,629,90 14,117,41 15, 17,251,95  18,403,50
wood 2,000 8,000 3,000 7,000 248,737,0 6,000 0,000
preservation 00

Veneer, 4,587,78 5,364,507, 5,301,862, 5,608,621, 6, 7,694,697, 8,270,013,
plywoodand 3,000 000 000 000 535,130,0 000 000
engineered 00

wood product
manufacturing

Total revenue  53,139,3 57,301,51 60,962,52 62,659,09 65,23886 71,246,42 77,213,68
from goods 18,000 3,000 0,000 3,000 9,000 6,000 0,000
manufactured

https://cfs.nrcan.gc.ca/statsprofile/economicimpact/ca

Many non-timberforest products are harvested and sold in Canada, including traditional ones

such as decorative boughs, berries, mushrooms, fiddleheads, Christmas trees and maple syrup;
and new ones based on extractives and bioproducts. In spite of the local economicimportance
and the social and cultural significance of non-timberforest products, harvest or sales data are
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not collected for most of them. The annual quantity and value of maple products is tracked,
however (Table 1.2), as well as some Christmas tree data. The area of Christmas tree farms was
only available for 2016 and dollar value was available onlyin 2017.

Table 1.2. The two major non-timber forest products.

Year Maple products Christmas trees
Litres (millions) Value ($ millions) Number of hectares Value
($ millions)
2012 29.73 305.543
2013 38.05 409.661
2014 35.90 381.222
2015 33.72 358.242
2016 46.03 484.109 23,787
2017 47.36 493.992 91.2
2018 37.08 385.531
2019 49.98 517.489

Statistics Canada. Table 32-10-0354-01 Production and value of maple products (x 1,000),
https://doi.org/10.25318/3210035401-eng; Statistics Canada. Table 32-10-0421-01 Christmas
trees, https://doi.org/10.25318/3210042101-eng

Canada’s emerging bioeconomy depends on the forest for biomass to produce bioplastics,
biochemicals and biofuels (Natural Resources Canada 2020). Forest industryis activelyfinding
new ways to use forest biomass both to offsetgreenhouse gas emissionsand to add value to
the Canadian economy. One product that has strong potential is transparent wood made from
lignin, strongerthan glass and with a higherinsulation factor. Lignin can also be used to make a
strong, light-weight foam. Wood waste is being used for making bioplasticfor 3-D printers.

Canada’s forests are the second largest source of renewable energy after hydroelectricity.
Forest biomass was the source of 85% of Canada’s bioenergyin 2016, and between 2010 and
2016 the forestindustry’s fossil fuel greenhouse gas emissions went down by 38% because of
using forest-sourced bioenergy (Natural Resources Canada 2020).

Forest sales contribute significantly to provincial sales revenues.

Table 1.3. Provincial forest sales (stumpage, rents, reforestation fees, protection fees, licences).

Year Value ($ millions)
2013 1147.396
2014 1215.916
2015 1345.631
2016 1441.553
2017 1539.243

Statistics Canada, 2018
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1.2. The main roles of forests in Canada (supply of wood and non-wood products, provisioning
of ecosystem services)

The main economic role of forestsin Canada is supply of forest products. Non-wood forest
products such as maple syrup and Christmas trees; carbon sequestration, energy, and
bioeconomy are locally important economic contributors. The bioeconomyis expectedto grow
rapidly; Canada’s first bioeconomy strategy was releasedin 2019 (Bioindustrial Innovation
Canada, 2018). Canada’s forests provide recreational opportunities and spiritual values for
many Canadians, as well as habitat for large numbers of associated species, contribute to water
quality and other ecosystem sservices.

1.3. Specific economic, environmental, social and cultural values of forest genetic resources

Forest geneticresources (FGR) are defined by the FAO as “the heritable materials withinand
among tree species and other woody plants. FGR underpinthe adaptive potential that has
enabledtreesto be, in evolutionary terms, among the planet’s most successful types of
organism.” For the purposes of this report, FGR are taken to refer to geneticresources of trees,
although it isrecognised that many other classes of organisms are components of forest
ecosystems.

The actual and potential value of the geneticdiversityintrees that is required for breeding, for
resistance to insects or diseases, or for tolerance to climate extremesissignificantfrom
economic, environmental, and socio-cultural perspectives. The specificvalue of FGR across
Canada as a whole has not been calculated or explicitly considered at the federal level.
However, provincial representatives have provided information on the value of FGR from
jurisdictional perspectives.

British Columbia
In British Columbia, FGR are managed for each of four values:

1) Economic: some 250-300 milliontrees are planted annuallyin British Columbia, representing
significant costs and benefitsto the people of BC, and adding value in comparison with natural
regeneration, interms of growth, adaptation, and disease and insect resistance.

2) Environmental: ecosystem services such as water quality, wildlife habitat, and wood
products. More than 12 tree species are planted across the British Columbialandscape, usually
in mixtures correspondingto conditions where they naturally occurred with respect to the
province’s ecological zonation.

3) Scientific: the bestavailable scientifictechnology is usedin tree breeding and genetic
conservation to advance geneticresource managementof tree populations, while employing
the latestscience in assisted migration in response to climate change. BCis one of the first
forestry organizations to apply climate-based seed transferzones (CBST).
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4) Social and cultural values: forestry in BC has beenthe economic engine for over 120 yearsso
it features strongly in provincial politics and public opinion. Indigenous peoples have increasing
rolesin forestry.

In recent years, climate change has been accompanied by more wildfires, insect outbreaks, and
drought in BC, challenging the forest industry and itsrole as the most valuable natural resource
in the province. In light of these challenges, the chief forester of BC views proper management
of FGR to be a key issue.

Alberta
The government of Alberta has appraised FGR in terms of three categories:

1) Economic: Alberta's forestindustry, mainly primary products manufacturing and export,
directly employs 18,700 Albertansand 25,300 peoplein supporting occupations. Industry
revenuesexceed CAD $6.5 billion from harvesting operations and sales. Selective tree breeding
(commonly referredto as “tree improvement”) is recognized as a priority of both government
and industry to support the forestsector. Genetic resources are recognized as key to healthy,
well-adapted, genetically diverse forests that can sustain multiple values.

2) Environmental: Diversityisa core environmental value supported by Alberta’s FGR
management. Minimum diversity levels must be met for seedlot registration, whichis
mandatory prior to use. Deploymentisalso linked to geneticdiversity levels, where seedlots
having higher effective populationssizes are allowed greater deployment.

3) Social and cultural: FGR management israrely an explicit goal in protected areas of Alberta
but parks and Provincial Recreation Areas have high recreational and publicamenity value.
Some visitors value species diversity, noting differences with changing seasons, or recreational
value in differentforesttypes, but most value access to nature and may not focus on specific
geneticor diversity attributes. Indigenous culturesin Alberta place a very high value on specific
speciesas well as certain areas with spiritual value. Traditional places for gathering plant
materials are often in forests, which may bein provincially administered publiclandsorin
federally administered reserve lands. Indigenous peoplesin Alberta have collaborated with the
provincial governmentin support of “Geneticconservation of the endangered limberand
whitebark pine” program.

Wildcraftingand foraging are also cultural uses of forest products in Alberta, but there is little
data on theirextent. Willow furniture, woodworking, cosmetics, natural fibres, and edibles are
all growing sectors. “Forest bathing” is a global trend that is supported by growing body of
literature confirmingthe cultural and wellness benefits of spendingtime in nature. These
cultural values may not specifically address genetics, but may present some opportunitiesfor
selective breeding orseed production programs should the demand for forest bathing support
it.
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Although not noted by the provincial representative, there is a flourishing research program on
various aspects of FGR involvingthe Alberta provincial government, industry, and academia
(especially the University of Alberta).

Ontario
The government of Ontario recognizes FGR values as follows:

1) Economic: Selective breeding programs for black and white spruce (Picea mariana, Picea
glauca), and for jack and white pine (Pinus banksiana, Pinus strobus) are focused on enhancing
forest health, productivity, and wood quality. Conserving broad intraspecificgeneticvariation
maximizes the potential for conserving adaptive geneticvariation suitable for new conditions
resulting from climate change. A new policy underdevelopment that reflects this priorityis
aimed at customising seed transfer for tree speciesimportant for reforestation in a manner
that matches source material with climaticconditions.

2) Environmental: Geneticresistance of threatened tree species to insects and diseasesis being
explored and used where available for species recovery and wildlife habitatenhancement.
Focal speciesinclude butternut, ash, beech, eastern white pine, chestnut. Anotherexample of
explicit recognition of FGR valuesisin seed source selection for urban planting.

3) Social and Cultural Values: These specificFGR values are reflected in the efforts towards
recovery of threatened or endangered keystone tree speciesincluding American chestnut
(Castanea dentate), butternut (Juglans cinerea), eastern white pine (Pinus strobus), American
beech (Fagus grandifolia), and American elm (Ulmus americana). Collaborative effortsinvolve
the Ontario government, Indigenous peoples, universities, conservation organisations, and
private citizens.

Quebec

In Quebec, the economic and environmental values of FGR are recognized through the many
efforts undertaken to use and conserve geneticdiversity:

1) Economic: many tree breeding programs have been developed overthe last 50 years in
Quebecto provide selectively bred and locally adapted seedlings for reforestation. More than
125 million trees are planted annually, and are of high economic value for the Quebecforest
sector. Geneticdiversityisa priority of Quebec tree breeding programs, both for the sake of
selected material for and avoidance of inbreeding.

2) Environmental: Several conservation areas have been established in diverse ecosystems
across Quebecover the last 30 to 40 years, collectively contributing to forest biodiversity in situ
and to supplying environmental, scientific, and societal value. Although the objective of these
areas is not explicitly to conserve FGR, geneticdiversity isrecognized as a value withinthese
protected areas.
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An active collaborative research program involving Laval University, the Canadian Forest
Service, and the provincial governmenthas advanced understandingand contributed to the
realized value of FGR in recent years (e.g., Chamberland et al. 2020).

1) Economic: The most obvious value of the selective tree breeding program is associated with
the geneticgain (increased performance) that has been achieved. In economic terms, the
improvementin both quality and quantity of available wood has been notable.

2) Environmental: The province subscribesto the triad approach to forest management,
whereby intensive management of productive forest (including selectivetree breeding) meets
wood product needs on smaller plantation areas, which allows for more natural forestand
protected forestareas. Also, by selecting plus-trees from across the Maritime provinces and in
the US state of Maine, the geneticdiversity of the plantations that are beingestablished now
has increased in comparison with wild seed collections.

Atlantic Canada

AtlanticCanada has had an active tree breeding programme for 40 years, during which at least
750 millionselectively bred seedlings have been planted inthe region, covering approximately
340,000 ha. In one of the only existing attempts to estimate an economic value associated with
specificgeneticresources, Adams (2020) estimated the gain of more than seven million cubic
metres of wood resulting from this reforestation effort, with a stumpage value at $15/m3 was
valued at more than $100 million.

1.4. Contributions of forest genetic resources to sustainable development

In British Columbia, geneticresources contribute to sustainable developmentbyimproving
growth performance and adaptation related to climate tolerance and pest resistance for the
300,000,000+ treesthat are beingplanted annually. These enhanced growth and adaptation
traits are factored into growth modelsto establish future cutting levels. Provincial government
actors recognize the importance of forest products to the economy, but they also recognize
that, in the future, having healthy and well-established plantations, with the appropriate
germplasm, will be as important. With the increasing losses due to firesand insect damage in
recent years, reforestation efforts using genetically appropriate stock are increasing.

In Alberta, as in New Brunswick, there is a perception that as yieldincreases due to selective
tree breeding, harvestrates will increase without expandingthe industrial footprint. Selective
breeding that translates intorapid early growth provides opportunities to reduce stand
establishment costsand inputs such as chemical and mechanical competition control.

! The concept of sustainable development was described by the 1987 Bruntland Commission Reportas
“development that meets the needs of the present without compromising the ability of future generations to meet
their own needs.” There arefour dimensions to sustainable devel opment —society, environment, cultureand
economy —which areintertwined, notseparate.
https://en.unesco.org/themes/education-sustainable-development/what-is-esd/sd
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Recent changes to Alberta’s building codes demonstrate that there is a great opportunity for
increasing the use of low-carbon and renewable building materials. Most mills now have some
cogeneration capacity to meetthe increasingdemand for biomass for energy. Biogasificationis
under development at several landfills to capture methane and produce energy. The value-
added products such as fingerjoining, veneer, finishing products, and trusses that are produced
by smaller mills, as well as fibre with specificproperties such as dissolving pulp orlong fibres
that increase recycling potential, are in growing demand. The growth of all of these sustainable
industries can be supported by increasing the level of deployment of orchard seed with higher
geneticgain, and also increasing capacity for selection and breedingfor industry-specifictraits.

A significant proportion of Ontario’s managed forest is regenerated with selectively bred seed
produced through Ontario’s Forest GeneticResource Management (FGRM) programs leadingto
a number of contributions to sustainable development. From an economic perspective, the
selectively bred material contributes to greater harvested wood volume withits proportional
contribution to the country’s GDP, job creation, international trade and developmentin
northern Ontario. The increased productivity of plantations, as a result of selective tree
breeding, allows for environmental protection in natural forests. Renewable energyinthe form
of wood pellets can help mitigate climate change through enhanced carbon sequestration with
more rapidly growing plantationtrees and enhanced wood volume for construction.

In Quebec, as elsewhere, consideration of FGR forms the basis of all tree breeding programs,
seed orchards and seed production areas, and contributesto all selectively bred seedlings
currently usedin reforestation programs in Quebec. Meeting the first goal of reforestation
programs, which is to assure adequate regeneration using suitable geneticmaterial (where
natural regenerationis lacking after harvest) is a direct contribution to sustainable
development. Asecond goal is indirect: to assure that the deployment of intensive forestry
occurs on a small part of the provincial land in different regions of Quebecnear villagesand
towns in order to decrease harvesting pressures on natural forests. Pursuing this goal has
involved following the principle that the higher the geneticgain in deployed material, the
smallerthe area of intensive forestry isrequired for a givenyield of forest products.

In New Brunswick, managers of government land are starting to reap the economic benefits of
high-quality trees with less branching, improved form, and faster growth. Consequently, more
wood can be harvested from a given area in a shorter rotation period than was possible priorto
the deployment of selectively bred seedlings. The investmentin seed orchards ensures a steady
supply of high-quality seed.

1.5. Priorities to enhance FGR contributions to sustainable development
Priorities across the country include:

1) buildinga stronger forest health componentinto breeding programs to take full
advantage of advanced generation breeding material;
2) increasinggain in productivity without detrimentally affecting local adaptation;

28



3) developinganddeployingnew seedzonesand transfer rulesin response to climate
change (BCis rapidly moving to a climate based seed transfer (CBST) system);

4) enhancingselective tree breeding programs for promising species;

5) ex situ conservation of geneticresources by maintaining provenance and progeny trials;
and,

6) inventory of FGR.

As a step toward these priorities, Albertahas a formalized system for setting priorities with
clients, and has to balance economic development with its stewardship mandate (guided by
regulationsinthe provincial standards).

The greatest needidentified by all jurisdictionsis for increased internal capacity and stable
funding. The difficulty in replacing geneticists, tree breeders, and other selective breeding
program staff has been emphasized. Annual funding fluctuations do not reliably support the
long-term planningthat isneeded for adequate development and maintenance of FGR
programs. Improved collaboration was also identified asa needin onejurisdiction, which noted
that more research collaboration between governmentand universities isneeded, aswell as
continued improvementin collaboration between government departments.

1.6. The perception of different stakeholders on the importance of forest genetic resources

Forest industryin all jurisdictions has responsibility for reforesting after harvesting. Availability
of adequate supplies of good quality seedis recognized as a high priority and most produce or
seekselectively bred material. To varying degrees, industry tends to view establishing fast-
growing trees on harvested land as important and selective tree breeding as vital to achieving
this objective. Provincial and federal government departments broadly recognize the value of
geneticdiversity, both as a source of sustainable economicgrowth through selective breeding
and genomic initiatives and as a resource for forest conservation.

Numerous universities are involved inresearch and training on FGR, with increasing
collaboration with provincial programs. In general, academia advances fundamental research
and approaches that find their way into geneticresource management and breeding programs
at later points, such as through genomictools to aid in selection or through insights for
optimizing seed transferunder changing climatic norms.

Non-governmentorganizations recognize and value geneticresources to varying degrees. While
some with specificthreatened species mandates have a high awareness of the value of genetic
resources (e.g., the Whitebark Pine Ecosystem Foundation of Canada, and the Forest Gene
Conservation Associationin Ontario), others with a broader mandate do not explicitly recognise
geneticvalues.

1.7. Constraints to increasing awareness on the value of forest genetic resources

The biggest constraint to increasingawareness of the value and importance of FGR islack of
financial resources, leadingto reduced funding and staff. In British Columbia, the provincial
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Forest Genetics Program has received strong support from industry and government for about
60 years. There is also support inthat province from the general publicfor FGR management. In
Quebec, in spite of diminishing provincial resources forstaffingin geneticprograms, the
importance of FGR has beentaught over the last 20 years at the University of Laval to all future
professional foresters, as part of a mandatory course related to breeding, reforestation, and
silviculture issues. This contributes to greater awareness among younger foresters. Increasingly,
FGR is also considered as a criterion by forest ecologiststo establish new conservation areas.
However, these advances stand out from the generally modest support for geneticresource
management. In other jurisdictions across Canada, diminishing programs or numbers of
professionals working on FGR lack the required funds for outreach or scientificcollaboration.
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Chapter 2. State of diversity in forests
2.1 State of Canada’s forests

Canada’s over-all forest condition has not substantially changed since 2012 (Table 2.1).
Canada’s forest and other wooded land comprises 44% of the country’s land base. The area
that isdeforested annuallyis very small, accounting for 0.01% of the forestarea in2017, the
most significant causes of deforestation were mining, oil exploration, and agriculture. Forest
harvestingis not counted as deforestation, giventhat regenerationis considered a part of the
forest management cycle. Although afforestation occurs, the area that is planted annuallyis
small enough that it is not systemically tracked.

Canada’s forest tree speciesrichnessis moderate, but the evenness diversity measureisvery
low, with vast tracts of land covered by one or two tree species. The predominant tree genera
in Canada’s forests, presentedinTable 2.1, are softwoods (almost 80% by volume) and five
species of the spruce genus (Picea) account for almost 50% of that volume. The most species-
diverse ecosystems are in southern Ontario where “other hardwoods” account for 0.5% of the
total volume of Canada’s standing forest.

Table 2.1. Overview of Canada’s forest condition (From Natural Resources Canada 2020 and
https://cfs.nrcan.gc.ca/statsprofile/overview/ca).

Forest and other wooded land by Hectares (2017)
classification

Forest land 347,039,050
Other wooded land? 40,865,660
Otherland with tree cover? 8,498,940
Forest area change Hectares (2017)
Afforestation Insignificant
Deforestation 35,386

Forest type (forest land only) Percentage
Coniferous 67.8%
Mixedwood 15.8%
Broadleaf 10.5%
Temporarily non-treed 5.9%

Forest ownership Percentage
Provincial 76.6%
Territorial 12.9%

Private 6.2%
Aboriginal 2.0%

Federal 1.6%

Municipal 0.3%

Other 0.4%

Growing stock Million cubic metres

Total volume 47,320



Predominant tree genus (forest land only)

Percentage by volume

Spruce 47.3%
Pine 11.9%

Fir 7.4%
Hemlock 5.8%
Douglas-fir 3.5%
Larch 0.6%
Cedar and other conifers 2.7%
Unspecified conifers 0.7%
Poplar 13.1%
Birch 3.3%
Maple 3.0%
Other hardwoods 0.5%
Unspecified hardwoods 0.2%
Unclassified 0.1%
Land use Thousand hectares
Agriculture 62,154.3
Conservation 83,508.9
Forestry 258,604.3
Industrial 472.8
Infrastructure 8,051.9
National Defence 2,314.1
Recreation 70,443.7
Settlement 4,453.0
Unknown 158,350.7
Total 648,353.6

1. “Other wooded land” follows the FAO definition of land where tree canopies cover 5% - 10%
of the total area and the trees, when mature, can grow to a heightabove 5m, or shrubs, bushes
and trees togethercover more than 10% of the area (treed wetlands and land with slow -
growing, scattered trees).

2. “Other land with tree cover” follows the FAO definition of land where tree canopies cover
more than 10% of the total area and trees, when mature, can grow to a height of at least 5m
(treed areas on farms, orchards, parks and gardens) from FAO

Canada reports on sustainability indicatorsin line with the Montreal Process, which are also
usedto report progress toward United Nations Sustainable Development Goals. The
sustainability indicators are used domestically forthree purposes (Natural Resources Canada,
2020):

1. provide essential informationabout the state of and trends in Canada’s forests;
2. highlight needsfor selective tree breedingin sustainable forest management practices and
policies;and,
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3. supplyreliable information fordiscussions and initiatives related to environmental
performance and trade.

Indicators measuredin Canada are listedin Table 2.2 along with a brief summary of their
current status. The first 12 indicators provide information about the forest and environmental
sustainability. The remaining nine indicators pertain to the sustainability of the forest industry
from an economicand social perspective.

Table 2.2 Canada’s Sustainability Indicators and brief descriptions of status.

Indicator

Environmental

Forest Area

Deforestation
and
afforestation
Wood volume

Forest area
within
protected
areas

Area
harvested

Regeneration

Volume
harvested
relative to the
sustainable
wood supply

Status

From 1990 to 2018, lessthan half of 1% of forest area was lost, with
greatest area reduction in the Prairie Ecoregion (6.5% loss), the Mixedwood
Plains (2% loss) and Boreal Plains (1.5% loss). Most of the area lost was
convertedto agriculture.

Canada’s deforestationrate is very low and declining. From 1990 to 2017
annual deforestation declined from 64,000 ha to 35,000 ha. Afforestation
occurs at avery low level relative to forest area.

Over the period 1990 — 2016 wood volume declined from 47,625.38 to
45,107.59 million cubicmetres mainly because of the impact of natural
disturbances. During this period, the area of forest affected by fire and
insects was 20 times greater than the area affected by harvestingand
deforestation.

The area has more than doubled since 1990 from 13,546.00 to 29,507.00
thousand hectares; 8.5% of Canada’s forest is within protected areas. In
2018, the governmentof Canada announced $1.3 billionto expand the
extentof protected areas and to enhance existing ones, including the use of
forestinventory data to characterize the protected forests.

In 2017, approximately 756,000 ha of forestwere harvested, down 1.9%
from 2016 and down 24% from the average area harvested from 1995-2005.
The declineislargely due to increased area of forest damaged by insects
(mountain pine beetle) andfires. The area harvested annuallyisless than
half of 1% of the total forestarea.

Successful regenerationisrequired for Crown land harvest licenses; more
than 50% of the harvested area has been artificially regenerated overthe
past 20 years. In 2017, 572 million seedlings were planted on 396,000 ha.
Both number of seedlings planted and area plantedin 2017 were at least 6%
higherthan the 10-year average.

The 2017 sustainable wood supplyis calculated to be 219.6 millionm3,
down from 2016 by 3.5 million m3. The harvestin 2017, 155.2 m3, is well
below the sustainable harvest.
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Indicator
Forest area
withlong-term
management
plans

Forest insects

Forest
diseases

Forest fires

Carbon
emissionsand
removals

Social &
Economic

Employment

Average
earnings

Communities

Status

More than half (57.6%) of Canada’s forestland has a long-term (10 year or
longer) management plan, including areas managed for timber production
and protected areas, representingan increase of 8% since 1990. The
development of management plans follows astrict process, in most cases
requiringinputfrom forest industry, government agencies, Indigenous
peoples, the public, and other stakeholders.

Insect or pathogens are second only to forestfire as an impact on Canada’s
forests. Insects affected 15.6 million ha of forestland in 2017, which is
within 1% of the previousyear. Spruce budworm in Quebec was the most
important insect or pathogen interms of area affected. Mountain pine
beetle was at its lowest pointin 10 years in 2017.

Forest managers manage disease through tree breedingand silviculture in
order to reduce impacts. Forest pathogens reduce growth and decrease
productivity but the severity and area of damage in Canada’s forests has not
been estimated. Abioticfactors, including those associated with changing
climate, affect the severity of pathogens.

More than 7000 forestfires burned almost 2.3 million ha of forest in 2018
which isclose to the 20 year average, but serious fires occurred in unusual
places such as Vancouver Island. Forest firesin mainland British Columbia
occurred in extensive areas of pine that were killed during the past decade
by the mountain pine beetle.

Canada’s forests had an estimated net emission of about 217 milliontonnes
of carbon in2017. Forest managementand use of wood products constitute
a sinkamounting to about 20 milliontonnes of CO2. An area totallingabout
1.5 million ha of managed forestland was burned by wildfiresin 2017,
increasing the net CO2 emissionrate.

Canada’s forest sector employed 210,615 peoplein2018; aslight decline
from 2017. The pulpand paperindustryfaced a continuing declinein
demand for paper products and the wood product manufacturing industries
experienced adeclinein prices for wood products. These two factors
contributed to a reduction inemployment, but the employment numbers
were increasedin fire management related activities.

Average earnings in the forest sector are down by 3.9% in 2018 compared
with 2017 but are still higherthan the average earnings across the total
manufacturing sector.

About 31% of Canadians, including about 70% of Indigenous people, livein
or near forests. About 300 communities, including 2% of Canada’s
population, are reliant on the forest sector for jobsand income. Many less
easily measured benefits also flow from the forestto those who livein
proximity.
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Indicator
Gross
domestic
product

Production

Exports

Financial
performance

Secondary
manufacturing

Forest
industry
carbon
emissions

Status

Canada’s nominal gross domesticproduct included $25.8 billion (1.2%)
contributed by the forest industryin 2018. The GDP contributed by the
forestindustry declined by 1% from the previousyear, while the overall
economy increased by 2.3%. The declinein the forestindustry contribution
was mainly due to weak demand for both wood and paper products.
Forest production has remained approximately constant overthe past 10
years exceptfor a growth in structural wood panel production. Canada is
the world’s largest producer of newsprint but the demand for that product
is shrinking worldwide.

Forest product exports from Canada are up for the sixth consecutive year,
with the total export value growing by 53% between 2012 and 2018. Pulp
and printing and writing paper value rose between 17 and 18% from 2017
to 2018, because of higher prices. Canada isthe fourth largest forest
product exporterinthe world and leadsin export of softwood lumber and
newsprint.

Performance improved for the 7th consecutive year withincreased
operating profits and increased return on capital expenditures, indicatinga
highly competitive forestindustry.

Real GDP from secondary manufacturing decreased by 11% from 2008 to
2018. It accounted for 35% of the total contribution of forest product
manufacturing in 2018.

Total greenhouse gas emissionsinthe forestindustry from fossil fuel use
have declined by 38% over the past 10 years, while energy use has
remained stable over the same period. The reductionis largely due to
generation of electricity from bioenergy.

Two new indicators were addedin 2019: “Forest area within protected areas” and “Forest area
with long term management plans”. Both are relevantto the status of forest geneticresources
(FGR); although protected areas are not designed specifically to conserve geneticresources,
they are recognised as important potential sources of forest geneticdiversity. Although the
value of protected areas specifically forforest tree genetic conservation has been questioned,
there is a common recognition that extensive undisturbed natural habitat is required to
maintaintree populationsthat allow for adaptive evolution with respectto climate change. The
requirementfora long-term management plan for protected areas is particularly important for
managing FGRs, because current management decisions have long implicationsfor forest
geneticdiversity. Inthe absence of long-term planningfor forest geneticdiversity, adequate
managementis likely to be piecemeal and incidental, resultingininadequate protection of FGRs
in general. Management of protected areas has increased substantially overthe past 30 years,
although no formal mechanism for protecting FGRs currently exists.
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2.2. Trends affecting forests and their management

Ongoing climate change and associated changes in fire regimes, and insect or pathogen damage
encompass the most significant trends affecting forest resources. In British Columbia, for
example, three of the 10 largestfiresin a century have occurred in the lastsix years (Natural
Resources Canada 2020). Analysis of historical climate data collected in British Columbiareveals
numerous changes currently affectingterrestrial ecosystems that are relevantto fire regimes
(British Columbia Ministry of Environment, 2016). Between 1900 and 2013, the average annual
temperature across British Columbia rose by 1.4°C, with northern regions warming more than
the average. Notably, the nighttime minimum average temperature overthe same period
increased by 3.1°C and precipitation has increased at the same time. Both fire activity and
insects or pathogens can accelerate inthe presence of increased heat energy, with insector
pathogen effects potentially furtherexacerbated by drought stress experienced by treesin the
presence of increased ambienttemperature. These effectsinteract with precipitation but data
are lacking on the relationship of thisregionally variable factor to fire and insect or pathogen
activity.

Wood supply is estimated as the sum of the annual allowable cut (AAC) calculations for
managed forestland in all provincial, territorial and federal jurisdictions. Forest removed from
commercial operations for park establishmentinfluence wood supply, as do fire impacts and
insector pathogens. But wood supply, and net forest harvest (a proportion of the AAC),
fluctuates primarily in response to markets. Industry innovation, including capitalizing on the
emerging bioeconomy, has in recentyears resulted in decreased forest harvest demand across
Canada. This trend has beendriven by a reduction in demand for newsprintand soft lumber
markets, along with a transitionto a less carbon-dependenteconomyin general. Wood supply
has decreased since 2009, after having previously remained relatively constantfor almost 30
years. The forest harvest level dropped to about 65% after the 2008 housingcrash and then
increasedto 71% by 2017 (Governmentof Canada, 2020).

2.3. Drivers of change in the forest sector and their consequences for forest genetic resources

Climate change is a major driverof change in forests and the forest sector, both directly and
indirectly viafire-, insect-, or pathogen -related impacts on forest ecosystem function, and tree
health or composition, with consequent changes in park and urban forest managementand
impacts on human livelihoods. Forexample, although the total area of Canada’s forested land
burned by fire has not increased significantly overthe past 20 years, firesin recent years have
occurred inlocations where theyare historically uncommon. In British Columbia, large areas of
pine that were killed by beetles as a result of climate change burned in 2018 (Natural Resources
Canada, 2020). As asecond example, climate change also alters tree geneticresources through
habitat loss (e.g., Pinus albicaulis and Pinus monticola, McLane and Aitken 2012, Liu et al.,
2016). The effects of climate change have highlighted the vital need to effectively manage tree
geneticdiversity, since available geneticvariationis as a key natural resource for adaptive
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response or resilience of treesto the stresses resulting from climate change (Aitkenand
Bemmels, 2016).

Forest invasive alien species (FIAS; insect or pathogen) constitute a second significantdriver of
change in the forestsector, in both natural and urban forests (Toronto and Region Conservation
Authority, 2020; Table 2.3). Populations of tree species have been lostto invasive species,
taking with them undocumented geneticdiversity. Similarto the effects of climate change
noted above, impacts by invasive species highlight the need forinventoryingand conservation
of tree genetic diversity as a natural non-renewable resource foradaptive variation or
resistance to FIAS impacts (Forest Gene Conservation Association, 2018).

Table 2.3. Extent of forest defoliation by insect or pathogens, and losses due to fire, from 2012
to 2018.

Disturbance! 2012 2013 2014 2015 2016 2017 2018
Insects

Allinsect 8,796,129 20,129,334 20,391,494 15,730,947 15,489,117 15,628,659
species

Balsam fir 591

sawfly

Forest tent 4,841,071 4,013,393

caterpillar

Gypsy moth 757

Jack pine 24,634 206,849

budworm

Mountain 3,016,228 2,973,935 2,208,687 1,447,954 376,669 332,259

pine beetle

Spruce 242,877 291,972

beetle

Spruce 1,792,062 2,777,998 3,583,700 5,235,854 4,970,951

budworm

Western 9,135 3,426

spruce

budworm

Other 3,928,665 5,625,266

insects

Fire

Total burned 2,003,270 4,210,137 4,563,327 3,861,647 1,416,053 3,371,833 2,272,274
Number of 7,956 6,264 5,158 7,140 5,203 5,611 7,067
fires

1. All measuresin hectares exceptfor final row (counts).

Successful regenerationisrequired by provincial crown land authorities and this can be
accomplished through natural regeneration, planting, or seeding. The area seededincreased
from 2012 to 2017 and the total area artificially regenerated (seeded or planted) has been
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relatively stable since 2017 (Table 2.4). The percentage of the area harvested that was
artificially regenerated varied from 50% (2012) to 58% (2013 and 2014) during this period. Most
seed used inartificial regenerationis sourced from seed orchards and geneticvariation
represented by the seeds may be narrow, particularly in terms of rare alleles. Evenso, artificial
regeneration allows managers to match seed source to environmental conditions, a practice
consideredincreasingly importantin attempts to regenerate harvested forests with genotypes
that are potentially well-adapted tolocal climate conditions or insect or pathogen pressures.

Table 2.4. Forest Harvest and reforestation.

Impact?! 2012 2013 2014 2015 2016 2017
Harvest

Area 711,411 745,800 714,489 778,331 766,659 756,295
harvested

Volume 153,184,7  155,530,54 155,135,72 160,163,66 156,743,60 156,717,59
harvested 68 8 9 1 5 5
Regeneration

Area 348,730 420,494 403,006 415,264 410,221 409,559
planted

Area 10,540 11,197 11,906 13,050 15,790 17,866
seeded

Third-party certification

Area 147,928,8 152,937,72 160,856,36 166,163,53 167,797,44 169,865,52
certified 55 8 0 8 2 8

1. Area represents hectares, volume represents cubic metres.

2.4. Challenges and opportunities for the conservation, development, and use of forest
genetic resources

Challenges

Provincial representatives noted climate change as a pressing challenge. British Columbiais
implementing Climate Based Seed Transfer (CBST) as a strategy to hasten adaptation to local
effects of climate change. The aim of CBST isto ensure that forests will be healthy, resilientand
productive by matching seed source to plantingsitesin light of site-specificprojected local
climate conditions. While proactive, this management effort produces challengesfor predicting
future climate regimes, genotypes best suited to those conditions, and for preparingtree
breeding populations, seed orchard composition, and seed procurement and deploymentto act
on those predictions. While the province manages around the mean responses of predictions
(e.g., breedingvalue calculations, climate change response surfaces), foresters must manage
variabilityinrealized climaticconditions at the scale of within-site variation. Provincial policy
does not address this fine spatial scale adequatelyinits timberharvesting plans, and in
addressingall challenges that industry might have in obtaining suitable tree accessions.
Notably, building more resilient forests requires detailed research that must be shared by
governmentand industry. Related to thisissue, the increasingimpacts of fire, insects or
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pathogens, and disease underrelatively rapid climate change diminish the benefits of FGR
managementand, inturn, industrial support for this practice. Consequently, government
agencies will needto investsubstantiallyin FGR research and management.

Breedingfor multiple traitsis a challenge noted by two provincial jurisdictions. The complexity
of thisissue has increased with the need to combine former priority adaptive traits with those
addressingthe emerging bioeconomy. An inherent constraint of meetingthis challenge is that
multi-traitindex selectionisonly possible in cases where traits are strongly correlated, which
posesa challenge for diversifying forest product needs.

Alljurisdictions noted that accessing consistent, adequate fundingfor long-term breeding
programs presentsan ongoing challenge. As selective tree breeding programs mature,
managing advancing generationsin breeding populations becomes more complex, yet
resources to do so continue to lag or to vary across years.

Opportunities

Climate change and the threats posed by insects and pathogens (including FIAS) provide
opportunitiesfor FGR in Canada. Overall, they drive research and conservation of FGR aimed at
fosteringresilience and adaptation of planting material to new bioticand abioticthreats. The
increased demand for climate-adapted material necessitates geneticevaluation to choose
suitable material and this supports seed transfer revisions. Similar efforts have been initiated to
developinsectand pathogen resistance in speciesincludingelm (Ulmus americana), white pine
(Pinus strobus), butternut (Juglans cinerea) and beech (Fagus grandifolia). More broadly, there
is a vital needto inventory species-specificgeneticdiversity across natural forests, as a means
to identify existing levels of this non-renewable resource and to prioritize stands for FGR
conservation.

Increased human pressures on the productive forestland base have also prompted research on

FGR, inorder to meetdemands for higher production over reduced areas. For example, Ontario
plans to double the volume harvested while staying withinits AAC, by planting more selectively
bred seedlingstoincrease productivity and ensure wood supply sustainability.

Several related trends affect progress on inventorying and developing Canada’s FGR. First,
consolidation of forest industry in recent years has improved prospects for forest management,
giventhat large companies are more likely to have selective tree breeding programs. Canada’s
2 billiontree initiative, announced by the Liberal governmentin 2019, offers additional
opportunitiesforsupporting selective breeding, particularly consideringthe need for planting
material that is adapted to future climates. Finally, carbon credits may provide an opportunity
forincremental benefits of selective breedingif selected trees grow more rapidly.
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Chapter 3. State of diversity in other wooded lands

This chapter presentsan overview of the state of other wooded lands and otherland with tree
coverin Canada and a review of the trends that are shaping them. It identifies the maindrivers
of change and analysestheir consequences, specifically for forest geneticresources (FGR).

Other wooded land is defined as an area: 1) with a total of 5-10% canopy cover with a mature
tree height of 5 metresor more, or; 2) with woody species (shrubs/trees) that cover more than
10% of the land, excluding urban and agricultural areas (N