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1.0

INTRODUCTION

This article deals with forest genetic conservation of native tree species, their populations and
genes in Alberta. It is synonymous with conservation of forest genetic resources i.e. genetic
materials of tree species for present or future use
(http://en.wikipedia.org/wiki/Forest_genetic_resources). It is intended to provide educational
material for post-secondary students and practicing biologists and foresters to give them an
understanding of genetic conservation, its importance in forest management and applicable
policy and regulations relating to its practice in Alberta.

2.0

FOREST GENETIC CONSERVATION AND ITS BROADER CONTEXT

Genetic conservation is an important component of biological diversity (also referred to as
biodiversity) conservation. Biological diversity refers to the variability found among living
organisms (plants, animals and micro-organisms),
Whitebark Pine
ecosystems and ecological complexes of which
they are part. There are three recognized
components of biodiversity which are: ecosystems,
species and their populations, and individual
Limber Pine
organisms and their genes. All of these are the
product of biological evolution over millennia.
Genes are the basic unit of biological variation and
represent the potential of any organism to adapt to
its habitat and changing climate through the
processes of natural evolution. Adaptation is
defined as “a change on the part of an individual or
population in respect of their environments
Alberta has 28 native tree species; two of these
species limber pine and whitebark pine) are listed as
resulting in better survival, growth or
endangered by Alberta
reproduction” and is typically a genetic process.
Biological diversity is invaluable and important for the economic, social and environmental well
being of planet earth and mankind.
Alberta has vast natural forests which cover nearly 60 percent of the province or approximately
an area of 38 million hectares (ha). Forestry is the fourth largest economic sector in the
province after oil and natural gas, agriculture and food, and tourism. Approximately 82,000 ha
of forests are harvested annually and all harvested areas are required to be promptly
regenerated by natural or artificial regeneration methods, which include planting about 82
million trees annually. Alberta’s forests are spread over six Natural Regions and 21 Natural
Subregions of the province (Natural Regions committee 2006) and are rich in biodiversity. A
total of 28 native tree species are found in the forests of Alberta (ASRD 2009b). These, along
with other forest flora and fauna, represent a heritage genetic resource crucial for sustainable
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forest management, which entails maintenance and enhancement of healthy forest
ecosystems.
3.0

DESCRIPTION, IMPORTANCE, AND SCIENTIFIC CONCEPTS OF GENETIC CONSERVATION

Genetic conservation is an applied field derived from the sciences of genetics and conservation
biology. Genetics is the scientific study of heredity and includes the study of inheritance of
genes, their expression and variation. Conservation biology is the scientific study of biological
diversity and its applications to the protection of species, their habitats and ecosystems.
Genetic conservation assures continued existence and availability of genetic variation for
adaptation of tree species to the present and future environments. It is essential for adaptation
of species to their inhabited environments and their evolution through environmental changes.
Environments consist of abiotic (such as climate and soils) and biotic (such as insects,
pathogens and associated plants) factors. Genetic variation is also important for selection and
breeding for tree improvement to enhance growth and yield, climatic and pest hardiness, and
wood characteristics of tree species. Genetic conservation also ensures that species and their
populations that are vulnerable to loss or are threatened with extinction due to human
exploitation or climate change are conserved.
Genetic conservation is based on science and following are the important concepts regarding
this (see ASRD 2009b):
3.1 Populations (or provenances) of native tree species differ genetically from place to
place and these differences are generally associated with differences in environments
Natural distribution of plant species is known to be related to climate and geography.
Populations of forest tree species throughout their natural range have biologically evolved
over time and are adapted to their habitats through the genetic processes of mutation,
migration and natural selection. Genes are the fundamental unit of inheritance. Organisms
such as forest trees may contain tens of thousands of functional genes. Each gene itself may
have one or more alternate forms or allele(s) affecting the trait it regulates or expresses.
Alleles may be neutral, favourable or unfavourable in their genetic effects on a trait in a
given environment. They may also be rare or abundant. For genetic conservation it is
important to capture all types of alleles because neutral alleles provide the raw material for
mutations, which is the original source of genetic variation. Unfavourable alleles in the
present environment may prove to be valuable for adaptations in future environments or
prove to be valuable for resistance to new diseases, etc.
Genotypes
The sum total of all genes contained in a tree is called its genotype. Genes may express at
different ages and developmental stages of the tree. The expressed form of genes as we
observe in different traits of a tree is called the phenotype. A phenotype is the combined
result of genotype, environment including tree nutrition and the interaction between the
genotype and environment in which the tree is growing.
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Trees have a multitude of traits. Some traits (e.g. flower colour) are governed by a single or
a few major genes, and are strongly inherited. Their expression is entirely or largely
unaffected by the environment. Other traits (e.g. survival, growth, phenology) are governed
by many genes and their expression is moderately or substantially affected by the
environment. The total amount of variation among genes and their alleles in a species is
called genetic variation or genetic diversity. It, together with the interaction of genes and
alleles with the environment, is the cause of observed differences among species, their
populations and individuals. Over successive generations, populations of tree species
growing in different parts of the species natural range develop local or regional adaptations
by accumulating genetic changes in response to natural selection. This natural selection
process is driven by unique or different environmental and biotic stresses which influence
the genetic composition of these populations. As a result, populations of forest tree species
are genetically differentiated and these differences are due to the variation among genes
and gene combinations.
Genetic Variation
Population differentiation and the adaptive nature of variation within a forest tree species
has been studied through scientific experiments known as provenance trials in Canada and
Alberta. It has been shown that tree species possess a large amount of genetic variation and
this variation is mostly clinal or continuous along geographic and environmental gradients.
In other words, adjacent populations of a tree species merge into one another with regard
to trait expression without abrupt or sharp breaks. Over larger distances (e.g. > 250 m
elevation change), however, these differences can add up significantly. For example, trees
growing on high elevation sites invariably burst bud at a later date than populations at
lower elevations to avoid risk of damage from early growing season frost occurrences.
Extensive provenance research carried out in Alberta over the last 35 years has
demonstrated the existence of a substantial amount of genetic variation among populations
and within populations of major Alberta forest tree species and elucidated its relationships
to climate and geography (Rweyongeza, et al. 2007a, Rweyongeza et al. 2007b). This
information provides valuable guidance for seed movements for reforestation and selecting
forest populations for gene conservation.
3.2 Gene conservation requires a well-designed sampling plan and sample of populations
in different environments
The main purpose of gene conservation is to capture and maintain a representative sample
of genetic variation found within the species and its populations. This requires an
understanding of the geographic distribution and local abundance of species’ populations in
different ecological regions or habitats. A methodical sampling plan needs to be developed
to identify and select candidate population(s) for conservation in each ecologically
significant region. Sampling intensity may vary among ecological regions based on our
understanding of local abundance or rarity of the species and the level of genetic
4

differentiation among regional populations. The information for the former is obtained
from ecological studies associated with the delineation of the Natural Regions and
Subregions of Alberta (Natural Regions Committee 2006) and the sampling intensity is
derived from provenance trials and molecular genetic studies (e.g. Rweyongeza, et al.
2007a, Rweyongeza et al. 2007b, Dancik and Yeh 1983, Rajora and Dancik 2000).
Importance of Number of Trees Selected for Conservation
A large amount of genetic variation is found within populations. Therefore, sample size
or number of individual trees to be selected for conservation is also very important.
Maintenance of genetic variation within a population is dependent upon many factors
which include genes involved, allele frequencies, tree reproduction characteristics,
pollination mechanisms, and natural selection and population sizes. Based on the theory of
population genetics, mathematical models and statistical analyses (Yang and Yeh 1992),
optimum population sizes for conservation have been determined to be in the range of
about 5,000 trees (Yanchuk 2001). This population size is considered to be sufficient to
capture and maintain multiple copies of low frequency or rare alleles with a reasonable
probability level (> 95%).
3.3 Species and populations differ in their need for gene conservation
Species vary substantially in their natural distribution, economic and ecological importance,
regional abundance, population sizes and their vulnerability to the loss of genetic variability.
Genetic conservation needs to assess the importance of each of these factors in order to
develop conservation strategies and plans that are appropriate for individual species and
specific populations. Species with a continuous distribution and large population sizes are
less vulnerable to the loss of genetic variability in comparison to a species with
discontinuous distributions and disjunct populations. Species that are uncommon or rare
require special attention as these may be more vulnerable or threatened due to habitat loss
and the impact of human activities. Similarly, species that are commercially important and
that are being harvested for industrial purposes require more and earlier attention in order
to conserve representative wild populations before these are lost to harvesting or a
combination of harvesting and artificial regeneration with seed from other sources.
Pest Resistance or Superior Growth Characteristics
Certain populations of a species may possess special traits such as pest resistance or
superior growth characteristics identified through research testing. These populations also
merit special attention. Species and their populations at risk due to pest epidemics, limited
regeneration, and habitat loss due to human activities or severe environmental changes
would also merit special attention and urgent action for genetic conservation. Species that
are naturally regenerated maintain their natural variation undisturbed by human
intervention. However, when species are regenerated by planting, these considerations
need to be taken into account (e.g. if large scale genetically improved seed deployment is
being planned) such that genetic conservation of wild forest populations precedes such
deployment as it may alter the genetic landscape.
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Genetic conservation must take these various factors into account and prioritize
conservation efforts among species and specific populations to minimize loss of genetic
variation and achieve maximum conservation within available resources.

4.0

METHODS OF GENETIC CONSERVATION

Conservation of biological diversity in nature involves coarse and fine filter approaches. Coarse
filter approaches consist of conserving landscapes and ecosystem components of the habitat
for a wide variety of species. Fine filter approaches consist of addressing individual species and
their populations’ conservation needs that may not be captured by the coarse filter approach.
Genetic conservation methodology mostly involves the fine filter approach.
There are two basic methods for genetic conservation: In situ and Ex situ.
4.1 In situ conservation is based on conserving populations in place in their natural habitats
such as nature reserves, parks and protected areas. This method maintains the captured
genetic variation in a dynamic manner as the trees in the conserved stands are subject to
the influence of natural evolutionary process. Designated stands may be called gene pool
reserves. Typically gene pool reserves would have a designated protective status and a
management plan to ensure that the stands are not
Riparian Cottonwood Stand
lost to other land uses and are documented for
stand structure and ecological information.
Where feasible, in situ gene conservation can also be
accomplished in already existing wilderness areas,
parks or other types of nature reserves where a
sufficient number of trees of the target species
(5000 or more at maturity) are available in desired age
classes and densities. The focus of this type of conservation is
single species. Therefore, pure species stands or stands
dominated by the target species are preferred. The longevity
of gene conservation also needs to be taken into account and
should typically be more than one generation. In addition, the
stand should be naturally regenerated after a generation
turnover or regenerated by seed collected from the same
stand after harvest.

White Spruce Stand

Examples of populations or stands for in situ
conservation

Optimal Reserve Design
Gene pool reserves need to follow certain design principles (Maxted et al. 1997) in order to
be effective. Optimal reserve design would have a core area, a buffer area surrounding the
core area and a transition zone to provide further isolation from human activity or
disturbance. In the core area, where the primary land use objective is gene conservation,
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human activity incompatible with conservation should not be permitted. The buffer zone
(usually 500 m or more) also provides modest isolation of the target species in the core area
from, for example, pollen contamination from any planted forest that may be nearby. It is
also necessary that the land use in the buffer zone is limited to activities that are consistent
with the gene conservation objectives. For example, the buffer zone area may be harvested
at some point but must be regenerated with the local seed or left for natural regeneration.
4.2 Ex situ conservation is based on outside the natural habitat
and off-site conservation of genetic variation. Traditional
botanical gardens and zoos are familiar forms of ex situ genetic
conservation, although their main purpose is to generate
public’s interest in nature and its variety. The most common
technique for ex situ genetic conservation in forestry is to make
a collection of wild population seedlots in the form of bulk
collections from many trees or single tree collections which are
then stored in gene seed banks.

Seed Bank

Clone Bank

Other ex situ techniques consist of:







collection of pollen (bulk or single tree collections) and
storing these in pollen banks;
collection of scions (stem cuttings), which are grafted on
rootstock trees and established in clone banks;
collection of vegetative cuttings from roots (as in aspen)
or stem and branches (as in balsam poplar and
cottonwood), rooting them in the nursery and
establishing these in arboreta, clone banks or nursery
beds;
tissue culture propagation of individual trees and in vitro
storage of tissue cultures in growth rooms or cryogenic
storage facilities for future use;
establishing trees in plantations, seed orchards,
provenance and progeny trials and botanical gardens.

Seed Orchard

Provenance Trial

In each of these cases, the common criteria is that
representative genetic variation of the target species is
captured and maintained for genetic conservation away from
its original location. The longevity of this conservation effort
would vary with the techniques involved (several years to
many decades). Often the collections can be regenerated or replenisheExdamaptleps oefreixosdituicconservation
intervals.
Ex situ conservation is complimentary to in situ conservation and is a safeguard against the
loss of species and populations due to habitat loss, devastating pest epidemics and other
7

natural disturbances and harvesting. For example, conserved seed can be used to
regenerate populations and restore endangered species through new introductions or
population enhancements. Ex situ conservation is also very important for scientific studies
where a variety of genetic materials (species, provenances, progeny, varieties, etc.)
established in a common environment can be compared and studied for knowledge
creation. It is invaluable for conserving genetic stock for tree breeding and to provide for
genetic variation for future unforeseen needs such as genes for resistance to new diseases
or climatic stresses due to climate change.
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Natural Regions and Subregions of Alberta 2005

Alberta is ecologically divided into Natural Regions and Subregions which are further
subdivided into Seed Zones (see inset) to emulate genetic adaptation zones.
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5.0

ROLE OF GENETIC CONSERVATION IN REFORESTATION AND TREE
IMPROVEMENT

Reforestation involves re-establishing trees on forest land after timber harvest or a natural
disturbance such as a forest fire. It can be accomplished by natural or artificial means such as
planting or seeding. Reforestation on public lands is mandatory in Alberta and must maintain
adaptive and ecological fitness of the regenerated forest. This is done through seed
management ensuring deployment of locally adapted seed sources or improved varieties.
Genetic conservation principles are adopted to maintain the natural range of genetic variation
in reforestation seed through systems of seed zonation, seed registration and seedlot tracking.
In situ gene pool reserves established in a natural forest serve as benchmarks to compare and
ensure that the regenerated forests maintain a similar level of genetic variation present in the
natural forest.
Importance of ex situ Conservation in Tree Improvement Programs
Genetic conservation is an integral and an indispensable part of all scientific tree improvement
programs for genetic improvement and varietal development. Here ex situ conservation is more
important to conserve valuable genetic stock and genes for future breeding and selection.
Clone banks, provenance tests and progeny trials are important for scientific studies and
research used to develop information on traits, their variability, genes involved and inheritance
mechanisms for example. Traits that may not be considered useful or commercially important
in today’s environment may prove to be invaluable for the future when new diseases or
environmental stresses may become evident.
Conserved genotypes and population samples in ex situ conservation genetic archives are
therefore important for an organization’s own tree improvement needs as well as genetic stock
exchanges with other organizations. As tree breeding programs expand in the future, it is
common for tree breeders to return to wild populations to access additional genetic resources
to expand the range of genetic variation in breeding populations generally, or to capture
variation in adaptive or commercial traits that originally were overlooked or considered of less
importance. These genetic resources will be conserved and be accessible from in situ gene pool
reserves whereas genetic erosion may possibly have occurred in adjacent forested areas.

6.0

GUIDING POLICIES, STANDARDS AND GUIDELINES FOR GENETIC CONSERVATION

There is considerable guidance available on genetic conservation as the subject is an important
part of biological diversity conservation and protection at regional, national and global levels.
Therefore, its practice, particularly in regards to public land natural resources management is
well entrenched in professional ethics and legislation in many jurisdictions.
The following are guiding policies, standards and documents that are applicable to genetic
conservation in Canada and Alberta.
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6.1 Canadian Biodiversity Strategy
(http://www.cbin.ec.gc.ca/strategie-strategy/default.cfm?lang=eng) The United Nations
Convention on Biological Diversity (UNCBD) was the result of heightening concerns by the
world community in the early 1990’s on deforestation, degradation of ecosystems, loss of
species and genetic diversity. The UNCBD was opened for signatures by world leaders at the
United Nations Conference on the Environment and Development (also known as the Earth
Summit) in Rio de Janeiro, Brazil in June 1992. Canada was one of the first countries to ratify
the UNCBD which has three objectives:
a) conservation of biodiversity;
b) sustainable use of biological resources; and
c) fair and equitable sharing of benefits resulting from the use of genetic resources.
The Canadian Biodiversity Strategy (CBS) is Canada’s response to the UNCBD and a key
guiding document for biodiversity and genetic conservation. The Canadian Biodiversity
Strategy was finalised in 1995 through broad based consultations with the support of
provinces, territories and other stakeholders. The CBS has five goals:
1. Conserve biodiversity and use biological resources in a sustainable manner;
2. Improve our understanding of ecosystems and increase our resource management
capability;
3. Promote an understanding of the need to conserve biodiversity and use biological
resources in a sustainable manner;
4. Maintain or develop incentives and legislation that support the conservation of
biodiversity and the sustainable use of biological resources;
5. Work with other countries to conserve biodiversity, use biological resources in a
sustainable manner and share equitably the benefits that arise from the utilization of
genetic resources
The CBS goals are further elaborated into component elements and guidance is provided on
strategies that need to be pursued to accomplish the stated goals. Genetic conservation and
its practice in some form is part of all the goals. It should be noted that the CBS is applicable
to all biological sectors (forestry, agriculture, rangelands, fisheries and wildlife) and biomes.
The CBS also discusses bio-safety issues related to invasive alien species and living
modified organisms or genetically modified organisms (GMOs).
6.2 Canadian Council of Forest Ministers Criteria and Indicators Framework for
Sustainable Forest Management in Canada (http://www.ccfm.org/english/coreproductscriteria_in.asp) The Canadian Council of Forest Ministers (CCFM) is composed of 14
federal, provincial and territorial ministers responsible for forestry matters in their
respective jurisdictions. The Council provides leadership on national and international
issues and sets direction for the stewardship and sustainable management of Canada’s
forests. The Criteria & Indicators Framework (C&I) for sustainable forest management in
Canada is one of its major initiatives, the purpose of which is to define and measure
Canada’s progress in sustainable forest management. The
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criteria represent forest values that need to be enhanced or sustained and indicators
identify scientific factors that assess and measure progress over time. The Criteria &
Indicators Framework consists of six criteria including Biological Diversity, Ecosystem
Condition and Productivity. Each criterion is further divided into Elements and Core
Indicators. There are three elements of Biological Diversity criteria (Ecosystem Diversity,
Species Diversity and Genetic Diversity). Each of these elements has two to four Core
Indicators. Genetic conservation is covered under the Core Indicator 1.3.2 and is called
“Status of in situ and ex situ genetic conservation efforts for native tree species in each
ecozone”.
Reporting for C&I is done by provincial and territorial governments with data collected from
their own programs as well as industry and other stakeholder programs within their
jurisdictions. Reporting is commonly done at approximately five year intervals. The last
reporting for C&I was done in 2003 and results were compiled and published by CCFM in a
status report in 2005 (http://warehouse.pfc.forestry.ca/HQ/26366.pdf). Pages 49-53 of the
report provide a summary of the national status and a provincial and territorial summary of
reported information on the Core Indicator 1.3.2). In a nutshell, it states that specific
conservation initiatives have been established for several of the 58 native tree species in
Canada that require conservation measures throughout one or more parts of their ranges
and describes in situ and ex situ genetic efforts for native tree species for each of the
reporting jurisdictions (10 provinces and 3 territories).
6.3 Alberta Forest Management Planning Standard
(www.srd.alberta.ca/forests/pdf/Alberta Forest Management Planning Standard
_Version_4_1_April_2006_Final_2.pdf) (ASRD 2006). The Alberta Forest Management
Planning Standard (AFMPS) is a regulatory document stating policy and requirements by the
Alberta Government for preparing and implementing Forest Management Plans (FMPs) for
the practice of forestry on public lands in Alberta by the forest industry. It sets out
requirements for growing, harvesting, protecting and conserving forests in Alberta. The
standard is based on the Canadian Standards Association standard CSA Z809-02 for
sustainable forest management which in turn also follows CCFM Criteria and Indicators
Framework described in section 6.3 above. The standard includes documents (four Annexes)
that state technical and process standards for forest management in Alberta.
Annex 4 (Performance Standards) of the AFMPS describes mandatory values, objectives,
indicators and targets to be included in FMPs in Alberta and is applicable to genetic
conservation. The two objectives related to genetic conservation, as stated in the AFMPS,
are: 1) retain “wild populations” for each tree species in each seed zone through
establishment of in situ reserves by the organization or in cooperation with Alberta; 2)
retain wild forest genetic resources through ex situ conservation. The requirements of the
AFMPS with respect to genetic conservation are summarised in Appendix 1.
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6.4 Alberta Forest Genetic Resource Management and Conservation Standard (AFGRMS)
(http://www.srd.alberta.ca/forests/managing/pdf/alberta_forest_genetic_resource_man
agement_and_conservation_standards.pdf) (ASRD 2009a) (updated 2016
https://open.alberta.ca/publications/9781460131596). The AFGRMS is also an Alberta
Government regulatory document stating policy and requirements for management of
forest genetic resources by the forestry and resource industries. It particularly deals with
standards for seed use in reforestation and reclamation activities on public lands and the
Green Area in Alberta. AFGRMS is a detailed document and, in part, a highly technical
document which, for proper understanding and interpretation, requires an expert level of
understanding of silviculture and forest genetics. The Standards make the distinction
between two types of genetic materials (i.e. wild collections and seed or vegetative
propagules derived from superior or tree improved stock) which are identified as stream 1
and stream 2 reforestation materials.
Stream 1
Stream 1 materials are seed or vegetative materials collected from wild or artificially
regenerated stands of native species within a given seed zone. A seed zone consists of a
geographic area defined on the basis of both ecological and supplementary genetic
information, within which stream 1 material may be collected and deployed for
reforestation and reclamation.
Stream 2
Stream 2 materials are seed and vegetative materials produced in a facility such as a seed
orchard or stooling beds designed for development of improved tree varieties through a
tree breeding or vegetative propagation system. Stream 2 production systems commonly
involve mass production of seed or plant materials such as rooted cuttings or tissue culture
materials in nurseries or greenhouses where the genetic base of produced material is
reduced while issues of adaptation and genetic diversity have been fully considered.
All production populations, facilities and materials used for reforestation and reclamation in
Alberta must be registered and approved in accordance with AFGRMS.
The AFGRMS consist of five sections which state goals for each section and specify specific
results that must be attained or, where applicable, specific procedures that must be
followed. The five sections are:
1) Ownership (of genetic materials and information) and data access;
2) Material collection, handling and storage;
3) Green area deployment;
4) Breeding testing and verification;
5) Production of controlled parentage (Stream 2) materials. Section 3 of the AFGMCS applies
to all materials collected from public land as well as all material intended for reforestation
and reclamation on the Green Area, regardless of where the material is collected.
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Genetic conservation (in situ and ex situ) is a specific requirement in Section 2 (Material
collection, handling and storage), Section 3 (Green area deployment) and Section 4
(Breeding testing and verification). These requirements are summarised in Appendix 2.
6.5 Gene Conservation Plan for Native Trees of Alberta
(http://www.srd.alberta.ca/forests/pdf/gene_conservation_plan_for_native_trees_of_Al
berta_May2009.pdf) The Gene Conservation Plan for Native Trees of Alberta is the main
document for forest genetic conservation in Alberta (ASRD 2009b). It was developed jointly
by Alberta Sustainable Resource Development and Alberta Tourism, Parks and Recreation.
The plan was developed to meet the objective of maintaining adequate genetic diversity in
native forest tree species in Alberta and is province-wide in scope.
The purposes of the plan are to:
a) assess the adequacy of existing protection for native tree gene resources;
b) identify gaps in existing protection;
c) fill gaps in existing protection (limited to provincial public lands at present); and
d) coordinate how to achieve and maintain adequate protection.
The plan provides a good review of scientific concepts, methods and objectives of genetic
conservation. Its main focus, however, is in situ genetic conservation although it recognizes
the need for ex situ conservation for which a separate plan is proposed to be developed.
The plan identifies the 28 native forest tree species of Alberta (18 conifer and 10 hardwood
species) and provides a brief description of their taxonomic characteristics, general ecology,
regeneration, and evolution and genetics.
This information is used to evaluate conservation needs of individual tree species and
provides a synthesis of how and where gene conservation for individual species would
be emphasised based on a number of factors which include:
 rarity of the species;
 mode(s) of reproduction and ease of regeneration;
 patterns of genetic variation; requirements for
populations which are representative of each Natural
Subregion;
 existence of populations at the extreme edges of a
species distribution; threats that may endanger a species
(insects, disease, fire, etc.);
 populations of known exceptional traits; and
 wild genetic resources in areas where genetic
improvement will change the genetic landscape.
The plan uses Natural Regions and Subregions (Natural Regions
committee 2006) and Seed Zones within Natural Subregions
(ASRD 2009a) as the basis for sampling genetic variation. It
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Gene Conservation Plan for Native Trees of
Alberta was finalized in 2009 and is being implemented
(picture of cover page of the plan)

describes the survey methodology and a gap analysis protocol to identify in situ
conservation areas for each species.
The analysis proceeds in three steps to develop information on:
1) the natural distribution of all native tree species in Alberta;
2) the populations of individual species that are already adequately protected in nature
reserves, parks and protected areas; and
3) how much, where and what additional populations need to be protected for each
species.
The plan describes decision tools for establishing genetic conservation priorities for each
species in Natural Subregions where they are found, and describes a time line for
completion of a gap analysis. The gap analysis started in 2009 for the six highest priority
species (lodgepole pine, white spruce, western larch, narrow-leaf cottonwood, limber pine
and whitebark pine) and is scheduled to be completed in 2014. No gap analysis is planned
for four species (Manitoba maple, western white pine, western hemlock and western yew)
which have very limited or restricted natural distributions in Alberta.
Initial tree species range determinations and conservation gap analysis work was initiated
through a cooperative project between Alberta Sustainable Resource Development and the
University of Alberta in 2008. Further implementation work on the plan was started in 2009
by Alberta Sustainable Resource Development in cooperation with Alberta Tourism,
Recreation and Parks and the forest industry.
6.6 Alberta Forest Legacy (http://www.srd.gov.ab.ca/forests/pdf/legacy.pdf) is an
historical document finalised around 1997 (original document is undated) by the
Government of Alberta after public consultations and recommendations by several
prominent panels of experts, which included a Round Table on the Environment and
Economy, an Expert Panel on Forest Management in Alberta and the Alberta Forest
Conservation Strategy task force. It sets out a vision and management approach for the
desired future forest on provincially owned public lands based on sustainable forest
ecosystems. It describes the kind of forest the people of Alberta wanted “... a forest capable
of providing us with diverse social and economic benefits today and tomorrow, while at the
same time retaining the ecological vibrancy that has made it such a special part of our lives
and our landscape”.
The vision expressed in the document represented progressive evolution of policy for forest
management in Alberta over some 60 years, but was also a marked departure as the concept
of sustainable forest management was introduced and an implementation framework for it
defined. Among the many parts of the implementation framework, the section on
maintaining “Ecological Integrity of the Forest” is pertinent to the topic of biodiversity and
genetic conservation. There is specific mention to establish “Reference Areas” and “Special
Places 2000”. The former is to allow interpretation of research and monitoring results, and
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the latter for the maintenance of heritage areas in support of forest conservation. Genetic
conservation areas (in situ and ex situ), in part, would support both of these objectives.

7.0

GENETIC CONSERVATION PROGRAMS AND ORGANIZATIONS

Since genetic diversity is a vital component of biological diversity, genetic conservation
programs are fairly common across provinces and scientific organizations in Canada. In a
national survey of forest genetic resources management in Canada, Lester (2004) reported that
the 11 jurisdictions (9 Provinces and 2 Territories) responding to the survey was fairly evenly
split between those having genetic conservation as a formal activity and those who did not.
Following is a brief description of the major organizations involved in genetic conservation and
their programs in this area in Alberta and Canada.
7.1 Alberta Tree Improvement and Seed Centre
(http://www.srd.alberta.ca/forests/default.aspx) is part of Alberta Sustainable Resource
Development and is responsible for genetic resources management (including reforestation
seed) tree improvement and applied forest genetics research in Alberta. Its work is carried
out in cooperation with industry, other provincial Ministries, universities and scientific
organizations. Genetic conservation is a large part of its genetic resources management
program, which consists of gene conservation planning, in situ and ex situ conservation of
native Alberta tree species, species, and provenance and progeny research to develop
knowledge on genetic variation of Alberta tree species, and stewardship reporting and
regulatory functions regarding genetic conservation. The Centre maintains a large collection
of genetic materials in its seed and pollen bank, clone banks, and field trials. It also is
involved in genetic material exchanges for tree improvement, genetics research and
scientific studies at provincial, national and international levels.
7.2 Alberta Forest Genetic Resources Council
(http://www.abtreegene.com/) was formed in 2000. The council advises the Minister of
Alberta Sustainable Resource Development and the forestry community on policy and
regulations related to the management of forest genetic resources of Alberta’s forests. The
council membership consists of scientific experts, policy makers, and practitioners from the
scientific community, industry, biological sector and the provincial government.
The goal of the council is to establish a sound foundation for the management and
improvement of forest genetic resources in Alberta within the context of sustainable forest
management principles through:
 providing policy advice;
 promoting partnerships;
 fostering research; and
 education and outreach among various stakeholders.
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The council focuses its work to promote genetic adaptation, productivity, diversity and
conservation of forest genetic resources for the benefit of the people of Alberta. The
council was a key sponsor of the recently completed Gene Conservation Plan for native tree
species of Alberta and has endorsed this initiative.
7.3 University of Alberta
(http://www.ales.ualberta.ca/rr/fg-research.cfm and
http://www.ales2.ualberta.ca/rr/people/hamann/ ) The Department of Renewable
Resources has a strong forest genetics research and postgraduate education program. It
conducts basic and applied research in forest genetics and has several projects in the area
of biodiversity and genetic conservation. It is also involved in gap analysis of gene
conservation needs for native tree species of Alberta in collaboration with Alberta
Sustainable Resource Development and Alberta Tourism, Parks and Recreation.
7.4 CONFORGEN
(http://www.iufro-ctia2008.ca/index.php?id=81) or Canadian Program for Conservation of
Forest Genetic Resources is a recent (established in 2006) initiative of the Canadian Forest
Service in cooperation with partners from other federal and provincial departments, First
Nations, industry, academia and environmental organizations.
Its objectives include:
 promoting conservation of genetic resources of native species;
 development of science-based guidelines for the conservation of genetic resources
of native tree species for sustainable management;
 periodic reporting on the status of genetic resources in Canada; and
 identification of emerging issues and research priorities in the area of genetic
resources conservation.
The organization is affiliated with the Canadian Council of Forest Ministers. It is currently
active in developing an approach for reporting on Canada-wide indicators on the genetic
conservation of native tree species, standardizing guidelines for conserving forest tree gene
resources across Canada, gap analysis and standardized gap analysis procedures to
determine national status and needs for conservation of tree genetic resources, and the
compilation of a Canada-wide conservation database.
7.5 Centre for Forest Conservation Genetics
(http://genetics.forestry.ubc.ca/cfcg/index.html) located at the University of British
Columbia (B.C.) carries out scientific research and technical analysis related to forest
genetic conservation topics with a mandate from the B.C. Forest Genetic Council. Its work
includes studies on population genetic structure of forest tree species, assessing the
adequacy of in situ and ex situ gene conservation in B.C. and identifying additional needs for
conservation, and research on genetic diversity in genetically improved varieties deployed
in reforestation in B.C. in relation to their ecological suitability in the present and future
climates. The Centre is highly regarded for its research contributions and pioneering work
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change impacts on natural ranges and productivity of B.C. forest tree species with
implications on gene conservation.
7.5 National Tree Seed Centre
(http://cfs.nrcan.gc.ca/subsite/seedcentre/about) is part of the Canadian Forest Service
and is located in Fredericton, New Brunswick. It is an active participant in ex situ genetic
conservation of tree and shrub species native to Canada with the goal to store
representative samples from throughout the natural ranges of all Canadian tree and shrub
species, including exotic tree species grown in Canada. The Centre has excellent seed
processing, testing, storage facilities (including cryogenic seed storage) and a research
laboratory for work in seed sciences. The Centre maintains a collection of over 11,000
seedlots from about 100 Canadian native tree and shrub species and over 100 exotic
species. The Centre provides seed for research purposes to scientists in Canada and across
the world.
8.0 PRESENT STATUS OF FOREST GENETIC CONSERVATION IN ALBERTA AND FUTURE NEEDS
Alberta has a comprehensive program of conservation of forest genetic resources for native
Alberta tree species which was initiated in 1975 along with the provincial genetics and tree
improvement program. Genetic conservation is integrated with reforestation seed
management, applied research and tree improvement functions at Alberta Tree Improvement
and Seed Centre (ATISC). The ATISC program entails all aspects of genetic conservation which
include in situ and ex situ conservation, genetic resource surveys and databases, policy
development, regulatory functions, and national and international cooperation. The Alberta
Forest Genetic Resources Council is actively engaged in providing advice to policy makers,
practitioners and researchers to advance genetic conservation and reduce knowledge gaps. The
University of Alberta is engaged in research, knowledge creation and advanced education
relating to genetic conservation. The forest industry is involved in in situ and ex situ
conservation in cooperation with Alberta Sustainable Resource Development as part of their
tree improvement and forest management practice.
The following is a brief summary of notable achievements in genetic conservation of native
tree
Y At ATISC, there are well developed clone banks for major tree species, a gene seed bank
and a pollen bank; the clone banks contain approximately 2,120 collections from 7
species, the gene seed bank contains approximately 4,250 collections from 16 species
and the pollen bank contains 80 collections from 4 species.
Y There are several hundred ATISC, forest industry and co-operative genetic research
trials located at approximately 70 research and conservation sites around the province.
As ex situ reserves of wild tree gene resources, these research plantations contain
approximately 525 population samples representing 13 species and approximately 3,090
wild family and 1,120 wild clonal samples representing 9 species;
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Y Work on tissue culture propagation and cryogenic (cold temperature) conservation of
whitebark pine and limber pine material, which are designated as endangered species in
Alberta, was started in 2007 in cooperation with the Canadian Forest Service. Several
hundred genetic lines of the two species have been propagated and conserved;
Y A Rare and Exceptional Stands conservation project was established in 1986 and seven
stands of white spruce, black spruce and tamarack have been designated for in situ
conservation as part of this project;
Y A comprehensive plan for in situ gene conservation of native trees of Alberta has been
developed and its implementation is in progress;
Y Alberta is recognized as having one of the most comprehensive genetic conservation
programs in Canada as a member of the Canadian Program for Conservation of Forest
Genetic Resources;
Y Considerable research on genetic variation in forest tree species and genetic
conservation has been carried out and is providing valuable information for in situ and
ex situ conservation;
Y Climate models have been developed to predict present and future climates under
global warming scenarios. This is important for strategically locating gene pool
conservation stands of different species and to capture the full range of genetic
variation which, to some extent, may be buffered from anticipated climate change
effects.
Future needs for genetic conservation in Alberta entail ongoing commitment to maintaining
existing projects, implementing the recently developed provincial gene conservation plan
and expanded research efforts on genetic conservation and its integration in sustainable
forest management practice.
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Appendix 1.

Genetic conservation requirements as specified in “Annex 4 – Performance Standards” of Alberta
Forest Management Planning Standard
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Appendix 2.

Summary of Genetic Conservation requirements as specified in Alberta Forest
Genetic Resource Management and Conservation Standards

MATERIAL COLLECTION, HANDLING, REGISTRATION AND STORAGE (MCHRS)
17.1 Retention of Material for Ex Situ Conservation
17.2 Alberta has the right to retain samples of seed and vegetative material collected from
public land for the purpose of conservation of wild seed or vegetative genetic material
resources.
17.1.1 For Stream 1 seedlots, Alberta may, at the time of registration, retain up to
30,000 viable seeds or 5% of the initial total seedlot, whichever is less. Alberta
will notify the owner of any withdrawals. Amounts greater than this will require
written consent of the company.
17.1.2 Alberta may retain Stream 2 material with written consent from the company.
17.1.3 For seed collections from public land intended for inclusion in research or CPPs in
Alberta, Alberta may request that 5% of the seed be provided to Alberta.
17.1.4 For all other public land seed or vegetative material collections not intended for
reforestation or tree improvement in Alberta, Alberta may request that 10 % of
harvested seed or vegetative material be provided to Alberta.
GREEN AREA DEPLOYMENT (GAD)
20.0 In Situ Gene Conservation
20.1 In situ conservation for Stream 1 material or other species not identified in a CPP for a
specific seed zone will be accommodated through the provincial gene conservation
plan http://srd.alberta.ca/forests/default.aspx.
20.2

Between two and four areas of wild forest populations (as represented by species
and stratum class, e.g., timber productivity rating, timber type) are required to be
designated for gene conservation for each species included in a CPP plan, in each
seed zone for which at least 15% of its gross area lies within the cooperators’ areas
of influence in the CPP region for that CPP plan. A single area may provide
conservation for more than one species. The number of gene conservation areas
required will depend on the area of seed zone contained within the cooperators’
areas of influence in the CPP region as follows:
Area of Seed Zone Within Cooperators’
Areas of Influence in CPP Region
> 1.0 million ha
0.5 – 1.0 million ha
< 0.5 million ha

Number of Conservation Areas
Required
4
3
2

Where less than 15% of a seed zone lies within the cooperators’ areas of influence in
the specified CPP region, gene conservation areas are not the responsibility of the
cooperators.
23

For sizes of specific seed zones, see Appendix 7.
These gene conservation areas may be chosen from:
20.3 existing reserves, or
20.4 subjective landbase deletions that meet in situ conservation objectives (e.g.,
streamside buffers, non-merchantable, inoperable), or
20.5 harvestable areas dedicated for natural regeneration (e.g., natural seeding or partial
cutting), or for planting with seed specifically from the site or with wild Stream 1
collections from adjoining areas, or
20.6 understory protection and variable retention areas (retain some naturals,
supplement with planting with seed specifically from the core conservation area (see
Appendix 4) or if not available, wild Stream 1 collections from adjoining areas).
20.7 In situ gene conservation areas will be implemented as follows:
20.7.1 Areas designated for gene conservation will be dispersed across the seed zone to
minimize risk of loss.
20.7.2 Areas designated for gene conservation will be chosen with consideration for
long-term protection from biological and non-biological threats. A consultative
notation (CNT) is recommended for these areas.
20.7.3 Areas will be large enough to meet a reasonable expectation of 5000 trees of the
target species (at rotation) in a core area with an additional buffer of 500 m
around it.
20.7.4 The target species as identified in the CPP plan will be managed as per the
options specified in Standards 20.2 and 21.1.3.
20.8 For a given species, in any seed zone where Stream 2 material is being planted, the
CPP plan(s) will indicate how in situ standards are being met. Because CPP regions
may include more than one seed zone and more than one cooperator, cooperative
planning among parties in each CPP region may be required.
BREEDING, TESTING AND VERIFICATION (BTV)
29.1 Ex Situ Conservation of Native Species
29.2 General
Alberta will be notified of plans to terminate any genetic test, clone bank or
orchard of native Alberta material on public or private land prior to termination of
genetic material. Documentation on genetic material identity will be made
available to Alberta.
29.3 Samples of genetic tests – public land
29.2.1 When genetic tests on public land have fulfilled their purpose, Alberta may
choose and maintain a sample of tests for gene conservation purposes.
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29.3 Samples of genetic tests – private land
29.3.1 When genetic tests of native species collected from public land are conducted on
private land, Alberta will have the opportunity to negotiate for maintenance of a
sample of tests or to collect genetic material before it is destroyed. A MTA may
be required or a lease agreement considered.
29.4 Clone banks or orchards
29.4.1 Alberta retains the right to obtain and propagate vegetative material from each
parent selected from public land. Access may be provided to third parties, and a
MTA may be required.
29.4.2 Notification and access to the clonal material will be provided to SRD or affected
partners prior to destruction of any clone (e.g., through roguing).
29.5 Reporting and documentation
29.5.1 Documentation for gene conservation in clone banks and samples of genetic
tests will include a map for access to the site, a list of included genetic materials
and their origins, a map showing tree location/position and the name, e-mail
address and phone number of the contact company(ies) and person(s), as well
as, where it exists, a copy of the MTA.
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