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Introduction

n November 1993, the National Forest Genetic Resources Centre at the Petawawa National Forestry Institute
ted a national workshop in Toronto, Ontario to address issues relevant to the conservation and management of

Canada’s forest genetic resources. The workshop was attended by representatives from industry and from provincial
and federal governments. '

The workshop included presentations by participants highlighting the current status of conservation efforts and
ideas and strategies for optimal in situ and ex situ conservation of forest genetic resources in Canada. Working Group
discussions were a major component of the workshop aimed at:

* identifying gaps in current conservation efforts;

* identifying conservation priorities;

* identifying research initiatives to support conservation priorities; and
* promoting opportunities for increased collaborative efforts.

A major output of the workshop was the development of a framewark for a national strategy to focus on the
sound management of Canada’s forest genetic resources, The papers in these proceedings are published as submitted

by the authors. The views expressed by them are strictly their own and in no way necessarily reflect the views of the
Canadian Forest Service.

En novembre 1993, le Centre national des ressources génétiques de I'Institut forestier national de Petawawa a
organisé a Toronto (Ontario) un atelier national sur la conservation et la gestion des ressources génétiques
forestidres du Canada auquel ont participé des représentants de l'industrie et des gouvernements fédéral et
provinciaux. Des exposés traitant de la situation des efforts de conservation et de différentes idées et stratégies pour
ung conservation optimale in situ et ex situ des ressources génétiques forestidres au Canada y ont été présentés, Les
discussions en groupes de travail ont constitué une partie importante de |'atelier dont les objectifs étaient :

* cemer les lacunes des efforts actuels de conservation;
* définir les priorités en matiére de conservation;
= déterminer des recherches pour répondre a ces priorités;
* promouvoir des possibilités d'accroitre la collaboration.
Latelier a permis d'élaborer un cadre pour une stratégie nationale visant 2 favoriser une gestion judicieuse des
ressources génétiques forestibres du Canada. Les communications sont publiées telles qu'elles ont été fournies par les

auteurs. Les opinions qui y sont exprimees sent strictement celles de leurs auteurs et ne reflétent pas nécessairement
celles du Service canadien des foréks.
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Conservation of Forest Genetic Resources Workshop

Welcome and Introductory Comments

G. Murray
Petawawa National Forestry Institute, Canadian Forest Service, Chalk River, Ontario, Canada

thank you for agreeing to participate in this workshop
on the Conservaton of Forest Genetic Resources,

As preparations for this workshop have pro-
gressed, it has been reassuring for the organizers at the
Petawawa National Forestry Institute to find that many
others share their views on the importance of forest
genetic resources and their conservation and wise use.

For many people, these concerns about forest
genelic resources are not new, as they have already
taken various initiatives to translate these concerns into
constructive actions to improve forestry practices.
Nevertheless, it is also a fact that issues of forest genetic
resources, the diversily of these resources, and their
conservation currently enjoy greater warldwide prom-
nence as a result of their association with the highly
publicized issues of sustainable development and main-
tenance of biodiversity. These are, without doubt,
issues that will have a major influence on future activi-
ties in our forests. For example, the Biodiversity
Convention, which was signed and ratified by Canada,
will come into force at the end of December 1993 and
Canada will be expected to live up to the commitments
it has made.

Whether or not we like the idea that our activities
owe some of their current momentum lo a “biodiversity
bandwagon” effect, | am somewhat thankful that the
political and public outcry on the related environmental
issues has created an atmosphere in which it has been
easier to win support for work related to conservation
and wise use of forest genetic resources. For example,
without the financial support of the federal govern-
ment's Green Plan, the National Forest Genetic
Resources Centre would probably have been unable to
support activities such as this workshop.

At this time [ want to express my thanks to Tom
Nieman and Tim Boyle for taking the lead in organizing
this workshop, which grew out of some earlier work
done at PNFIL. This work led to the realization that,

although there was a lot of activity across Canada
related to genetic resources and their conservation, the
lack of a national profile or genersl strategy for these
activities meant that many of them went unnoticed and
unapprediated by the public, the policy makers, and
even by those directly responsible for decisions affect-
ing the management of our forests. This is clearly a dan-
gerous situation to be in because, as pointed out by Dr.
Namkoong to a meeling on “Biodiversity in Managed
Landscapes” last year, without the guidance of general
policies (on genetic diversity) based on biclogy and
genetics, we are likely to be presented with polices
derived from ad hoe political decisions.

It is my hope thal this workshop will enhance our
knowledge about current and future conservation needs
and activities across the country, and that this knowl-
edge and the associated recommendations will be made
available in a format that will invite their use by the
policymakers in the development of a national strategy.

In developing a strategy for conservation of forest
genetic resources it is important to remind ourselves
that genetic diversity is only one of at least four com-
monly recognized hierarchical components /levels of
biodiversity, the others being diversity at the species,
ecosystem, and landscape levels. My paint is that, while
we focus our attention on the genetic diversity of the
trees themselves, we should not ignore the fact that long
lasting and large scale conservation of these particular
genetic resources will only be achieved in a sensibly
integrated program of land and forest management that
considers ecosystems, landscapes, and all the associ-
ated, and interacting life forms.

I recognize that this workshop is only a small step
in the right direction, but I can assure you that, with the
support of you and your colleagues and associates, the
National Forest Genetic Resources Centre at PNFI plans
to see this particular initiative through to a satisfactory
conclusion. [ look forward to an enlightening and
profitable workshop.



Conservation of Forest Genetic Resources

Keynote Address

G. Namkoong
Department of Forest Sciences, Faculty of Forestry, University of British Columbia

n the one hand, defining a program on genetic con-
servation is trivially easy for Canada. There are

perhaps 150 tree species, only about 10 of which are
actively bred and tested, and an additional 20 or 5o that
are used and can be considered to be of potential breed-
ing interest. There may be two or three species that can
be considered to have threatened genetic resources
including Tixus brevifolia, Castanes dentata, and Quercus
garryana, all of which are wind pollinated and otherwise
can be widely disseminated, and are present elsewhere.
Finite sample sizes of many provenances of the 30 or so
commercially important species can be made and seed
samples laken to establish ex situ collections to supple-
ment i situ stands. For the other 120 species, their
ranges can be defined, and one to several stands desig-
naled as in sifu reserves containing a few tens or hun-
dreds of individuals would preserve most present alle-
les, even the rarer ones. Since there is a wealth of experi-
ence in managing and breeding at least the commer-
cially important tree species, we can envision that a
strategy for gene conservation would be to merely
repeat for all other species the same development plan
as for the commercial species but at a less intensive
level of management. The strategy is easy to articulate
and would include various levels of pre-breeding such
as sampling, collection, testing, screening, etc., and the
same plan would be iterated for each species as it
entered into our capacity for management.

Cn the other hand, several varieties or provenances
of many species exist, and no finite sample can ever save
all unique genotypes of any one species since allelic
variants at many loci exist, new mutations are being
generated all the time, and populations never quite
catch up to changing selection demands. Furthermore,
ti situ conservation affects more than only the trees, and
much of the concern in forest conservation involves also
herbaceous vegetation and the animal kingdom.
FPrograms that consider only the forests but ignore the
adjacent agricultural or other fields and streams, and
the impacts of roads and human uses, exist in an unreal
vacuum and are ultimately doomed to failure. The
problem is then not addressable on a species by species
basis, but is so large and complex that no targeting
efforts are useful and conservation tactics would only

o

involve saving as much of the biota as can be contained
in seed banks or strict nature reserves as can be
afforded. Similar to the previous situation, conservation
strategy is a simple iteration of a chosen technique, this
time involving banking the resource rather than breed-
ing and would require that we solve only the questions
of collection sizes and the number of reseryes.

Both of the above strategies are simple because
only single tactics are assumed, a single common status
of the species and a single common method of manage-
ment is assumed, and the goals of management are
assumed to be identical for all. If the development of a
national strategy s limited to these choices, then the
national strategy will continue to be as it is now, one of
adjudicating where the boundary between breeding and
banking lies. However, none of the assumptions of
uniqueness is even approximately true and an optimum
strategy would involve many more options and require
determining goals, using an array of management tac-
tics, and integrating gene conservation with ecosystem
conservation.

The same framework exists for global programs in
forest gene conservation which are different in scale and
contain problems of different biotas, different manage-
ment systems, and layers of inter-governmental interac-
tions, but which are nevertheless qualitatively similar. It
is, therefore, tempting to consider the Canadian pro-
gram as a small part of a global effort and to infer that
we-can address our problems in isclation and to iterate
our solution for the rest of the world. However, addi-
tional factors intrude so that global solution requires a
higher-level strategy. In terms of germplasm evolution
and movement, Canadian interests extend well beyond
its boundaries and, in terms of political considerations,
Canadian influence extends around the world. There
are offshore exchanges and genetic connections that can
be paris of a global /Canadian program that may be
even more important if future global climatic changes
occur. In addition, with the closing of the global imber
frontier, not only do the effects of market supply and
demand reverberate throughout the world, but conser-
vation programs that affect total supplies have effects
that cross national boundaries. Furthermore, the same
kinds of conservation interests that we see in local




confrontations in Canada are expressed in conservation
interests elsewhere in the world and in the marketing of
Canadian goods. While none of these effects are simple,
an implication for a Canadian national strategy is that
we cannot afford to consider the national strategy in
isolation from global programs.

Genetic Elements

ile this is not a conference on genetic techniques,

it would be remiss fo omit some discussion of the
implications of genetic dynamics to management tactics
and to an understanding of the resource that is the
object of conservation. In the common but naive view
that the genes and alleles are a fixed and limited
resource, sampling designs can be described for achiev-
ing low probabilities of losing rare alleles. It is also pos-
sible to sub-sample for greater efficiency in saving alle-
les (Brown and Briggs 1991) when sample sizes for mul-
tiple species exceed the capacity of even large national
seed storage facilities to maintain collections. In terms
of reserves, it is also possible to define minimum popu-
lation sizes o maintain viability due to demographic,
environmental, or catastrophic variations (Soule 1987),
and to suggest probability levels for the existence of
populations for any given number of years. These
views, however, assume a static resource and  passive
management.

An alternate view is that the genes themselves
evolve, and that many if not most species are continu-
ally evolving in their average performances and in the
distribution of their variations. On an individual locus
basis, mutations are rare events, but the rate of muta-
tions is not constant among loci or over time, and on a
whole trait or whole organism basis, the number of
mulations that occur every generation can be very high.
Mukai and Cockerham (1977) estimate that mildly dele-
terious mutations occur in Drosophila at the rate of one
individual in every four in every generation. In popula-
tions of 20 to 50 parents, each with a few tens of prog-
eny, the accumulation of mutations can maintain high
levels of genetic variation that can be used in selection
programs such that steady state levels of genetic varia-
tion that are comparable to “natural” population levels
of variation can stabilize. Thus, even without disruptive
selection to further diversify the populations, new
sources of genetic variation can regenerate genetic vari-
ance. Organisms and their genetic resource are evolving
entities, and even with low levels of mutation, selection
can change phenotypes and the effects of alleles. In
maize breeding experiments, it is clear that the selection
process itself can operate on different genes depending
on the types of gene action that is tested for, and in

il

tobacco experiments with multiple trait breeding differ-
ent traits and hence different genes can contribute to
total yield depending on the generation in which
selection is effective.

Within single populations, gene effects can change,
and between populations, the differences can be
increased or decreased in several component traits, as
selected by “human” or “natural” criteria of fitness. The
natural structure of between population variation is
determined by the relative strengths of selection, migra-
tion rates, and effective population sizes within the
component populations. Because these are all subject to
directed or accidental forces, the degree and form of
inter-populational differentiation is subject to rapid
change. Physical environmental changes and biotic
responses to those and other biotic changes have influ-
enced the evolutionary history of all organisms and will
influence in the future. Human effects and human evo-
lution have been part of that global evolution and will
continue to be whether by direction or default. The
choice of withdrawing human impact on an ecosystem
is one choice of management, in the broad sense, that
will have consequences for the organisms contained but
will not necessarily be the “best” or “good” by any par-
ticular measure, and probably not for maximizing or
stabilizing genetic or ecosystem diversity. Thus, by
managing either plantings or natural regeneration,
selection of source materials and the segregation of
mating demes, we can increase or decrease the variation
between populations or provenances and hence the
total genetic variation available to the species. In effect,
this implies that what is defined as the species is subject
to variation and the rate of evolution is subject to man-
agement. The sizes and patterns of genetic variation are
evolutionary results as well as causes and can be influ-
enced to protect or advance the diversity, stability, or
other products or measures of forest values.

It is, therefore, within our capacity to change the
nature of the subject of our conservation efforts as well
as o expand the options available for “natural” or for
guided evolution. There can be little doubt that we have
not already massively changed the course of evolution
and that simply to withdraw directed selection is not to
return to any original state that is pristine, maximally
diverse, or maximally resilient and stable, The major
problem is that the means of intervention are costly and
therefore limited to a relatively few cases where inten-
sive effort is affordable, and that because the science is
as yet highly uncertain, it is effectively limited to simple
systems. While we know how to breed for commercial
objectives in those species that are also relatively easy to
manage due to their large levels of genetic variation and



amenable silviculture, efforts in Canada are concen-
trated on about 10 species, and globally, on no more
than twice that number. We also know how to conduct
heroic rescue efforts as on the Speke’s gazelle
(Templeton and Read 1983) where genetic variation is
almost gone, but where intensive breeding efforts can
still increase population size. However, all such efforts
do little for most species and may not do much for the
most ecologically valuable, or for species that have rea-
sonable chances of being useful for humanity in the
future,

These techniques do indicate that substantial
capacity exists for developing the genetic resource and
that options exist for directing evolution for present or
future human uses and for the sake of non-human
species if so desired. They also indicate that other man-
agement opltions can be created such as in managed
reserves, genelic resource réserves, extractive reserves,
partial harvesting systems, etc. that can form devices for
managing the genetic resource and that allow for more
intervention than strict nature reserves which allow for
virtually no human intervention. Therefore, many
strategies can exist for genetic management such as use
of mutations, controlling effective population sizes and
migrations, and selection. Management tactics can
include directed breeding, rescue breeding, develop-
ment of multiple population breeding, controlling meta-
population structures, managing reserves of vanous
sorts, etc. These various management tactics can then be
woven into a genetic management strategy lo maximize
some goal. Thus an evolutionary perspective on the
genelic resource vastly expands the options that we
have for achieving multiple objectives, but brings with
it the loss of simplicity in not only choosing among tac-
tics but also in determining objectives. We can see that
we are not bound by single management or non-man-
agement techniques but, given the array of techniques
and tactics that are available, multiple objectives can be
satisfied. We have also removed the simple objective of
knowing that the ideal state was what exists now, or
existed at some time in the knowable past. We have suc-
ceeded in seeing that no one objective is best and
excludes all others, and that a larger synthesis is possi-
‘ble, but we have not yet achieved that larger synthesis.

As a step to approaching the larger synthesis, it is
possible to say that immediate economically valuable
species are reasonable starting points for conserving
value and may serve for long periods of time into the
future. It is also possible to conceive of the second rank
species as those with present secondary value and those
with high but as yet unrealized potential value. It is also
possible that with some effort we could conceive of key

species that can serve as ecologically important mark-
ers, for present and foreseeable future ecosystems, that
we would wish to ensure can successfully evolve. Ttis
then passible to consider which of the various genetic
management tactics and techniques is most appropriate
for these species and to develop an array of tactics for a
conservation strategy. Such considerations can extend to
all species, as all other species would serve as means lo
the ends of ensuring the well being of the primary
species, but we would have a system to order priorities.
A large research and development project would be to
establish such a list and ordering, but I believe that this
can be done. In order then to establish a strategy, we
would only have to consider how the various manage-
ment tactics can be integrated so that an oplimum allo-
cation of effort could be designed. One of the interesting
features of this approach is that rarity does not neces-
sarily increase the value of any species unless it
increases its utility. The other effect that rarity can have
is that it increases the impact that management can
have on otherwise equally valuable and manageable
species. This is just one example of how an approach to
management of the genetic resource can be a dynamic
conservation system and can provide policy guidelines
for a strategy.

Global Strategies

In developing a global strategy, it is clear that the mul-
tiplicity of objectives and state of the species involved
require that an array of management systems be used to
provide the flexibility needed for any programs to be
useful. There are perhaps 50 000 woody species to con-
sider with perhaps some 500 or so that have been used
or are of specific value of general or of high local signifi-
cance. Since the JUCN began listing species, the number
of woody species that have been considered to be
threatened in whole or in some significant part has
grown from 57 in 1978 to 133 in 1981 to around 485 at
last count. There is some overlap between the lists of
species of at least local value and the Threatened or
endangered lists. Far less is known about the status of
species that can be known to be of ecological signifi-
cance either because they are ecological keystone
spedies, important mutualists or indicators, or other-
wise of value. Most of the species occur in the tropics
where the greatest sourvce of threat is forest conversion
and, hence, there is a commeon threat of species and
genetic loss with general habitat destruction and forest
conversion. However, just as species and values are not
uniformly distnbuted, so too the techniques of manage-
ment cannot be uniformly prescribed. Much of the
losses occur in semi-arid and other marginal lands.
where human pressure is heavy. For such regions,




agroforesiry can moderate some of the pressures and
the establishment of village tree farms can be useful.
Industrial forestry may or may not be effective in reduc-
ing pressure on fragile ecosystems or reduce the rate of
forest conversion since the people served may not be
those that compete for those lands.

One model for developing strict nature reserves
where other multiple uses exist is the UNESCO model
of reserves surrounded by concentric zones of alternate
uses where the intensity of intervention decreases as the
distance to the strict reserve boundaries are approached.
A series of management systems can be envisionied:
from the edges of agricultural fields and agroforestry o
industrial forestry; to reserves managed for limited har-
vest and extrachve reserves with genetic resource areas;
and, to forms of management with less and less human
mtervention. One can also envision that sets of large
and small reserves could simultaneously exist, sach
with greater or lesser security for long term status and
with varying degrees of temporal as well as spatial con-
nectedness. Whether these are organized contiguously
ar not, the economic, ecological, recreational, and other
needs of the residents need to be integrated with what
is biologically desirable, and the multiple users and
methods of management need a svstem of adjudication.

In addition to national governmental programs,
there are multiple agencies within countries that are not
necessarily easily coordinated because, even among the
governmental agencies, agricultural, fishery, and
forestry departments often have different constituen-
cies, Between government and business and non-gov-
ernmental environmental groups, there is also as much
division as exists in Canada. Into this maelstrom step
internationnl agencies of various sorts, from govemn-
mental bilateral, and multilaterals to international
United Nations agencies to global funding efforts like
GEF, and to non-governmental agencies like The Nature
Conservancy. It has been estimated that the total annual
investment from all sources in forest tree genetic
resource conservation (and development supporting
conservation) amounts to §5 million (U.S.) but that less
than 20% of these funds are devoted to other than inter-
nal national objectives. Since a one-person breeding or
gene conservation program can be estimated to require
about $200,000 (LS.} per annum, a large need exists for
new international efforts.

Because the objectives of conservation are diverse,
and because the available management methods are

also diverse, there is also a tendency for the different
agencies presently active in gene conservation to have
different comparative advantages with respect to areas,
species, and types of practices that could be effective.
There is very little need for NGOs to be viewed as other
than important elements of an overall global strategy as
there is little need to consider forest industries to be
other than significant actors on the conservation stage.
Yet, neither of these groups have been effectively incor-
porated into the planning and program development of
conservation efforts. In particular, there isa gap in the
conservation and development of species of known util-
ity for local or industrial use but which have not thus
far been the focus of large breeding programs. Genetic
inventories of species whose distribution or mating
system may subject them to being genetically threat-
ened and that may be ecologically significant or useful
as indicator species, have also not been widely sup-
ported. By listing these or any other set of particular tar-
getable needs, we do not thereby define a strategy. It
may be that on a global scale, this is all that we can
effectively do, but I suggest that a great intellectual and
moral challenge for us is to begin thinking about global
objectives, and whether we can define the means to
achieve them and, among the feasible set, choose a
strategy.
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A Gene Conservation Strategy for B.C. Conifers:
A Summary of Current Approaches

A.D. Yanchuk
Research Branch, B.C. Ministry of Forests; Victoria, B.C., Canada

Abstract

Ah-vaa:t strategy is discussed, with emphasis on technical justifications, for the conservation of conifer genetic
resources of 23 British Columbia species. The first part is a survey of the frequency of conifers in current land
reserves in B.C. The second part outlines an approach that may be useful in setting priorities for additional gene con-
servation activities. This attempis to use information we have on individual “spedies status,” from i) the survey of
protected areas, ii) the status in provenance and breeding programs, and iii) the relative capabilities for natural
regeneration. This process is illustrated using a few example species. In general, the protected status of the 23 native
conifer species in the current network of protected areas is good. Although this is an ongoing process (i.e., incorpo-
rating new data from both new and old in sifu reserves, and setting new priorities among species), it appears species
like western hemlock are under little threat, whereas Pacific yew and whitebark pine require more attention.
However, recent information and special gene conservation collections may have reduced the perceived threat to
Pacific yew, at least in the short term. Follow-up work is required and attention must now be equally focused on cer-
tain populations not located in B.C. as they could be as important as those currently protected in that province.

Résumeé

On examine une stratégie en deux volets, mettant l'accent sur des justifications techniques, visant la conservation
des ressources génétiques de caniféres de 23 essences de la Colombie-Britannique. Le premier volet est un
relevé de la fréquence des résineux dans les réserves foncidres actuelles en Colombie-Britannique, et le deuxibme
volet souligne une approche qui peut étre utile pour |'établissement des priorités touchant les activités supplémen-
taires de conservation génétique. On tente d'utiliser l'information disponible sur «I'état de essencen se fondant sur i)
Iétude de secteurs protégés, ii) leur état d'aprés les programmes de provenance et de reproduction et iii) les capacités
relatives de régénération naturelle. On illustre ce processus a I'aide de quelques essences utilisées comme exemple.
En général, I'état de la protection des 23 espices indigénes de coniferes du réseau actuel de secteurs protégés est bon,
Bien que cette étude soit encore en cours (c.-4-d. qu'on est en train d'incorporer de nouvelles données de réserves in
situ nouvelles et anciennes et dattribuer de nouvelles priorités aux espices), il semble que des espices comme la
pruche occidentale soient peu menacées, alors que Iif occidental et le pin albicaule requigrent plus d'attention,
Toutefois, selon des informations récentes, et grice a des collections spéciales de conservation géné tique, il semble
que I'if occidental soit moins menacé qu'on ne le croyait, du moins a court terme. Des travaux de suivi sont néces-
snires et l'attention doit également porter sur certaines populations qui ne sont pas situées en Colombie-Britannique,
étant donné que celles-ci pourraient étre aussi importantes que les populations actuellement protégées en Colombie-
Britannique.

Introduction

No,eds, justifications, and strategies for the conserva-
tion of forest tree genetic resources have been dis-
cussed at length by many authors (e.g., Ledig 1986,
1988; Namkoong 1984; Zobel 1978). However, very little
has been reported on details of development and imple-
mentation of conservation theories. This is probably due
to the difficulty in setting priorities among species (or,
as we shall see, populations), as well as determining
which gene conservation approaches, i.e., in situ versus
ex situ, or some mixture thereof, are appropriate. While

philosophical justifications for this work are relatively
easy to develop, technical justifications are much more
difficult because each conservation activity must be
knowledge (or assumption) based. In addition, no clear
separations are generally present for either utilitarian or
ecological needs. In other words, does this work have,
as an end point, gene conservation for trait improve-
ments for tree breeders of the future, or is it based on
our obligation to the integrity and perpetuation of “nat-
ural” ecosystems where the species is present? The
former is much easier to defend in cost-benefit terms,
and perhaps even carry out. The latter, although



appealing, is less easy to defend, and in many situations
may not be genetically defensible.

From an evolutionary point of view, however,
maintaining some wild forest stands so that they can
continue to respond to natural evolutionary pressures in
situ, even though these may be quite subtie (Frankel
1974, Levin and Udovic 1977), seems desirable and per-
haps the only cost effective long-term approach to gene
conservation. In situ reserves, with ecological represen-
tation as the main goal, can lend security to ex situ col-
lections made for breeding purposes; i.e., ex situ collec-
tions may be the only security for in situ conservation of
populations threatened with local extinctions
{Namkoong et al. 1988). Therefore, both in situ and
ex situ approaches are necessary in a viable gene conser-
vation strategy (Falk 1987), irrespective of a utilitarian
or ecological justification.

In this paper, and in our current gene conservation
initiative, an emphasis is placed on “utilitarian® needs.
First, most can agree that the “utilitarian” approach is
an important first step in the development of a gene
conservation strategy (Namkoong 1991). Second, a large
initlative of setting aside additional protected areas
based on ecological representations is underway in
British Columbia, which will add an additional level of
protection of in situ conservation (Province of British
Columbia 1993).

The objectives of this paper are to:

1) briefly describe the justification, technical assump-
tions, rationale for cerfain tactics and the tactics
themselves for the current gene conservation strat-
egy of conifers for British Columbia;

2)  within tactics, briefly present the results of the
survey of protected areas for the maintenance of
genetic resources of conifers in B.C. (Lester et al.
1693);

3) within tactics, show the contribution of breeding
populations and provenance research germplasm
(i.e., ex situ) to the gene conservation efforts in B.C;

4) ata general level, incorporate silvical information
about each species in the conservation strategy, and;

5) illustrate one approach to setting prionities for
future action.

A Justification for Gene Conservation
"['he development of a dear justification for gene con-
servation of many of our native conifer species is
not simple. There are three reasons why this is so:

1) Many commercial important conifers have a large
geographic distribution and are quite common in

many ecosystems. For example, white spruce (Picea
glauca Monch. Voss) occurs from B.C. to Quebec.
Moreover, many of our species are capable of sub-
stantial reproduction and re-colonization in many
highly disturbed ecosystems. Except in special situ-
ations (such as outlier populations), these species
(or populations) may require no or very little atten-
tion. Decisions to do nothing, however, must be
viewed as part of a carefully considered gene con-
servation strategy!

2) Many breeding populations (for species in some
type of genetic improvement program) contain a
large number of genotypes which likely carry many
of the useful alleles a breeder may require. Popula-
tion sizes as small as 120 individuals (diploid
homozygous) have a probability greater than 90%
of sampling an allele at a frequency of 5%
(Gregorius 1980), Therefore, many genes will be
present in most breeding populations, and the
dynamic nature of breeding probably will allow us
to create allelic combinations needed to meet any
future trait requirements (Eriksson et al. 1993)

3) Even with population sizes that are relatively small
(e.5., population sizes of approximately 4(), sub-
stantial genetic response has been observed over
many generations (Madalena and Robertson 1975)
as new genetic variance becomes present from
mutfation (Hill 1982) and from the break up of non-
additive variance (Bryant et al. 1986).

Why, then, are we so concerned?

The primary justification, once again from the utili-
tarian view, is as follows: if breeders do need genes cur-
rently at low frequencies in breeding populations to deal with
some future trait objectives, effective population sizes will be
reduced because relatively few genotypes within the popula-
tion are likely to have the gene. Small effective population
sizes contain enpugh genetic variation for short-term genetic
response, but long-term response requires relatively large
numbers. We need, therefore, to be able to raise the probability
that rare genes will be available to us i genotypes largely
unrelated to that in "current” breeding populations.

Technical Assumptions and Rationale for
Certain Gene Conservation Activities

']:‘he justification presented above now acts as the con-
trolling principle behind the gene conservation
strategy for conifer tree species in B.C. Next, however,
we need to present some of the technical rationale that
allows us to implement certain activities to meet our
overall goal.




First, “populations” are considered the unit for
gene conservation, even though we are basically target-
ing alleles. The assumption is that enough individuals
can be “sampled” to capture alleles at their current (or
approximate) frequencies in the population — so popu-
lations are a convenient unit of conservation.

Second, populations at the edge of a species distrib-
uhien, particularly outlier populations, may be worthy
of the first conservation activities. (Core populations, by
the definition presented later, could be considered the
most important, however, as we shall see the “core”
populations are generally well protected). Outlier popu-
lations may have experienced unique environmental
selection pressures and, in general, reduced gene flow.
Furthermore, relatively small populations may have
been established from a few progenitors (i.e, gene fre-
quency differences may largely be due to drift). While
the actual genetical reasons for the increase in “value™
of genes in outlier populations may be currently
unknown, significant genetic gains could be realized
from these populations (e.g., Russian Gulch sources of
Sitka spruce grown in B.C, could exhibit significantly
higher growth potential: J. King, pers. comm.). A classic
example in forest trees is the Guadalupe and Cedros
Island populations of Pinus radiata. These populations
have shown large differences in disease resistance (Old
etal 1986) and other characteristics (see Moran et al. 1988),

Third, populations in seemingly “central” areas of
the species distribution may occupy slightly different
ecologies and may have undergone some unknown
selection pressures in the past, even though we may
have no current indications of this. While this may be
rare, we have important examples of where this must
have occurred (e.g., weevil resistance in Picen sitchensis,
Ying 1991). Unfortunately, these unique selection pres-
sures (and therefore populations) may be unpredictable
as to where they will occur, so many “random” popula-
tions would be needed. Hence, a large number of
genetic “redundancies” would likely occur. Thisis
where an in situ conservation strategy based on ecologi-
cal considerations may assist greatly.

An additional issue, usually mentioned as impor-
tant in gene conservation, is the presence of “co-adapted
gene complexes” and why we might need io preserve
them. However, as pointed out by Ledig (1986), our
interest in co-adapted gene complexes is rather mini-
mal, as the genes will be incorporated into a somewhat
“new" genetic background, removed from their original
context. Genetically, a co-adapted gene complex must
reside in linkage disequilibrium, which we may be able
to change by selection and breeding. Even though the
need for co-adapted gene systems may be important,

they are probably best accommodated by conservation
i situ because naturally regenerated local stands will
maintain these gene associations, irrespective of what
the evolutionary origin might be.

Tachics

Alﬂ'rr.‘rugh the terms in silu and ex sifu have very dis-
tinct meanings, as they relate to gene conservation
“activities,” some averlaps and confusions can arise.
The following discussion of tactics will attempt to clar-
ify some of the potential confusions (at least for the pur-
poses presented here), as well as to describe the utility
of each of the proposed tactics.

1) Use of Current Reserves

Current protected areas are attractive as long-term
conservation “vehicles,” but a few inherent problems
need to be discussed. First, they are not managed specif-
ically to keep the current forest composition intact.
Management to maintain the species composition might
not even be possible due to natural stand dynamics (i.e,
successional replacement). Second, protected areas are
typically natural stands and will be relatively low heri-
tability environments in which to observe genetic varia-
tion. A related point is that the desired environmental
challenge may not even be present to elicit genetic vari-
ations of interest (e.g., some pest). Third, any loss by
political, biotic, or abiotic causes is always possible.
Although reserves are probably quite safe for one
human lifetime, that may be a soft definition of “long-
term” gene conservation.

While there are some problems with using current
protected areas for gene conservation, they do offer
large, relatively undisturbed areas that are well pro-
tected (i.e., by protective Jegislation). In most cases in
B.C,, they are quite large and are relatively intact nat-
ural areas that have not been substantially manipulated
by man. Moreover, efforts to keep them in their current
“natural” state are reasonable (even though fire sup-
pression policies in Parks sometimes encourage fires) as
they are typically managed to minimize large impacts of
human use.

2) New Reserves Systems "Managed"” for in sifu
Purposes

One of the best description of these types of land
units for gene conservation purposes is presented in
“Douglas-fir Genetic Resources: An Assessment and
Plan for California” (Riggs 1982). The “Genetic
Resource Management Unit” (GRMU) has, as a primary
objective, to be an area managed for the integrity of the
local gene pool. These areas are now being considered



in California gene conservation activities (Millar and
Libby 1991}. Timber harvesting is allowed, and perhaps
even required, to accomplish the objective, as long as
natural regeneration of the target species is possible.
Artificial regeneration is also allowed, as long as it uses
only “very local” seed.

GRMU's could contribute substantially to the B.C.
gene conservation initative. They meet the in situ
requiremnent for gene conservation and yet allows fora
dynamic management of the local gene resource; ie.,
higher heritability environments for mass selection can
be created. However, they are not being proposed in
B.C., at this time, for two reasons, First, the Protected
Areas Strategy and our survey of currently protected
areas require acceptance and formalization before we
could identify candidate areas for GRMU status.
Second, development and implementation of operating
procedures for maintaining particular species in a
GRMU would take substantial efforts. This task is being
avoided at present but, in some situations, we might
need to use the GRMU vehicle for gene conservation.

3) Exsilu Collections and Experimental Plantations

a) General

Ex situ collections can take many forms. The defini-
tion for ex situ used here is that it is any collection or
planting of material not purposely established or held
lo regenerate itself naturally. Obviously, storage of seed
with cryopreservation techniques is ex sifi and, there-
fore, so are provenance and progeny tests. While prove-
nance and progeny tests are usually established in areas
where one could be interested in an in situ activity, the
material itself is not intended for natural regeneration.
In other words, collections are being “held” in forest
environments, the same as their seed might be in
cryopreservation.

b} Provenance Collections and Tests

Provenance tests typically sample a large part of
the species distribution, or at least populations that
might be economically relevant to the Province's objec-
lives, Df greater importance, however, is that prove-
nance tests expose many diverse genotypes to new
“high heritability environments;" i.e., our ability to
detect important genetic variation will be much greater
berause these tests are designed to minimize “environ-
mental noise.” (In these proceedings, Ying has descrbed
the importance of the trials for informational purpeses
in planning for gene conservation activities fora
number of B.C. conifers).

Unfaortunately, many peripheral (marginal) and
outlier populations are not sampled in these types of

tests. Many times their inclusion will not be cost effec-
tive because the new test environmentswill be quite
ecologically unsuitable (e.g., Douglas-fir material from
Arizona does not do very well in coastal B.C. ).
Nevertheless, more extreme sampling could be desir-
able in future provenance studies.

t) Breeding Populations

Tree breeding is the most dynamic and flexible
means of gene conservation (Eriksson et al. 1993). It
may behoove breeders to now invest some of their
resources in breeding for increased genetic varialion,
which would require only slight changes to current
strategies. As described above, the Douglas-fir material
from Arizona planted in B.C does not provide a useful
product; however, when crossed with local genotypes
(and subsequently producing F,'s) “new” genetic varia-
tion could be exposed in useful form (G. Namkoong,
pers.comm.). Also, intra-genus hybridization could pro-
vide a source of genetic variation for adaptation to new
environments (e.g, Lewontin and Birch 1966).

Step 1: Survey of Protected Areas for the
Maintenance of Genetic Resources of
Conifers in B.C.

"['hr first task was to assess the status of each species
within the current reserves protected by legislation
(i.e., Ecological Reserves, Provincial Parks, National
Parks). The key assumption made with this approach is
that genetic variation tracks geographic, climatic and
ecological variation: i.e., genetic differentiation is mostly
the consequence of natural selection. While known to be
untrue in a number of species (e.g., Pinus monticola,
Rehfeldt 1979), in species where no prior knowledge
exists this is the safest and most reasonable assumption
to make. Even when substantial research has been done
on a particular species, the assumption is still valid
because marginal or outlier populations may not be
adequately represented in such studies.

The following steps describe the approach used in
the survey of currently protected areas:

1) Foreach of the 32 terrestrial ecoregions in the
Province (Fig. 1), Ecological Reserves, Provincial
Parks, and National Parks greater than 250 ha were
listed for each combination of biogeoclimatic zone
and the tree species’ expected occurrence. (Species
codes for the 23 tree species are given in Table 1
and the codes for the 14 biogeoclimatic (BGC)
zones are given in Table 2). Reserves of 250 ha or
greater should have a reasonably large number of
individuals of the target species to meet our
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Table 1. Species list for conifer species currently under review for gene conservation status in B.C.

Scientific Name Commeon Name Code
Abies amobiliz Pacific silver fir Ba
A. grandis grand fir Bg
A. lasiocarpa subalpine fir Bl
Chamaecyparts noothatensis yellow cedar Ye
[uniperus scopulorim Rocky Mouantain juniper e
Larix laricing tamarack Lt
L. ogeidenialis western larch Lw
L Iynllii alpine larch La
Picen engrimarmii Engelmann spruce Se
P glauca white spruce Sw
P, mariana black spruce Sb
P stlchensts Sitka spruce Ss
Picea hybrids spruce hybrids Sx
Pinns albicazlis whitebark pine Pa
P bariksiatea jack pine Pl
P, contorta lodgepole pine i
P flexilis limber pine Pf
P. momticola western white pine Pw
B ponderost ponderosa pine Pp
Pseudolsuga menziesii Douglas-fir Fd
Taxus brevifolia Pacific yew Tw
Teuga keteropheglla western hemlock Hw
Truga meriensiang mountain hemlock Hm

Table 2. List of the 14 biogeoclimatic zones of British Columbia and code abbreviations

Zone Name Code

Coastal Douglas-fir CDF

Coastal Western Hemlock CWH

Mountain Hemlock MH

Bunchgrass BG

Ponderosa pine PP

Interior Douglas-fir IDF

Interior Cedar - Hemlock ICH

Montane Spruce MS

Sub-Boreal Pine - Spruce SBPS

Sub-Boreal Spruce SBS

Engelmann Spruce - Subalpine Fir ESSF

Boreal White and Black Spruce BWES

Spruce - Willow - Birch SWB

Alpine Tundra AT
conservation concerns. The threshold of 250 ha frequency in each biogeoclimatic unit in éach ecoregion
results in an underestimate of the number of (e.g., Table 3, for the Northern Coastal Mountains
reserves where important protection may exist. Far Ecoregion). Krajina et al, (1982) was the source for the
problem areas that were identified after this first range maps and initial identification of species assodia-
sereening, smaller units were considered. tions in biogeoclimatic zones, Changes since 1982 have

been made (B.C. Ministry of Forests 1991), and these
gkn were incorporated where appropriate. Species commu-
?"rhm the m Speries i expected thEPMt based on nity lists were usually available for Ecological Reserves.
its known distribution in the Province. These were Cover maps were generally available for Provincial
noted for each species on four levels of expected Parks and National Parks, as well as some volume data,

Any reserve, of course, only becomes relevant
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Table 3. Expected frequency of species (based on ecological associations) in respective biogeoclimatic zones (BGC) in the
Northern Coastal Mountains ecoregion and protected areas in each BGC zone. Species codes are in Table 1 and GCC
codes are in Table 2. Percentages are the proportion of the ecoregion containing the indicated BGC zone, Expected
frequencies are: +++ high, ++ moderate, + low and (+) rare frequency. Protected areas are given by number: PP
is provincial park, RA is recreational area, ER is ecological reserve

Biogeoclimatic Zones in Ecoregion
Tree AT BWES MH ESSF ICH CWH
Species (51%) (<1%] (16%) (5%) 2%) 119%)
Ba Y (+) +++
Bl R ++ A and -— +
PPres9 ERS ER59
RATR3
Se - - 4
ER5%
- 2
PPe8g ER59
RATR3
Sh hd .
PP&Eg
PF7E3
53 ¥ dby
Pl +4d - e + R
F'Pes2 ER> ER5%
PP7E3
RATE3
Hw .t - taa 4+
ER59
Hl'l'l A 44 & &
Ye +H+ (+) 4
Cw i . H+ PP
T {+) (+) P ++

Volume estimates were provided by the Forest
Inventory Report System of the Ministry of Forests (see
Lester et al. 1993),

2} The number of ecological reserves and parks,
where a given species might be protected, was tal-
lied by species. An example is given in Table 4 for
Sitka spruce.

3) Ecoregions, by their virtue of location, were then
assigned to three categories for each species. First,
were “core” ecoregions — these were areas typi-
cally in the central distribution of the species range
in B.C and the most “common” biogeoclimatic zone
where the species is present. Second, were “periph-
eral” ecoregions — those being on the edge of the
species distribution. Peripheral distribution was
considered in both the geographical and biogeocli-
malic sense (Lester et al. 1993). Third, were “out-
lier" ecoregions - those ecoregions where popula-
tions outside the continuous distribution of the

species were present. Of course, these assignments
wiere somewhat arbitrary but necessary to avoid
many potential genetic redundancies.

It was also recognized that tree species differ in the

degree to which they conform genetically to the land-
scape. Current knowledge of the patterns of genetic
variation associated with geography and the distribu-
tion of genetic variation among and within populations
was used. This kind of information originates from
genecological studies (e.g., Rehfeldt 1984, Ying et al.
1985). Past and future allozyme studies will be an addi-
tional source of information, because they continue to
be important in species comparisons and in answering
specific questions of population structure (Lewontin
1989). For example, Yang and Yeh (1993) have sug-
gested, from the allozyme data of Adams (1981), that an
optimal strategy for in situ conservation in Douglas-fir
15 to set aside a single large population with the maxi-
mum number of alleles.




Table 4. Number of ecalogical reserves (ER|, provinaal parks (PP (including Recreational Areas and others) and national
parks (NP) where Picea sitchensis is expected to occur. First column under each BGC denotes the number of ER's,
second column the number of PP's and the third column the number of NPs present in each ecoregion. X denotes

no reserve present. Blanks denote not relevant to Sitka spruce ecological associations

BGC Zone

Ecoregion CWH CDF MH
Eastern

Vancouver [sland 0 0 o 2 0 o 2 0
Strait of Georgia X 4 ]
Lower Mainland 1 5 0 X
Weslern

Viancouver Island 6 3 2 0
Cascade Ranges ] 2 0 0 1 ]
Pacific Ranges 1 4 0 0 4 0
Queen

Charlotte Ranges 2 0 1 1 0 l
Queen

Charlotte Lowland 1 1 0
Coastal Gap 3 4 0 2 3 0
Nass Ranges I 1 0 X
Nass Basin 1 0 0
Morthern

Coastal Mountains X b 4
Fraser Plaleau x

4)

Within each of the ecoregion-BGC zone combina-
tons, the Forest Inventory Report System was used
to estimate the “number of stems” present in each
of the protected areas; wood volumes were con-
verted to the “number of trees” based on expected
relationships of volume per tree and number of
stems per hectare. This review confirmed that, for
some species, large numbers of trees are protected
from harvesting by law. For other spedies, informa-
tion was either currently unavailable or protection

is lacking or inadequate (Lester et al. 1993).
As expected, some problems were encountered in

the survey. Below are a few examples of items that still

require resolution:

a) many Abies species are only identified as
"balsam,” hence, detailed breakdown by Abies
species was not possible;

b) the separation of black spruce and white spruce,
and Engelmann and Sitka spruce hybrids is quite
difficult in certain parts of the ranges of spruce in
B.C. Howevet, the later is a well known “genetic”

problem of spruces in B.C. (e.g., Kiss 1989) and not
strictly a shortcoming of inventory data;

¢} similarly, separations of western from mountain
hemlock in inventory data is not possible in some
parts of the Province.

5) Areas were identified where additional protection

is recommended. For example, the six “X's"
denoted in Table 4 show where Sitka spruce is
expected to occur but where there are no reserves
present. However, two of these were determined
not to be important, at this stage of the assessment,
as they were not assigned to a “core,” “peripheral,”
or “outlier” population status; i.e,, only the CDF
and MH BGC zones in the East Vancouver Island,
Strait of Georgia and the Pacific Ranges Ecoregions
were identified as requiring some level of protec-
tion i sifu. The first two could be considered
“peripheral,” as they are on the ecological "edge”
of the species distribution, as opposed to the Pacific
Ranges, which is more on the geographical "edge.”
{The Northern Coastal and Fraser Plateau
Ecoregions were viewed as less important at this




time, although this becomes an arbitrary decision
with some level of risk).

6) The definition of “adequate protection” had several

elements and these are briefly described below:

a) for most species a "population” in a reserve was
considered adequately protected if it had more
than 5000 m3 of wood present in the reserve. A
conversion to “number of trees” was obviously
necessary. Assuming an average of 0.5 m® per tree,
this translates into 10 000 trees of a volume large
enough (i.e., “merchantable” and probably at least
70 years old) to be noted from classical forest
inventory techniques. This, of course, will vary
substantially by species in different areas of the
Province. For example, the number of old-growth
coastal Douglas-fir trees would be overestimated,
and the number of interior spruce trees underesti-
mated, by this approach (Lester et al. 1993).
Species differences in average volume per tree and
volume per hectare were incorporated but, in
most cases, the numbers of trees was still quite
adequate.

b) population sizes estimated by this approach
would not have considered trees below mer-
chantable size; therefore, they are conservative
estimates. We would value small trees as much as
large trees in in situ gene conservation.

¢} even in situations where only 1200 trees are pre-
sent for a species (in a reserve), it is expected that
alleles at frequencies as low as 1% will be con-
served with a 99% probability, even if the geno-
types are homozygous (Gregorius 1980). Complete
homozygosity is rare in tree species, and the
sample numbers required to capture alleles at
these frequencies is reduced as Hardy-Weinberg
equilibrium is approached.

d}we also assumed that because the census numbers
will be relatively high in most reserves > 250
hectares (for individual species), population
genetic concerns arising from small numbers or
demographic problems (Lande 1988) will be
minimal.

Step 2: Utility of the Survey of Protected
Areas in B.C. and the Integration of
Breeding Material and Species Silvics

ile Step 1 accomplishes an important first step in
the conservation strategy for the 23 conifer tree
species of B.C., it is not sufficient by itself. Atsome
point, for each species, the forest geneticist must recon-
cile which approach is appropriate for each population
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of interest. With the information from Step 1, we can
now attempt to integrate some of the strategies men-
tioned earlier. One of these is to acknowledge the poten-
tial self-sustaining ability of many species in parts of
their range. The primary purpose of this activity is to
prioritize which particular populations, for the 23
species we've examined, are in need of some conserva-
tion activity.

But what criteria do we use to prioritize species
and their respective populations? The following are the
criteria we chose. Others may be valid but these could
be “scored” according to the species status, albeit arbi-
trary in many cases.

a)ls it @ “common” species? This was considered rele-
vant because a species can dominate a particular
ecosystem, e.g., western hemlock in the Coastal
Western Hemlock BGC system (CWH in Table 2).
Also, we assume here that a common species
would have reasonably high natural regeneration
potential in areas where it is a major component of
an ecosystem. Therefore, outlier populations, par-
ticularly “small” ones, may be the only popula-
tions of concern.

b) Diaes it have a large range? A species with a large
geographic distribution will likely “sample” many
extreme environments, particularly at the edges of
its range. Since threats to the important genetic
variation seem minimal in central populations,
populations on the periphery or outlier popula-
tions may be more important to conserve.
However, unless some evidence exists for compar-
ative adaptability of marginal populations, no bias
should be given to marginality per se (Brown and
Briggs 1991). This is not unrelated to criterion #1
mentioned above, except that it is based on a sam-
pling of more extreme environments. Of course,
this is quite arbitrary as any scores assigned to this
category can be debated at length (e.g., is Sitka
spruce scored a 1 or a 2 for its range, particularly
relative to a species like white spruce?),

c) Does the species have a large capacity for natural regen-
eration? This is important because some species,
with or without large site disturbances, are able to
“turn over” generations (which should theoreti-
cally perpetuate the relevant local gene pool) on
their own (e.g., western hemlock). In these situa-
tions, based on where the species is expected
(from antidpated ecological associations), we
could presume that an adequate level of self-per-
petuation will occur. However, on the edges of its
distribution (ecologically or geographically) in
small populations, this capacity could be lowered




by many demographic and ecological factors
which could put these populations at risk.

d)Status of species in current reserves. Obviously, a
species that is well represented in currently pro-
tected areas can be considered to be at lower risk
than a species which is not. In the setting of priori-
ties for gene conservation activities, these species
are assigned lower scores.

&) Status of species in provenance and breeding programs.
Clearly, a species under some genetic testing
scheme can be considered better protected than a
species which is not. The number of populations
represented in the testing, the number of parents,
and their distribution can all be weighted, but
variations in program quality seem less important
at this time than the simple fact that something is,
or will be, in ex situ collections or under genetic
improvement,

£} What is the current or potential economic value of the
species? Once again, we are in the difficult area of
utilitarian or ecological justifications. For example,
Pacific yew required more immediate attention
after its rise in profile due to potential use in
cancer treatments (see Wheeler and Hehnan 1993)
than did Rocky Mountain juniper. This, at least as
it is acknowledged in terms of current value or
threat, needs some consideration in prioritization
of gene conservation activities.

Many approaches could be used to integrate the
abavementioned criteria into a meaningful prionity list.
At the very least, the chosen method would point to the
species and populations where immediate action might
be required. Subjective “scores” for each of the cate-
gories were chosen as a first approximation to rank

individual species. Table 5 presents a sample of four
species out of the 23 surveyed. The overall “species
score” for each criteria was on a 1 to 3 scale, although
some other scale (e.g., 1 to 5) could be used, as well as
differential weighting of each criteria (e.g., “Reserve
Status” could be doubled and assumed twice as valu-
able, compared to a score of species “Value"). The four
species presented in Table 5 indicate how this approach
separates species at relatively high risk from those at
relatively low risk. For example, western hemlock has a
relatively low score (i.e., B points) and is probably not in
great jeopardy, except for the score of “2" for the lack of
outlier populations in good reserve status, A species like
whitebark pine, however, obtained a high score.
Moreover, the risk to whitebark pine seems greater
because of the threat of blister rust in these particular
ecosystems (Keane and Armo 1993).

Table 5 only confirms what we expected from a
common sense supposition of all the species assessed to
date. Gene conservation for western hemlock in B.C, at
least at this point in time, requires little attention rela-
tive to Pacific yew and whitebark pine, Even for Pacific
yew, based on our ecological surveys and genetic varia-
tion studies (El-Kassaby and Yanchuk 1994), the imme-
diate threat is not great. Many of the other concerns
might also be overstated simply because of our relative
ignorance of how severe the threat might be (in the
example of whitebark pine). Four years ago, the threat
to Pacific yew seemed ominous. But in this short period
of time, technological solutions (Wheeler and Hehnan
1993) combined with more knowledge about the distrib-
ution and ecology of yew, has reduced immediate
concerns.

Table 5. Scores for four species based on six criterda for priorizing gene conservation activities (with scores
assigned on a scale of 110 3,1 being yes or “good status” and 3 being no or “poor status,”) The criteria
described as “value” is simply assigned high or low since it works counter to the 1 to 3 scoring system

wesiemn whitebark Sitka Pacific
CRITERIA hemlock pine spruce yew
COmmOon 1 2 1 3
range 1 2 1 1
regeneration 1 3 . 3
provenance iesting 2 3 1 2
breeding program 1 3 1 2
reserve status 2 3 2 3
economic valoe high low high high
Total 5+ 16 A+ 14+

!Pacific yew i not in a breeding program per se but special gene conservation collections

have been made.

TPacific yew is a 3 in “reserve status™ because of very poor information as to ifs status in

TESETVES.




Conclusions

One obvious limitation to this “made in B.C.” analy-
sis is that it has not or cannot consider populations
in the U.S. and in other provinces in Canada. So far,
only the provenance research program and a few spe-
cific breeding programs, which have sampled parents or
populations outside of B.C., accommodate this concern
to some degree, It will be important for us to become
involved in North American forest tree gene conserva-
tion activities, particularly of in sifu programs, to moni-
tor the safety of relevant wild populations, or, at the
very least, to make strategic ex situ collections. We hope
that the logic of our approach is something that could
be considered in national or international gene conser-
vation activities.

Table 5 is very much a first approximation for the
four species presented there, and ranking could easily
change with small amounts of new information. (A sim-
ilar table is being developed for the remainder of the
conifer species). Our challenge is to continue to gather
this information and implement the necessary strategies
to ensure that we have a good chance of success for ade-
quate conservation of the conifer genetic resources of
interest.
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Long-Term Provenance Tests as Source Information for Gene
Conservation of Forest Species

C.C. Ying
Research Branch, B.C. Ministry of Forests, Victoria, B.C., Canada

Abstract

first and foremost objective of gene conservation of native forest species is to protect gene complexes that

convey adaptedness to their native environments resulting from generations of natural selection. The mode of
adaptive genetic variability across species’ geographic range, derived from long-term provenance tests, provides the
foundation framework for decisions on which adaptive gene complex to conserve, and where and how to conserve
(in situ or ex situ). Equally critical is the preservation of genes for their future value for breeding, e.g., pest resistance.
It requires decades of exposure to natural environments for genetic differences in environmental adaptedness or pest
resistance to become evident. There seems to be no shortcut from long-term field testing to knowledge of genetic
variability of traits critical to a species’ capadity to adapt to diverse and unpredictable situations in the future.
Provenance testing results in British Columbia are highlighted and how this information can help decisions on gene
conservation planning are discussed.

Résumé

LE premier et principal objectif de la protection génétique des essences forestidres indigenes est précisément la pro-
tection des complexes géniques qui conférent aux plantes un certain degré d'adaptation a leur milieu naturel sous
l'action de la sélection naturelle qui s'est exercée sur plusieurs générations. La forme de la variabilité génétique de
V'adaptation, lorsqu'elle est considérée dans l'ensemble de l'aire géographique de I'sssence en question et qui est
déduite de tests de provenance  long terme, fournit les critéres nécessaires pour chaisir les complexes géniques liés

a l'adaptation qui seront conservés, ainsi que le moment o ils seront conservés et la méthode utilisée (sur le terrain
ou ailleurs). En outre, il est essentiel de préserver le matériel génétique pour des travaux de sélection comme I'étab-
lissement de souches résistantes & certains organismes nuisibles. 1l faut des décennies d'exposition aux conditions
des milieux naturels pour que ressortent les différences génétiques qui correspondent A une adaptation au milieu ou
& Ia résistance & des organismes nuisibles. Il n'existe apparemment pas de fagon rapide pour gagner du temps sur les
essais & long terme sur le terrain en vue d'éablir la variabilité de caractires génétiques dont dépend la capacité d'une
espece de s'adapter & de nouvelles conditions varides et imprévisibles. Dans cet article, on fait ressortir les résultats
des tests de provenance faits en Colombie-Britannique et on montre comment les renseignements obtenus peuvent
aider & prendre des décisions relatives A la planification de la protection du matériel génétique.

Introduction Longevity of tree species often requires decades of
continuous exposure to the natural environments for
) ) adaptive genetic variation to become evident, e.g,
Wh?l makes gene conservation a complicated and adaptive tolerance to cumulative environmental stress,
difficult task is the requirement that such a con- and insect and disease (Ying and Liang 1993). There
sérvation scheme has to consider not UIﬂ}F.hI{.:!IDEIEEi seems to be no shortcut from long-term field testing to
effectiveness, but also economical and social impact; understanding adaptive variability of tree species; sur-
thatis, to protect a healthy gene pool optimizing its veys of genetic differences based on biochemical gene
capacity for continuing and stable evolution without markers arahort-termn tests i “artificial envirommrant”
infringing other resource uses (Frankel 1974, National may not reflect a species’ capacity to adapt to the
Research Council 1991). This requires precise know- changing situations and environments which are often
edge about the distribution and organization of adap- diverse and unpredictable (National Research Council
tive genetic variation across the species’ geographic 1991). This report summarizes what we have learned
range on which a rational decision can be made regard- from our long-term provenance tests in British
ing the choice of populations and locations for conser-  Columbia and discusses how this information can be
vation and methods of conservation (Rehfeldt 1991).



used to facilitate a conservation scheme that is efficient
biologically (in situ or ex situ). Weaving economical and
social considerations into a conservation scheme that
has a sound biological basis would be much more
simple.

Provenance Research in British Columbia

rovenance research in British Columbia has been

carried out by the B.C. Ministry of Forests since the
early 1960s. L. Roche's genecological study of interior
spruce at that time pioneered provenance studies in
B.C. The Douglas-fir provenance trials were established
by R.L. Schmidt. K. Illingworth was the driving force in
organizing the most comprehensive lodgepole pine
provenance research program ever attempted.
Provenance study was further expanded in the early
1480s {0 the coastal true fir species. A total of 138 long-
term test plots of seven conifers has been established
{Fig. 1). Provenance research has been focused on the
major commercial species and the recently introduced
western red cedar, yellow cypress, western larch, and
hardwood species.

Highlights of Results

e following summary highlights the main features
aboul the mode of adaptive geographic variation
and provenance differences in tolerance to pest attack
among the major conifers which have been in field tests
for at least two decades.

Muode of Geographic Variation

Lodgepole pine
The species’ genetic organization and distribution is
complex but four geographic regions can be readily
detected. Table 1 gives a synoptic description of the dis-
tinguishing genetic characteristics of each region.
Interior Douglas-fir
Adaptive variation resides largely among provenances
associated with environmental gradients, e.g., eleva-
tional cline. Provenances from wet-belt low elevation
and coast-interior transition are among the most pro-
ductive (Jaguish 1991).

Interior Spruce
Provenance differentiation is clinally associated with
elevation, particularly in the southemn interior of Brtish
Columbia (G. Kiss, pers. comm. 1993), otherwise there is
no clear pattern along latitudinal or longitudinal
gradients,
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Table 1. Genetic characteristics of adaptive variability among
lodgepole pine provenances from different regions

Geographic region Genetic adaptation

Pacific Coast narrow ecological adaptation

Coast-Interior transition high within-population genetic
diversity

Yukon-Northem interior  distinct regional adaptation
(ecotypic?)

Central & Southemn interior  steep clinal adaptation along
elevation

Provenance testing for both interior Douglas-fir
and spruce is much less thorough than for lodgepole
pine.

Coastal Douglas-fir

Genetic differentiation parallels major climatic regions:
maritime, dry maritime, and submaritime, but is not
clearly defined within these climatic regions (Ying 1990).

Sitka Spruce

Sitka spruce shows a gentle north-south cline and sharp
differentiation from coast (maritime) to inland (sub-
maritime) in growth and hardness. Evidence suggests
local adaptation of provenances in the hybridization
zone (Ying 1990).

Genetic Resistance to Insect, Disease, and
Small Mammals

enetic resistance of Sitka spruce provenances to the

white pine weevil (Pissodes strobi), the most devas-
tating pest to plantation Sitka spruce, is unequivocal;
differences in weevil resistance observed in provenance
tests were experimentally repeated in clonal screening
(Ying 1991). The Haney (lower coast) and Big Qualicum
{Eastern Vancouver Island) provenances are the most
resistant, and those from the hybridization zone are also
highly resistant {Fig. 2).

Recent pest assessment has identified lodgepole
pine provenances highly resistant to western gall rust
(Endecronartium harknessii); most of these resistant
provemnces are from the introgressive hybridization
zone of jack and lodgepele pine, Swan Hills (Alberta) in
particular (Fig. 3). Some provenances from the same
hybridization zone, e.g;, Mt. Watt and Hawk Hills
{Alberta) (Fig- 3), were highly tolerant of porcupine
(Erethizon dorsatum) attack. Earlier studies on needle
cast (Lophodermella concolor) have shown almost com-
plete resistance of some provenances from wet-belt low
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Figure 1. Locations of ong-term provenance tests in British Columbia.
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Figure 3, Dhifferences among

pine provenancs in average number of galls

ludgepole
per tree infected by western gall rust (Endocromertum harknessi).

elevation, e.g,, Inonoaklin, southern interior B.C. (Hunt
et al. 1987).

Implication in Gene Conservation

u e genetic resource cannot be preserved, con-
served, controlled, manipulated, or reconstituted
without an understanding of the manner by which
species have achieved adaptedness to heterogeneous
environments” (Rehfeldt 1991). The very first priority of
any conservation scheme has to be designed to capture
the unique characteristics that Nature has developed
through generations of screening within a particular
environment {Zobel 1977). Knowledge of distribution
and organization of adaptive genetic variability within

the species’ geographic range allows us to make
mtelligent decisions on what and where to conserve

(e.g., size and number of reserves strategically dis-
persed across the species’ natural range), and how to
conserve (in situ or ex siti). This is the foundation
framewiork for any effective scheme of gene conserva-
tion. Otherwise, gene conservation is not much different
from sailing in an open sea without a compass.

* Lodgepole pine: Obviously, the four geographic
regions (Table 1) have to be considered as building
blocks in order to capture the “whole” of the
species’ genetic diversity which reside in ecotypic
differentiation across the species’ natural range.




Effective protection of the species’ coastal gene pool
has to be in its natural habitats (in situ conservation)
because of its narrow ecological adaptation, unless a
series of plantations, with each containing populations
sampled from a similar ecological zone, can be estab-
lished. Because shore pine is not an important commer-
cial species, it is difficult to justify any form of expen-
sive ex silu gene conservation. Natural shore pine grows
mostly in bogs and muskegs and there is very little risk
of loss of these natural habitats.

Large within-provenance variation (segregation of
both morphologically coastal and interior types) sug-
gests that Coast-Interior Transition may be the centre of
the species’ diversity. Natural stands are only scattered.
Its regeneration has not been specifically addressed
because of low commercial value. Protection of this
gene pool deserves some specific attention.

Provenances from the northern limit of the species’
range seem to have evolved adaptedness to the north-
ern environments (sharp genetic differentiation from
other interior provenances in growth, phenology, and
pest resistance). This northern gene pool may be of
global significance, northern Europe in particular, if
global warming happens as predicted (Pollard 1990).
However, protection of the gene pool has to be carried
out locally in st or ex situ; these provenances tend to
be vulnerable to environmental stress and pests at sites
south of their native habitats (Hunt et al. 1987),

Significant erosion of genetic resources is probably
of least concern in Central-Southern Interior from the
perspective of gene conservation per se; extensive sam-
pling for the genetic improvement program should
have captured most of the genetic variability of natural
populations (Carlson 1993). The high elevation popula-
tions in the southern interior are the only exceptions.

Specific effort may be required to protect the intro-
gressive populations within the areas where natural
ranges of jack and lodgepole pine overlap. Our recent
assessment suggests this interspecific gene pool may be
of extreme significance to pest resistance. We know very
little about the evolutionary significance of introgres-
sive hybridization related to pest resistance.

* Sitka spruce: Either in sifu or ex situ measures can
be effective to conserve gene resources, except in the
hybridization zone where in sifu conservation seems
to be the optimal option because of evident local
adaptation. Sitka spruce was one of the major target
species when coastal forests were first exploited,
which resulted in fragmentation of natural stands,
particularly along the outer coast. The white pine
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weevil devastation to young spruce stands further
eroded the natural forests. In situ preservation of the
residual natural stands should be the immediate
concern; most of the old growth stands are probably
already in protected reserves (Yanchuk 1953),
However, to reconstitute the north-south adaptive
clines, stands of local source may be needed to fill
geographic gaps which may impede clinal gene
migration.

Ex situ preservation of the weevil resistant prove-
nances may be the only viable option since their natural
habitats are vulnerable to urban expansion. Selection,
screening and preservation of resistant genotypes are
now well in progress.

* Douglas-fir Conservation of peripheral prove-
nances at the species’ northern limit and prove-
nances in the coast-interior transition (submaritime)
should be of immediate concern. These northern
provenances are small and isolated, and thus vul-
nerable to loss of both natural and non-natural
causes. Such transition provenances may possess
unique gene complexes valuable to the long-term
breeding of high yield variety for the interior region
{Jaquish 1990).

Otherwise, loss of any genetic diversity in the
center of the species’ distribution (coastal maritime, and
low- and mid-elevation of southemn interior), where this
species is ubiquitous through natural and artificial
regeneration, is very slim. Extensive provenance sam-
pling and tree selection for tree improvement programs
add another layer of genetic diversity protection ex situ.

General Discussion

rotection of biodiversity has been focused an

species; the real danger of loss of biodiversity in
many forest species may lie in the hidden erosion of
within-species genetic diversity (Ledig 1993), The first
and foremost importance in gene conservation is to pre-
serve gene complexes that convey adaptability residing
within geographic races or provenances through gener-
ations of screening selection in their particular environ-
ments (Zobel 1977, Rehfeldt 1990). Equally important is
the preservation of provenances carrying valuable util-
ity traits such as good form and growth and pest resis-
tance. Despite the unpredictability of future demand on
forest products, there is no reason to assume that the
economic traits of the present day, such as good form
and growth, will not be needed. Traits like pest resis-
tance are always universally desirable and essential for
the long-term success of any breeding program.



Recognition of the gene complex associated with
site adaptability or pest resistance requires continuous
and diligent observation of trees in well designed exper-
imental plantations in forest environments. There seems
to be no short-cut. Assessment of genetic diversity
increasingly relies on biochemical gene markers; large
amounts of data can be accumulated quickly and
cheaply. However, biochemical gene markers, largely
evolutionary genetic relics, provide useful indicators of
genetic diversity and population structure. But there is
no convincing evidence of biochemical genes related to
adaptability or utility traits.

Long-term provenance testing has been a major
component of tree improvement in Canada; about
900 hectares of experimental plantations involving 27
coniferous and 12 deciduous species have been estab-
lished, and many of them are range-wide and have been
in the field for at least two decades (Ying and
Morgenstern 1988). These long-term provenance tests
contain valuable information on adaptive genetic varia-
tion which can be extremely useful to a nationwide
gene conservation scheme, in situ or ex situ, if our expe-
rience in British Columbia is any indication.
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Ecological Reserves
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Abstract

onservation is achieved to varying degrees across the entire forest landscape, but is most comprehensive in pro-

tected areas, and particularly so in Ecological Reserves. The Canadian Forest Service Ecological Reserves Project
has examined Canada’s list of three thousand protected areas with a view to developing a national list of highly pro-
tected forests. At present, representation of ecosystem diversity is incomplete, as indicated by the absence of any
highly protected areas in 46 of 148 non-arctic Ecoregions. Nevertheless, 265 areas are being considered as candidates
for the list. The Project has initiated pilot studies that examine levels of human intervention across the entire forest
landscape, as a context for the effectiveness of protected areas, through pilot studies in three Model Forests. The com-
munication of values of protected areas to the forest sector is a continuing priority.

Résumé

a conservation s'effectue & divers degrés dans toute |z forét, mais elle est plus compléte dans les aires protégées,

et notamment dans les réserves écologiques. Dans le cadre de son Programme de réserves écologiques, le Service
canadien des foréts a dépouillé une liste de trois mille aires protégées du Canada, en vue de dresser une liste des
foréts hautement protégées. En ce moment, les écosystémes ne sont pas représentés dans toute leur diversité, car
aucune aire ne fait I'objet d'une trés grande protection dans 46 des 148 écorégions non arctiques. Cependant, 265
aires pourraient figurer sur cetle liste. Ce programme a aussi permis d'entreprendre des études pilotes dans trois
foréts modéles, afin de déterminer le degré d'intervention humaine qui prévaut dans l'ensemble de la forét. Ces
données serviront de balises pour mesurer l'efficacité des mesures de protection. Parmi les priorités du programme,
on notera aussi la sensibilisation du secteur forestier aux valeurs des aires protégées,

Introduction

The goal of conservation is the maintenance of pro-
ductivity and resiliency in the biosphere. In this role,
ecological reserves are instruments par excellence.

The Canadian Council on Ecological Areas (CCEA)
has defined ecological reserves as legally protected nat-
ural areas where human influence is kep! to a minimum
(Taschereau 1985). They form the majority of the CCEA's
National Registry of “highly protected” reserves, which
recently included 776 national parks, provincial ecologi-
cal reserves, and other protected areas (Forestry Canada
1591).

Canadian ecological reserves have characteristics in
commen with protected areas elsewhere. Moir (1972)
listed six basic features of natural areas in the United
States:

i)  they are integral parts of a systematic network, rep-
resenting the diversity of natural environments; ii)
they are relatively undisturbed by man; iii) they are
selected according to ecological criteria; iv) they
have assured permanency; v) they are set aside for

scientific and educational purposes; vi) they har-
bour genetic materials of value to sociely.

While these features are certainly to be found in
ecological reserves, as Moir pointed out, they also char-
acterize a wide range of protected areas, such as wilder-
ness areas, wildlife refuges and others. In other words,
conservation objectives can be met to varying degrees in
more than “highly protected areas”. Indeed, conserva-
tion must be pursued inside and outside all Canada’s
3000 protected areas listed in the National Conservation
Areas Data Base (NCADB) (Turner et al. 1992). Never-
theless, beyond that basic framewaork, assurance of
meeting conservation objectives is diminished, espe-
cially where objectives entail undefined features, such
as microbial and fungal complexes involved in carbon
and nutrient cycling, or the surprisingly rich ecosystems
in old growth forest canopies.

The pricrities of conservation do not remain static.
For decades emphasis has been placed on critical habi-
tat and endangered species. In this workshop we are
examining the need of the forest sector, itself an
expanding concept, to conserve genetic resources. In




some parts of Canada, protection of watersheds has
been the prime concern. Itis entirely possible that we
shall be protecting forests to conserve carbon in the
future. And if ecosystems change, as some climate
models imply, protected areas will be harbouring the
greatest range of genetic materials from which new
ecosystems can evolve (Pollard 1992). Protected areas
protect many things, some living, some dead, some
physical, and some quite intangible. This is why pro-
tected areas are to be viewed as vital elements of sus-
tainable development. But we should not neglect the
unique opportunities that protected areas offer research
and education. As Aldo Leopold (1941) put it before
many of us were born, " A science of land health needs,
first of all, a base-datum of normality, a picture of how
healthy land maintains itself as an organism”.

The “healthy land” of Canada is in practice a very
diverse land, with many ecosystems, communities,
species, and varieties having evolved in adaptation to
enduring features of landform and climate. The “base-
datum of normality” must perforce be representative of
this diversity, as argued by the CCEA (Peterson and
Peterson 1991). The CCEA has proposed a systems plan
for protected areas Canada that calls for defining this
diversity in workable terms and representing it in pro-
tected arcas (CCEA 1992).

The Ecological Reserves Project

nits Report to Parliament, Natural Resources Canada

{Parestry Canada 1991) undertook to "ensure the
preservation of representative areas of each forest
ecosystem in Canada” with its Green Plan project,
Ecological Reserves. In the two years following initia-
tion of the Ecological Reserves Project (ERP), the forest

sector has experienced a rapid escalation of public inter-

est in natural forests, especially those regarded as old
growth.

A new National Forest Strategy, issued by the
Canadian Council of Forest Ministers (CCFM 15992)
slates:

“By the year 2000, all members of the forest community
will complete a network of protected areas representa-
tive of Canada’s forests, to provide ecological bench-
marks, protect areas of unique biological value, and
ensure wilderness experience.”

If this can be achieved on a sufficiently extensive
and comprehensive scale, some major concerns for con-
servation, including maintenance of biodiversity,
opportunities for baseline monitoring and reference

networks, and opportunities for scientific investigation
and education, will be addressed in the process.

How Representative is the Existing Network
of Protected Areas?

epresentivity is a fundamental principle in the selec-
ion of protected areas, but a large number of pro-

tected areas, especially smaller sites, are concerned with
more specific objectives. These are usually aimed at pro-
tecting critical habitat for a few or even a single species;
often these species are rare, threatened or endangered.
A preoccupation with such imperatives, under continu-
ing pressure from incompatible land uses, has not
addressed the need to protect viable examples of nat-
ural, locally evolved ecosystems. Clearly, both are
important, and although much of the ERP is concerned
with the latter, it embraces all forms of protected area in
its terms of reference.

In initial consultations with some of the major
interest groups, including World Wildlife Fund Canada
and the CCEA, the ERP was dissuaded from establish-
ing an independent National Register of Forested
Ecological Reserves. Over the past year, however, the
forest sector has increased its interest in protected areas.
The new National Forest Strategy has strengthened the
need to provide the Minister, the forest sector, and the
interested public with periodic assessments of progress
made towards the completion of a system of protected
areas that is representative of the diversity of forest
ecosystems in Canada. The intention is to make such
assessments on the basis of best available information,
and lo refine these assessments as more selective criteria
are developed and as the information base improves.

A first approximation of representation has been
derived from the NCADB. Because larger, highly pro-
tected areas (TUCN Category | and II; see below) are
maost likely to represent the Ecoregion they occupy, the
ERP developed a list for each Ecoregion in the 12
Ecozones that feature forests (three other Ecozones are
essentially Arctic and treeless), The list comprises the
larger protected areas that in aggregate form at least B0
percent of the total area protected under JTUCN
Categories [ and 11 within each Ecoregion. This
approach sets no minimum size an protected areas fo be
considered as representative, and thus accommodates
the great diversity in size encountered among different
Ecoregions.

The list generated in this process (Pollard 1993)
contains 265 Protected Areas totalling 23.7 million
hectares. All 12 Ecozones are represented (Table 1), with
up to 11 percent of their area protected; however,




Table 1. Summary of protected areas and Ecoregions in Non-Arctic Ecozones

Protected Areas Ecoregions Ecorone
Terrestrial MNumber Area Present Represented Total Area %
Ecozone (km?) {km?) protected
Tundra Cordillera 3 10872 10 i 322061 34
Boreal Cordillera 10 30875 13 & 367004 B4
Montane Cordillera 35 14784 10 10 202456 73
Pacific Maritime 36 51270 i f 467534 1.0
Boreal Plains 19 24350 i2 12 834008 24
Taiga Plains 30366 & 6 472706 6.6
Prairie 10 38 a & 462270 0.8
Taiga Shield 6 47 2 3 1069608 <0.1
Boreal Shield 66 343 RE] 1 184080 23
Huds=on Plains 4 nED 3 3 391239 6.6
Mixed Wood Plains i) G62 4 4 1422589 0.7
Atlantic Maritime 43 2T 12 12 163677 1.7
MNon-Arctic Canada bel 236598 148 102 B735M5 35

Prairie, Taiga Shield, and Mixed Wood Plains are
severely underrepresented, with less than 1 percent pro-
tected. Of the 148 Ecoregions occupying the non-Arctic
Ecozones, 46 had no representation in the list. All
unrepresented Ecoregions occurred in the Tundra
Cordillera, the Boreal Cordillera, and the Taiga Shield
(where only 3 out of 22 Ecoregions are represented).

Clearly, this is only a first approximation of a
national list of protected areas, although some large
gaps are already evident. More refined selection criteria
are required for areas representing forest diversity, and
the areas themselves must be examined in more detail
for their suitability. An ad hoc working group has been
formed to refine the selection criteria and to guide the
development of data for listed protected areas.

As a first step, the ERP collaborated with State of
the Environment Reporting to fund a pilot study to
enhance the NCADB. The work was based on all 15
Ecozones of Canada, and dealt with both forests and
wetlands, In this case, work was focused on the larger
protected areas that in aggregate form at least 80 per-
cent of the total area protected under IUCN Categories
1, 10, and TV within each Ecozone,

A total of 216 protected areas, 38.7 million ha in
aggregate, were surveyed (Bryson 1993). Of these, 68
{13.6 million ha) were covered by the National Forest
Inventory; satellite-derived AVHRR {Advanced Very
High Resolution Radiometer) Land Cover data were
derived for 145 protected areas, including 35 National
Parks. The AVHRR data are widely applicable, although
they should not be used on smaller (<1 km x 1 km)
areas. More defailed stand information is available from

the Canada Forest inventory (CanFI), although rela-
tively few protected areas are identified.

A follow-up to this work is currently under way:
Data from AVHRR, CanFl and other sources will be
compiled into NCADB descriptive “green pages” for
the 265 accessions in the provisional list of the larger
protected areas representing forests in Canada's

Ecoregions.

Assessing Potential for Conservation at a
Landscape Scale

While protected areas are undeniably vital elements
of sustainable development, they are part of the
broader landscape, and all contribute to conservation in
some way, Protected areas are critical in severely dis-
turbed landscapes, but less so where disturbance is low
or moderate. The extent to which conservation objec-
tives are met depends on the pattern of disturbance in
the region considered, and thus on the mix of protected,
managed, and unmanaged lands.

Many conservation objectives, including those for
forest genetic resources, can be addressed outside for-
mally protected areas and, in this regard, the value of
Canada's forest landscapes may be underestimated by
foresters and environmentalists alike. What is neaded s
an indicator of sustainability for given units of
landscape.

To be effective, the indicator should be applicable
at any scale, from local to regional, national, and even
continental and global levels. It should reflect the land-
scape’s capacity to support the diversity of organisms




and natural processes that are essential to self-perpetu-
ating ecosystems. Such an indicator should be widely
accepted, outside as well as within Canada, because
conservation strategy often crosses sectoral and national
boundaries,

Recently, Lowe (pers. comm.) has proposed that the
“reserved” class of the 1996 Canadian Forest Inventory
{CanFl) be overlayed with assessments of protection,
based on the six Categories of Protected Areas
Management, as revised recently by the International
Union for Conservation of Nature and Natural
Resources (IUCN). Prompted by the introduction of a
new [UCN Category, CVI: Managed Resource Protected
Areas (which provides for a limited amount of
resources utilization), Lowe also proposed extension of
the series for application to the entire forest inventory,
with three additional categories designed to classify
other landscapes; the complete nine-category scheme is
presented in Table 2.

Through the ERF, the concept of a nationwide
assessment of inventoried forest land will be piloted
with studies in Model Forests. In the proposed studies,
the entire land base of each Model Forest will be classi-
fied in terms of the nine Categories in Table 2.

The land base will be analyzed at the stand level, or
through any scheme by which a unit of land can be
characterized by a single Category. The main task is to
assess protection and management according to the
scheme described and with a defined and generally
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acceptable rationale (all interested partners in the
Model Forest should subscribe to the process of assess-
ment). The pilot nature of this work is emphasized,
however, and latitude will be allowed for interpretation
of the Categories, in particular those addressing forest
management. The following products are planned from
each of the Model Forest studies:

i}  working definitions of Categories (especially C7.1,
(72, C8 and C9) as agreed to by the Model Forest
pariners.

a short report to include (a) the rtionale and
resulting framework for landscape units to be cate-
gorized, and (b) the procedures adopted and agen-
cies consulted for the definition and application of
Categories to landscape units.

i) an overlay of the Model Forest displaying protec-
tion and management according to defined cate-
gories, compatible with the Model Forest GIS
system.

iv) aquantitative assessment of protection and man-
agement in the Model Forest with respect to its eco-
logical framework, ie., aggregation of land area
within each category for each Ecodistrict and
Ecoregion in the Model Forest.

The overlay may be used for a variety of purposes;
for example, the potential distribution of a species may
be estimated if its tolerance of human intervention is
known within the context of the nine categories, and if

Table 2. [UCN protected area management categories (CI-CV1) and
proposed additions for Canada’s Forest Inventory (C7-C5)

Mational park: protected areas managed mainly for ecosystem conservation and

Management resource protection areas: protected areas managed mainly for the

il Sitrict nature reserve / wildemess area
Cla Areas managed mainly for science
Clb Areas managed mainly for wildéemess protection
i
recreation
i National Monument: protected areas managed mainly for conservation of
specific natural features
v Habitat/speces management areas: protected areas managed mainly for
conservation through management intervention
cv Protected landscapes: protected areas managed mainly for landscape/seascape
conservation and recreation
vl
sustainable use of natural ecosystems
) Sustainable Timber Management

(er |

Extensive Sustainable Timber Management

€72 Intensive Sustainable Timber Management

‘de facio’ Wildland Protection
Not Protected or Not Classified

2 %




its ecological requirements can be defined in terms of
the ecological classification used in the Mode! Forest.
The overlay may be used to plan forest management to
maximize the extent of contiguous landscape units with
high conservation potential or to buffer critical areas
with low impact land use.

Links With Other Programs

e CFS is an active member of the CCEA and has
been since 1982, when the CCEA was inaugurated.
The CCEA provides a national forum for communica-
tion and debate among all major government and non-
government agencies with interests in protected areas.

The Ecological Reserves program has supported a
number of regional agendies, including:

i) the Atlantic Region Protected Areas Working
Group which held a Workshop in June 1993,
Keynote presentations were made by Stan Rowe, a
long-time advecate of protected areas and conser-
vation, and Derek Thompson, Director of Planning
and Conservation for B.C. Parks. The development
of an Atlantic Region Conservation Areas Data
Base is also being supported;

i) the Wilderness and Protected Areas Assodiation, lo
develop proposals for a Protected Areas Strategy
for Newfoundland. The Wilderness and Ecological
Reserves Advisory Council for Newfoundland has
secured funding for Model Forest initiatives from
the Western Newfoundland Model Forest
commities; and

ili) in British Columbia, the Conservation Analysis
Working Group of the Protected Areas Strategy to
conduct a special Workshop on Methods, Standards
and Responsibilities for Conservation Analysis,
December 10-11, 1992,

To date, the program has not forged working links
with the CFS Ecological Land Classification network,
although it is recognized that the topic is central to the
concept of representation. Several schemes have been
developed in Canada, some of which are compatible
with classification adopted or developed by provincial
and territorial agencies. Currently, the most acceptable
and flexible is an hierarchical scheme developed by the
Canada Committee for Ecological Land Classification
(Turner et al. 1992). The scheme comprises 15 Ecozones,
45 Ecoprovinces, 177 Ecoregions, and 4557 Ecodistricts,
although it is also in the process of revision.

Some important links may be made in the future
with the Climate Change Working Group; the roles of

protected areas in a changing climate were described by
Pollard (1992).

Links With Model Forests

n addition to the proposed pilot studies on protected
areas and forest management categories, the ERP
examined the protected areas complement in or near

Model Forests (Pollard and Bryson 1992). In 1993, three

projects new studies were initiated:

i) in Fundy Model Forest, ERP is leading a gap analy-
sis to identify critical and unique areas, sensitive
species, centers of species richness, and major
ecosystem types. If successful, the approach will
become a model for the rest of New Brunswick.

ii) &similar initiative has been undertaken by a new
Forest Ecological Reserve Working Group for the
Eastern Ontario Mode! Forest and will include spe-
cial studies of the three main site districts compris-
ing the Model Forest. A prototype system for evalu-
ating forest stands for ecosystem representation
potential will be completed in this fiscal year; and

iii} in the Foothills Model Forest, a partnership will
identify and recommend to the Province of Alberta
areas suitable for inclusion as Ecological Reserves
within or adjacent to the Model Forest. The task
began with a series of public meetings to identify
potential sites.

Communications

n annual report of ERP activities is published by
the CCEA.

A newsletter of the Forest Ecological Reserves
Network (FERN) is produced twice a year; a revised
format is planned to facilitate wider distribution.
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Abstract

ound management of the genelic resources in British Columbia’s forests is an integral and indispensable element

of any successful sustainable development strategy. The development of successful forest management strategies
requires a deep understanding of a wide array of topics such as the extent and diversity of forest ecosystems, the
impact of forest management practices on biological diversity, and strategies for gene conservation. The understand-
ing of these topics will allow forest managers and gene conservationists to work together to combine utilization with
conservation in the most efficient manner.

Successful, practical conservation strategy in British Columbia should consider logistical factors (for example,
the ratio of the coastal industry forest land relative to the total biogeoclimatic zone land mass, the intermingled
nature of present tenures over the landscape, the difference between crown and private land tenure, corporate land
base classification (i.e., “operable” or “inoperable”), the type of regeneration systems used (i.e., natural vs. artificial),
proximity of parks, ecological reserves, and protected areas to managed forest land bases, industry-government coor-
dination, and the clear identification of governmental agencies concerned with conservation) and biological princi-
ples (such as the maintenance of the genetic variation needed for population viability and the evolution of the
species in question; consideration of whether the genetic variation of a species and its structure among and within
populations are inherent features of the species” evolution; differentiation between large vs. small genetic variation,
wide distribution vs. endemic, abundant vs. rare, clinal variation vs. small genetic variation, wide distribution vs.
endemic, abundant vs. rare, clinal variation vs. ecotypes; and species with commercial vs. non-commercial values,
the status of the species in question from intact to destroved, and account for species resilience level). Finally, it is
imperative to all agencies concerned that extensive efforts should be directed to narrowing the present information
gaps and supporting the basic research needed.

Résumé

Une gestion équilibrée des ressources génétiques est un élément primordial de toute stratégie de développement
durable des foréts de Colombie-Britannique. L'élaboration de stratégies d'aménagement forestier nécessite une
profonde compréhension d'une gamme de sujets tels que I'étendue et la diversité des écosystémes forestiers, les
répercussions des praliques d'aménagement forestier sur la diversité biologique ainsi que les méthodes et stratégies
de conservation des ressources géniques. La compréhension de ces domaines permettra aux responsables de
l'aménagement forestier et aux responsables de la conservation du matériel génique d'allier leurs efforts en vue de
combiner le plus efficacement possible |'utilisation et la protection.

En Colombie-Britannique, toute stratégie de protection pratique devrait tenir compte des facteurs d'ordre
logistique. 1l peut s'agir, par exemple, du rapport entre les terrains productifs cotiers et la totalité de la superficie de
la zone biogéoclimatique, du caractére parcellaire et diffus des tenures 3 I'échelle du paysage, de la différence entre la
tenure gouvernementale et la tenure privée, de la catégorisation des terres privées (c.-a-d. selon qu'elles soit
exploitable ou non}, du type de systéme de régénération appliqué (c.-a-d. régénération naturelle ou artificielle), de la
proximité de parcs, de réserves écologiques et d'aires protégées par rapport aux terres forestieres aménagges, de la



coordination des activités entre les gouvernements et I'industrie ainsi que de l'identification précise des organismes
gouvernementaux intéressés a la protection). Toute stratégie de protection doit aussi tenir compte de principes de
biologie. Il peut s'agir, par exemple, du maintien de la variation génétique nécessaire a la survie des populations et &
I'évolution des essences dont il est question, de la question de savoir si la variation génétique 2 l'intérieur de l'essence
comme du caractére qu'elle prend entre les populations et 2 l'intérieur de celles-ci sont des caractéristiques inhérentes
al'évolution de l'essence, de la différenciation entre de petites et d'importantes variations génétiques, de I'étendue de
I'aire de répartition, soit une présence générale par opposition 4 endémique, de I'abondance par opposition a la
rareté, de la variation clinale par opposition aux écotypes, du fait que des essences ont une valeur commerdiale ou
non et du statut de l'essence (essence disparue & non menacée) et de la prise en compte de la capacité de récupération
des essences. Enfin, il est primordial que tous les organismes intéressés 3 la question tentent avec énergie de combler
les lacunes dans nos connaissances et qu'ils appuient la recherche fondamentale nécessaire A cette fin.

Introduction

he genetic resources of our planet are among its

most valuable raw materials. The maintenance of
genetic diversity of plant species allows plants in their
natural environment to evolve and adapt to a changing
world. It also provides the opportunity to select and
breed new varieties suitable for a range of environments
and end uses. Therefore, protection and conservation of
this national and international heritage should be given
high priorily by all governments.

Sound management of the genetic resources in
British Columbia’s forests is an integral and indispens-
able element of any successful sustainable development
strategy. The attainment of this goal encounters at least
two major and potentially conflicting challenges. These
are; 1) the maintenance of the nch biological diversity
currently found in our natural forest ecosystems, and 2)
yield and value enhancement of commercial wood
products per unit area.

The development of successful forest management
strategies requires an understanding of a wide array of
topics such as the extent and diversity in existing forest
ecosystems, the impact of forest management practices
on biological diversity, and strategies for gene conserva-
tion. The understanding of these topics will allow
forest managers and gene conservationists to work
together to combine utilization with conservation in the
maost efficient manner. This is necessary to maintain our
competitiveness in world markets and to mestincreas-
ing demands on an ever shrinking forest land base.

Public concern about forestry practices in British
Columbia has implied that monoculture forests in the
province are increasing, thus simplifying forest
ecasystems, reducing biclogical diversity, and diminish-
ing ecosystem resilience. Knowledge regarding the
level of ecological diversity, the structore of the genetic
variation, and the biological factors that affect this vari-
ation, are needed for the developmenl of a sound

conservation strategy on both industrial and crown
forest lands in coastal British Columbia.

In the following sections we will present our view,
as industrial operators, on the role of the forest industry
in the development and implementation of a well-coor-
dinated conservation strategy in conjunction with the
various governmental agencies responsible for
conservation.

Genetic Conservation Parameters

n understanding of how ecosystems function is a

central issue for successful, sustainable, forest man-
agement strategies. Ecological site classification, such
as the Biogeoclimatic Classification of British Columbia’s
forests (Klinka et al. 1984) provides foresters with the
“blueprint” by which many forestry practices and asso-
ciated activities, including conservation, should be con-
ducted. A total of 14 biogeoclimatic zones have been
identified in British Columbia. The coastal forest indus-
try holdings fall within three biogeoclimatic zones,
namely, Coastal Western Hemlock, Mountain Hemlock,
and Coastal Douglas-fir.

The development of a successful, practical conser-
vation strategy should consider the following:

1. The ratio of the coastal industrial forest land rela-
tive to the total biogeoclimatic zone land mass,

The coastal western hemlock bingeoclimatic zone
covers the majority of the managed forestlandsm
coasial British Columbia. However, the area managed
for forest products represents only a small portion of
this zone. A similar sifuation exists for the mountain
hemlock biogeoclimatic zone: this zone represents the
second largest forest industry land base but it covers an
even smaller portion of this zone. Finally, the coastal
Douglas-fir biogeoclimatic zone covers a very small
portion of the industrial land holdings but it represents
a large component of a small zone. The proportion of




an ecosystem that is being modified should dictate the
level of urgency for conservation. Special consideration
should be given to unique situations. For example,
where a significant proportion of an ecosystem is within
a single or a few corporations’ land holdings, the con-
servalion responsibility should be that of the forest
industry.

2. The intermingled nature of present tenures over the
landscape.

The coastal industrial forest land holdings are inter-
mingled over the landscape and it is not necessary for
every corporation to design and implement indepen-
dent conservation plan. To be effective, a coordinated
overall plan is needed.

3. The difference between crown and private land
tenure.

Conservation on crown land should be the responsibil-
ity of government agencies. The crown should be
responsible for coordination with the industry. Distinct
attention should be given when a significant proportion
of an ecosystem is within a single corporate holding or
few corporations’ private land holding. For example,
the majority of the coastal Douglas-fir biogeoclimatic
zone exists within the private land of a few corporations.

4. Corporate land base classification.

In most cases the industrial forest land base is classified
as areas that are “operable” or “inoperable” due to vari-
ous reasons such as inaccessibility, low productivity,
and that of soil stability, wildlife, or fisheries considera-
tions, Conservation strategies should consider areas
that are in the “inoperable” class as possible target

Argas.

5. Proximity of parks, ecological reserves, and pro-
tected areas to managed forest land bases,

The development of a coordinaled conservation strat-
egy should recognize the overlay of all parks, ecological
reserves, and protected areas in relation to managed
forest land base. Under such a scenario it is expected
that, in the majority of cases, minor adjustments might
be required to ensure conservation of most species.

6. Natural and artificial regeneration.

The proportion of areas regenerated by natural and arti-
ficial methods plays an important role in species/
genetic conservation, Naturally and artificially regener-
ated stands should be considered in the conservation
plan due to their important role as an effective means of
in situ conservation.
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7. Industry-government coordination.

The development of a well-coordinated conservation
policy is necessary in order to eliminate redundancy.
Coordination between industry and government will
make it possible to develop a comprehensive and cost
effective genetic conservation programs.

8. Identification of a single governmental agency.

The clear identification of a single governmental body
responsible for conservation, planning, and implemen-
tafion will, without a doubt, make the conservation task
more manageable and efficient.

9. Compensation and incentives.

Given the mixed fenure system, some form of buy-back
or tax incentive system (i.e., a compensation mecha-
nism) should be considered developed by government
to encourage gene conservation on both private and
public land and to ensure that costs are shared equitably.

Tenants of Successful Conservation Strategy

successful gene conservation strategy should con-

tain various tactics suitable for accommodaling the
biological peculiarities of different species and different
situations. The development of a “generic” strategy is
counterproductive and, in most cases, does not secure
successful conservation. The conservation strategy
should embrace the dynamic state of biclogical systems.
This includes the consistent change in population size
including founding and extinction, as well as pheno-
typic and genotypic variation and fluctuations caused
by the various evolutionary, biological forces such as
mutation, selection, migration, and random genetic
drift. A gene conservation strategy should: 1) be tai-
lored to the maintenance of the genetic variation needed
for population viability and the evolution of the species
in question; 2) consider whether the existing level of
genetic variation of a species, and its struchure among
and within populations, are inherent features of this
species’ evolution; 3) differentiate between large vs,
small genetic variation, wide distribution vs. endemic,
abundant vs. rare, clinal variation vs. ecolypes, and
species with commercial vs. non-commercial values; 4)
consider the status of the species in question from intact
to destroyed; and, 5) account for species resilience level.

Tree Improvement Programs in Coastal
British Columbia
Tnee improvement activities in coastal British
Columbia are coordinated between the Ministry of
Forests and the forest industry on a cooperative level. A




Coastal Tree Improvement Counal (CTIC) was estab-
lished in 1979 to enhance this cooperation and to avoid
redundancy. Breeding activities are for the most part
done by the Ministry of Forests, while the maintenance
of the tree improvement delivery system is done by
both the Ministry and the forest industry. At present, a
total of five species are in active Ministry of Forests’ tree
breeding programs. These are Douglas-fir, western
hemlock, western redcedar, yellow-cedar, and Sitka
spruce. Seed production is secured through the man-
agement of 26 producing, 18 established, and one devel-
oping seed orchards representing a total of 3863 parent
trees (Reid 1993, Appendix 2).

Tree Improvement Delivery System and
Genetic Variation

A-EAler the amendment of British Columbia’s Forest

ct in 1987, the cost and responsibility for basic sil-
vicultural activities on crown land, including seed and
seedling production, shifted to the forest industry. Asa
result, the control of genetic quality of seed orchard
seed and resultant seedling crops became a central
issue. A systematic evaluation of the genetic quality of
the current tree improvement delivery system was
required. In addition, an assessment of the potential for
genetic erpsion, during the seed production, processing,
and storage, as well as seedling production phases, was
also needed. Work on seed orchard genetics focused on
the biological factors and management practices affect-
ing the genetic quality of seed crops (El-Kassaby 1989).
In addition, an assessment of the other phases of the
delivery system (i.e., seed handling and storage, and
seedling production) has also been conducted and some
adjustments have been incorporated to assure the pro-
duction of seed and seedling crops with high genetic
quality (El-Kassaby 1992). Monitoring processes have
been developed to ensure that seed meets the required

genetic quality.

Current and Planned Ex 5ifu Programs

ost of the ex situ conservation activities in coastal

British Columbia are in the form of either repro-
ductve material, such as seediots, from natural stands
and seed and pollen lots from seed orchards as well as
live trees in provenance trials, progeny test sites (see
C.C. Ying, these proceedings), and clone banks (see Reid
1993), However, it should be stated that the main pur-
‘pose of the reproductive material (seed and pollen)
ex sity program is the production of seedlings for refor-
estation programs or the management of seed orchard
crops. These seed and pollen lots represent a wide
array of material with different species and genetic

background. They have the added advantage of being
rejuvenated, and thus do not suffer from the loss of
genetic variation caused by ageing (El-Kassaby 1992;
Chaisuristi et al. 1993).

Information Gaps and Needed Research

he development of a sound gene conservation strat-

egy is dependent on the various tactics available for
implementation. The use of a specific tactic is depen-
dent on the level of biological intimacy acquired. Basic
biological information on the species targeted for con-
servation is required for efficient effective conservation
strategies. At present, our biological knowledge of a
tree species tends to depend on its economic value: A
much greater amount of knowledge still remains
unknown for all species. In particular an understand-
ing of the distribution of genetic variation among the
various community structural levels (region, popula-
tion, individual, and gene) is essential (see El-Kassaby
and Yanchuk 1993, for example). Research on life his-
tory attributes and the dynamic trade-offs between
competing functional demands under constantly chang-
ing environmental conditions cannot be assumed, but
must be determined empirically. Knowledge on species
interaction and the impact of forest management prac-
tices are required to effectively evaluate combining uti-
lization with conservation. The relationship between
habitat management and human activities pleads for
evaluation so that the true impact of forestry manage-
meent activities on a specific species’ conservation could
be evaluated. Finally, research on the meta-population
level is needed for critically evaluating the network/
connections/ corridors concepts. In summary, while the
amount of knowledge available is large, it is obvious
that we still need to acquire and coordinate a great deal
new knowledge to increase our conservation
effectiveness.

Conclusions

'I‘be genetic resources of our forests represent a signif-
icant component of our national heritage. The con-
tribution that conservation of this heritage makes to our
long term well-being should be considered and evalu-
ated on a level that is oulside of the classical economic
principles. It should be stated that the conservation of
any natural heritage should not fall victim to the debate
of who should investand who will benefit. However, it
should not be conducted capriciously nor should the
burden be born disproportionately. Emphasis on the
importance of attaining a balance between the biologi-
cal intimacy required for managing and conserving our
forest genetic resources, understanding of the ecological




parameters that are shaping our forests, and the eco-
nomic practicality needed for achieving this goal
through cooperation, coordination, and effective com-
munication is essential for any successful gene conser-
vation strategy.
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Abstract

Iberta is characterized by a very diverse topography and ecological zonation. About sixty percent of the

province is forested and almost all of this forest land is publicly owned. A total of 24 tree species are native to
Alberta, none of which are considered threatened or endangered. The province has an extensive network of pro-
tected areas which consists of 1048 sites at present. These sites cover the major ecological zones of Alberta although
some zones are considered to be poorly represented. The province also has a well developed tree improvement pro-
gram and a strong program for ex sifu conservation of genetic stock. These efforts, however, are mostly limited to a
few commercially important species. This paper reviews the status of conservation of forest genetic resources in
Alberta and discusses gaps and future work needs

Résumé

‘Alberta posséde un territoire trés varié du point de vue topographique et écologique. La forét occupe environ

60 % de ce territoire et appartient presque entidrement au domaine public. La flore indigéne compte 24
essences, dont aucune n'est considérée comme menacée ou en voie d'extinction. La province dispose déji d'un vaste
réseau de 1 (M8 aires protégées, oil toutes les grandes zones écologiques de I'Alberta sont représentées; cependant,
cette représentation est jugée insuffisante pour certaines zones. La province posside en oulre un programme avancé
d'amélioration des arbres et un programme solide de conservation ex situ du patrimoine génétique, qui portent
toutefois uniquement sur quelques essences d'intérét commercial. La présente communication examine |'état actuel
de la conservation des ressources génétiques de I'Alberta et iraite de ses lacunes ainsi que des domaines qui néces-
siteront des recherches.

Introduction

Iberta is located between latitudes 49° and 60° N
and longitude 110" and 120° W. The province is
characterized by a very diverse topography. Elevations
in the southeastern portion of the province begin
around 200 m and rise across the plains to around
1200 m at the base of the Rocky Mountain foothills. The
Rockies then rise to nearly 4000 m at their summut
which forms the southwestern provincial boundary.
Elevations decline gently northward to around the
300 m level found at the northern provindal boundary.

The climate of Alberta is predominantly continen-
tal. Summers are hot (mean July temperatures range
from 16°C in the north to 20°C in the south) and winters
are long and cold {mean January temperatures range
from-24°C in the north to -8°C in the sputh). This conti-
nental climaie is modified in the Rocky Mountains and
their foothills by the influence of mild and moist west-
ern air masses and high elevations which results in
cooler summers and milder winters. The frost free
period in the province varies from about 60 days in the
north to about 120 days in the south. However, at

higher elevations in the Rocky Mountains, the frost free
period may be as short as 15 days (Strong and Leggat
1981}

Annual precipitation in the province is also quite
variable, ranging from about 30 cm in the southeast to
as high as 50 cm at some locations to the north. The
mountains and foothills generally receive higher
amounts of precipitation with the subalpine receiving
&0 to 120 cm per year (Strong and Leggat 1981).

Land Base and Forest Resource

totz! area of Alberta is 661 185 km? (644 380 km?

land and 16 796 kin® water). Privately owned land

accounts for 25% of the land base and crown land 72%.

Forested area is about 60% of the total area. Almost all
forest land is publicly owned.

Alberta is the fourth largest forestry province in
Canada after Britich Columbia, Quebec and Ontario,
Total forest growing stock is estimated to be about
22 billion m*. Roughly two-thirds of the growing stock
is coniferous and the remaining deciduous. White




spruce, lodgepole pine, and trembling aspen are the
most important commercial imber species. Provincal
annual allowable cut (AAC) is 24.7 million m3, of which
14.3 million m? is coniferous and 10.4 million m° decid-
uous. Very rapid development of the forest industry
has taken place in Alberta over the last decade with
nearly a threefold increase pocurring in timber harvest
between 1982 and 1992. The total area cut at present is
about 60 000 ha per year. This is expected to almost
double as new industry developments currently in

progress or proposed are completed.

Ecological Zonation

cological land classification in Alberta is based on

two systems. Strong and Leggat (1951) and Strong
{1992) developed a system based primarily on vegeta-
Hon and climate while Achuff and Wallis (1977) and
Achuff (1992) developed a parallel system based pri-
marily on landscape features and vegetation. Both sys-
tems have been used extensively for specific applica-
tions. For the purpose of this paper, information from
both systems was generalized to divide Alberia into six
major ecological zones (Figure 1).

The grassland ecological zone accounts for 14% of
provincial area and occupies the southeastern part of
the province. It is mainly composed of flat to rolling
plains occasionally dissected by deep river valleys.
These valleys often support extensive riparian poplar
stands which, in the southern portion of the zone, are
the only forest communities. Most of the land in the
zone is under private ownership and is heavily impacted
by agricultural cultivation and grazing (Posey 1992).

The aspen parkland ecological zone occupies
approximately 8% of provincial area and forms an eco-
tone between the grasslands and the boreal and
cordilleran forests. Topographically it is similar to the
grassland zone except that, along the foothills, it is more
rolling. Historically, this zone was maintained by fre-
quent fires which confined trembling aspen to groves in
a matrix of fescue grassland. Pothole sloughs and their
unique communities are common throughout the zone.
Due to its fertility and attractiveness to man, the aspen
parkland is primarily held under private ownership
and has been significantly impacted by urbanization
and agriculture,

The montane ecological zone is a small zone occu-
pying only 1% of provincial area. Itis a foothills zone
characterized by open forests and grasslands at lower
elevations and closed canopy forests along its upper
boundary with the subalpine zone. In southwestern
Alberta it forms a continuous band along the foothills

but, to the north, it becomes discontinuous and 15 found
only in areas of broad river valleys associated with
mountain passes (Figure 1). Cypress Hills in the south-
western comer of the province represents an outlier
area of the montane. Montane forests are characterized
by early sucressional stands of either pure or mixed
lodgepole pine, trembling aspen, and Douglas-fir with
an occasional component of limber pine. Secondary
succession is generally to white spruce and oceasionally
to Douglas-fir (Strong 1992). Most of the montane zone
is held as public land but itis impacted significantly by
transportation corridors, domestic grazing, forestry, and
recreation.

The boreal forest ecolological zone is the largest in
the province and occupies approximately 52% of
provincial area. The topography is largely subdued
with locally extensive hill systems. Deciduous forests of
trembling aspen and balsam poplar occupy upland sites
in early succession. Secondary succession on upland
sites is to white spruce and balsam fir. Wetland bogs,
fens, swamps, and organic soils are extensive in this
zone. Balsam poplar, black spruce, and tamarack are
the major tree species occupying these sites. On coarse
textured soils and dunes, jack pine is the most frequent
colonizer. Previously the boreal forest was not inten-
sively used. However, this is changing with increased
timber harvesting, oil exploration, and agriculture activ-
ity. The majority of this ecological zone is managed as
public land.

The boreal foothills ecological zone represents
about 1%% of provincial area. This zone forms the eco-
tone between the boreal forests of northeastern Alberta
and cordilleran forests of western Alberta. The topogra-
phy varies from undulating and rolling to rugged. Early
successional stands at lower elevations are dominated
by aspen and black poplar mixedwood. This gives way
with increasing elevation to aspen and lodgepole pine
mixedwood. Athigher elevations, poplars are outcom-
peted by lodgepole pine which commonly forms exten-
sive closed canopy stands. Secondary succession is to
white and black spruce and balsam fir. Black spruce,
tamarack, and paper birch, as well as other boreal ele-
ments, separate this zone from the montane which
occupies the lower foothills to the south. Most of this
region is managed as public forest lands. It has some of
Alberta’s most productive forests and timber harvesting
occurs throughout the zone,

The alpine/subalpine ecological zone exists in the
Rocky Mountains above the montane, parkland, and
boreal foothills zones. It represents about 6% of
provincial area and is an altitudinally controlled vegeta-
tion zone which reflects orographic climatic effects.




Figure 1. Froduced by Forest Resoarce Information Branch, Edmonton.
Adapted from Alberta Recreation and Parks (1990).




The alpine portion is generally treeless and consists of
alpine meadows inhabited by hardy alpine and tundra
mosses, herbs, and shrubs, The upper subalpine is typi-
fied by a discontinuous and stunted conifer tree cover
of Engelmann spruce, subalpine fir, white-bark pine,
and alpine larch. At lower elevations of the subalpine,
closed-canopy lodgepole pine and spruce-fir forests
occur. This ecological zone is managed as public forest
land and large portions remain undeveloped or are pro-
tected areas. Lower elevations are managed for timber
preduction and management for watershed and recre-
ation are the predominant land uses.

In Situ Conservation

n the past, federal and provincial in sifu conservation

initiatives in Alberta were largely driven by heritage
and scenic resource protection concerns. More recently,
the issues of habitat protection for rare and endangered
species and protection of genetic resources have increas-
ingly influenced in sifu conservation efforts.

Parks

In Alberta, five national parks encompass a total of

54 084 km? or §.2% of provincial area and are covered
under the 1930 National Parks Act. These five national
parks vary widely in size from the small Elk [sland
National Park (194 km?), to the extensive Wood Buffalo
National Park (35 866 km?). The three mountain
national parks (Waterton Lakes, Banff and Jasper) col-
lectively cover 2.7% of provincial area in the montane
and alpine/subalpine ecological zones. The two boreal
forest national parks (Elk Island and Wood Buffalo)
account for the remaining 5.5%. The national park
system covers a significant portion of the alpine /sub-
alpine, montane, and northern boreal forest ecological
zones with a relatively high level of protection.

The Alberta provincial parks system provides a
moderate level of protection to some additional forested
areas. These parks are protected under the Provincial
Parks Act and Wilderness Parks Act. Their intent is the
integration and protection of oulstanding recreational
landscapes and provindally significant natural, histori-
cal, and cultural landscapes and features for guality
recreation and educational experiences. Depending on
management objectives, they may or may not be heavily
developed and intensively used. There are 63 provin-
cial parks covering 1424 km? (0.22% of provincial area)
and one wilderness park (Willmore) covering 4597 km?
(0.77%). These parks tend to be in and adjacent to
populated areas of the southern foothills, aspen park-
land, and southern boreal forest zones.

Wilderness Areas

The Alberta Wilderness Areas program has reserved
three areas covering 1010 km? (0.15%) of provincial
land in the alpine/subalpine ecological zones of the
Rocky Mountains. These areas were established in the
1960s for the purpose of protecting for future genera-
tions the beauty of Alberta’s wildland respurces. They
have a relatively high level of protection and allow foot
traffic only. Any disturbance harmful to plants or ani-
mals is prohibited.

Ecological Reserves

The Ecological Reserves program has reserved 14 areas
totalling 271 km? (0.04%) of provingdial area. Their size
varies from the small 0.36 ha Egg Island Ecological
Reserve to the 3770 ha Athabasca Sand Dunes
Ecological Reserve. They are protected under the
Wilderness Areas, Ecological Reserves, and Natural
Areas Acts. Their intent is to maintain biological diver-
sity through protection of unique and representative
ecosystems in each of Alberta’s ecological zones.
Management plans for activities on the reserves are flex-
ible and based on conservation objectives. The level of
protection is second to that for wilderness areas.
Ecoregion representation among ecological reserves is
described in Table 1.

Natural Areas

The Natural Areas Program has reserved 123 areas
totalling 378 km? (0.05%) of provincial area. Their size
varies from less than 1 ha to 5450 ha. They are gener-
ally selected to represent one or more aspects of biologi-
cal or physical diversity and to provide opportunity for
nature studies and recreation. They provide varying
degrees of protection depending on classification for
research, education, or recreation. Use is generally
restricted to low impact activities. A breakdown of
Natural Areas by ecological zone is given in Table 2.

Special Places 2000 is a proposed program with
broadbased support. It is an area-based systematic

Table 1. Summary of Ecological Reserves in Alberta by

Ecological Zone
 Ecological Zane No. Reserves Area (ha)
Boreal Forest 4 5574
Boreal Foothills 2 2078
Aspen Parkland 3 5,064
Grassiands 2 3297
Alpine /Subalpine 1 2,288
Montane 2 5,505
TOTAL 14 27,000




Table 2. Summary of Natural Areas

in Alberta by Ecological Zone
Ecological Zone No. Reserves Area (ha)
Boreal Forest 56 15,498
Boreal Foothills M 6,612
Aspen Parkland 2 2809
Grasslands 2 5500
Alpine/Subalpine 3 6,520
Montane 2 a4
TOTAL 123 A7

network approach to the problem of conservation, Its
objectives are to be achieved through inventorying and
reviewing existing protected areas and then supple-
menting them with additional areas where deficiencies
exist. The goals of the program, in addition to protec-
tion of the full range of provincial natural environmen-
tal diversity, are opportunities for heritage appreciation,
outdoor adventure travel, ecotourism, and the expan-
sion of total protected lands by 2% to 3%,

Gene Pool Reserves

The Rare and Exceptional Stand program implemented
in 1986 as a joint project under the Canada Alberta
Resource Development Agreement is specifically con-
cerned with conservation of forest genetic resources. As
part of the provincial tree improvement program, it is
directed at i situ conservation of wild stands exhibiting
exceptional phenolypic traits or rare characleristics.
Under this project, five exceptional white spruce stands,
one rare black spruce stand and one rare tamarack
stand have been identified and reserved in the boreal
forest ecological zone. Three exceptional and one rare
Douglas-fir stands have been identified and reserved in
the montane zone. Recently, efforts to identify and
reserve stands have been less ambitious due to lack of
IeSOUrCes,

Additional provincial legislated and unlegislated
zoning on public lands provides some degree of protec-
tion and a framework for conservation management on
public lands. An example of this is the prime protection
zone in the Eastern slopes of the Rocky Mountains
which limits timber harvest above 1800 m. Table 3 gives
an area summary of legislated and unlegislated sites
and zoning for Alberta.

Rare and Endangered Plant Species

Arbﬂla has 1755 known native vascular plant species
of which 360 have been identified as rare (Moss
1983, Packer and Bradley 1984). Generally, there is
insufficient knowledge of species distributions, popula-
tion structure and bialogy of these identified rare plant
species to permit formal review and recognition by the
Committee on the Status of Endangered Wildlife in
Canada (COSEWIC) (Packer and Bradley 1984, Posey
1992).  Recently, however, background work on three
prairie species has been completed and application has
been made for formal COSEWIC threatened or endan-
gered status (Posey 1992).

Alberta Department of Environmental Protection
recognizes four additional grassland and four montane
species as endangered in Alberta. These include big
sagebrush (Arfemisia tridentata Nutt.) which is a woody
shrub of the southwestern Rocky Mountains. No tree
species is recognized to be endangered or threatened.
Table 4 lists Alberta’s twenty four native tree species
(Moss 1983).

Three species (western white pine, western larch,
and western hemlock) have been designated as rare in
Alberta (Packer and Bradley 1984). All threeare
common western frees at the northern and eastern limit
of their natural range in Alberta. There is some uncer-
tainty about the exact status of western white pine.
Western larch, in addition to being designated as rare in

Table 3. Summary of Protected Crown Lands in Alberta

Protected Crown Land Sites {#) Area (km?) Provincial Area (%)
Legislated - Federal Sites

(federal parks & wildiife areas) 10 34651 826
Legislated - Provincial Sites

{ecologioa reserves efc.) 5% 15537 2u
Unlegislated Designated Areas

{designated areas) 51 4286 a4
Unlegislated Protective Zoning

(mainly east slopes Rocky Mins.) : 15850 240
TOTAL 1048 0324 13.64
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Table 4. Native trees of Alberta, their abundance status, and zonal distribution

Status and
Commaon Name Species Name Ecological Zone
Balsam fir Ales balsameny Commaon,/ Boreal
Subalpine fir Abies lesinrarpa Common/Subalpine
Alaska birch Betuls pecalackans Occasional /Boreal
Water birch Betule occideminlis Occasional / Foothills
Paper birch Beula papyrifern Commaon, Boreal
Tamarack Lerix levicima Common, Boreal
Alpine larch Larix lyaltit Occasional /Subalpine
Western larch Larix cecidentalis Rare/Subalpine
Engelmann spruce Picen engelmarmii Common /Subalpine
White spruce Picea glaues Abundant/Boreal
Black spruce Picea marigma Common /Boreal
Whitebark pine Pimus alficulis Occasional /Subalpine
Jack pine Pirts bavsiara Commem,/ Boreal
Lodgepole pine Pinuz contoria Abundant,/Foothills
Limber pine Pinus flexilic Occasional /Subalpine
Westen white pine Pintus monticols Rare/Montane
Narrow-leaf coltonwood Populus amgusiifolia Occasional / Grassland
Balsam poplar Populus balamifera Abundant/Boreal
Western cottomwood Populus deltoides Okccasional /Grassland
Trembling aspen Populus tremuloides Abundant/ Boreal
Manitoba maple Acer negundo Uncommon / Grassland
Douglas-fir Perudntsuga menziesii Commaon /Montane
Western redcedar Thufa plicats Uncommaon/Subalpine
Western hemlock Touga heterophylla Hare/Montane
* Status Explaination

Abundant -+ Dominant in zone and common in more than one zone

Common -+ Commen it zone occasional in othir zones

Oecasional = Oceurring occasionally in one zone seldom in others

Uncommon -~ Oceurring rand

Rare = Reported from ﬁwwaﬂnwmmmhmm

Alberta, is also considered an endemic species of lim-
ited range outside the province (Fairbarns et al 1987).

Tree Improvement and Ex 5ifu Conservation

ree¢ improvement in Alberta is mainly focused on

commercially important conifer tree species. White
spruce and lodgepole pine are by far the most impor-
tant reforestation species and presently account for
almost all of the nursery seedling production in the
province. Black spruce, Douglas-fir, and tamarack are
the other species of interest and are slowly gaining
prominence in provincial reforestation plans. Two
exotic conifer species, Siberian larch (Larix sibinica) and
Scots pine (Pinus sylvesteris), have also shown consider-
able promise in initial research testing. Small genetic
improvement projects for these two species have also
been established to develop the necessary research
information and produce small amounts of improved
seed each year for operational testing in large blocks.

Among the deciduous tree species only trembling
aspen and balsam poplar are commercially important.
Miner tree improvemnent efforts were spent on these
two species over the past few years, but this work has
been recently cut back substantially and is now limited
to conservation maintenance of genetic stock already
collected or established in field experiments.

Alberta’s seed orchards program is relatively new.
The oldest seed orchard in the province was started in
1982. To date, a total of 16 seed orchards have been
established. Pertinent information on these is
summarized in Table 5. All seed orchards mentioned
are first generation orchards, Maost of these were estab-
lished as part of cooperative tree improvement pro-
grams with industry and only five of the orchards have
reached the seed production stage. Total seed haryest
from these seed orchards in 1993 amounted to 6.4 kg,
which is sufficient for only about 2% of the total nursery
seedling production requirement for one year.



Table 5. Description of seed orchards in Alberta

Species No. of Total Area  No. of Clones/Families
Orchards (ha) per Orchard
White spruce 5 114 18- 149
Lodgepole pine 5 i7.6 35-150
Douglas-fir | 0.6 3
Black spruce 1 03 19
Misc. Species* 4 15 6-14
TOTAL 16 34 823

* tamarack, Siberian larch, Scots pine and wistern larch

A total of 1727 parent tree selections have been
made for various research and applied breeding pro-
jects in Alberta since the start of the provincial tree
improvement program in 1976. Nearly all (1696) of the
selections were made in wild stands located in Alberta,
Until now only a small proportion of these selections
have been established in the clone bank (Table 6)
although a much larger number of these are represented
in respective clonal seed orchards. Work is currently in
progress to make additional grafts of the ortets not rep-
resented in the clone bank to complete it so that it con-
tains and conserves; as much as possible, all vegeta-
tively propagated genetic stock assembled for genetic
tree improvement in Alberta. Each clone in the clone
bink is typically represented by four ramets.

A separate research seedbank is maintained as part
of the germplasm conservation function of the provin-
cial tree improvement program. This seedbank is inde-
pendent of the provincial operational seed storage
which contains a total of 33 826 kg of seed from 15
species which is used for government and industry
reforestation programs. The number of seedlots
presently held in operational storage is 1531. The
amount of seed per seedlot varies from 20 g to 1771 kg.

The tree improvement seed bank (Table 7) contains
2949 seedints from 61 species. The amount of seed
among individual seedlots varies from 001 gto 431 g.
Since starting the seedbank in 1976, a total of 3537
accessions have been registered. Many of these have
been exhausted.

Seedlots are stored at -20°C and seed quality is
monitored annually by testing a set of reference seedlots
representing about 2% of the total seedbank entries.
New seedlots are added to the reference seedlots list
every few years to replace those depleted and to sample
new entries. Inseedlots where sufficient seed is avail-
able, the seedlot is divided into operational and archival
portions. The archival seedlots are stored at-18°Cina
vault in a separate building to provide additional safety.

Table &, Clone Bank Collection

Species Number of Clones
White spruce 206
Lodgepole/Jack pine B5
Douglas-fir 25
Western larch 5
Aspen/Poplars 19
TOTAL 320

Table 7. Ex 5itu Conservation of Seed Germplasm in the

Tree Improvement Seed Bank
Number af Taotal
Species Entries Amount (kg)
White sprusce B27 3316
Lodgepale pine 1379 2358
Black spruce 81 032
Larches 199 1.60
Mise, Conifers 200 1097
Aspen/Foplars 8 1.52
Mise. Hardwoods 35 057
TOTAL 2,945 7.72

Storage of archival seedlots at -80°C was experimentally
tested but it was concluded that it did not offer any sig-
nificant advantage over -20°C storage.

Conclusion

I Yrovingial in situ conservation efforts, although not
specifically guided by forest genetic resource conser-
vation concerns, have provided good coverage for these
resources in the alpine/subalpine and northern portions
of the boreal forest (Posey 1992, Alberta Parks Service
1993). Gaps in coverage of other ecological zones are
being addressed by the proposed Special Places 2000
project. This program is intended to systematically set
aside designated land in underrepresented zones and
subzones by landform and physical environment type.
Present zones with poor protection area coverage are




the grassland, parkland, boreal foothills zones and por-
tions of the boreal forest ecological zones (Alberta Parks
Service 1993),

There is also a considerable lack of knowledge
about biological diversity at both regional and local
levels. Coordination of conservation efforts by agencies
with diverse concerns is also lacking. It is clear that in
situ conservation efforts need to be strengthened by a
more comprehensive and integrated approach to plan-
ning and implementing projects.

The forest gene pool reserves program already
started has made some progress in identifying and pro-
tecting rare and exceptional stands for germplasm
collection and future tree improvement needs.
Additional efforts and resources are required to con-
tinue and expand this program.

A strong program of ex situ conservation of valu-
able forest genetic resources is already well developed
as pari of the provincial tree improvement program.
However, it is limited in scope and does not adequately
address non-commercial forest species eg. birch, balsam
fir, ete.

At present, a comprehensive program for conserva-
tion of forest genetic resources in Alberta is lacking and
there is a need to develop and systematically implement
such a program. Hopefully, the recent initiative by the
Environmental Council of Alberta and its Public
Advisory Committees to develop a comprehensive con-
servation and sustainable development strategy for
Alberta will more fully address the issue of forest
genetic resource conservation.
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Forest Genetic Conservation in Saskatchewan under

Weyerhaeuser’s FMLA
D. Roddy
Weyerhaeuser Canada, Saskatchewan Timberlands

Abstract

description is given of Weyerhaeuser's Saskatchewan operations as well as the d iversity of the Forest

Management License Agreement (FMLA) that supports thase operations. Harvesting plans take into account
non-timber forest uses, a silviculture program for both natural and planted regeneration carried out with the objec-
tive of maintaining the natural species balance, and a tree improvement program aimed at getting genetically diverse
seed material for reforestation. Economically important trees are being conserved ex sifu through the tree improve-
ment program and vast areas of natural forests are being conserved in sify, as shown by placing the area harvested in
the perspective of the whole FMLA. There are no readily apparent gaps in the conservation of forst genetics under
the FMLA, but what is being done should be reevaluated if this situation is changed by factors such as increased har-
vesting levels or more intensive silviculture and tree improvement programs.

Résumé

La présente communication décrit les activités d'exploitation de la société Weyerhaeuser en Saskatchewan ainsi
que les divers volels de I'Entente relative aux licences d'aménagement forestier qui appuient ces activités. Les
plans d'exploitation tiennent compte également d'autres utilisations de la forét. Un programme de traitements sylvi-
coles de régénération naturelle et de plantation est mené afin de maintenir 'équilibre naturel entre les essences. Il
existe un programume d'amélioration des arbres destiné & assurer, en vue du reboisement, un a pprovisionnement en
semences diversifides sur le plan génétique. Dans le cadre de ce programme, les essences d'intérét commercial font
l'objet de mesures de conservation ex situ. Par ailleurs, de vastes aires forestitres naturelles sont conservées in situ,
comme le montre la superficie exploitée par rapport au territoire visé par 'Entente relative aux licences d'aménage-
ment forestier. Cette entente ne comporte aucune lacune évidente en matiére de conservation des ressources géné-
tiques forestiéres, mais les activités actuelles devront étre réévaluées si la situation est modifiée par certains facteurs,
comme un niveau d'exploitation plus élevé, ou des programmes plus intensifs de sylviculture ou d'amélioration des
arbres,

Introduction products. The most abundant tree species is trembling
aspen, followed by jack pine, black spruce, and white
I“ Saskatchewan, Weyerhaeuser Canada operaiesa spruce. The sawmill uses all softwood trees, but pri-
sawmill, pulpmill, papermill, and a chemical plant. marily white spruce. On average the pulpmill uses 60%
There are three sources for the supply of wood to the softwood (mainly jack pine, black spruce and white
sawmill and pulpmill. Typically about 5% of the Wood  ¢prce) and 40% hardwood most of which is trembling
required comes from contractors harvesting treeson a ‘aspen. The average area harvested on our FMLA since
Forest Management License Agreement (FMLA) area — 4o nyyIpmill began operations in 1967 has been about
forested crown lands leased from the Saskatchewan 5300 ha. /yr, or one third of 1% of the productive forest!
government and managed under a long term confract. per year.
Sawmill residues in the form of chips provide sbout '
25% of the wood needed, and wood purchased from

private operators and farm woodlots typically provides Ecological Diversity in our FMLA

about 20%. TI‘:E boreal forest region has few tree species com-
Weyerhaeuser's FMLA area is 3.4 million hectares i Lazd tn umEmﬁng mﬂ;ﬂiﬁiun s

in extent and lies within Canada’s northemn boreal e bl }rxpia i o Dtilat ara tu:t:ll st

forest. Justunder half of that area, 1.5 million hectares, Tauline. Thersam el typrs e Y

i land capable of producing commerdial wood “Productive forest”, as it is used in this paper, refers to land capable

of producing commercial wood products.




diversity, such as the many square kilometers of contin-
uous jack pine forests found on expanses of level,
rapidly drained sands. There are also some areas with
irregular topography, more site variation, and more
diverse vegetation types. For example, on an esker
ridge or a moraine there might be aspen on the drier
upper slopes and black spruce an the moist lower

slopes,

Most stands are of fire origin; on the average the
forest has burnt every 50 to 100 years. Typically, there
have been a few very large fires and many smaller ones,
which has resulted in many large and small patches of
even aged forest. In the summer of 1993 Saskatchewan
experienced one large fire that bumnt over 3000 square
kilometers, or 300 00 ha. Since 1969 fires have burnt an
average of 9040 ha/yr on Weyerhaeuser's FMLA.

Past harvesting practices, which included some
large clear-cuts, also created large and small patches of
even aged forest. Today clear<uts are smaller, usually
limited to 40 ha. in size, in response to public concern
over harvesting practices. This will not produce the
large patchies of even-aged forest that fires would have
naturally created, which is a change from the natural
pattern that will likely not be good for some species of
wildlife such as caribou. However, although fire sup-
pression is practiced it is not always successful and, for
now, some large patches are still being created by
wildfire.

Only native tree species, jack pine and white
spruce, are planted to reforest cutover areas, and many
areas are naturally regenerated rather than planted (see
the section of Intensive Managementf Tree Improvement
Programs below). In plantations, plants and trees grow
up naturally from seed left on the ground or, in the case
of poplar trees, sprout up from root suckers, so there is
usually always a component of natural regeneration in
plantations.

Intensive Management/Tree Improvement
Programs

he forests in our FMLA are being managed to sus-

tain their natural levels of biological diversity, as
Canada as a whale has committed to doing, and we are
aiming for a variety of ecosystems in a variety of succes-
sional stages. Forests are constantly going through suc-
cessional changes, making it more appropriate (o aim
for the levels that would occur naturally, taking succes-
sion into account, rather than the levels that are there
currently. Our harvesting plan takes other forest uses
into consideration, including wildlife, trapping, recre
ation, cottage industries for special forest products, and
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archeological sites. This is a major task which counts
the use of a Geographical Information System (GIS) to
map the locations and to predict the most probable loca-
tions where those other uses occur.

Owr silviculture objective is to maintain natural
species balance. Areas which were predominantly
hardwood (poplar) before harvesting are regenerated to
hardwood, and those which were predominantly soft-
wood (pine, spruce) are usually regenerated to soft-
wood. No harbicides are used, but manual pre-com-
mercial thinning and weeding is carried out on some of
our older plantations.

Operations undertaken to regenerate or enhance
softwood growth in 1993 are shown below. These fig-
ures are presented in hectares rather than as a percent
of the harvested area, because not all of these activities
were undertaken on current harvest areas, and harvest
areas are calculated for a fiscal year whereas silviculture
operations are summarized for a calendar year.

* Scarification to assist natural regeneration 1436 ha

* Tree Flanting (5.44 million trees) 3690 ha

FMLA harvests (for comparison) 1992/93 4139 ha,
1993/94 5100 ba

MNOTE: Areas previousiy harvested that ane not being scarified

or planted are coming back naturally to aspen.
* Stie prepacation for 1984 planting 3552 ha
* Stand Tending (pre-commercial thinning and weeding) 1023 ha.

Silviculture research is ongoing to try out new
methods of site preparation and scarification as well as
new products and ideas. Some small trials of other
species which are non-native to our FMLA have also
been planted (see Provemance Tests below).

Advanced generation tree improvemenl! programs
are being carried oul for our two most important
conifers — jack pine and white spruce. This includes
selecting, testing, and breeding trees, establishing seed
orchards, and carrying out supportive research.

All jack pine seed needed for planting could now
come from an unrogued, first generation orchard. Not
all trees planted are improved ones yet because there
are still some issues with respect to the growing and
planting of improved seed which need o be worked
out. The oldest set of pine progeny tests are now 10-13
years old, and trees are being selected from them for
inclusion in the future program. Data analysis is show-
ing that the objective of selecting for growth and form
in the program is being achieved.

An unrogued white spruce seed orchard is now
producing some seed for operational planting. Interim



seed is being collected from selected stands and an
established Seed Production Area until the orchard can
supply all the seed needed.

A limited, low key aspen program is also under-
way, and we are currently members of the North Central
Experiment Station’s Aspen/Larch Co-operative. We
will be establishing a provenance test that includes our
own local selections, as well as improved aspen mater-
ial supplied by the Co-operative, in order to get infor-
mation needed to be ready to move into an active aspen
planting program in future. Currently there is no incen-
tive to plant aspen, as it readily suckers from the roots
left in the ground after harvest.

Seed material resulting from the tree improvement
program will be kept genetically diverse. In our seed
orchards, there is intermating between totally unrelated
parents from different areas (many populations), and
the resulting offspring will have a far greater diversity
than seedlings which naturally seed in under a stand
(one population). There ane no plans to use clonal refor-
estation material, where concerns over genetic diversity
are greater, instead of seed.

Genetic Conservation
In Situ

Trees

Fig‘um 1 shows our current harvest level, puts it in the
perspective of our whole FMLA area, and demon-
strates the disturbance caused by natural wildfire.

Typically 0.3 or 0.4% of the total productive forest is
harvested per year, which is 0.15 or 0.2% of our total
EMLA area and .03% of the imbered area in
Saskatchewan. In the 26 years since the pulpmull has
been in operation, and the 19 years since the sawmill
has operated, we have only cut 87 % of the productive
forest area, and those areas are regenerated and grow-
ing back. There is actually a huge, unharvested area
remaining in our FMLA which contains whole forest
ecosystems being preserved in situ because they have
not yet been disturbed by people. At the current harvest
rates it would take about 292 years before all the pro-
ductive forest would be logged once but, in achsal prac-
tice, some more intensively managed areas would likely
be harvested for a second or third time before all of the
productive areas were harvested once. As well there
would still be over half of the total FMLA that is non-
productive from a commercial wood products point of
view left undisturbed.

WEYERHAEUSER LAND BASE SUMMARY

oS
Aove. Area CutYr. A, Ares Burntyr,

Figure 1. FMLA area, current harvest level and the disturbance that
natural wildfire has

In situ conservation of trees is also being carried out
in a 4 ha stand of white spruce that has been established
as a Seed Production Area. The stand is being used for
the collection of interim seed until the seed orchard can
supply all seed needs.

Plants

We are currently working towards a strategy for con-
serving the natural species diversity of forest plants.
The plants of Saskatchewan’s forests have been cata-
logued, and Harms et al. (1992) have assessed which
naturally occurring species are rare or endangered. Our
planning staff have come up with a list of these rare
plants which occur on or near our FMLA and have
looked at factors such as whether it 1s also rare or
endangered in Canada as a whole, the plant's habitat
requirements, and the types of habitats we are likely to
be harvesting in. The GIS will be used to predict areas




in'our FMLA with suitable habitat where plants with
particular conservation concern are likely to be found,
and we will be taking those “likely areas” into consider-
ation in future planning and harveshng plans. The
plants that are of the greatest concern right now are
some of the orchids, sedges, and rushes.

wildlife

A Porest Wildlife Habitat Project is also underway, in
co-operation with several other organizations, in an
effort to ensure that a rich variety of wildlife communi-
ties always exists. Six "indicator” species of animals
have been chosen for the project, because each is
believed to require a certain type of habitat and there-
fore represent the general needs of a larger group of ani-
mals and plants. The effect of different fypes of forest
harvesting on each indicator species is being studied,
and the end result will be knowledge that can be used
in planning harvesting operations consonant with
wildlife needs.

Several wildlife studies are also being carried as
part of Saskatchewan's Model Forest project and, since

5% of the Model Forest lies within our FMLA, the
results will be applicable to many of our operations.
Mammal and vegetation surveys are being carried in
the Model Forest. The Canadian Wildlife Service is con-
ducting research on birds within the area looking at the
difference in populations between cutover, regenerated,
and forested areas versus natural areas. The barred owl
(Strix varia), which may be a threatened species, is being
tracked and used as an indicator species, both inside
and putside of a protected area — the Prince Albert
Natiomal Park.

Ex Situ
As reported in Forest Tree Genetic Conservation Activities
in Canada and updated to the present, Table 1 summa-
rizes the forest trees we currently have conserved ex sifu
outeide of their natural source.
Summary and Identified Gaps

conomically important trees are being conserved
ex situ through our tree improvement programs and

Table 1. Trees Conserved Ex Situ

Seed Orchards
jack pine clonal 72ha 31 clones
white spruce clonal Sha 40 clones
Clonal Archives
jack pine 01 ha 31 dones
0.1 ha
jack pine 1.2ha 450 clones
white spruce 0.1 ha 4 clones
0.1 ha
Provenance Tests
Sources Size Yr. planted
hybrid aspen 7 2ha 19%0
hybrid aspen 10 Sha 1959
& poplar
hybrid poplar 16 ~2ha 1987
lodgepole pine 11 4 ha 1959
Seots pine 1 3ha 1982
red pine 1 1ha 1585
Siberian larch 1 3ha 1982
Seed Banks
jack pine
white spruce

established 1979 - 1983
trees selected from a broad range of sites & geographic areas
established 1984 - 1988
trees selected from a broad range of sites & geographic areas

insurance clone bank for seed orchard trees
established in 1983 with 3 grafts of each clone

31 clones insurance clone bank for seed orchard trees
established in 1989 with 3 grafts of each clone
contains 5 and 10 year selections from progeny tests
grafted at orchard site for breeding purposes
insyrance clone bank for seed orchard trees
established in 1983 with 3 prafts of cach clone

40 clones insurance clone bank for seed orchard trees
established in 1989 with 3 grafts of each clone

matertal from Aspen/Larch Co-opperative
material from Aspen/Larch Co-op & Indian Head Nursery

muterial from Indian Head Nursery, Sk.

B8 families from BC, Alta, & Cypress Hills, Sask.

seed from plantation of unknown origin at MacDowall Sk.
material from Black [sland on Lake Winnipeg, Man.

was 4+0 bareroot stock grown at Sk government nursery

3 g seed from ~200 wild selections, archived from the establishment of progeny tests
3 g seed from ~130 wild selections, archived from the establishment of progeny tests




propagated in the resulting plantations of improved
seedlings. Trees not selected to be carried into
advanced generations of the tree improvement program
will remain in progeny tests where they can be re-
sourced, if need be.

Vast areas of natural forests, not necessarily repre-
serited in the tree improvement program, exist in situ
and will not be harvested for several hundred years, if
ever. Conservation of the natural diversity of plants and
animals is also being targeted in our harvesting plans
and through some in-depth studies.

In general we are in a good position as far as the
conservation of forest genetic diversity goes. The issue
will continue to be addressed and techniques refined as

we learn more from the work that is already underway
and as new developments occur. There are no readily
apparent gaps in the conservation of forest genetics in
our FMLA, but what is being done should be reevalu-
ated should our situation described here be changed by
factors such as increased harvesting levels or more
mtensive silviculture and tree improvement programs.
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Abstract

anst genetic resources controlled by Northwest Region consist of family test plantations, clonal archives, and
stored seed for a jack pine improvement program and test plantations for a range-wide black spruce provenance
experiment. The family test plantations include an aggregate of more than 600 open-pollinated progenies of wild
trees collected in a latitudinal band about 2 degrees wide from southeastern Manitoba to eastern Alberta, Parent
clones of about 450 of these families were planted from 1977 to 1985 in a clonal archive in Alberta. Seed of most of the
families is being maintained in long-term frozen storage at Pineland Forest Nursery. Northwest Region maintains
three range-wide black spruce provenance study plantations planted in 1975 in Manitoba, Saskatchewan, and
Alberta. As of May 1994, Northwest Region does not have any in-house project or study to investigate forest genetic
resources.

Résumeé

es ressources genétiques forestibres régies par la Région du Nord-Ouest sont constitudes de plantations compara-

ives de familles, de banques de clones, et de semences entreposées pour un programme d'amélioration du pin
gris, ainsi que d'une plantation expérimentale pour une étude de provenance de I'épinette noire appliquée a toute
I'aire de distribution. Les plantations comparatives de familles comprennent un agrégat de plus de 600 descendance
d'arbres indigénes librement pollinisés, recueillis sur une bande latitudinale d'environ deux degrés, du sud-ouest du
Manitoba & l'est de I'Alberta. Les clones & l'origine d'environ 450 de ces familles ont été plantés de 1977 & 1985 dans
une zane de banques de clones de 'Alberta. Des semences de la plupart des familles sont conserviées par entre-
posage & long terme & I'état congelé dans la pépiniére forestiére de Pineland. La région du Nord-Ouest maintient
trois plantations pour |'étude de provenance de I'épinette noire appliquée i toute I'nire de distribution; elles ant été
établies en 1975 au Manitoba, en Saskatchewan et en Alberta. A compter de mai 1994, la région du Nord-Ouest ne

disposera plus d'aucun projet ou étude intemes pour I'étude des ressources génétiques forestidres,

Fumﬁt genetic resources controlled by Northwest
Region consist of family test plantations, clonal
archives, and stored seed for a jack pine improvement
program, and test plantations for a range-wide black
Spruce provenance experiment.

The family test plantations include an aggregate of
mare than 600 open-pollinated progenies of wild trees
collected in a latitudinal band about 2 degrees wide
from southeastern Manitoba to eastern Alberta. Four
plantations in central and western Saskatchewan
include 214 families from central Saskatchewan west-
ward into Alberta. Two plantations in eastern
Saskatchewan and one in western Manitoba include 214
progenies of trees selected in and around the uplands of
the Manitoba escarpment. Four plantations in eastern
Manitoba include 209 eastern Manitoba progenies.

Parent clones of about 450 of these families, along
with grafts of progeny ortets of other families were
planted from 1977 to 1985 in a clonal archive in Alberta.
Filling and tending were discontinued in 1985 owing to
funding constraints, Grafts of 60 clones from eastern
Saskatchewan and western Manitoba, having above-
average performance at 10 years from planting, are
being maintained in Pineland Forest Nursery, Manitoba,
with funding from the Canada-Manitoba Partnership
Agreement in Forestry.

Seed of most of the families in the jack pine breed-
ing program is being maintained in long-term frozen
storage at Pineland Forest Nursery, There is an inven-
tory of these seedlots, but it is not in a computer file and
is not up-to-date,

Northwest Region maintains three range-wide
black spruce provenance study plantations planted in




1975 in Manitoba, Saskatchewan, and Alberta. These
plantations may constitute a forest genetic respurce as
well as a potential genetic challenge to neighboring nat-
ural black spruce populations. The plantations have
been in need of tending, but resources have not been
available for this purpose.

Northwest Region does not have any in-house pro-
ject or study to investigate forest genetic resources.
Management of Northwest Region have no plans to
initiate a program in this area, but will give serious con-
sideration to any recommendation from this workshop.

Green Plan funds administered by Canadian Forest
Service were granted to Dr. EC. Yeh, University of
Alberta, for a study entitled “Empirical and Theoretical
Investigation of Gene Co-adaptation in Forest Trees”,
This study is intended to detect, by persistence of
gametic disequilibrium, any fitness advantage of multi-
locus allelic combinations. Verification of this phenome-
non in forest tree populations will indicate a need for
conservative strategies in tree breeding to preserve co-
adapted gene complexes.
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Genetic Resource Management Principles and Their
Application in the Forests of Ontario

D. Joyce
Provincial Forest Geneticist, Ontanio Ministry of Natural Resources, Sault Ste. Marie, Ontario P6A SNS, Canada

Abstract

Trad.itiumlljr, timber production has been the pre-eminent goal of forest management. However, rising environ-
mental awareness has led to a clear message that economic development must be practiced within the ethic of
environmental protection. Canada’s national forest strategy, “Sustainable Foresis; A Canadian Commitment”, reflects
these evolving societal values and identifies a fundamenta! shift in the approach to forest management. The sirategy
includes the requirement that forest management planning explicitly address concerns for biodiversity and genetic
diversity.

Since the 1950s, the science of forest genetics has been strongly linked to tree improvement, because of the tradi-
tional emphasis of forest management on timber production. While the application of genetic principles to improve
timber production continues to be important, the science of forest genetics is also evolving to explicitly address con-
cerns for genetic diversity, gene conservation, and the ability of tree species to adapt to climate change. Similarly, the
traditional tree improvement program in Ontario is evolving into a genetic resource management program that rec-
ognizes the need to integrate genetic diversity and gene conservation goals into program priorities.

Résumé

raditionnellement, la production de bois d'ceuvre était le but manifeste de la gestion forestiére. Toutefois, dans la

foulée de la sensibilisation croissante aux besoins de I'environnement, on s'est rendu compte que ce développe-
ment devait respecter l'éthique de la protection environnementale. La stratégie forestiere nationale du Canada,
«Durabilité des foréts : un engagement canadiens, refléte I'évolution des valeurs sociales et dénote un changement
fondamental dans l'approche utilisée pour la gestion des foréts. Cette stratégie comporte une nouvelle exigence : que
la planification de la gestion forestitre tienne compte de fagon explicite des préoccupations ayant trait & la biodiver-
sité et i la diversité génétique.

Depuis les années 50, la science de la génétique forestiére est fortement liée & 'amélioration des arbres forestiers,
parce que traditionnellement, la gestion forestidre mettait I'accent sur la production de bois d'ceuvre. Alors que l'ap-
plication des principes génétiques pour l'amélioration de la production de bois d'euvre continue i jouer un réle
important, la science de la génétique forestiére connait également une évolution qui la porte i s'occuper explicite-
ment des préoccupations ayant trait A la diversité génétique, la conservation des génes et l'aptitude des essences 3
s'adapter au changement climatique. De méme, le programme traditionnel d'amélioration des arbres forestiers de
I'Ontario est en train de devenir un programme de gestion des ressources génétiques qui reconnait la nécessité d'inté-
grer les objectifs de la diversité génétique et de la conservation des ressources génétiques dans les priorités du pro-
gramme,

Background level, 300 meters in the Great Clay Belt, and less than
M o 100 meters in the Hudson Bay lowlands,
he geographic limits of Ontario include more than
15 degrees of latitude and 20 degrees of longitude. The major forest regions of Ontario include the
Lake Superior and Lake Huron are at approximately Carolinian zone in the extreme south, the Great

200 metres above sea level. Elevations increase rapidly Lakes/St. Lawrence, and the Boreal Forest that stretches
to as much as 500 metres along the north shore of these from the “Height of Land” north of the Great Lakes to
two lakes, and to a lesser extent, to the east of Lake timber line in the Hudson Bay lowlands. These three
Huron. Elevations then drop in two increments to sea forest zones have been further subdivided into 13 ecore-

gions based on physiography-vegetation relationships.



The ecological concerns are as varied as the forest
cover. Southern Ontario can be characterized as forest
land that was converted to agriculture which, in turn,
has given way to substantial urbanization. The remain-
ing forests occurs as highly fragmented wood Jots.
Historically, the Great Lakes/St. Lawrence forest sup-
ported a logging industry based on red and, especially,
white pine. Protection of the remaining old growth red
and white pine forests are the most visible environmen-
tal concern in this forest zone. However, professional
foresters are also concerned about the reduced occur-
rence of species such as eastern hemlock and red
spruce, Perhaps the primary ecological concern for the
Boreal Zone forests centres on the impacts of harvest-
ing. For example, a recently completed independent
audit of forest regeneration found that hardwoods (pri-
marily poplar) have increased in occurrence while the
oceurrence of conifers (especially spruce) has dropped
dramatically in the second forest. And, of course, the
potential effects of climate change on forests is a con-
cern across the entire land base of Ontario,

Genetic Principles

Mana ging genetic diversity is more complex than
identifying and preventing loss of rare alleles.
Genetic variation occurs in an hierarchial structure.
Adaptive variation occurs across environmental gradi-
ents. Genetic variation among and within local popula-
tions can be the result of adaplation to pests, etc., or the
result of stochastic events that lead to genetic drift.
Genetic variation within individuals is largely the result
of mating systems within the population. The genera-
tion length and fecundity of populations are also deter-
minants of genetic variation within species.

When the hierarchial structure of genetic variation
i1s recognized, it is clear that “genetic diversity” isa
property of populations. As a result, genstic resource
management can be viewed as population manage-
ment, and the scientific disciplines of population genet-
ics and population ecology provide the theoretical base
for developing genetic resource management strategies.

The goals for genetic resource management in
Ontario include conserving adaptive gene complexes
across populations, managing for a broad genetic base
within populations, and the prevention of species
extinction. Although the relative weighting of these
goals will undoubtedly vary among species and geo-
graphic locations, management strategies should
integrate all of these goals regardless of whether the
population in question is the last one of a rare species or
one constructed for tree improvement purposes.

Ontario’s genetic resource management strategy is
not fully developed yet, but there are several key theo-
retical concepts from forest genetics, quantitative genet-
ics, population ecology, population genetics and conser-
vation biology, that are being used to implement the
practice of genetic resource management. These con-
cepts include;

Terminology. As a first step to effective management of
genetic resources, some terminology is needed. The
terms “genetic diversity” and “gene conservation” are
frequently used interchangeably. However, genetic
resource management concems occur at multiple scales,
and there is value in a rigorous use of these lwo terms
in reference to concerns at different scales. The concept
of “Genetic diversity” is associated with perpetuating
the evolutionary potential of a species. As a result,
genetic diversity concerns are oriented toward conser-
vation of adaptive gene complexes that occur at a land-
scape scale. For example, such questions as "is a given
population genetically (read adaptively) unique?” tend
to occur when populations are isolated, such as on the
edge of a species range. Conversely, the concept of
“gene conservation” is associated with the loss of
genetic variation and /or rare alleles within populations,
that is, the effects of small population sizes on genetic
variability. Questions are related to the issues of, bottle-
neck/founder effects, inbreeding depression, and the
risk of population extinction.

Seed Zones/Breeding Zones. The concept of seed zones
and breeding zones were originally developed to limit
genotype by environment interactions. Phrased a little
differently, it is to limit stock deployment to ensure the
use of adapted stock. As a result, seed zones and /or
breeding zones provide the key to conserving adaptive
gene complexes. Such zones could be viewed as
"genetic resource management units” within which the
multiple goals of genetic resource management can be
integrated.

Recurrent Mutation. The loss of rare alleles is one of the
issues frequently raised as a gene conservation concern.
By definition, a single mutation that generates a new
allele results in the occurrence of a rare allele in a popu-
lation. However, population genetic theory leads to the
expectation that the fate of a single mutation is to be
purged from the population. Rare alleles are only main-
tained in populations as a result of strong selection
pressure in favour of the new allele {(an unlikely
occurrence), or as a result of recurrent mutation. Asa
result, at least part of the key to conserving rare alleles
is o maintain populations large enough for the recur-
rent mutation rate to balance the effects of genetic drift.




Minimum Viable Population Sizes. Minimum viable
population size (MVP) is a concept that refers to the
genetic minima required to meet a specific genetic
resource management goal. Namely, either managing
inbreeding depression or perpetuating evolutionary
potential. The calculation of a minimum visble popula-
tion size is based on theory and several variables such
as ecological niche, generation time, and fecundity can
modify the estimate. The estimates are calculated in
terms of “effective population size” (Ne) that refers to
the size of an “ideal” population that is subject to the
same degree of genetic drift as the actual population
being considered. “Ideal” refers to a population that has
random mating, a 1:1 sex ratio, and the number of prog-
eny per family is randomly distnbuted.

While MVT estimates are best viewed as ballpark
figures, the theoretical work that has been done sug-
gests that the minimum viable population size for man-
aging inbreeding is approximately 50 to 100. However,
as discussed above, the conservation of evolutionary
potential requires a population size large enough to bal-
ance the effects of genetic drift with recurrent mutation.
Published MVP estimates range between 500 and 1000.
It should be noted, however, that both these figures are
calculations of effective population sizes. The actual
number of individuals required to maintain these effec-
tive population sizes may be much larger, depending on
the mating system. (See Soulé (1987) and Frankel and
Soulé (1981) for a detailed treatment of this theory).

Bottlenecks, Allele Frequencies, and Genetic
Variation. Genetic bottlenecks occur when a population
“crashes” or is greatly reduced in number such that the
subsequent generation is produced by limited number
of parents. (Note the concept of effective population
size rather than an actual tally of individuals applies
here.) The effects of bottlenecks on the genetic base are a
function of whether it is a single-or multiple-generation
bottleneck, and whether the focus is on quality (number
of alleles) or quantity (genetic variance) of the genetic
base. Theoretical work in this area indicates that a
single-generation bottleneck is more likely to result in
the loss of rare alleles than it is to reduce genelic vari-
ance substantially. This is because rare alleles add little
to the genetic variance. (See Frankel and Soulé (1981),
Chapter 3 for a detailed treatment of this theory).

Extinction, Extinction is to a population what death is
to an individual, an inherently probabilistic event.
Given enough time, it is a certainty that any given pop-
ulation will go extinct. There are several factors that
increase the probability of extinction, but the primary
one is decreasing population size. However, even when
populations are large, factors that will eventually lead

to extinction include threats that contribute to the loss
of habitat and catastrophic events. Because localized
extinction is a certainty over long time frames, long-
term persistence of a species requires a balance between
localized extinction and recolonization.
Metapopulations. Conceptually, a metapopulation is a
network of populations linked by migration. When a
metapopulation exists, the spedes is able to persistin
the landscape by recolonizing habitat patches after
localized extinction occurs. It should be noted that pop-
ulation genetic theory indicates that the effects of
genetic drift within populations are neutralized with
the occurrence of as little as one migrant per generation.
Realistic models of metapopulation dynamics are being
developed. Metapopulation theory and models will
provide the base for developing restoration strategies
for tree species that occur in disjunct patches.

Conservation Goals. In order to monitor the success of
a conservation program, clearly defined realistic goals
must be established at the beginning. For example,
defining a minimum viable population size requires a
goal such as “conserving 95 percent of the original
genetic variation after 200 years, assuming a generation
interval of 50 years”, Setting appropriate goals is a judg-
ment call tempered by existing theory. Short term goals
such as protecting an existing population from habitat
destruction due to human development are reasonably
easy goals to achieve (albeit potentially expensive).
However, while this may be the first step in triage for an
endangered species, it does not fully address the conser-
vation goal of perpetuating evolutionary potential.
Conversely, setting ambitious goals, such as “conserv-
ing 99 percent of genetic variation over 100 generation”
can be impractical.

Program Implementation

Thn traditional tree improvement program in Ontario
includes breeding programs primarily in jack pine,
black spruce, and white pine. The tree improvement
program mandate also includes seed source control of
reforestation stock. While these efforts have tradition-
ally emphasized economic or habitat-creation goals,
they form the base for developing operational programs
for managing genetic diversity.

Beginning in 1991, the government of Ontario
funded a 5-year Sustainable Forestry Initiative to start
addressing environmental concerns. The goals of the
Genetic Heritage Program under the Sustainable
Forestry Initiative include: 1) developing gene conserva-
tion strategies for species that are vulnerable to extinc-
tion forces; 2) developing genetic resource management



policy and management guidelines for forest manage-
ment planning; and, 3) conducting research directed at
identifying spatial patterns of adaptive variation in
some of Ontario’s keystone species. There are several
interconnected projects underway to address these
goals,

1. Climatic Modelling Project

On behalf of the Ontario Forest Research Institute, the
Genetic Resource Management Program (GRM) has
taken the lead on collaborative research with the Forest
Resource Economics Section, Canadian Forest Service -
Ontario Region, o develop a high quality climatic
model of the province. The Ontario Climate Model is
nearing completion and will be used in the near future
tor ensure seed zones reflect climatic gradients,

2. Geneeology Profect

The natural range of most forest tree species includes
diverse environmental conditions. When environmental
heterogeneity is substantial, differential natural selec-
tion pressures alter gene frequencies lo produce adap-
tively differentiated populations. As a result, each nat-
ural population of trees has an adaptive profile, that is,
a genetic constitution that conveys adaptation to a lim-
ited range of the environments occupied by the species
a5 a whole. Because the primary goal of genetic resource
management is to perpetuate the evolutionary potential
of a species, conservation of adaptive gene complexes is
viewed as the cornerstone of managing genetic diver-
sity within species.

Over the last 15 years, short-term testing tech-
nigues have been developed that assay how closely
populations are adapted to local environmental condi-
tions. When these techniques are applied to a sampling
of & large number of populations representing the eco-
logical amplitude in a geographic region, models
describing the pattern of adaptive variation can also be
developed., These models can be used to build biologi-
cally sound seed zones and to identify the most appro-
priate seed sources for reforesting specific lncations for
timber production and /or species restoration efforts.
Should natural populations become grossly maladapted
as a result of rapid climate change, these models can
also provide the base for guiding human intervention.

Ontario has ongoing genecology studies of black
spruce, jack pine, and white spruce Studies of red oak
and white pine are in the planning stages.

3, Genetic Diversity Project

The Genetic Diversity Project is an operational program
responsible for developing gene conservation strategies

for species vulnerable to extirpation forces. In practice,
these strategies are referred to as recovery plans but, in
a general context, some species may not require restora-
tion. 50, as the program expands beyond endangered
species, the strategies will be considered as species
management plans rather than recovery plans.

Two national committees have developed a process
for listing species as “rare, threatened, or endangered”
(Committee On the Status of Endangered Wildlife In
Canada, or COSEWIC) and for developing management
plans for endangered species (Recovery of Nationally

Wildlife, or RENEW). The procedures and
report formats that these committees have developed
have been adopted by the Genetic Heritage Program
and the reports will be passed on to the national com-
mittees for their use at the national level.

The basic process for developing individual species
recovery plans include: 1) a survey of field staff to
establish a prioritized list of vulnerable species; 2) col-
lecting existing information and writing individual
species status reports; 3) developing a prognosis for the
species in the absence of intervention; and 4) identify a
prioritized of management actions required to restore
and /or perpetuate the evolutionary potential of the
identified species.

Developing a prognosis will involve two primary
steps. First, describing the rarity of each species on the
basis of three dimensions; geographic range, habitat
specificity, and population sizes. And second, use the
genetic principles identified above to identify and prior-
itize threats to populations within seed zones.

Developing the actions needed in a recovery plan
will be based on estimates of the effective population
size within seed zones and applying minimum viable
population size theory. That is, when the estimated
effective population size within a seed zone is 100 or
less, protecting existing individuals becomes the prior-
ity and developing a plan to manage inbreeding is the
next step. When the estimated effective population size
approachas 1000, identifying a plan to develop a func-
tional metapopulation will be the goal.

A number of status reports on Carolinian Forest
species have been written and the first recovery planis
scheduled for development over the next six months.
Priorities in northern Ontario are primarily those
species with a truncated occurrence resulting from
selective harvesting (e.g., red pine, white pine, eastern
hemlock, yellow birch, and white spruce) and hard-
woods (e.g., white elm, black ash) that may be impor-
tant for biediversity purposes.




4. Tree Atlas Project

Initial efforts to implement the recovery plan process
have been limited by the lack of readily available infor-
mation on species occurrence and population sizes. The
relative abundance and distribution of Ontario’s native
trees has never been catalogued. The goal of the Ontario
Tree Atlas Project is to design and implement a system-
atic survey of the ooccurrence of native tress in Ontario
and to develop a database system for storing this infor-
mation. Ontario’s Breeding Bird Atlas, the Mammal
Atlas, and the Herptofaunal Survey methodology will
be used as the template for the tree atlas. A five-year
timeframe is envisioned for completing and publishing
this survey.

Ex Situ Conservation

he role of ex situ conservation efforts has not been

fully developed, but there are two likely roles. First,
the metapopulation approach to speces conservation is
based on balancing localized population extinctions
with recolonization. Seed storage, when practical, could
play an important role for human mediated “recolo-
nization.” And second, when a species is on the brink of
extinction, i.e., effective population sizes less than 50,
¢x siti conservation of genotypes may be warranted to
facilitate controlled mating and to protect against addi-
tional losses in the wild. The University of Guelph
Arboretum has established an ex situ collection of rare
Carolinian Forest species.

Summary

he tree improvement program in Ontario is broad-

ening its goals to include genetic diversity and gene
conservation. The provincial government is funding a
five-year program to develop gene conservation strate-
gies, and policy guidelines for managing genetic
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diversity. Theoretical principles from the figlds of forest
genetics, quantitative genetics, population genetics,
population ecology and conservation biology are being
used in building a genelic resource management pro-
gram. However, it must be emphasized that the pro-
gram deseribed is still in the early stages of implemen-
tation. Substantial development, both in integrating the-
oretical principles and developing a practical opera-
tivnal program, is still required.
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Conservation of Forest Genetic Resources at the Petawawa
National Forestry Institute

G. Murray
Petawawa National Forestry Institute, Canadian Forest Service, Chalk River, Ontario K0 1J0, Canada

Abstract

esearch and development activities within the Forest Genetics and Biotechnology Program and the National
orest Genetic Resources Centre at the Petawawa National Forestry Institute emphasize the complementary
goals of conservation of genetic resources and the genetic improvement in the growth, quality, and health of the trees
in Canada's forests. Brief descriptions are given of research on topics such as genetic diversity, physiological genetics,
the genetics of growth and yield, tree seed, and molecular genetics and tissue culture. Practical ex situ conservation

activities are also outlined.

Résumeé

es activités de recherche et de développement effectuées dans le cadre du Programme de génétique forestidre et

de biotechnologie, ainsi qu'au Centre national des ressources génétiques forestires 3 I'Institut forestier national
de Petawawa, soulignent les objectifs complémentaires de la conservation des ressources génétiques et de l'améliora-
tion génétique pour la croissance, la qualité et la sanbé des arbres des foréts canadiennes. On donne de bréves
descriptions des travaux de recherche effectués dans plusieurs domaines, notamment en diversité génétique, en
génétique physiologique, en génétique de la croissance et du rendement, ainsi qu'en génétique moléculaire et en cul-
ture de tissus. On présente également les grandes lignes d'activités pratiques de conservation ex sifu.

he Petawawa National Forestry Institute (PNFI) has

a long history of involvement in research and devel-
opment related to two complementary goals: the con-
servation of genetic resources and the genetic improve-
ment in the growth, quality, and health of the trees that
will be harvested in future to fuel growth in the
Canadian economy. In the past 50 years there have been
significant changes in the specific studies being under-
taken at PNFI, but the basic goals remain as valid today
as they were at the cutset, and are reflected in activities
that are currently concentrated within the Forest
Genetics and Biotechnology Program at PNFL

The objective of this Program is:

To generate knowledge and technology that can be
applied to achieve improvements in the quality,
productivity , and health of Canada’s forests
within genetically and environmentally sound
programs of forest management.

Each component of the Forest Genetics and
Biotechnology Program involves activities that have the
potential to make a significant contribution to the con-
servation of vitally important genetic resources, but
additional prominence was given to this aspect of

Program'’s activities in 1992 with the establishment of
the Nationa! Forest Genetic Resources Centre at PNFL

The establishment of the Centre, encompassing
many of the facilities and activities within the Forest
Genetics and Biotechnology Program, met Green Plan
and Departmentzl Strategic Plan commitments to pro-
vide facilities and expertise for the long-term storage of
tree seed and other tree germplasm. The Centre also
obtained Green Plan support for activities directed at
promoting the understanding and maintenance of the
genetic components of the rich and complex biological
diversity in our forest ecosystems.

Staff at the National Forest Genelic Resources
Centre have also made significant contributions to con-
servation of forest genetic resources in Asia and Africa
through their work on bwo Canadian International
Development Agency projects supporting the establish-
ment of the ASEAN Forest Tree Seed Centre and the
Southern African Development Community (SADC)
Tree Seed Centre Network.

The research and other activities in the Forest
Genetics and Biolechnology Program are conducted
within the framework of Projects /Studies outlined
below.




Genetics of Growth and Yield

This Project’s objectives include developing an under-
standing of the genetic control of forest productivity,
improving the assessment of genetic resources in free
improvement programs, and designing and evaluating
strategies for advanced generation breeding and
deployment of genetic resources,

Although the Genetics of Growth and Yield Project
is more concerned with the wise use of genetic
resources than with conservation, any application of
genetics that succeeds in improving productivity on
intensively managed forest lands presents an opportu-
nity to take the pressure off other areas in which prior-
ity may be given to maintaining genetic and biclogical
diversity.

Physiological Genetics and Plasticity

This Project involves ecophysiological studies of genetic
variation in traits related to productivity, adaptation,
and accuracy of selection. Current activities include
investigation of genetic variation in responses to
increased carbon dioxide, drought, photoperiod. and
temperature changes.

An understanding of the physiological basis for
variations in growth and adaptation offers an opportu-
nity to make more informed decisions related to the
selection and deployment of trees used in forestry prac-
tice. It also provides a basis for evaluating the risks that
selection favouring superior performance under current
climatic conditions could lead to in reducing the genetic
potential for adaptation to meet the unprecedentad
challenges presented by predicted changes in our
climate.

Genetic Diversity and Reproductive Success

Project objectives include determining the effects of
land use and forestry practices on genetic diversity and
reproductive success of forest species, and developing
and promoting strategies to maintain genetic diversity
and ensure mating success in native tree populations.
Part of the current activity focuses attention on the
status of rare and threatened populations and the deter-
mination of minimum population sizes required to
ensure their survival,

Seed Science and Reproductive Development

This Froject’s objectives include developing an under-
standing of the roles of ecological, environmental and
physiological factors in the development, storags, and
germination of tree seed, and the generation of

prescriptions to achieve improved seed quality and
more efficient use of seed.

In addition to promoting and supporting the effi-
cient use of tree seed in forestry practice, the knowledge
generated in this Project finds application in the devel-
opment of seed storage protocols which could form part
of ex situ conservation strategies. Current studies
include the investigation of the value of cryogenic stor-
age for orthodox tree seed and the development of pro-
tocols to deal with species with recalcitrant seeds.

In response to the recommendations of an FAD
Fanel of Experts on Forest Gene Resources, the leader of
the Project recently completed a review of ex sifu stor-
age of seeds, pollen, and in oitro cultures of perennial
woody plant species (Wang et al. 1993).

Molecular Genetics and Tissue Culture

The objectives of this Project include developing cell
and tissue culture technologies with potential applica-
tion in the mass propagation of selected genotypes, the
development of genetic transformation protocols to take
advantage of genes of potential value in forestry prac-
tice, and the use of molecular techniques to achieve an
understanding of gene function and regulation in trees.

Under specific circumstances the protocals devel-
oped in this Project have potential application in ex situ
conservation through the cryogenic storage of tree
germplasm generated by cell and tissue culture.

Awareness of the importance of genetic conserva-
tion is reflected in research directed at ensuring that
products of biotechnology, such as genetically trans-
formed materials, will pose no threat to the integrity of
natural gene pools when planted in the forest.

Genetic Resources Services

This Project essentially looks after practical ex situ con-
servation activities at PNFI through management of the
National Tree Seed Bank, supervision of numerous
research plantations and gene banks of native and
exotic tree species in the Petawawa Research Forest, and
the development, coordination, and management of an
information system of genetic resources in Canada, rep-
resenting materials and assodiated informakion identi-
fied through genetic research, tree improvement, and
conservation activities.

Conclusion

The above descriptions show that most of the activi-
ties within the Forest Genetics and Biotechnology




Program and the National Forest Genetic Resources
Centre at the Petawawa National Forestry Institute have
some linkage to conservation of forest genetic resources.
Conservation issues have high priority within PNFI's
research programs, and are driven by an overall objec-
tive of ensuring that Canada's forest genetic resources
will be adequately conserved within programs that also
address sustainable development and maintenance of
biological diversity at all levels.
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A Canadian Database of Forest Genetic Resources

T. Nieman
Petawawa National Forestry Institute, Canadian Forest Service, PO, Box 2000, Chalk River, Ontario KOJ 1J0, Canada

Abstract

e National Forest Genetic Resources Centre at the Petawawa National Forestry Institute is developing a national
T']t\laiabase to inventory forest genetic resources in Canada, including information identified through genetic
research, tree improvement, and conservation activities. This paper is intended to provide an overview of the system
and its potential role in supporting conservation activities at both the national and international levels.

Résumeé
e Centre national des ressources génétiques de I'Institut forestier national de Petawawa établit actuellement une
base de données nationale pour inventorier les ressources génétiques des foréts au Canada. Elle comprendra des

données provenant de la recherche génétique, de I'amélioration des arbres et de la conservation. Ce texte donne un
apergu du systéme et du rile que celui-d peut jourer dans les activités de conservation, tant au niveau national

gu'international.

Introduction

ost forestry agencies in Canada undertake initia-

tives to address both in situ and ex situ conserva-
tion of forest genetic resources. For example, the federal
government has seta target of 12% of the land area to
be placed under legal protection. Such protected land,
representing in situ conservation, falls under several
categories including national parks, national wildlife
areas, provincial/territorial parks and wildlife areas,
provincial /territorial wilderness areas, and ecological
reserves (Boyle 1992).

Ex situ conservation aclivities vary from the estab-
lishment of seed banks, arboreta, clonal archives, prove-
nance and progeny trials, seed orchards, and seed pro-
duction areas. Although in most instances these activi-
ties did not see ex sifu conservation as a primary objec-
tive, they do provide a means of conserving valuable
gene pools. To reflect the magnitude of ex situ resources
in Canada, 9000 provenance samples, 28 000 families in
seedling seed orchards, 15 000 clones in clonal seed
orchards, and 44 000 clones in archives have been
planted in approximately 4500 hectares across the coun-
try (Boyle 1992). This material has been established by
federal and provincial governments, industry, and uni-
versities. However, there is currently no formal coordi-
nated strategy for conservation of forest genetic
resources among these agencies. The independence of
each agency’s activities has resulted in gaps in the con-
servation effort, inconsistent approaches fo conserva-
tion, and inadvertent duplication.

Although it is recognized that provincial agencies
will assume primary responsibility for the practice of
conservation, the establishment of the National Forest
Genetic Resources Centre (NFGRC) at the Petawawa
National Forestry Institute (PNFI) represents, for the
first time in Canada, an agency with a recognized man-
date to promote the conservation of forest genetic
resources. As part of this mandate, it is proposed that
the NFGRC coardinate and develop a national database
that will identify the location, extent, and quantity of
forest genetic resources to support research and opera-
tional conservation activities in Canada.

Database Function/Objective
The database will be developed for the following
purposes:

1) to provide an up-to-date national overview of in
situ and ex silu conservation activities;

2} to promote collaboration among Canadian forestry
agencies reganding conservation activities;

3) tosupport strategies for the preservation of endan-
gered species or commercially valuable material;

4) to provide easy access to distribution and the avail-
ability of genetic resources in Canada with a view
of supporting research objectives and preventing
duplication of scientific effort;

5) toserve as a centralized, national archive of
Canadian forest genetic resources;

6) to provide a coordinated Canadian input into a
report on the state of the world's plant genetic



resources for use in developing a global action
plan for plant genetic resources being coordinated
by the Food and Agriculture Organization of the
United Nations (FAQ).

Database Development

'1"0 determine the feasibility, cost, and timeframe of
developing and maintaining a national database of
forest genetic resources, a Pilot Project was initiated in
mid-1993 involving the Ontario Forest Research
Institute (OFRI) of the Ontario Ministry of Natural
Resources (OMNR) and PNFL Programming of the
database, using dBASE IV Version 2.0, was completed
in December 1993, Information provided by OFRI on
the status of Ontario’s progeny trials, seed orchards,
and breeding archives, as well as provenance trials
established by PNFI were entered into the system.
During 1994 the database was evaluated and modifica-
tions completed. Throughout the latter part of 1994 and
early 1995, the database was demonstrated to various
forestry agencies across Canada for further evaluation.

Future Development

Fnllnwing evaluation of the Pilot Project and demon-
stration of the database within Canada, it will be
necessary to establish a national network for the system.
It is anticipated that many of the participants of this
workshop would comprise the core of the network.
Once the network is set up, the database software will
be installed throughout Canada. Individual forestry
agencies will be responsible for entering and updating
forest genetic resources information under their
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jurisdiction. Annually, or semi-annually, data would be
sent to PNFI where the information would be updated
to the national level. The national database information
would then be returned to respective agencies. During
1995 it is planned to enhance the database by incorpo-
rating a Geographic Information System (GIS) that
would facilitate forest genetic resources information
retrieval combined with mapping capabilities,

Summary

n Canada, an immense amount of genetic diversity is

' under a variety of in sifu and ex sty conser-
vation activities. The National Forest Genetic Resources
Centre (NFGRC) was established at the Petawawa
National Forestry Institute to provide assistance in
improving coondination and cooperation in research
and operational conservation efforts of forest genetic
resources. In support of this mandate, one goal of the
NFGRC is to develop a national database lo inventory
all Canadian forest genetic resources, information
which is currently under the jurisdiction of numerous
forestry agencies. Such a database would serveasa
valuable tool to researchers and forest managers in
developing conservation strategies. In addition, with
the focus on the development of a global action plan for
plant genetic resources, this database would provide a
coordinated up-to-date national status of Canada’s
forest genetic resources.
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Forest Tree Genetic Conservation Activities at the Laurentian
Forestry Centre

A. Plourde, G. Daoust, and |. Beaulieu
Laurentian Forestry Centre, 1055 du PEPS, PO. Box 3800, Sainte-Foy, Quebec G1V 4C7, Canada

Abstract

Furest genetic studies were initiated about 40 years ago in Quebec. The oldest provenance trial became the first

ex situ conservation site. Our research activities did not have ex sifu conservation as a primary objective, but
genetic conservation is a result nonetheless. Although facilities for long-term seed storage are available, most of our
activities were directed towards operational conservation. However we intend, as long as the level of funding allows
it, to enlarge our seed collection for white spruce and white pine in order to protect our gene pool from erosion.
Genetic diversity studies must be pursued to correctly direct forest genetic conservation activities in Quebec.

Résumé

Au Québec, le début de la recherche en génétique forestitre date d'une quarantaine d'années. Le site du plus

vieux test de provenance est devenu le premier site de conservation ex sifu. Notre recherche n'avait pas pour
objectif principal la protection de ressources ex situ, mais la protection de ressources génétiques est néanmoins un des
résultats obtenus, Malgré I'existence d'installations d'entreposage 2 long terme des semences, la plupart de nos activ-
ités étaient orientées vers la protection opérationnelle des ressources. Toutefois, nous avons lintention d'élargir notre
collection de semences d'épinette blanche et de pin blanc afin de prévenir ['érosion des pools génétiques de ces
essences, aussi longtemps que notre financement le permettra. 1l faut poursuivre les études sur la diversité géneé-
tique si 'on entend orienter correctement les activités de protection des ressources génétiques forestiéres au Québec.

History of Forest Tree Genetic Conservation
Activities
Fnrest genelic studies were initiated in 1954 in the
province of Quebec, From then on up to 1967, efforts

in forest genetics were directed towards designing and
establishing provenance trials for important tree
species. These research activities were under the leader-
ship of the (then) Petawawa Forest Experiment Station
with the collaboration of the Laurentian Forest Research
Centre (now called Canadian Forest Service - Québec
Region) and the pulp and paper industry.

In 1967 the first geneticist was hired in Quebec by
the Laurentian Forest Research Centre to take over
responsibilities for conducting tree improvement pro-
grams, Two years later the Quebec Lands and Forests
Department initiated its own improvement programs.
Research and breeding responsibilities in Quebec were
then divided among four institutions according to
Corriveau and Vallée (1981) (Table 1). Since the begin-
ning of the §0s, the two governmental organizations
agreed on dividing responsibilities in order to avoid

duplication. Thereby, CFS-Québec Region conducts
genetic studies and breeding programs on white spruce
and white pine. The organizations share responsibilities
on Norway spruce, with the federal research centre con-
ducting genetic studies and the Ministére des Foréts du
Quebec being responsible for the improvement pro-
gram. The Ministére des Foréts du Quebec also con-
ducts genetics and tree improvement programs on all
other tree species of interest to the province.

As such, our research activities did not have ex situ
conservation as a primary objective, bul genetic conser-
vation is a result nonetheless. Efforts have always been
made to use samples from across the range of the
species in the province of Quebec and sometimes over
its complete range. We also intend to maintain and pre-
serve all provenance trials beyond the age of final data
collection as they constitute one important form of
ex situ conservation. Table 2 presents the list of the
genetic trials under our responsibility. Therefore, as tree
breeders, we hold an important gene pool, as represen-
tative as possible of the “natural” gene pool, that com-
plements in sifu conservation.



Table 1. Forest genetics and improvement projects in Quebec

Projects

Provenance research on economic forest species
Genetics and improvement of high quality hardwoods
Introduction of exotic species

Genetics research and improvement of poplars

Genetics research and improvement of larchs

Genetics research and improvement of jack pine
Genetics research and improvement of white spruce
Genetics research and improvement of white pine
Establishment of seed production areas

Establishment and development of the arboreta network
Selection of plus-trees and seed orchard establishment
Revival and enlargement of hardwood breeding programs

Year of initialon Organizations involved®
1935 CFs0, SR, CIP. UL
1965 UL, 5k
1964 SR, CPF5-Q. UL
1968 SR
1970 SR
1974 SR
1975 CFs-(
1976 CF5-Q
] RA, SRes, CIP
1969 SR, RA
1975 RA, SRes, SR, CFS-Q, UL, CIP
1989 SR

* CFS-0Q: Canadian Forest Service-Jufbec Region: SR: Service de la necherche, Ministére des Fordts dis Québes; CIF: Canadian
Intemational Paper Company; UL: Université Laval; RA: Régglors administratives, Mindstére des Foréts du Quibec; SRes: Service de la

restauration forestibng, Minmsibre des Fordts du Québer.

Table I Ex situ conservation: species and number of provenances/families
per species in provenance trials and genecological tests

No. provenances/
Species families Age (year) No. sites
Picea glirea 220/671 10-35 18
Pirus strobus 235/514 +7 7
Picra alies 165/345 2-38 18
Picea mariana 100 18-19 f
Picen rithens 16 N 3
P murigeg % Porubens 3 ra | 1
P glauae = sitchiensts «f5 M 2
P. glaca var. albertiona 28 n 1
Pinus resinosa 12 3537 2
Abies spp. B n I
Abiles balsamea -f23 21 L
Pseudotsuga memziesii 10 pid 2

Current Status of Forest Genetic Resources
It Situ

n the province of Quebec, in sifu consarvation is under
the jurisdiction of the provindial government, Our
participation is therefore limited to conducting related
studies, identifying sites of special interest; and sup-
porting any achon aimed at long-term genetic
conservation.
Ex 5itu
The current status of ex situ conservation will be
reported only on the species under our responsibilities.
Tables 3, 4, and 5 present the number of provenances /

families under field testing. Data are given on the geo-
graphic origin of the seedlots.

For Picea glauea, over 200 provenances and 600 fam-
ilies have been sampled and have been or are currently
being field tested (Table 3). This species has been quite
well sampled over its range in Quebec in easily accessi-
ble areas (southem to the 49th parallel).

The genecological tests of Pinus strobus include
nearly 600 seedlots, with half from Quebec and the
other half from the complete range of the species in
North America (Table 4). Our seed bank contains 1000
family seedlots. Forty percent of this seed collection has
not been Held tested so far. Sampling of the natural
white pine population in Quebec has been completed in
the Qutzouais and southwestern regions. Few samples
have been collected elsewhere. Sampling should be
completed in the future.

Norway spruce is an exotic species of high poten-
tial for reforestation. An improvement program was
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Table 3. Ex sifu conservation of white spruce: number of provenances/families
under field testing and in the seedbank

Under field testing In seedbank

No. of No. of No. of No. of
Origin PrOVEnances families ProvEnances families
CANADA
Csber o3 368 164 924
Ontario a8 146 2 10
Maritimes n D 0 0
Wiestern Canada 8 3 0 (i
LSA 3 0 1 5
Total 13 619 167 039

Table 4. Ex situ conservation of white pine: number of provenances/families
under field testing and in the seedbank

Under field testing In seedbank

No. of No. of Noe. of No. of
Origin PrOVENANCES families provenances  families

CANADA
Quebec
MNewfoundland
New Brunswick
Nova Scotia
Ontario

LS4

Maine

New Hampshire
Vermont

New York
Pennsylvania
Connecticut
West Virginia
Ohio

Morth Carolina
Tennessee
Georgia
Michigan
linpis
Wisconsin
Minnesota

Hrownb

315 188
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initiated in the early 70s. As shown in Table 5, seedlots established in the province for these three species.
of various geographic origins have been used to estab- Clonal archives and arboreta are also sites of ex situ con-
lish genetic trials in order to enlarge the genetic base of servation. Detailed information on the numbers of
our breeding population. clones or families maintained on those sites can be

Part of this material and additional genotypes can found in Boyle (1992).
be found in the 180 ha of seed orchards that have been



Table 5. Ex situ conservation of Norway spruce: number of provenances/families
under field testing and in the seedbank

Under field tesﬁ:ug____ In seedbank

No. of No. of No. of Mo. of
Geographic origin provenances families provenances families
Bulgaria 5 30 = =
Crechoslovakia 5 - 3 =
Finland 13 - -
Germany 10 .
Lithuania 1 - -
Litvia 5 - -
Poland 56 140 9 1593
Romania f - -
Russia 18
Yugoslavia 4 - - -
Ontario 1 5 1 15
Quebec (known origin) s 115 50 M1
Quebet (unknown origin) 18 55 kv 118
Tital 165 M5 100 fiG7

Current and Planned Programs for Genetic
Conservation

Unciur the Green Plan NFGRC initiative, we are cur-
rently completing a study on the penetic diversity
and structure of white pine populations in Quebec. The
study was initiated by Dr. Jean Beaulieu who completed
a PhD degree on this subject. Six additional populations
will be sampled and analyzed. The expected output of
this research includes knowledge of the genetic diver-
sity of the species over its range in Quebec, identifica-
tion of populations of special interest for which in situ
conservation should be considered, and seed collection
of great value for improvement purposes. Study on the
genetic diversity of natural white spruce populations in
Quebec is also part of our research proposal under the
Green Plan initiztive.

Exsitu tree genetic conservation remains an under-
lying objective of our tres improvement programs.
Storage of representative seed samples, studies on the
impact of selection on genetic diversity, and cryopreser-
vation of cell lines will continue to be part of our
activities,

Special Projects or Opportunities

mportant problems may arise as new pathogens or

i are found or introduced in our forests. In some
cases, it may even lead to a possible eradication of the
host species, making gene conservation a priority. An
example of such a problem is the discovery of a new,
highly virulent race of Sirococcus dlavigignenti-juglandocearum
(butternut canker) that seriously threatens the survival

of butternut in North America. The epidemic appears to
be so widespread that this species may be the first tree
considered for addition to the Endangered Species List.
This situation has raised the question of genetic conser-
vation of the species for future generations. The urgency
of sampling the living butternut population and setting
up a seedbank is dependent on the pace of the epi-
demic. Little is known on the extent of the epidemic but
it is severe enough and the butternut population has
declined so steeply in some parts of the United States
that some states like Minnesota have decided to ban
cutting the trees on state lands.

The disease has reached the border with Ontario
and Quebec. As Quebec is at the limit of the species dis-
tribution, concerns may be raised on the genetic diver-
sity of the Quebec butternut population and its level of
resistance to the disease. The probability of its extinc-
tion is, therefore, possibly higher than in the States,

Given these facts, actions should be undertaken to:

» Survey the butternut populations in Quebec and
Ontario

* Determine the frequency of infected trees in the
population in order to evaluate the urgency of
undertaking conservation procedures

* Determine sampling and stordge strategies

# [nitiate laboratory research for in vitro culture of the
species for cryopreservation purposes because long-
term conservation cannol be insured through seed

slorage.
Funding opportunities are being evaluated.
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La Conservation des Ressources génétiques dans les Foréts du
Québec

M. Villeneupe
Gouvernement du Québec, Ministére des Fordts, 2700, Rue Einelein, Ste-Foy (Québec) G1P 3WB, Canada

Resumé

Puur mettre en teuvre la convention sur la biodiversité, le gouvernment du Québec a créé un comité
interministériel. Dans ce cadre, le ministére des Foréts (MFO) réalise un bilan sur la biodiversité en milieu
forestier. Ce bilan comporte quatre sections : le cadre territorial de référence, les espéces menacées, les zones
protégées et les pratiques d'aménagement.

Pour gérer les ressources en fonction de la biodiversité, le MFO élabore une carte des écosystémes qui intégre les
régions écologiques et les unités physiographiques. Une loi a été adoptée pour la protection des espéces menacées.
Le réseau de zones protégées, d'une superficie de 1 million d’hectares, regroupe 178 sites des catégories I, IT, IV et IX
de 'U.LC.N (Union internationale pour la conservation de la nature et des ressources naturelles). L'aménagement
forestier, encadré par divers programmes, stratégies ou lois, favorise la conservation de la diversité biologique. Des
activités de conservation des ressources génétiques (ex situ et in situ) ont été réalisées pour les programmes
d'amélioration génétique et de reboisement.

Plusieurs éléments esssentiels 4 la conservation de la biodiversité sont déja en place. Le processus d'élaboration
d’une stratégie de conservation est amorcé,

Abstract

he Quebec government has formed an interdepartmental committee to implement the Biodiversity Convention.

As part of the committee, the Quebec Department of Forests is preparing a report on biodiversity in the forest
sector. The report has four parts: the territorial frame of reference, threatened species, protected zones, and
development practices,

To manage resources with the objective of biodiversity conservation, the Department of Forests is developing an
ecosystems map which integrates ecological regions and physiographic units. An Act has been adopted to protect
threatened species. The network of protected areas, totalling one million hectares, is composed of 178 sites in JTUCN
(International Union for the Conservation of Nature) categories [, I, IV, and IX. Forest management, backed by
legislative authority, promotes the conservation of biological diversity. Genetic resources conservation activities (ex
situ and in situ) have been carried out for genetic improvement and reforestation programs. A number of initiatives
essential to biodiversity conserva-tion are already in place. The process of developing a conservation strategy has

been inihated.

Introduchon

LE gouvernement du Québec a déclaré son adhésion
aux principes et aux objectifs de la convention sur la
biodiversite. Pour assurer |z mise en isuvre de la
cenventon, il a créé en novembre 1922 un Comité
interministériel sur la biodiversité. Ce comité est
composé des sous-ministres des ministéres suivanits :
Affaires internationales (MAI), Loisirs, Chasse et Péche
(MLCP), Agriculture, Pécheries et Alimentation
(MAPAQ), Environnement (MENVIQ), Energie et
Ressources (MER) et Foréts (MFO) et du Secrétariat aux
affaires intergouvernementales canadiennes (SAIC). Un

groupe de travail (MFO, MENVIQ, MLCP et MAPAQ) a
&8 formé par le Comité interministériel; son mandat est
d'analyser |'éiat de la biodiversité au Québec et de
suggérer au comité des moyens pour assurer la
consarvation de cette biodiversite:

Comme membre du groupe de travail sur la
biodiversité, le MFO a notamment la responsabilité
d'analyser la situation en milieu forestier. Enavril 1993,
le Ministére publiait un document exploratoire intitulé
«Biodiversite et aménagement des foréts : contexte
québécois» (Bouchard et coll. 1993). Les
recommandations des auteurs étaient :




1-  de réaliser un bilan sur I'état de la biodiversité en
milieu forestier;

2-  de mettre au point, selon les résultats du bilan, des
miesures spécifiques de conservation de la
biodiversité;

3-  de participer au processus prévu par la Loi sur les
espéces menacées ou vulnérables;

4- de participer aux fravaux du Comité
interministérie] sur la biodiversité en vue
d'élaborer 1a stratégie québécoise de conservation
de la biodiversité.

Le MFO a donc entrepris en septembre 1993 de
réaliser |a premiére étape, soit le bilan sur I"état de la
biodiversité en milieu forestier. Le plan de travail
préliminaire pour réaliser ce bilan comporte quatre
grandes sections :

* un cadre territorial de référence pour la gestion des
ressources en fonction de la diversité biologique;

* les especes menacées ou vulnérables;

* les zones protégées;

* les pratiques d'aménagement.

Ce plan de travail n'est pas statique; il sera
amélioré au fur et & mesure de la progression des
travaux. Chacune des sections prévues pour dresser le
bilan sur la biodiversité en milieu forestier a un rapport
direct ou indirect aoec ln conservation des ressources
génétiques forestidres,

Le Cadre Territorial de Référence

Pour gérer les ressources forestitres, le ministére des
Foréts du Québec a mis au point un programme
d'inventaire et de classification écologique (végétation,
sals...) des fordts (Bergeron et coll. 1993). Ce
programme pourrait servir de base 4 la définition du
cadre territorial de référence pour la gestion des
ressources en fonction de la diversité biolegique.

Linventaire écologique permet de décrire la
diversité des peuplements forestiers du Québec.
L'objectif du programme est de compléter la
classification écologique des foréts sur tout le territoire
au sud du 52« paralléle. Des méthodes d'analyses
multifactorielles sont utilisées pour décrire la diversité
des types forestiers et les séries évolutives. Par la suite,
les analyses de croissance et de contraintes 3 I'aménage-
ment ménent a la définition des stations forestiéres. La
description des stations forestitres ainsi que des
propositions d"aménagement, regroupées selon un
scénario sylvicole, forment |'essence du guide sylvicole.

Un systéme hiérarchique de classification
écologique est utilisé, Les régions écologiques (fig. 1)

sont au sommet de la pyramide. Ces régions sont des
portions de territoire caractérisées par un climat
régional distinct, exprimé par la végétation. Elles sont
subdivisées successivement en districts écologiques
(ensembles physiographigues), en types écologiques et
en phases écologiques. Un exemple de ce systeme est
donné 4 la figure 2. Pour la gestion en fonction de la
diversité biologique, le MFO procéde 4 la mise au point
d'une carte des écosystemes (& I'échelle 1 : 2 500 000)
qui intégrera les régions écologiques et les unités
physiographiques.

Les fiches descriptives (figure 3) de chaque type
forestier (au niveau de la phase écologique) renferment
des informations qui fournissent une description
partielle de plusieurs types de diversité biologique
(pour une discussion de chaque type de diversité
mentionné ici, voir Kimmins 1992). Chaque fiche décrit
partiellement la diversité alpha» des espéces (variété
dans un écosystéme) et la diversité structurale de
I'écosystéme {stratification verticale du couvert, pour-
centage de recouvrement des strates), Les séquences
associées & chaque série évolutive (regroupement de
phases écologiques évoluant vers une méme végétation
stable) permettent de décrire la diversité temporelle des
écosystemes (changement de la variété des espices dans
le temps). La cartographie des types écologiques (carte
écoforestiére) illustre la diversité biologique & I'échelle
du paysage, ainsi que la variation des espéces selon un
transect (diversité «betas des especes). Finalement,
l'interprétation des données physiques spécifiques aux
types forestiers (dépdt, drainage, indices de croissance)
nous renseigne sur la variabilité de la productivité des
évosystimes (diversité biologique fonctionnelle).

L'efficacité des mesures de conservation de la
diversité biologique sera d'autant plus grande que ces
masures seront intégrées entre différentes échelles
geographiques, du peuplement i la région écologique
(Salwasser 1990). La classification hiérarchique ulilisée
au Quifbec répond A cet impératif de gestion. Elle
permet de visualiser, par la cartographie, les différents
niveaux d'intégration.

L'invenlaire écologique par rapport i la diversité
génétique

L'inventaire écologique permet notamment d'identifier
les populations marginales. Ces populations sont
souvent hautement spécialisées du point de vue
génétigue (Stern et Roche 1974). Elles sont exposées &
des conditions de croissance différentes de celles des
populations du corps principal. La distribution d'une
espéce est généralement limitée par des facteurs
climatiques extrémes, par des barriéres géographiques



{cgal imegqny ) euolpusw sagan)y np sanbiojoos suoifaa s -1 amiiy

it 09 i) 8 4 89 0L AL fLA BL Bl

¥4 Lje i e s ) s meanog phpe

A SRRIDG M BIUS (L0310 L 19 | BRED Lo

ey 3 nuel NTeRog ¥ ESERIS YT . Fe-20-E661
Iﬁ*—‘i e § AN T

oD 0 S NP B SegucEg

W B B U] npenog § ReEmI I I

mipuno] €1 wears ¢ ouewl swroRE <L P @ eutel NPenog § SR <L

BORROOL | RIOU R -2 elom e na ourg sunef nvanoq ¢ ERER €
IO FEWNGG € RAEUCES 9 o]

8 Ui gy s <) ! PRSNON | ST 1 e T B 3T
::::: BRBUGE | RO 0 row|nog ¥ MgsUes e ¢ R LT

WG OUSUCH | RIS o s e sure] PiPSrOs | SOr I P o]
BUAE MEONCG ¥ WRETEE B PPeNOD ¥ e Iy Ay o i B |
B BT BT BN ] BN B TLDE-RTT 1 A L0




v ¥ [ v
RO (11 — S i .
Biascuinionsl tenios CIDAHBRS B | BALYAM 1 YELDW BREM ST LN BACH | B A D SPTGE
j  DORMPBANT TIEE HCHE e ] RS TE £ |esmmsmowssn) AL i
= — = —
EE DA 8 AN T WHTE R F [ SPULCE WHITE
(R T D Sy WAETE SPRAE WATE B
3 LEWER B TOR. MM [LX- N1 ¥ TR O, A (R MM AT
STRETS RS MY [ 5 e OH. D D
wel "o T A W FIE
L s wd s, e
LR o WE LR T ] B RSR W
- ol o i S e
Wi i (R ] wa F A W T LT TR
ey Y e
m‘:— ERICACTOUS TiHLe
— HIFRACTOALE FECNT A
O o £ 08 FPTR T FURE £33 CT
i ACE £y L 1| Ao | A T |
MOISTINE 1S 8 —— 3
EN] SlAR g
TOPOGEAE RS i Mbt
B huscal wri
el n FLLL T MO G000 M0 | U ARG
(LR
e
Celtl
Ws | Biowms
TR MALE
YELLN miiy L
WAHET e
SLCAN ML
SELLOW BRCH!
WHITE BRCH
oL 5aM Fid
Wil Ly
SR WL WL
ﬁil__mFim__
g
o
0
FREQLT FIRE QU7

Rshiiers Toecereces WRucAie of Sooiogey ong OovMidser Fou ciomsficmSon e "R DNen DEANAT 50 2 ST moher Of OTEENG S STRstond I Muen ey

ragan, Saind type ol phose A

o fu phoss vl

BT s of Ipesemeny 5 Deowoie O e evs 3 e iewed | S T Ige0e SOMponfion ond e s chomeesncs of Kl Ape

Figure 2. Struchure hiérarchique de La classification &clogique au Québer. (Adapté de Bergeron et coll. 1993)




(661 “Tjo0 12 uaziag ap mdrpy) anbifojeny ssvyd sun,p aandussap sy ap sidwangg ¢ am8ig

(B9 | ] Bants pun peqgoy U paglssap 10 amiy g0 uf 250 BRpGD PUD SLUIALC Y

WS T * S0 JOimonm DT Seeedt IUDUAING ASTERa T G- pey ofes mutetaons puD S2Ues ipuarsasns i ‘Uoife) joodopsos uonoudoi) Buloio) By Sulsod Jequwing elh) (s ou (| Ea|
§2 8 o) G5 b ep wodie oolase uiifler ErsDdny B ) DROORA adlp0id 0ol Bl 334 Fu woy pajdopo s adwnes SIU1 RdA pERIE) WnsIaes WRZ0INed ‘9onide pa) ol Buissen @aus poyg

&kl

PONN0S DE1

oy Buraoyde ADUOISDI00 S E3MU0E YOOD S JRAD) S| By U

33

SHI0H0 LUDMONG 2XUds 0 HOoiEmna
LD 51 BaA; |52ty PRUCHUBLLIDD 1] eah 1520) eands

pay - Iy Wosog b o utiopobep lipide-isod ey Woi

WS PiNa wiey pequisep addy sy Burseaing 10 &l Wy
Bunoubieg AMons ety wWhluran, Wnizonsd wareds pa -
J) WIDS(OE O SPUDMOY BAIOAR L0D BOA 1580)
ool B noly(iv o Beysasoy Binmotiod ey sei0; g0

Josy Buuioiiow jo agodog 5i ydjum odd (600) HoE ApDIS  TUOISSE30NS

Shunoinddy SessDE 580
oo eboquessn dudniboeiyd w pund) Ajusnbary

Sy ‘eduDqQInpRp

yioey

noug

‘UONRQUESH]

(o g70Z) 1oed ‘(W2 pF01) JOIN ‘edAl SNLAH

¥al

LJoupsBun oupopn s wnysnsiod

* stapuads wpleaoidl © | uosusEsE wnuboyds juusisoaan

DIGA0N| DIUDFE0E ¢ SISURYSDI-DIELD WAl unUiuep-e0

, S W) | gy o5 Wnizene)d uounuag

(s &¢ - 0v) 4aho| ssol

LOPUNDES DiaAd | SUBQWINDGI] DURYYNDE | SISUBIOLOD WNUBLMEION | DJo|SDa30
JSusdag palidy Lrompun wnig

JBinpdsiy sauabon * sN0RION DUGUYD  WNUEnED wiipd uoiiiop-og

(BISUBIDUDD SHUIOY HUOURLDE
{5 GZ) 10AD) BNOBI0YITH
JHE mEuawy  IoumsRann

 BAPIOUIETID WALIROLA, LR Jay
(BOUarIL SNYUOCOLLIY  uBUGR-05 Joguddod enEe | ouo)sDaa0
JONEHFENEUD Dk (BB D0 JuUOUILIOR-o5
SSER0| || AL W uEans uBLILGn JBLIDGI0G Sy UDULLIDD
(%% 0 anigs Alojsepu {9 OE) uojuRdaDey
JoAn| qniys
JORUAGDD DiNBE oUDjS00a0)
(OALLIGEIEGE BRIY UELLLIDR-O7
GEUBIN DO upuan

(4, GE - OL) 1ehp aply

unjsading saioeds

{yz) [opan oo f
[omLCS-83)|

{31} ¥aoy E

(w10 10 1o ﬁ

{09 04Hd " 193Hd adl pog

0¥ (8 ‘s50p edois

woler oo PNy

8 , z z 1oM07
g L [ Ly
1addp

S

Jnin aoojE-apy | oo semoy edoge Jeddf !n:fm__fnﬂ
Jzann vo 3

luourod eirg

joatisy ojydrbodag

1 [+ 51 a/s1 8] [+ NYE

4 [1[% E 0775 8| [N L4
7-E [T i ovl
e P 8 - I A A Vi

E 0B - 0E | ¥l
5i-d + Wyl

< - 5i-8 | + YW
v-€ | 08-08 b= t :
sislviciz |1 [0~ mscdep
.mMu__u (=) . gangns

ssouatinoy | POUIRIS BnLTR) Butia) amppon !.ﬁ.u/n;; .

§
L
1 z[z]lem |
F3
N
‘minsodxs
%“O0L- 99=4§
%SR- OL=h
REL -99=|
%59 - 958
"ES -Orss§
%Sy ~Q9E=V
%REC - 9Z=tL
SBEI -91=1 |
5 -8 =1
w"E - | =+
W
EIAURSY

JuBLLICUIALS [DiSAL

WV¥A 57d / 458 E'S-ZFSH-YF

adiy sang

gp oyl Buyduwos jo squiny

JBhns [oUDiEEEIINS
IRBIBS [DUOISEEI0NG
sugnbay jooyfiojoog

8|0js Apoajg g
Baruds pé — Jy WOSI0G IpIdAL  Zesy
33 oo — Jjunbay op seuljiog '3

LUNUpIaY, "SREE0IL / sanuds pay
Wy 81d / dSH E'S-THEE-VY




ou par la supériorité compétitive d'autres espéces (Stem
et Roche 1974), Des génes ou des groupes de génes
uniques ou rares peuvent se développer dans les
populations marginales.

Pour la délimitation des zones de transfert de
semences, la cartographie écologique est aussi trés ufile.
Elle peut servir, dans un premier temps, & délimiter des
zones préliminaires en attendant les résultats des tests
génécologiques. Lorsque les résultats de ces tests seront
connus, les zones de transfert pourront étre modifiées.
Mais de grands blocs de territoire seront atiribuss 3 une
zone ou a 'autre en fonction de leur seule appartenance
i une région écologique ou a un district écologique. Il
est en effet impensable d'établir un réseau de tests assez
dense pour faire fi des informations que nous donne la
végétation naturelle. Au Québec, les régions écolo-
giques sont déja utilisées pour controler les transferts de
semences. Dans les programmes d'amélioration, elles
servent & délimiter des zones d'amélioration et des
zones de testage.

Les Espéces menacées ou vulnérables

La Loi sur les espéces menacées ou vulnérables a été
adoptée afin de protéger les espices. 1l existe au
Québec méridional 2 550 espéces de plantes vasculaires
dont prés de 1 850 sont indigenes. Parmi celles-ci, une
liste de 374 espéces susceptibles d'étre désignées
comme menacées ou vulnérables a été produite nécem-
ment (Lavoie 1992). Selon la loi adoptée au Québec,
une espisce est menacée lorsque sa disparition est
appréhendée; elle est vulnérable lorsque sa survie est
précaire méme si sa disparition n'est pas appréhendée.
Le mot espice a icl un sens trés large, englobant une
SOUS-ESPECE, une race, une variélé ou une population
isolée,

Douze especes d'arbres (tableau 1), dont aucune
n'a une importance commerciale au Québec, figurent
sur cette liste. Ce sont toutes des espéces i la périphérie
nord de leur distribution naturelle. Au Québec, elles se
retrouvent toutes dans le sud-ouest du Québec,
(particulifrement dans le domaine de ['érabliére &
caryer) li oi1 la menace de disparition des habitats est la
plus importante en raison de ['urbanisation et du
développement agricole. A 'exception des aubépines
(Crataegus spp.), dont la taxonomie est assez
compliquée, on peut affirmer que ce sont toutes des
espéces largement répandues a 'exténeur de nos
frontigres.

Aucune sous-espéce, race, variété ou population
isolée d'autres espéces arborescentes n'a été identifice
comme étant potentiellement menacée ou vulnérable.
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Tableau 1. Liste des espéces d'arbres susceptibles d'étre
désigniées comme menacées ou vulnérables

Arer mgrum Miche. . - érable noir

Celtis oocidentalis L - mizocoulier ocidental

Cratzegus brainendii Sarg. - dubépine de Brainend

Cralargus orus—guili L. - subépine etgot-de-cog

Crataegus dilatats Sarg, - aubépine dilatée

Cralgsgus pruiness (Wendl) K. Koch var. prumnose - gubépine pruineuse
Crafzeges suborbiculets Sarg. - subdpme suborbiculnre
Juniperus virginigng L. var. crebre Fem. - génévrier de Virginie
Pirus rigids Ait.- pinigide

rirreue alhy L - chéne blane

Querrus Frolor Willd. - chéne bicolore

Uit Meoirsasii Sarg. - orme g

Toutefois, la préservation de certaines populations
méridionales d'espéces boréales devrait étre envisagée,
Des différences génétiques lides 3 |'origine géogra-
phigue ont dé&a été identifiées, chez le sapin baumier
par exemple (Beaulieu et coll. 1990). Des adaptations
climatiques particulidres aux populations méridionales
pourraient devenir déterminantes en regard d'un
rechauffement climatique.

Les Zones protégées

En plus de se préoccuper des espéces menacées ou
vulnérmbles {mesure corrective), le Québec a aussi
établi un réseau de zones protégées (mesure
préventive). Ce réseau, d'une superficie totale de plus
de 1 million d"hectares, regroupe 178 sites variant de 1 3
457 000 hectares (tableau 2). Ces sites peuvent étre
classés dans les catégonies |, I1, IV et IX de I'Union
internationale pour la Conservation de la Nature et des
Ressources naturelles (UICN). Les aires de catégories |
{réserve naturelle intégrale ou réserve scientifique), 11
{parc national ou réserve équivalente) et IV (réserve
naturelle dirigée ou réserve faunique) sont considérées
comme des aires naturelles protégées. Les réserves de
la biosphére (catégorie IX) sont des sites aménagés en
vue de la recherche, de |'éducation ou de la formation;
elles ont aussi pour but de sauvegarder la diversité
genétique des especes. Ce ne sont pas toutes des aires
forestivres. Cependant, elles sont toutes localisées au
sud du 52 parallele, 1 oii se trouvent la presque totalité
des habitants du Québec et 13 ol se trouve Ia forét dite
commerciale. Puisque la méthode la plus efficace pour
protéger la diversité biologique consiste a protéger les
habitats, le réseau devra donc étre examiné pour
évaluer son efficacité a préserver la biodiversité. Cette
évaluation sera fondée sur le pourcentage de territoire
protége, mais aussi sur des facteurs tels que la




Tablean 2. Résumé! des zones de préservation et des zones de conservation au Québec,

selon les catégories de I'TIICN
Catégorie Superficie (ha)
U.LCN.,  Désignation Nbre Tot. Min. Max,
I Riéserve éoologique 43 43 003 B 23 540
i arc national 3 o4 430 15 000 54 390
Parc historique national 1 190 _ -
Parc de la Commission 1 35700 . g,
de la capitale nationale
Parc provindal 16 419410 B0 145 000
v Autre parc 9 1351 1 600
Réserve nationale B 534 il 2398
de la faune
Refuge d'oiseaux i 50 683 4 11200
migrateurs
Refuge faunique 1 145 . .
Centre dducatif 9 12629 182 344
forestier
Station forestibre 1 49000 - .
Forét d'enseignement 16 28 458 112 6 665
et de recherche
Autre aire de 35 4438 2 951
conservation
1% Réserve de la biosphine 2 458100 1100 457 000
Total 178 1163 061
Superficie totale du Québec 2 149 640 000 appron.
Superficie du Québec au sud 75 790 000 approx.
du 52¢ parallile

1Tiré du Registre des aires naturelles protégées dy Québec selon o classification de 'UICN. MENVIQ,

[ir. du patrimoine écologique, juin 1993,

2Exchuant les eaux du fNleuve et du golfe Saint-Laurent, celles des échancrures des bales de
James, d Hudson et d'Ungava ainsi gue celles du détroit d "Hudsom.

représentativité, la configuration et les interrelations
avec les territoires adjacents (Cimon 1993).

Une expansion de ce réseau est défa prévue par le
gouvernement du Québec. Plusieurs territoires sont
déja réservés a cette fin et bénéficient d'une protection
absolue dans I'attente d'une décision finale.

Au Québec, environ 90 p. 100 de la superficie
forestigre est propriété de |'Etat (Cimon 1993).
L' utilisation durable de |'ensemble des ressources est
préconisée sur ces terres. La conservationdela
biodiversité peut donc y étre encouragée par la gestion
des pratiques d’aménagement qui y sont autorisées.

La Conservation Ex Situ et In Situ des
Ressources Génétiques

g5 activités de conservation des ressources
génétiques au Quebec ont élé réalisées dans le
cadre de I'amélioration génétique et du reboisement.

Les organismes impliqués dans ces activités sont le
Service canadien des foréts, et [e ministére des Foréts du
Québec. Quelques compagnies forestidres ont réalisé ou
collaboré i la réalisation des travaux d'amélioration

génétique,

Par le biais des programmes d’amélioration
génétique, on a mis en place des arboretums, des lesls
de provenances, des tests de descendances, des vergers
i graines et des banques de clones, de semences et de
pollen pour plusieurs espaces. Plusieurs lots de
semences et de pollen de diverses espéces sont
conservas en congélation aprés Iyophilisation. D'ici
peu, la eryoconservation des cals embryogenes sera
expérimentée. Le programme de reboisement, pour sa
part, a nécessité la création d'une banque de semences &
des fins opérationnelles, 1a sélection de peuplements
pour la récolte de semences et, tout récemment, la
création de quartiers de pieds-méres de peupliers
hybrides. La majorité de ces activités a déja été décrite




en détail par Boyle (1992). Un résumé est présenté au
tableau 3, qui comprend aussi quelques renseignements
provenant d'autres sources (Beaudoin et coll. 1993; 5.
Mercier, comm. pers.).

Les peuplements sélectionnés bénéfident tous
d'une certaine forme de protection dans le sens que ren
ne peut y étre fait sans I'accord du MED. D'autres
mesures seront suggérbes pour assurer une protection &
plus long terme de ces peuplements.

Les Pratiques d"Aménagement

‘aménagement des foréts québécoises est encadré
ar divers programmes, plans, stratégies ou lois qui

sont favorables,  divers degrés, 2 la conservation de la
diversité biologique. Citons, 2 titre d'exemples, la Loi
sur les foréts, les plans d'aménagement exigés en vertu
de celle-ci, la Stratégie de protection des foréts, le
Programme de connaissance de la ressource forestiére
(inventaires, cartographie forestigre, classification des
écosystemes, etc.) et le Réglement sur les normes
d'intervention en milieu forestier. Le MFO procede 2
I'évaluation de certaines pratiques d’aménagement
forestier. L'efficacité de celles-ci en vue du maintien de
la diversité biologique en forét aménagée et dans les
zones protégées adjacentes sera déterminée et des
ajustements seront proposés,

L'Amélioration Génétique des Especes
Commerciales

u Québec, le MFO et le Service canadien des foréts
partagent la tiche de réaliser I'amélioration

génétique des espéces forestieres commerciales. Le
MFO gére des programmes pour le pin gris (Pinus
bankstana), I'épinette noire (Picea mariana), les mélezes
(Larix spp.), les peupliers (Papulus spp.) et certains
feuillus nobles [bouleau jaune (Betula alleghaniensis),
chéne rouge (Quercus rubra), fréne blanc (Fraxinus
americana)]. Pour les peupliers et les feuillus nobles, un
projet de recherche particulier, visant & mettre au point
des méthodes de sélection pour la résistance aux
maladies, est en cours. Le MFO a aussi la responsabilité
d'installer tous les vergers & graines. Pour sa part, le
Service canadien des foréts est responsable des
programmes d'amélioration pour I'épinette blanche
{Picea glauca) et le pin blanc (Pinus strobus). Ensemble,
les deux organismes travaillent 3 'amélioration
genétique de I'épinette de Norvege (Picen abigs).
Finalement, le MFO subventionne une équipe du Centre
de recherche en biologie forestidre de 'Université Laval
pour réaliser la transformation génétique de I'épinette
blanche en insérant dans son génome le géne de |a
toxine de Bacillus thuringiensis. Des équipes de
PUniversité du Québec 3 Montréal et en Abitibi-
Témiscamingue s'intéressant a la sélection précoce et i

Tableau 3. Résumé des activités de conservation des ressources génétiques forestidres au Québec

Type
Activité Commentaires*
In sity
Peuplements sélectionnés 16 vspices, 136 peuplements, 2 975 ha
Exsitu
Tests de provenances 29 espices ou hybrides, 3 876 provenances, 337 ha, 327 testy
Tests de descendances 25 esplees ou hybrides, 142 tests, > 16 000 descendances
Tests clonaux Plusieurs especes de peuplier et de saule
Vergers i graines
+ de semis 13 204 familles, 877 ha, 42 vergen, 6 espéces
- clonaux 7101 clones, 193 ha, 39 vergers, § espéces
Banques de clones 17 espéces, 18 077 clones, 185 ha, > 170 000 arbres
Banque de semences
- recherche 52 espéces, 14455 lots
- opérationnelle 16 espices, 1019 lots, > 40 110 kg
Banqué de pallen 17 espéces, 568 lots
Arboretums 21 sites, 124 espdcus
Quartiers de piads-méres 5 sites, > 300 clones de peupliers

*hnmhmd'ﬁpmmmmmdusmlﬁm,dusﬁmm



la multiplication in vitro du pin gris. Une bréve descrip-
tion des projets réalisés au MFO est présentée ici. La
description de chaque projet est détaillée chague année
dans un rapport interne disponible a la Direction de la
recherche du MFQ.

Pin gris

Dees tests de provenances ont montré qu'en général, les
provenances locales sont plus fiables. Les vergers a
graines onl été congus en conséquence. Des tests de
descendances ont é1é établis pour permettre une
éclaircie génétique dans les vergers. La sélection
d'arbres parmi les provenances les moins sensibles au
chancre scléroderten (Gremmeniella abieting) est un
critére important pour les endroits ot les conditions de
croissance sont plus favorables au développement de
cette maladie. On porte aussi attention a la rouille-
tumeur globuleuse (Endocronartium harknesit), au
charangon du pin blanc (Pissodes strobi) et au nodulier
chu pin gris (Vespamima pini). Le pin gris est la seule
espéce pour laquelle l'industrie québécoise a proposé
des critéres technologiques 4 améliorer génétiquement.
Ainsi, on cherche & accroitre la production (volume) et
Ia rectitude du tronc et & maintenir la densité du bois a
sa valeur actuelle. On commence & s'intéresser d la
colora-ton du bois, Si ce facteur est génétiquement
régi, Il pourrail devenir un critére de sélection, Des
croise-ments diriges avec les meilleures provenances de
pin taxifolié (Pinus contorta var, latifolia) seront réalisés.

Epinette noire

Programme trés semblable & celui qui a été établi pour
le pin gris. L'essence étant reconnue et trés utilisée pour
ses qualités papetibres et pour le sciage, on vise 3
améliorer la produchivité (velume) et & maintenir la
densité du bois a sa valeur actuelle. L'épinette noire
présente une tige relativement droite et est peu affectée
par les insectes et les maladies. Cette espéce se préte
trés bien au bouturage juvénile et 2 la multiplication par
embryogenése somatique. Pour la deuxiéme généra-
tion, des variétés multifamiliales seront constitudes en
choisissant les meilleures croisements pour chague zone
d'amelioration. La possibilité de cryopréservation de
cals embryogénes pourrait permettre de créer des
variétés multiclonales. On explore les possibilités de
'hybridation avec I'épinette de Serbie (Picea omoriks) et
I'épinette de Sitka (Picea sitchensis),

Mélezes

Pour leur croissance rapide, des provenances de méléze

d'Europe (Larix decidua), de méléze du Japon (L
leptolepis) et certains hybrides (L. x eurolepis) ont été

sélectionnés pour le sud du Québec. Le méleze laricin
(L lancma) et le méléze de Sibérie (L. sibirica) seront
plutot utilisés plus au nord. Pour les espéces exotiques,
on vise surtout la sélection des meilleurs clones, mais
des provenances trés performantes de méléze d’Europe
ont été identifiées. Chez le méléze laricin, des vergers a
graines et des tests de descendances ont été établis 3
partir de récolte de semences sur des arbres-plus.
L'utilisation des mélézes est restreinte par un sérieux
probleme d'approvisionnement en semences. Le
bouturage de pieds-méres juvéniles pourrait permettre
d'étendre son utilisation pour le reboisement.

Peupliers

Dees essences exotiques sont introduites au Québec,
dans des tests de provenances et de descendances. Des
croisements interspécifiques sont réalisés pour
constituer les populations de base, afin de sélectionner
les meilleurs clones. La croissance, la morphologie et la
résistance i certaines maladies sont les critbres de
sélection. Les arbres sélectionnés sont bouturés et
évaluds dans des tests clonaux.

Feuillus nobles

Ce programme vise surtout i identifier ou & créer,
littéralement, de bonnes sources de semences pour le
programme de reboisement. L'amélioration de la
qualité des arbres est basée sur une sélection pour
I'adaptation climatique, la croissance juvénile et,
particuliérement, la dominance apicale et son incidence
sur la forme des arbres. Pour le chéne rouge et le fréne
blanc, des tests de provenances-descendances sont
privilégiés. L'hybridation intraspécifique du bouleau
jaune et 'nybridation avec le bouleau blanc (B. papyrifera)
servent & produire des semences améliorées. Les
bouleaux se bouturant relativement bien, la voie clonale
pourrait servir a reproduire le meilleur matériel. Le
noyer noir (fuglans nigra), essence introduite au Québec,
fait I'objet d'une collection de noix et de greffons & des
fins de préservation et de promotion du matériel adapi
aupres des utilisateurs.

Résistance aux maladies

Il s'agit essentiellement de metire au point des
méthodes d'inoculation qui permettent un testage
précoce. Chez les peupliers, des clones résistants ou
peu sensibles au chancre septorien (Septoria musiva) et
au chancre hypoxylonien (Hypoxylon mammatum) sont
déja sélectionnés. Pour le bouleau jaune, on met au
point une méthode pour évaluer sa sensibilité au
chancre nectrien (Nectria galligena).
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Epinette de Norvege Les deux premidres questions doivent aussi étre
considérées pour préciser les priorités de conservation

L'adaptation aux conditions de croissance est l'objectif ex situ. En conséquence, 'identifie les besoins suivants

principal qui guide le choix des provenances et des

descendances chez cette espéce exotique trés produc- * une synthése de la situation des espéces, afin

tive. On s'intéresse en particulier a sa tolérance au froid d'identifier les priorités et les cas-problémes. La
et & sa résistance au charangon du pin blanc. Des liste des plantes rares de Lavoie (1992) est basée sur
croisements entre arbres sélectionnés sont réalisés. la taxonomie, la fréquence, l'abondance, 'habitat et
L'essence se préte relativement bien au bouturage la répartition des espéces mais ne tient pas compte
juvénile. Le reboisement avec I'épinette de Norvége se de leur structure génétique. Cette information est
fait surtout dans I'Est (Bas-Saint-Laurent et Ga;.pesw‘,i en probablement inexistante pour la grande majorité
raison de I'absence du charangon dans ces régions. des espéces non commerciales. Elle est parfois

partielle pour les espéces ayant fait I'objet de tests

Tous ces programmes d'amélioration sont encore de provenances ou d'analyses ' 7

relativement jeunes. Nos variélés améliorées ont une réalisation de cette synihise paurrait nécessiter Ia
base génétique relativement large. La grande majorité détermination de la structure génétique de plusieurs
des sélections pour les vergers a graines s'est faite sur espices. Les priorités de recherche pourraient

une base régionale pour en garantir 'adaptation. Les s'établlir 2 partir des critéres retenus par Lavoie

tests de descendances sont faits dans la ou les régions
prévues pour |'utilisation des semences. Le nombre de
tests de descendances correspondants & un méme
verger 3 graines varie de un & quatre. Pour les familles
d'un méme groupe, le test de 1a descendance est
généralement réparti sur plusieurs sites.

(1992) et du statut commercial de 'espéce. Par
exemple, une espéce i large distribution et abon-
dante serait moins prioritaire qu'une autre limitée a
une niche écologique particuliére et observée moins
fréquemment.

* la déterminabion du systéme génétique propre i
chaque espéce prioritaire, afin de bien planifier et

Lacunes a Combler! gérer la conservation in sifu. Ces informations

pourraient aussi servir a évaluer ['impact de

différentes activités d’aménagement sur la variation
génétique des populations dans les zones
aménagées.

le suivi des effets génétiques de l'aménagement des

foréts par des analyses isoenzymatiques et des

¢tudes morphologiques et physiologiques

* quelles espéces ont besoin d’une protection (Kitzmiller 1990).
particuliére, en tout ou en partie (sous-espéce,
provenance, etc.)?

* en fonction de la structure génétique des espéces,
quelles populations doivent étre protégées pour
préserver un échantillon représentatif?

* en fonction du systéme génétique propre 3 chaque
espéce (mode de reproduction et dynamigue des
populations, en particulier), quelles superficies

a conservation génétique in situ revét deux aspects:

la protection de zones forestieres et la gestion
écologique appropriée dans les zones non protégées
(Boyle 1992). Afin de réaliser une conservation in sifu
adéquate, je pense qu'on doit répondre aux questions
suivantes ;

Quelques ajustements A certaines pratiques
actuelles permettraient d'améliorer I"efficacité des
mesures de conservation de la variabilité génétique. [l
s'agit de la gestion des peuplements sélectionnés pour
la production de semences, de la récolte de semences,
de la production de plants destinés au reboisement et
des programmes d’amélioration génétique.

minimales sont nécessaires en fonction du but Les peuplements sélectionnés pour la production
recherché (voir Shaffer 1981)? Quels autres de semences ont tous une durée de vie limitée, Aucune
organismes doivent étre présents (pour la directive n'existe pour que la régénération du site sera
pollinisation entomophile, par exemple)? assurée de maniére A ce que le nouveau peuplement soit
* quels sont les effets des différentes interventions en génétiqguement conforme & I'ancien. La gestion des
zones non protégées et de la fragmentation des peuplements sélectionnés selon le modele des
foréts sur la variabilité génétique des populations peuplements siandards de Finlande (Hagman {1972)
(coupe & diamétre limite, coupe de régénération, cité par Stern et Roche (1974)) servirait non seulement 3
etc.)? la conservation genetique, mais permettrait aussi de
e 3 3 disposer d'un réseau de peuplements de référence pour
EI:'E‘ ﬁmm u‘? mﬁmwﬁ Lﬁdgﬁ I'amélioration génétique des espéces. [l est important

réflexions de l'auteur.




de noter que ce modéle n'exclut pas |"utilisation
commerciale des peuplements.

La récolte de semences est planifiée selon les
régions écologiques, en fonction des besoins en plants
pour le reboisement et des capacités de production des
vergers & graines. Eventuellement, toute la récolte
destinée it la production de plants devrait provenir des
vergers. On pourrait prévoir une récolte de semences
destinée i la conservation génétique ex situ, planifiée en
fonction de la structure génétique des espéces et selon
un cycle de quelques années. Des récoltes A intervalles
réguliers permetiraient de dynamiser la banque de
semences; les récoltes successives dans un méme
peuplement refléteraient |'évolution génétique de
celui-ci.

La préservation de la variabilité génétique au cours
du processus de domestication, préconisée par El
Kassaby (1992), n'est pas encore une préoccupation des
pépinigres forestidres du Québec. Cette lacune me
semble trés facile i combler. Des mesures préventives
sont aisément applicables. 11 serait possible d'évaluer
la sensibilité de chaque espéce a 'appauvrissement
génétique engendré par le processus de production de
plants de reboisement.

Dans les programmes d'amélioration génétique, la
principale lacune me semble étre la faible duplication
des tests de descendances. Si, face & |'incertitude
engendrée par les changements climatiques, la
meilleure stratégie consiste entre autres i sélectionner
des «généralistes» (Ledig et Kitzmiller 1992), nous
devrions établir nos tests de descendances a plus
d’endroits et en placer quelques-uns & Vextérieur des
zones d'utilisation prévues pour les semences.

Conclusion

u Québec, le MFO préconise la régénération
turelle des foréts et 'aménagement des foréls est

déja orientd vers Ia conservation de la diversité
biologique. Aucune stratégie de conservation de la
diversité génétique d'espéces forestizres n'a encore &té
mise au point mais le processus est amorcé. Un bilan
sur ['état de la biodiversité en milieu forestier semble en
voie d'étre réalisé, bilan qui devrait tenir compte de la
diversité génétique. Une classification des écosystémes
forestiers est disponible pour Ia majeure partie du
Québec méridional. La législation nécessairea la
protection des espéces menacées ou vulnérables existe
déja et l'identification des espéces susceptibles de
bénéficier de cette protection est en cours. Un réseau de
zones protégées est en place et son expansion est prévue
& court terme. Les programmes d"amélioration

génétique et de reboisement ont eu pour conséquence la
réalisation d'activités de conservation i situ et ex situ
des ressources génétiques. Plusieurs éléments essentiels
a la conservation de la biodiversité sont donc déja
disponibles. Des lacunes existent mais cerfaines
peuvent facilement se corriger et & peu de frais. 1l 5'agit
maintenant de procéder 2 I'évaluation compléte des
mesures existantes et d'élaborer une stratégie qui
répondent & nos besoins en respectant les inévitables
contraintes de toutes natures,
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Gene Conservation Activities at the Canadian Forest Service -
Maritimes Region

. Loo

Maritimes Regicn, Canadian Forest Service, Fredericton, New Brunswick E3E 5P7, Canada

Abstract

’]:Thﬂe are a number of activities of the Canadian Forest Service, Maritimes Region that have some connection with
gene conservation, although that is not the primary focus. A study was conducted recently to determine how
well major forest types are represented in highly protected areas in the Acadian Forest Region. Within the Fundy
Model Forest, a CFS - led Gap Analysis project seeks to identify those areas that should be protected but are currently
receiving none. In addition, a study is underway to examine the effect of different disturbance types on the genetic
diversity of several species. The CFS has its own small in situ conservation program in the form of several small eco-
logical reserves at the Acadia Forest Experiment Station. This experiment station is also the site of a number of
genetic and species tests that provide a limited degree of gene conservation. Work on embryogenesis and cryopreser-
vittion is progressing, and it is expected that the techniques will be applicable to gene conservation.

Résumé

Dans la Région des Maritimes, un certain nombre d'activités du Service canadien des foréts a un lien avec la con-
servation des ressources génétiques, mais ces activités n'ont pas la conservation pour but principal. Une étude
récente visait & déterminer dans quelle mesure les principaux types forestiers étaient bien représentés dans les aires
hautement protégées de la région forestibre acadienne. Dans la Forét modéle Fundy, le SCF dirige un projet
d'analyse des carences visant a relever les secteurs qui devraient étre protégés. Une autre étude permettra d'examiner
Peffet des différents types de perturbation sur la diversité génétique de plusieurs essences. En outre, le Service cana-
dien des foréts a son propre programme de conservation in situ, qui prend la forme de plusieurs petites réserves
écologiques i la Station d'expérimentations forestiéres Acadia; cette station dispose d'un certain nombre de tests de
descendances et de plantations comparatives essences, assurant ainsi une cerfaine protection du patrimoine géné-
tique. Enfin, des travaux région sur |'embryogenise et la cryopréservation sont en cours dans la région et devraient
produire des techniques utiles & la conservation des ressources génétiques.

Status of Forest Genetic Resources |

study was conducted recently to determine how

well major forest types are represented in highly
protected areas in the Acadian Forest Reginn, which
covers most of the Maritime Provinces (Hunderf and
Loo, in prep.). Areas considered to be highly protected
include national parks, ecological reserves, nature
reserves, and some provincial parks. Priorities for new
areas were assigned to forest types on the basis of
number and size of those presently protected.

Using Loucks (1962), Rowe (1959), and Simmonds
etal. (1984), sixteen major forest types in the region
were identified (Fig. 1). Forest types are assumed to'be
associated with a given successional stage, following a
predictable pattern. For example, a forest type consist-
ing of a coniferous, deciduous mixture with a tolerant

hardwood component would be expected to succeed to
a late successional type of either tolerant hardwoods or
tolerant mixedwood depending on the proportion and
species of softwoods in the mixture.

Early successional types are very common in the
Maritime forested landscape, so were not considered to
have priority for establishment of new areas re
of their representation in protected areas. All of the
identified major forest types appeared at least oncein
an area of at least 50 hectares. This does not necessarily
mean that all forest tree species in the Maritimes ocour
in at least one highly protected area; the forest types
were assigned on the basis of dominant species, and
minor species with highly localized or widely scattered
low density distributions may not appear in any of the
protected areas. It is unlikely that any of the areas
includes bur oak, for example.




Late

Figure 1. Snccessional patterns of major forest types in the Acadian Forest Reygion.

Highest priority was given the mixed late succes-
sional and cedar-hemlock forest types, each of which
appear in only one highly protected natural area
(Table 1). There are four protected areas in the region
with mid-successional mixed forest types that would be
expected to succeed to the late mixed type, but most are
small. Both the coastal and flood plains types received a
priority rating of 2. Both are in some danger of develop-
ment and both are highly specific habitats, including
species or populations of trees that are highly adapted
to their respective habitats.

The CFS in the Maritimes has its own small in sifu
conservation program in the form of several small eco-
logical reserves designated in the 1950s at the Acadia
Forest Experiment Station near Fredericton,
Unfortunately, there is no federal legislation for ecologi-
cal reserves, so the sites have no official legal protection.
Their locations are indicated both on maps and on the
ground, however, and the whole area, by virtue of being
an experiment station, has a degree of protection.

In total there are nine reserves, which have since
been identified as International Biological Program
sites, summing to 139 hectares, Species included in the
reserves when they were inventoried almost 40 vears
ago are: red spruce, black spruce, and white spruce;
white pine and red pine; red maple and sugar maple;
tamarack; white cedar; yellow birch and white birch;
black ash and white ash; balsam fir; and eastern hem-
lock. These ecological reserves are mferesting from an
ecological perspective because they were inventoried

about 40 years ago and have been untouched since then
within the boundaries of the reserves, The landscape
around the reserves has been modified, however,
including establishment of plantations of exotics and
range-wide provenance trials of native species.

Ex situ Conservation

vamanre testing has received strong emphasis over
the years in the Maritimes Region. In particular, the
Acadia Forest Experiment Station has 130 test sites
{some location duplicates) including species, prove-
nance, progeny, and clonal trials (Table 2). Many of
these tests consist entirely or in part of exotic species or
exotic x native hybrids so do not contribute to gene con-
servation of native tree species.

The CFS has provenance tests for nine species (two
exotics) scattered across the region as well (Table 3.). A
total of 55 hectares of provenance tests have been
planted in the Maritimes Region by the CFS at 37 loca-
tions. The ages of these plantations range from § to 34
years from planting. Most of these tests have been mea-
sured and, for many, results have been reported. At pre-
sent, however, most of the provenance trials are consid-
ered inactive and are minimally maintained for the
stated purpose of gene conservation.

Current and Planned Programs

uch of the forest genetics work at CFS-Maritimes
ion is now concentrating on embryogenesis




Table 1L Areas of forest types occurring in highly protected natural areas
in the Acadian Forest Region and priorities for protection of new areas

%of  Total _#Sites>30ha # Sites > 300 ha
Type .Total Area Late Total Late Total Priority
Hardwood 23 298 12 16 3 & 3
Softwood ) 27528 L] B 1 4 2
Mixed 13 147 1 5 0 3 1
Ce-He 3 2826 1 1 1 1 1
Bs, BIL E 1l 11503 7 7 3 3 3
Coastal 1 1249 5 5 ] 0 )
Flood Tl L. 2 2 1 1 1
Table 2 Summary of genetic tests al Acadia Forest Experiment Station
Type of Test Number of Tesls Species
Species & Sitka spruce, black spruce, white spruce, Norway spruce,
P. shrenkiana, P. koyams; native fir and exotic fir; tamarack,
European larch and Japanese larch
Species Hybrids 7 Native and exolic spruces, native larch and exotic larch
Provenance 26 Red spruce, Norway spruce, Sitka, black spruce and
white spruce; tamarack, European and Japanese larch;
Douglas-fir; jack pine and red pine
Progeny 9 Norway spruce, white spruce, and black spruce; Japanese
larch, tamarack, jack pine
Clonal 10 Spruce native and exotic hybrids, black spruce and white
spruce, native larch and exotic hybeid larch, tamarack
Others 12 Red spruce, black spruce, and white spruce; balsam fir,

red pine and jack pine

Table 3. Provenance tesis established in the Maritime Region by the Canadian Forest Service

Spedes No. Provenances Area (ha) No. Locations
Black spruce ) 100 10
White spruce 103 (3 expts) 47 3

Red spruce 45 (2 expts) fd 9
MNorway spruce 100 {many expis) 75 several
Red pine 40 (2 expi=) L] 3
Tamarack ¥ 120 B
Japanese larch pi 45 1
Yellow birch 45 10 1

Jack pine 7 22 2




and eryogenic storage of embryogenic cultures. Though
the work on cryogenic storage is not presently focused
on gene conservation, it is recognized as a useful tool
for that purpose. Techniques developed in the free
improvement program with the purpose of storing
clonal tissue until test results are available should also
be applicable to gene conservation. A total of 300 white
spruce clones have now been cryogenically stored as
embrogenic cultures, and tests have shown that the cul-
tures resume growth when removed from storage.

There are as-yet unfunded plans to make collec-
tions from commercially importznt tree species near
their southern range limits in the New England states in
anticipation of climate change. Some of the seed would
be tested at various locations in the Mantime provinces
for performance under local photoperiods, and the
remainder would be stored for future use.

The projects underway in the Fundy Model Forest
specifically relating to gene conservation, a gap analysis
of the Fundy Model Forest and comparison of genetic
diversity under different disturbance regimes, are part
of the CFS program.

The genetic component of an Acadian forest
restoration project at the Prince Edward Island National
Park, which was initiated by the Canadian Parks
Service, is being conducted at CFS-Maritimes. The
objective of the genetic study is to determine, using
isozyme analysis, whether there is adequate gene flow
between PE.L and mainland populations of sugar
maple, red oak, white pine, and white spruce to prevent
differentiation of Island populations. Fifty individuals
from each of 10 populations, including four Island and
10 mainland, of each of the four species have been sam-
pled (Fig. 2) and isozyme analysis is underway.

Research Requirements, Species to
Investigate, Issues

issue of minimum viable populations and popu-
lation viability analyses has received much attention

for (large) faunal species, but very little has been done
specifically on trees. There is a need for information on
viable numbers for continued survival and adaptation
of populations and species of trees, in designing pro-
tected areas, as well as in operational forest manage-
ment plans.

Tree or shrub species with high "ecological” value,
with fruit or berries providing important food for many
bird and animal species, are generally insect-pollinated.
The impact of fragmentation and species conversion of
forests may be greater on these species than on wind
pollinated species. Research on gene flow mechanisms
and success rates, and genetic variability in this group
of species, would allow recognition of potential
problems.

Spedies in the Maritime Region potentially requir-
ing attention include bur oak, which occurs in'small iso-
lated populations in the Sain! John River Valley; iron-
wood and butternut, which are associated with rich
hardwood forests and are both probably much less
common now than in precolonial times; beech, which
has been devastated by beech bark disease throughout
most of the region although occasionally trees appear
untouched by the disease; and hemlock, which is proba-
bly much less frequent than in precolonial times and
has isolated, very old populations in parts of the region.
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Gene Conservation in New Brunswick

. Loo
Maritimes Region, Canadian Forest Service, Fredericton, New Brunswick E3E 5P7, Canada

Abstract

ere is currently no explicit forest gene conservation strategy or program for the province of New Brunswick. As

well, there are no tree species presently in the province that are on the rare or endangered list. Gene conservation
is, however, only one purpose of protected areas and of managing for biodiversity. The parks group of the New
Brunswick Provindal Recreation and Environment Branch are presently in the process of developing a new provin-
cial parks plan which will increase its focus on conservation. The provincial ecological reserves program is in a state
of change as well, though only a few small areas currently receive protection. Plans are being developed for a system
of representative protected areas for the future. Tree improvement activities have focused on the four species most
used for reforestation, and tests, seed orchards, and seed storage all provide some degree of gene conservation for

these species.

Résume

n'existe en ce moment aucune stratégie ni aucun programme précis de conservation des ressources génétiques

restizres du Nouveau-Brunswick. De plus, aucune essence ne figure sur la liste des espéces rares ou menacées
d'extinction. Pourtant, la conservation des ressources génétiques est un des buts de I'aménagement des aires pro-
tégées et de la gestion de Ia biodiversité. Les responsables des parcs, 4 la Direction de l'environnement et des loisirs
de la province, sont en train d'élaborer un nouveau plan provingal des parcs qui accordera plus d'importance a la
conservation. Le programme provincial de réserves écologiques est lui aussi en mutation, bien que seulement
quelques aires de petite taille soient protégées pour le moment. Les plans d'un futur systéme d'aires représentatives
sont en cours d'élaboration. Par ailleurs, les activités d’amélioration des arbres ont surtout porté sur les quatre
essences les plus utilisées pour le reboisement, et la conservation des ressources génétiques de ces essences est
assurée dans une certaine mesure par des plantations comparatives, des vergers a graines et des banques de
SEMences.

Ecological Diversity of Forested Ecosystems ~ good position to conduct a rigorous forest ecosystem

in the Province classification because of the availability of detailed
) . forest cover and soils data, digitized in the province-

ew Brunswick has a d“’e"-"’f-' array of forested wide GIS, and extensive ground-truthed data. The pre-

ecasystems, Loucks (1962) identified six forest sent eco-classification system is depicted by Fig. 2. The
zones in New Brunswick which consisted of 16 species heavy dark lines delineate ecoregions, based entirely on
associations (Table 1). On the basis of the tree species climate, intermediate lines delineate the 26 ecodistricts
associations, he divided the province into eight ecore- based on soils, topography, and climate, and ecosections
gions which more or less followed the major geologic are defined by the fine lines. Ecosections must be con-

(Fig. 1) and climatic delineations in the province. Other sidered provisional at present; they are in the process of
significant early work on forest ecosystem classification being described and boundaries are being validated. In
In New Brunswick includes that of Rowe (1959). By his the process of validating the boundaries, forest commu-

designation New Brunswick included parts of three nities are being described for each ecosection using tree
Forest Regions: Acadian (most of the area), Great Lakes species, site richness, and moisture data,
- 5t. Lawrence, and Boreal. The Forest Regions are

divided into Sections, of which New Brunswick has Ar: addilinlmj Emjact recently undertaken by the
eight, with boundaries similar to Louck’s ecoregions ecological classification group at N.B. Department of
though they are not exact. Natural Resources and Energy (DNRE) aims to estimate

the potential species and age class constitution of the
Thm has been much recent work on ecological forest landscape under natural disturbance regimes for

classification undertaken by the N.B. Dfparm:mt of comparison with the present situation. They plan to

Natural Resources and Energy. The province isina evaluate the effect of projected future harvesting cycles
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Table 1. Forest zones and ecoregions with aszociated major tree species in New Brunswick (From Loucks 1962},

Zone Ecoregion Characteristic species Associated climate
Sugar maple-Ash sM, Be, wAs* Warm, dry
(1) St John River sM, Be, |, wAs, By, Ba 1

Sugar maple-Hemlock-Pine

(2} Restigouche-Bras d'Or
(3) Magaguadavic-Hillsborough

Sugar maple-Yellow birch-Fir

(4) Maritime Uplands

Red spruce-Hemlock-Fine

sM, Be, wl, eH, yB
sM, Be, bF, yB, wF, w5
sM, Be, wP, eH, bE 1S

Mod. warm, mod. dry
Mod. cool, mod. dry
Mod. warm, mod. dry

{5) Clyde River-Halifax
(6} Mantime Lowlands

sM, ¥B, bE, Be Cool, moist
sM, yB, bF, Ba, wS, 5, tM il
5, bF. eH, wh, oM Mod. warm, mod. dry

1S, wk, EHJ 0, rM, bS, Be
bE, 15,15, H, wP, 1M P, wS, Be

Warm, dry
Modl. coal, mod, dry

Spruce-Fir Coast w5, bF, wB Cool, wet
{7} Fundy Bay 15, bE, wB, w5, bS, yB, Mo -
(8) Atlantic Shore w5, bE, bS, wB - -
Fir-Fine-Birch bE, wB, w5, wP Cold, moist
{9) New Brunswick Highlands bE, wB, wF, tA, w5, b5, P, 5 Cold, mod. dry
(10) Gaspé-Cape Breton BE, wB, w5, bS Cold, wet
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on the species and age class distributions across the
forested landscape of the province to allow identifica-
tion of deviations from that expected if the landscape
dynamics were driven by natural disturbances. This

process would be expected to flag tree species in danger
of serious decline.

In Situ Conservation
Nalional Parks

ew Brunswick has two national parks, both pn-

marily forested with a coastal component and both
heavily impacted by logging and agriculture prior to
their designation as national parks. Fundy National
Park, with a total area of 20 590 hectares, is about 94%
forested (Table 2). More than half of this consists of mid-
successional mixedwood forest, including white birch,
and yellow birch, red spruce, and balsam fir. About 40%
of the forested area in the park is classified as disturbed
forest, consisting primarily of a patchy remnant red
spruce overstorey that survived a severe budworm
infestation in the 70s with a well developed mixedwood

understorey. About 5% of the forested area consists of
tolerant hardwoods including sugar maple, beech, and
yellow birch.

Kouchibouguac National Park has a total area of
23 850 hectares, with about 50% of the area forested
(Table 3). Little of the area of the park could be classified
as late successional forest, but the overall tree species
diversity is high. About 65% of the forested area con-
sists of softwood forest types with species including
black spruce, white cedar, balsam fir, tamarack, jack
pine, red spruce, white spruce, and white pine.
Deciduous forest types cover 23% of the forested area
including trembling aspen, red maple, speckled alder,
grey birch, black ash, American elm, yellow birch, sugar
maple, red oak, largetooth aspen, and mountain maple.
About 6% of the forested area consists of mixed, mid-
successional forest types.

There are no current plans for a new national park
or a park extension in New Brunswick, though a Fundy
Park extension has been discussed in the past and is still
considered highly desirable by some nongovernment
organizations.

Table 2 Forest types with dominant species composition in Fundy National Park

Major Vegetation # of Areain
Types Dominant Trees  Plant Association Lower Vegetation Park Hectares
Forest:
Hardwood Forest sugar maple, Diryopterigtum spinulose wood a4 1002
beach, vigledosum {rich fern, Viola spp.,
yellow birch hardwoods - Rirch - bristhy club moss,
Maple) Trillium spp,
Maple-Beech-Birch
red maple Acervtunt (red maple spinulose wood fern, 0.1 85
stands) wood sorrel, wild lily
of the valley, red
maple shoots
Mixed Wood Forest - white birch, Dryopterietum striped maple, fly 18.6 3641
Hardwood Predominant  yellow birch, (mixed wood birch- honeysuckle, spinulose
ed spruce spruce) wood fern, wood sorrell
Mixed Wood Forest - red spruce, Dryoplerieto - spinufose wood fem, 300 5875
Softwood Predominant balsam fir, Comelum (mixed asters, moss spp
vellow birch, wood sproce-fir-
white birch birch)
Softwood Forest red spruce, Cornztum (spruce - spinulose wood fern, 07 50.8
balsam fir fir forest) bunchberry, moss spp
black spruce Piceetum (black kalmia, blusherry, LY s0.0
spruce bogs) goldthread, Sphagrum spp.
Disturbed Forest dead and dying Rubetum sirigosse raspberry, balsam fir, 374 71663
spruce and fir (budworm-killed red spruce, white
(from budworm)  forest) birch and yellow
birch regeneration;

Cladina spp.




Table 3. Forest community types with major tree species composition in Kouchibouguac National Park

Forest Community Types Area  %forest %Park | Forest Community Types Area  “oforest % Park
(hal land area {ha} land area
Coniferous Deciduons Forests
1. Black spruce with Nemopenthus 1 83 47 | M Trembling aspén and speckled @ 08 0.4
apcronaly and sphagnum moss alder
2 Black spruce with Nemopanbhie 1619 124 &8 1. Tembling aspen with 1023 78 43
schreberi . Crey birchand sphagnum moss = 555 43 3
3. White cedar and balsam fir 1815 138 7B 3.  Grey birch with Pierifum 137 14 10
4. White cedar and Mack spruce 957 73 40 aguilimz
5. Jack pine with sphagnum moss 132 1.0 05 24, Grey birch and white pine 1 <1 =1
6. Jack pine with Plenidfim 355 30 14 2. Red maple and hiack ash <l <.l <1
aguilini %.  Red maple and white cedar M 24 13
7. Eastern larch with Splagrrm 195 15 08 Y. Red mapleand grey birch with 12 13 (1
rECHrITI sphagnum moss
. Eastem larch 130 1n as 2. Red maple and american elm P 02 0
9. Red spruce and balsam fir with 1945 148 82 B. Fod mapleand baleam fir 41 03 0z
Meurvsium schreberi 3. Red maple and yellow birch 10 01 <l
10, White spruce 63 03 03 | 31 Red maple, sugar mapie and 0 01 <t
11. Balsam fir and white pine 85 or 04 bexch
12. White pine and white spruce b 02 01 | 32 Sugarmapleand yellow birch 1 1 <l
Subtotal B46T BL8 355 33. - Specided alder with ey and 147 11 (L&
Mixed Forests Ipuatiens capenzis W7 1.1 06
13, Balsam fir, white birch and 5 04 02 | M vellow birchand red maple 1 <11 <1
white pine 35 Red cak 109 (T 05
14. Balsam fir, yellow birch and 3 <1 <] 3. Lamgetooth aspen with 20 1.5 0.4
black ash Peridive aquilima
15, Balsam fir and yellow birch 253 19 L1 57, White birch with mountain 15 i {11
16, Balsam fir and red maple 44 i3 18] maple
17. American elm <1 <] <.
14, American elm and balsam fir <l 01 1 Subrbotals 2940 2 e
with Carex infumescens
19. White birch and balsam fr i 2 a1 Old Fields B 65 16
Sublotal 762 6.1 A2
Provincial Parks As part of the system planning process, eight

In New Brunswick provincial parks fall under the juris-

diction of the DNRE. The parks group within the

Recreation and Environment Branch are presently in the

process of developing a new provincial parks system
plan which they hope will become DNRE policy by

early 1994, and will provide an underlying framework

for the provincial parks.

At present the province has 43 provincial parks, 10
of which are considered 1o have conservation value in

terms of representativeness of natural regions. The

focus of the new systems planning process is on conser-
vation to a much greater extent than previously, as evi-

denced by the stated goals of the provincial parks

system. The goals are to 1) conserve and protect repre-
seniative examples of natural landscapes, 2) to provide
quality recreational and ecotourism opportunities, and

3) to promote environmental and natural awareness.

provincial park classifications have been identified, as
listed below.

1.

Nature Reserve Parks - Areas which protect natural
or natural /cultural features because of their special
interest, unique or representative characteristics,
and to the extent consistent with this, provide
opportunities for education and public
appreciation.

Wilderness Parks - Substantial areas of land where
the forces of nature are permitted to function freely
and where visitors travel by non-mechanized
means and experience expansive solitude, chal-
lenge, and personal integration with nature.

Natural Environment Parks - Incorporate outstand-
ing recreational landscapes with representative nat-
ural features (which may include historical
resources) to provide high quality recreational and
educational experiences.



4, Linear waterway - including public access and
having protected status.

5. Recreational Parks - Highly serviced parks capable
of supporting a variety of outdoor recreation
oppartunities for large numbers of visitors in an
attractive outdoor setting.

b. Campground Parks - Provide overnight accommo-
dations ranging from rustic to fully serviced (water,
electricity, sewage) camping sites in a natural out-
door environment.

7. Day-Use Areas - Provide recreational, historical,
interpretive /educational points of interest for resi-
dents and non-residents (beaches, picnic areas,
heritage sites)

8. Roadside Rest Areas - Provide scenic/interpretive
rest areas to the travelling public, while also includ-
ing an element of safety.

Al present the following exist: one provincial park
— classified as a nature reserve park; two natural envi-
ronment parks; nine recreation parks; 18 campground
parks; eight day-use areas; and five roadside rest areas.
There are no wilderness park’s or linear parks.

Ecological Reserves

The provincial ecological reserves program is also ina
state of substantial change. Presently there are three
small ecological reserves, with five more awaiting
proclamation (Table 4). Many other areas have been
proposed as ecological reserves (Fig. 3) and those on
provincial crown land are identified in management
plans, conferring a limited degree of protection. Most of
these areas were identified in the early 70s as IBP sites,
many are very small, and some may no longer confzin
the feature of interest.

The Ecological Reserves program is now taking a

systems approach, attempting to ensure that major
ecosystems in the province will be adequately

represented by a network of protected areas. This
system may not include many of the previously identi-
fied sites if they are judged to be inadequate in size or
other criteria. A Natural Areas System Plan should be
completed in early 1994. The Plan will establish evalua-
tion criteria, particularly pertaining to representivity, in
addition to elaborating on the recently approved N.B.
policy on protected areas.

Al present, the ecological reserves project is begin-
ning to identify study areas which are representative of
recurrent land form patterns, hopefully also representa-
tive of major ecosystems, The areas are intended to have
proportional representivity, reflecting natural distur-
bance patterns to the extent possible, and will be unde-
veloped to the extent possible. Representivity will be at
the ecodistrict level, but the intention is to capture the
diversity of the sections included within the district
boundaries,

Other Designations

Approximately 20% of the productive forest land in
New Brunswick has been given a form of reserve status
under provincial legislation. This includes watercourse
buffers, deer wintering areas, and mature coniferous
forest habitat. Timber harvest is not absolutely prohib-
ited in any of these areas, but they all receive special
treatment with the goal of providing clean water, and a
continuous supply of deer wintering and pine martin
habitat. The reserved areas will very likely move to new
locations as forest succession changes the nature of the
areas and as new areas become suitable habitat.

Genetic Conservation Strategies, Rare or
Endangered Tree Species

is currently no explicit gene conservation strat-
egy for the province of New Brunswick. In addition,
there are no tree species or populations listed as rare or
as endangered.

Table 4. Areac and epecies represented in New Brunswick’s Ecological Reserves

Name Area (ha) Major Tree Species
Cranberry Lake 47 0
Phillipstown B w5

Oak Mountain 100 sM, yB, Be
Loch Alva 38 15, yB, tM, bE
Glasier Lake 2 bF. tA, sM, wB
McCoy Brook 5 M, Be, yB
Blue Mountain &0 tF. 5, bS5, bF
South Keswick River | b5, Bf




Figure 3. Locations of exisitng and propesedd ecological reserves in New Brunswick.

Tree Improvement Programs

ree improvement activities have been focused on the

four major reforestation species, black spruce, jack
pine, white spruce, and tamarack. There is also a limited
amount of work on balsam fir, Norway spruce, and
white pine. Although gene conservation has not been an
explicit goal of the provincial tree improvement pro-
gram, clone banks, seed orchards, genetic test planta-
tions and operational seed storage all contribute to de
facto gene conservation, at least for those species that
have been of commercial importance.

Over the years there have been a total of 44 selected
stands for each of two species, black spruce and jack
pine, reserved for seed collection. Some of the stands
have been tested in “stand tests”. Most of these stands
have now been cut and the sites have been planted with
seed from the original stand. Two reserved stands
remain: a black spruce stand of 111 ha, and a jack pine
stand, 160 ha. in size. New stands are not being
selected.

The province has a total of 134.5 hectares of seed
orchards for the four major reforestation species
(Table 5). This total includes seed orchards established
by forest industry with the exception of the orchards on
J.D. Irving Ltd. land. Most of the black spruce and jack
pine seed orchards are of seedling origin, including
1240 half-sib families between the two species. Because
of the high level of genetic diversity within half-sib fam-
ilies, these orchards contain a greater array of genetic
material than do clonal orchards of similar size,

About 1880 clones have been established in clonal
archives. In addition to the four species most important
for reforestation, balsam fir, and Norway spruce are also
represented in the clone banks (Table 6). The black
spruce and jack pine entries are second generation
selections. The province has established 17 stand tests,
testing jack pine, black spruce and Ottawa Valley white
spruce. In addition, there are 116 family tests for jack
pine and black spruce and a total of 51 jack pine, balsam
fir, tamarack, and white spruce progeny tests. Recently



15 realized gain tests have been established for jack The province operates a seed bank for commercial

pine, black spruce, and white spruce. planting, with 18 species presently in storage (Table 7).
Only two of the species in storage are deciduous and
seven of the conifers are exotic species.

Table 5. New Brunswick seed orchards by species, type, number of entries and size

Species Type No. of Entries Area (ha)
Black spruce seedling B00 families A8
Black spruce clonal 35 clemes 3
Jack pine seedling 440 families ol
Jack pine clonal 40 clones 3
White spruce sedling 58 families B
White spruce clonal 122 clones 105
Tamarack clonal 157 clones 13

Table 6. Clonal Archives in New Brunswick

Species Number of Clones Area

White spruce 415 13,000 m?
Tamarack 20 9,400 m?
Black spruce 157 300 m?
Jack pine 189 400 m?
Balsam fir 48 260 m?
Spruce/larch =600 12ha
Norway spruce 200 0.2 ha

Table 7. Forest tree seed stored by the New Brunswick Department of Natural Resources and Energy

Species Number of Lots Weight (ka)
black spruce 53 4.2
Norway spruce 19 1529
red spruce 7 458
white spruce 35 BT
Austrian pinz 2 126
jack pine 3 3700
loblolly pine i 38
TUED pine 1 1.7
red pine 6 588
Soots pine 4 146
white pine i 1] 1741
European larch 1 17
fapanese larch 1 77
tamarack 16: 56.9
balsam fir S0 B1.8
eastemn cedar 4 6.0
ash 4 73
yellow birch 2 21




Tree Improvement and Consideration of Forest Genetic
Resources on Lands Managed by ].D. Irving, Limited

G.W. Adams
1.D. Irving Ltd., Sussex Tree Nursery, RE.#4, Sussex, New Brunswick EOE 1P0, Canada

Abstract

.D. Irving, Limited is a diversified forest products company which manages 1.0 and 0.9 million hectares of Crown

License and frechold land respectively across New Brunswick, Nova Scotia, and the State of Maine. These lands
cross five ecoregions mainly in the Acadian forest type. The management of forest genetic resources for commercially
important species are discussed in relation to tree improvement effarts. Specific aspects addmssad are selection and
ex situ conservation, seed production, and deployment as well as long-term management of diversity.

Résume

a firme J.D. Irving, Limited est une entreprise forestiére qui aménage 0,9 million d'hectares de terre franche et qui

détient des permis d'exploitation d'un million d'hectares de terres gouvernementales au Nouveau-Brunswick, en
Nouvelle-Ecosse et dans I'Etat du Maine. Ces terres chevauchent cing écorégions appartenant principalement 4 la
région forestiére acadienne. L'aménagement des ressources génétiques des essences forestieres qui ont une valeur
économique est examiné dans le contexte des travaux d'amélioration générale des arbres forestiers. Dans cet article,
il est spécifiquement question de la sélection et de la protection ex situ de la production et de l'utilisation des

semences ainsi que de la gestion a long terme de la diversité.

Introduction

.D: Irving, Limited is a diversified forest products

company with headquarters in Saint John, New

runswick. The company produces pulp, newsprint
and related products, tissues and paper towel as well as
lumber (softwood and hardwood) and high-quality
veneers, Forest management is conducted on approxi-
mately 900 000 ha of privately owned land (frechold)
ranging from northern Maine through New Brunswick
to western Nova Scotia and 1000 000 ha of L.D, Irving
Crown License land in New Brunswick. These lands are
mainly pari of the Acadian Forest Region (Rowe, 1959)
and are located across five ecoregions described by
Loucks (1962) for the Maritimes. These include
Maritime Uplands through Maritime Lowlands and
Coast Zones. Stand types range from Spruce-Fir, Mixed-
Woods, Tolerant Hardwoods (maples, yellow birch and
beech) and Intolerant Hardwoods (birches, maples,
poplar and aspens). Stand composition in many areas,
particularly in the southern half of New Brunswick, has
been preatly influenced by the long history of settle-
ment and forest use from the 18th century to present.
Other major factors that have shaped the present forests
are spruce budworm epidemics and forest fires.

Harvesting is conducted primarily using even-aged
management techniques such as clear-cutting (less than
60 ha) and multiple-pass entries. In some forest types,
selection harvesting is used, such as in some white pine
and tolerant hardwood or mixed-wood stands. On aver-
age, 16 000 ha of freehold and 11 000 ha of |.D. Irving
Crown License land is harvested annually. ].D. Irving,
Limited has been involved in reforestation since the late
1950s and since that time, approximately 300 million
trees have been grown in lrving nurseries and planted
on freehold land. Within several months of harvest, n
decision is made whether to site prepare and plant or
whether to accept natural regeneration. On average,

15 million trees are planted on freehold land annually
with an additional 5 million on Crown land. The five
main species planted are black spruce, white spruce,
Norway spruce, red spruce, and jack pine as well as
several minor species including white pine, red pine,
eastern larch, and birches. Stand tending is conducted
as required including herbicide application and pre-
commercial thinning to insure plantations and natural
regeneration areas are 'free to grow”.



Selection and Ex Situ Conservation

The J.D. Irving, Limited tree improvement program
began in 1980 and initially included four species;
black spruce, white spruce, jack pine, and eastern larch.
Since that time, Norway spruce and red spruce have
also been included. The other species planted are not
used on a large enough scale to economically justify a
full-scale breeding program however seed is collected
from high-quality natural stands. The company is a
member of two regional tree improvement cooperatives
which cover two breeding zones (Fowler 1986); the New
Brunswick Tree Improvement Council (NBTIC) and the
Nova Scotia Tree Improvement Working Group
(NSTIWG). Breeding strategies are described by Fowler
{1986). Plans generally call for family testing and
seedling seed orchards for jack pine and black spruce in
contrast to white spruce, red spruce, Norway spruce,
and larch where clonal seed orchards and complemen-
tary mating schemes are employed (polycrosses to
determine general combining ability and pair-matings
for second generation selection). Programs are at the
stage of selecting and breeding the second generation
populations for black spruce and jack pine. For white
spruce, red spruce, and eastern larch, first generation
breeding and test establishment is nearing completion.
First generation breeding has only just started for
Norway spruce. In some cases, |.D. Irving, Limited has
developed independent programs in addition such as
clonal seed orchards for jack pine and black spruce and
a diallel testing scheme for white spruce. The two coop-
eratives have been effective in the selection of a first
generation breeding population from across the area.
This is illustrated in Figure 1 {Simpson 1992) which
shows the distribution of over 1100 black spruce selec-
tions in New Brunswick. The involvement with cooper-
ative programs gives the company access to in excess of
4500 families or clones which are broken down by
species in Table 1 (Nitschke 1990, Simpson 1992).

Ex situ conservation is practicad at three different
levels by .0 Irving, Limited. These levels are seed
banks, intensively managed clone banks or sead
orchards and feld plantings induding species tests,
provenance tests and progeny or family tests. Efforisin
these different areas are described as follows:

Seed Banks: The company operates seed extraction, stor-
age and testing facilities. Seed is stored at approxi-
mately -10°C. A total of 35 tree species are currently
being stored and these represent 658 seedlots covering a
broad range of provenances. Total seed storage exceads
1000 kg. Each seedlot bears a unique storage number
which is maintained throughout nursery production,
planting and transfer of maps onto the Geographic

Information System. When a seedlot is processed for
operational seedling production, a sample (usually

100 gm) is removed for long-term storage where it is
reserved for research purposes only. Germination test-
ing of operational seedlots is conducted on a three year
cyicle. Anadditional seed bank is maintained for seed
originating from controlled crosses used in the tree
improvement program. A total of 361 seedlots from five
species are presently in storage.

Clone Banks and Orchards: The company maintains clone
banks for the main species considered in the tree
improvement program. In some cases, for instance red
spruce, the clonal seed orchard also functions as a clone
bank. The grafted trees are established on farm field
sites and intensively managed until the trees are well
established. A minimum of two ramets per clone are
planted and the clones are replicated on at least two
sites, either in a clonal seed orchard or in a provincial
government clone bank. The clone banks are perceived
by the company to be long-term resources to be pre-
served and not replaced with successive generations of
tree improvement programs. There are currently over
1300 clones preserved in this manner and the number
increases annually as new second generation selections
are made.

Field Tests: Test plantations of various types, in addition
to providing information to guide reforestation efforts,
also serve as a repository of genetic resources and may
be termed ex situ conservation areas (Boyle 1992). Tests
are generally replicated over several sites to assess
genotype-environment interactions but this practise
also has security implications. Replication acts an excal-
lent hedge against risks from fire, insects, or other disas-
ters. Tests established by ].D. Irving, Limited fall into
two broad categories, these being family /progeny tests
and species or provenance tests. Family and various
types of control-pollinated progeny tests are planted to
provide information and the opportunity for advanced
generation selection, mainly within the breeding zone
for the species with intensive tree improvement pro-
grams. To date, the company has established approxi-
mately 112 ha of such tests. The species and provenance
tests function to provide long-term information on how
non-native species or non-local provenances perform in
our environments. These tests may be of even greater
value if changes in the environment occur (Ledig and
Kitzmiller 1992). The company has established approxi-
mately 100 ha of tests that fit into this category, often in
cooperation with other agencies such as the Canadian
Forest Service. This is an ongoing effort, for example, in
1991 a series of stand collections of red spruce were
planted in New Brunswick representing sources from a




Figure 1. Location of black spruce plus trees in New Brunswick. One dot may represent several troes (total of 1144 selections) (from Simpson 1992).

Table 1. Number of plus tree selections by species for cooperative programs in New Brunswick and Nova Scotia!

Number of Selections

New Brunswick Nova Scotia
Species (NBTIC) (NSTIWG) Other?
Black Spruce 14 ™
White Spruce i1 509
Red Spruce 586
Norway Spruce 250
Jack Pine B% 49
Eastern Larch 0
White Pine 5
Total b 1992 250

‘frﬂmNiIﬁdﬁhﬁ{lewmﬁmdﬁmmﬂmthmC
2 Canadizn Forest Service provenance irials.




transect of the Province of Nova Scotia. Seed from 50
sources for an additional provenance test of Norway
spruce has recently been assembled for establishment in
1994,

Seed Production and Deployment

he establishment of seedling seed orchards for black

spruce and jack pine began in 1979. Planting of
clonal orchards of white spruce, black spruce, jack pine
and eastern larch started in 1983, with Norway spruce
and red spruce following in 1986 and 1992 respectively.
A total of 33 ha of seedling seed orchards and 61 ha of
first generation clonal orchards were completed by 1991
and 20 ha of second generation black spruce and jack
pine orchards are nearing completion. All seed used for
the first four species is supplied by the seed orchards.
The clonal orchards typically contain between 50 and 80
clones with a 50% roguing intensity being anticipated.
The seedling seed orchards generally contain 100 to 140
families with the intention being to remove approxi-
mately 70% of these based on family test results.
Deviation from panmictic mating is one factor which
influences the genetic gain captured in orchard seed
and also has implications in the genetic diversity of
orchard seed (El-Kassaby 1992). In our situation, this
resulls mainly from variation in fecundity among
clones, Recent advances in the control of flower produc-
tion through induction treatments with gibberellic acid
4/7 (GA4/7) can greatly ameliorate this problem
(Greenwood et al. 1993), This is illustrated in Table 2 for
black spruce. By using growth acceleration and flower
induction, 94% of clones bore female flowers and 81% of
clones bore male flowers three years after grafting. The
development of stem injection procedures instead of
foliar sprays of GA4/7 has significantly reduced the
cost of application from $2.70 to $0.40 per tree for the
chemical required with additional labour and equip-
ment reductions (Greenwood et al 1993). This makes it
feasible to use flower induction in seed orchards on
poor flowering clones to achieve better balance in the
reproductive output of clones and increase the effective
population size.,

Table L The average number of female and mate fowers
per tree and percentage of clones flowering in 1992 for
second generation black spruce selections grafted in 1959

Female Male
Average number of 4546 224
flowers per tree
Percentage of clones 4% Bi%
fowering {15/16) (13/16)

Biochemical markers such as allozymes may be
used to assess the genetic diversity of natural popula-
tions compared to selected populations in seed orchards
(El-Kassaby 1992, Hamrick 1992). Research is currently
being undertaken by Dr. ]. Loo to sample heterozygos-
ity levels and allele frequencies from all first and second
generation black spruce clones in the company's seed
orchards in comparison to natural stands.

Long-Term Management of Diversity

The conservation of genetic resources figures promi-
nently in the development of long-term breeding
strategies. Maintaining broad genetic diversity will
allow for further improvement of reforestation stock
while providing the flexibility to respond to potentially
changing conditions in the environment or product
poals. Fowler (1986) provided a sound basis for breed-
ing strategies for the cooperative programs in the
Maritimes and recognized that these would be adjusted
as new information and technologies are implemented.
In general, sublining (vanBuijtenen and Lowe 1979) will
be employed for most species, however, it is still uncer-
tain how these will be designed. As more test data
becomes available, decisions will have to be made con-
cerning whether to breed for broad adaptability or
whether to develop sets of sublines for specific areas
within the breeding zones (Namkoong 1991). More
sophisticated production strategies employing clonal
propagation are being developed for some species (Park
etal. 1993) which will better accommodate the produc-
tion of specially adapted planting stock than conven-
tional seed orchards.

Other developments that will be considered with
respect to genetic diversity are the use of elite popula-
tions and assortative mating schemes within sublines
(Williams 1992, Weir and Todd 1993). Simulation
models are being developed by Dr. T. Mullin undera
contract through the Canada/Nova Scotia Forest
Development Agreement to examine genetic gain and
diversity implications of some of these strategies. This
type of modelling exercise will be useful to |.D. Irving,
Limited as the knowledge of genetic parameters for our
species expands.

Summary
D Irving, Limited has long considered forest genetic
resources in its reforestation programs and land man-
agement goals. This is illustrated by the diversity of
species and seed sources utilized as well as the level of

commitment to free improvement programs. The com-
pany has been a founding partner in the Fundy Model




Forest under Canada’s Green Plan. Several projects in
the Model Forest directly address issues of conserving
forest genelic resources including gap analysis. Other
applied research is being conducted to answer ques-
tions concerning hardwood management and mixed
species management in plantations. The Mode! Forest
will provide valuable information to assist in develop-
ment of better landscape management regimes to
encompass the many demands placed on the forest.

References

Boyle, T.L.B. 1992, Forest tree genetic conservation in
Canada. Forestry Canada, Science and Sustainable
Development Directorate, Inf. Rep. ST-X-4. 49 pp.

El-Kassaby, Y.A. 1992. Domestication and genetic diver-
sity - should we be concerned? For. Chron.
6B{6): 687-7IN.

Fowler, D.F. 1986, Strategies for the genetic improve-
ment of important tree species in the Maritimes.
Can. For. Serv. - Maritimes Inf. Rep. M-X-156. 30 pp.

Greenwood, M.5., Adams, G. and Kempton, 5. 1993.
Using recent advances in the control of conifer
reproductive development to increase genetic gain.
In: Proc. of Twenty-fourth Meet. of Can. Tree Imp.
Assn., Fredericton, N.B. 10 pp.

Hamrick, J.L. 1991. Allozyme diversity of natural stands
versus seed orchards of loblolly pine. In: Proc. of
Twenty-third Meet. of Can. Tree Imp. Assn,
Ottawa, Ont. (abs). p. 21.

Ledig, ET. and Kitzmillar, | H. 1992. Genetic strategies
for reforestation in the face of global climate
change. For. Ecol, Manage., 50:153-169.

Loucks, O.L. 1962. A forest classification for the
Maritime Provinces. Depl. of Forestry, Forest

Research Branch, Nova Scotia Institute of Science
25(2), 167 pp.

Namkoong, G. 1990. Forest Genetics: 2050 - The quick
and the dead. In: Proc. of Joint Meeting of West.
For. Genet Assn. and TUFRQ Working Parties
5.2.02-05,-06,-12,-14. Olympia, Wash. 4.120.9 pp.

Nitschke, F. 1990, Nova Scotia Tree Improvement
Working Group - Seventh Annual Report. Nova
Scotia Dep. Nat. Res. 19 pp.

Park, Y¥.5., Simpson, |.D., Adams, G.W,, Maorgenstern,
E.K. and Mullin, T]. 1993. An updated breeding
strategy for black spruce (Picea mariana (Mill.)
BS.P) in New Brunswick. In: Proc. of a Workshop
on Breeding Strategies of Important Tree Species in
Canada. Natural Resources Canada, Inf. Rep.

M-X 186E. pp. 41-54.

Rowe, | 5. 1959, Forest regions of Canada. Dept. of
Northern Affairs and National Resources, Forestry
Branch Bulletin 123.

Simpson, J.D. 1992 Plus tree selection in New
Brunswick. New Brunswick Tree Improvement

Council, Tech. Rep. No. 5, 17 pp.

vanBuijtenen, .P. and Lowe, W.]. 1979, The use of
breeding groups in advanced generation breeding,
In: Proc. 15th South. For. Tree Imp. Conf. pp. 55-65.

Weir, B.|. and Todd, D.S. 1993, Economics of advanced
generation tree improvement: A Southeastern US
perspective. In: Proc. of Twenty-fourth Meeting of
Can. Tree Imp. Assn. Fredericton, N.B.

Williams, C.G. and Lambeth, C.C. 1992, Genetic
improvement using an elite breeding population.

In: Proc. IUFRO Meeting on Tropical Tree Breeding,
Cali, Columbia, 14 pp.




92

Forest Gene Conservation in Newfoundland and Labrador
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Abstract

he flora and fauna of the island of Newfoundland may have a potential for genetic drift because of the island'’s

geographical isolation. The stresses of a harsh and diverse climate also present unique natural selection pres-
sures. As a result, the conservation of Newfoundland's genetic resources may be of spedial significance within
Canada. The current status of native tree species and the conservation efforts for protecting natural populations, both
in situ and through ex situ genetic archives, are reviewed. White pine (Pinus strobus), red pine (P. resinosa), and black
ash (Fraxinus nigra) are the native tree species most vulnerable to local extinction. The need for an adequate network
of protected areas to maintain each of the rare and vulnerable native species as viable populations is emphasized as
the most relinble means of forest gene conservation in Newfoundland and Labrador.

Résumé

Lu flore et la faune de I'ile de Terre-Neuve sont exposées a la dérive génétique en raison de I'isolement géo-
graphique de 'ile. Le climat nigoureux et vané crée égalment des pressions particuliéres sur le plan de la sélec-
tion naturelle. En conséquence, la conservation des ressource génétiques de Terre-Neuve peut revétir une importance
particulitre au Canada. L'auteur examine la situation des espéces indigénes d'arbres et les efforts de conservation de
populations naturelles in situ ainsi qu'ex sifu dans des archives génétiques. Le pin blanc (Pinus strobus), le pin rouge
(Pinus resinosa) et le fréne noir (Fraxinus nigra) sont les essences indigenes les plus menacées d’extinction localement,
Un réseau adéquat de zones protégées permettant de conserver chacune des espéces indigénes rares et vulnérables
est préconisé comme moyen le plus sdr de conserver les ressources génétiques forestiéres de Terre-Neuve et du
Labrador,

IntroducHon strobus), red pine (P. resinosa), and black ash (Fraxinus
nigra) are in progress to characterize the penatic status
orest tree gene pools in Newfoundland and of these disjunct, island populations. These studies will

Labrador may be of special interest for gene conser- determine if the island populations are of special
vation because of their geographic isolation from ances- genetic significance. Nevertheless, recent efforts have

tral mainland populations. The combined effects of been made to provide both i situ and ex sifu protection
genetic isolation, inbreeding, and genetic drift within for these rare tree species through the establishment of
small populations, and the special natural selection ecological reserves and seed orchard/ gene pool

pressures related to climate, may have produced unique  reserves, respectively.
forms of adaptive genetic variation. 1tis assumed that
most of the forest tree populations were reintroduced fo
the island following retreat of the Wisconsin Gladiation
around 8000 years B.F. (Macpherson 1981). island of Newfoundland falls entirely within the
Boreal Forest Region of Canada (Rowe 1972). The
northeentral and western parts of the island are pre-
dominantly forested, whereas the eastern and south-
eastern parts consist of rocky barrens with scattered
patches of coniferous forest. The western length of the
island is dominated by the Long Range Mountains

Forest Regions and Ecoregions

Alternatively, Newfoundland gene pools may not
have been geographically isolated from ancestral main-
land populations long enough to have undergone sig-
nificant evolutionary (genetic) changes (Nei etal. 1975).
Comparative molecular genetic studies of Newfound-
land and mamland populations of white pine (Pinus




which comprise large areas of alpine barrens and open,
lichen woodlands.

Despite a land mass of only 106 000 km?,
Newfoundland has a varied geology and climate
(Banfield 1983, Rogerson 1983). Climatic vanability is
caused by the confluence of the cold Labrador Current
and the warm Gulif Stream off the northeast coast.
Based on vegetation, svil types and regional climate,
Damman (1983) recognized nine ecoregions in insular
Newfoundland.

The Western Newfoundland Ecoregion is domi-
nated by balsam fir forests and contains the northem
limit of yellow birch and black ash on the island. This
ecoregion also contains a significant remnant of the
island’s white pine. The forest community of central
Newfoundland has evolved in response to a recurring
fire cycle of between 200 and 300 years and is domi-
nated by black spruce. Natural island populations of
red pine are restricted entirely to the Central
Newfoundland Ecoregion (Roberts 1985) because of
their ecological dependence on fire. 1tis here that white
pine, red pine, red maple (Acer rubrum), and trembling
aspen (Poplus tremuloides) reach their northern limits
on the island.

The white pine population of central and western
Newfoundland was decimated by harvesting for the
export trade at the turn of the century (Kennedy et al.
1955, Munro 1978) and subsequenily, by the introduc-
tion of the white pine blister rust Cronartium ribicola
{Mosseler and Warren 1992, Carroll 1990). Forest man-
agement policies such as fire suppression, harvesting of
red pine without replacement, a preoccupation with
management of spruce and fir for pulpwood produc-
tion, together with inadequate protection of existing
populations has resulted in serious declines in both of
the native pines.

With the exception of an area of productive forest
arcund Lake Melville and parts of the southeast coast,
Labrador is dominated by scattered patches of open,
lichen woodland interspersed throughout a rocky bar-
renland. The interior forest is dominated by black
spruce (Picea marioni), while balsam fir (Abies balsames)
and white spruce (Picea glauct) dominate in coastal
areas. Tamarack (Larix laricima) and white birch (Betula
papyrifera) form a minor component. Much of Labrador
forms part of the transition between subarctic forest and
tundra that stretches across northern Canada (Rowe
1972). Meades (1989) recognized 10 ecoregions in
Labrador.
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Status of Native Tree Species

D 1 any plants reach their northern or southern limits

in Newfoundland and Labrador. There are 1406
known species of vascular plants native to
Newfoundland; of these, 271 have been listed as being
rare (Bouchard et al. 1991). The following tree species
are native to insular Newfoundland and are listed in
order of increasing rarity: Picea mariana (Mill.) BS.P,
Abies balsamea (L) Mill,, Picea glauca (Moench) Vess,
Lartx laricing (Du Rei) K. Koch, Betula papyrifera Marsh.,
Fopulus trenmuloides Micho., Acer rubrum L., Betula
glleghaniznsis Britton, Populus balsamifera L., Pinus sirobus
L., Pinus resinosa Ait., and Fraxinus migra Marsh. In the
province of Newfoundland jack pine (Pinus banksiana
Lamb.) is found only as a small population near the
border between Quebec and Labrador; this represents
one of the northernmost populations of jack pine in
eastern North America. The following woody shrubs
native to insular Newfoundland are listed in order of
increasing rarity: Salix spp., Prustus spp., Juniperus corm-
munis, Amelanchier spp., Sorbus spp., Acer spicatum,
Txus canadensis, and Cornus alternifolie.

The rare tree species that reach their eastern and
northern limits in Newfoundland, such as red pine,
white pine, and black ash may have undergone signifi-
cant population declines as a result of the climatic cool-
ing that occurred after the thermal peak of the hyp-
sithermal period 4000 to 6000 years B.F. (MacFPherson
1981). However, anecdotal evidence and historical
records from sawmilling activities also indicate that
population declines in red pine and white pine have
accelerated dramatically over the last century.
Population declines in these two species have increased
public awareness of the need to promote conservation
of the Island’s biological diversity, including the diver-
sity of native tree gene pools (Mosseler 1992, Mosseler
et al. 1993b, Mosseler and Roberts 1991a b, 1992,
Mosseler and Warren 1992), The Newfoundland Forost
Service has now implemented a ban on harvesting of
red pine and white pine.

Int Situ Conservation of Forest Genetic
Resources

FProtected Areas

tis widely recognized that in sity protection provides

the most sensible approach to ensuring the mainte-
nance of viable populations. Newfoundland has a wide
range of federal and provincdal statutes and legislation
for protecting natural areas. However, these mecha-
nisms vary in their effectiveness in controlling




exploilation and /or development of natural resources.
In the past, areas have been set aside only to have their
protected status revoked under pressure from develop-
ers. If the protected areas network is to meet the objec-
tives of (i) representation of ecological diversity, (i) pro-
viding sites for long-term ecological research and moni-
toring that can serve as natural benchmarks and scien-
tific controls for assessing management techniques, and
{iii) providing insurance against resource management
policies that go awry, then legislative protection against
development must be assured.

In 1980, only two percent of the island of
Newfoundland comprised protected areas. To remedy
this situation, the Wildermness and Ecological Reserves
Act was enacted. The process enacted by the legislation
is considered to be one of the best in the country
because it ensures both public input into the establish-
ment and management of the reserves and the highest
level of protection from development.

Wilderness and Ecological Reserves are established
by Cabinet upon the recommendation of the Wilderness
and Ecological Reserves Advisory Council. The majority
of the eleven member council are selected from outside
government. The process is a long one that involves the
technical support of the Parks Division of the
Department of Tourism and Culture, Other provincial
departments and agencies are consulted to identify
potential conflicts through the Interdepartmental Land
Use Committee. Public interests are heard through ini-
tial public meetings and final public hearings.

In the Island's 500-year history since settlement by
Europeans, exploitation of natural resources has been
widespread. Most recently, this has led to the collapse
of the marine ecosystem and. consequently, the collapse
of the cod fishery. As elsewhere in Canada,
Newfoundlanders are developing a conservation ethic.
In 1989, the Protected Areas Association (PAA) of
Newfoundland and Labrador was formed. The PAA s
the province's link with the endangered spaces cam-
paign of the World Wildlife Fund (Canada). Through
research, planning, and public education, the PAA is
working towards completion of a protected areas net-
work by the year 2000. Although anyone can suggestto
the Wilderness and Ecological Reserves Advisory
Council (WERAC) that an area be protected, the PAA
has led this effort with the development of the most
comprehensive strategy for completion of a protected
areas network. A formal strategy document
(Anonymous 1993) has been submitted to WERAC for
their action.

The PAA strategy incorporates plans for a “core
reserve system” (Component [ and Component I1
reserves) that will include larger, ecologically represen-
tative areas within each of the nine ecoregions described
by Damman (1983) for insular Newfoundland and by
Meades (1989) for the 10 ecoregions of Labrador. A
system of smaller (Companent I1I) ecological reserves
have been proposed to protect unique ecological fea-
tures such as rare and endangered species and sites of
extreme species richness. Several of these reserves
include forest tree gene pools, Scientists within the
Canadian Forest Service and Canadian Parks Service
have assisted in the development of this strategy by
documenting areas of ecological significance and by
identifying rare populations of trees like red pine, white
pine, and black ash (Deichmann 1989, Mosseler and
Roberts 1991a,b 1992, Mosseler et al. 1993,)

At present, Newfoundland's protected areas
include two large National Parks (Gros Morne Park in
the west and Terra Nova Park in the east), several
smaller Provincial Parks (Barachois Pond, Sir Richard
Squires, Butterpot, David Smallwood, and Salmonier
Nature Park), two wildlife reserves, two large wilder-
ness reserves (the Avalon and Bay du Nord Wilderness
Reserves), and 10 Ecological Reserves, While many of
these areas were designed for protecting seabirds and
plant communities other than trees, this network does
protect forests in five of the island’s ecoregions
(Damman 1983).

Gaps in the Protection of Forest Genetic
Resources

pulations of red pine, white pine, and black ash are
the most vulnerable owing to a combination of

rarity and/or introduced pest problems that threaten
their survival as naturally occurring species. These
species are not sufficiently protected within the present
network of Ecological Reserves. Increased artificial
regeneration and forest management policies favouring
natural regeneration of these species could alleviate
much of the current threat. Silvicultural management of
naturally regenerating populations of white pine is now
being carried out in central Newfoundland. The intra-
duction of prescribed burning, mechanical scarification,
and /or removal of competing tree species would also
help to ensure survival of natural red pine populations
presently threatened by natural succession to black
spruce and balsam fir.

Considering the size (28 783 kmn?) of the Central
Newfoundland Ecoregion, the current level of




protection of the bilogical diversity is inadequate.
Only two to three small patches of the rare tree speces
(red pine, white pine, and black ash) are protected. Red
pine populations near West Brook (Springdale) and at
Grant's Siding have received the status of provisional
reserves to protect some of the oldest red pine on the
Island (Mosseler et al. 1993, Anonymous 1993). Red
pine populations at Sandy Lake, Charles Arm, and Noel
Paul's Brook also represent significant areas that should
be considered for protection. These populations are
regenerating naturally and could ensure the confinued
existence of self-perpetuating red pine populations in
the absence of fire. The red pine population at West
Brook will require some management interference in the
form of either a prescribed ground fire or mechanical
scarification to encourage natural regeneration.

The need to conserve the last remaining stands of
red pine and white pine has been recognized and pro-
moted for many years by individual foresters within the
Newfoundland Forest Service (NFS). The NF5 is
moving toward a more official position of recognizing
the need for conservation of these rare components of
the forest and has increased forest management efforts
to promote native pines through the establishment of
seed orchards, genetic archives, increased planting, pro-
posed bans on harvesting rare and vulnerable native
tree species, and silvicultural management of areas
where pines are regenerating naturally.

Black ash is probably the rarest native tree species.
Smaller (Component [1l) reserves have been proposed
for the protection of black ash populations along the
upper Humber River and on Glide Brook. Sir Richard
Squires Provincial Park could be expanded to encom-
pass the black ash population above Big Falls. Black ash
populations along the Indian River should also be con-
sidered for prolection. Some protection has been pro-
vided for populations of black ash along the edge of
Barachois Pond Provincial Park and in Gros Morne
National Park. Barachois Pond Provincial Park could be
expanded to include mare of this black ash population.
Other black ash stands have been identified at Glide
Brook (Deer Lake) and Rocky Brook (Reidville)
{Deichmann 1989).

Like the Western Newfoundland Ecoregion (10 052
km?), the Avalon Forest Ecoregion (576 km?) also con-
tains yellow birch (Betula alleghaniensis). The birch pop-
ulations of the Avalon Forest may be adapted to unique
climatic conditions characterized by the high incidence
of fog. These populations are partially protected within
the Salmonier Nature Park and possibly within the
Avalon Wilderness Reserve. An additional Ecological

Reserve has been proposed for a part of this area
{Anonymous 1993). The yellow birch of Western
Newfoundlzand is not protected within an ecological
TEserve.

Labrador has no protected areas. Several large
wilderness areas and two National Parks have been pro-
posed and are currently under discussion. Labrador's
only jack pine population at Redfir Lake has been pro-

posed as an ecological reserve.
Current and Planned Activities

enetic reserves are being established as artificial

gene banks for red pine and white pine at
Wooddale and Gander, using seed collected from
islandwide samples of the gene pool. The ecological
significance of natural populations of these native pines
continues to be documented through studies of repro-
ductive biology, genetic variation, and inleractions with
other forms of wildlife. Presently, the CFS and NFS are
documenting extant populations of white pine and
black ash for genetic characterization and in situ protec-
tion within ecological reserves.

Ex Situ Conservation and Tree Improvement
Programs

Tree Improvement Programs

orest genetics studies were initiated in

Newfoundland in the 1960s by the Canadian Forest
Service. Initially, exotic species were tested. Several
provenance tests of Sitka spruce (Picea sitchensis (Bong,)
{Carr.) and red spruce (Picea rubens Sarg.) were estab-
lished, but these species were not well adapted to con-
ditions in Newfoundland. The most promising exotic
species are Norway spruce (Picea abies L.), Japanese
larch (Larix keempferi (Lamb.) (Carr.)), European larch
(Larix decidua MilL) and interspecific hybrids between
these Larix species (Hall 1986a). The testing of exotics
was followed by the establishment of range-wide
provenance (seed source) tests for black spruce, white
spruce, and tamarack, and by regional provenance tests
of black spruce. Currently tree genetics research is
focused on native rather than exotic species.
Descriptions of tree improvement programs in
Newfoundland follow, by individual tree species.

Black spruce
Black spruce is the most planted tree species in
Newfoundland. Most of the artificially established gene
banks on the i=land consist of range-wide and regional
black spruce provenance tests. The range-wide black



spruce provenance test initiated by Morgenstern (1978)
was established at three locations (Khalil 1984). 1t con-
sists of six replicated blocks containing 16 tree plots of
between 64 and 72 provenances per site. A regional
provenance test consisting of 32 Newfoundland and
eight mainland provenances was established at six sites
on the island (Nicholson and Tricco 1969, Hall 1986h).

The NFS has established two black spruce seedling
seed orchards and three open-pollinated progeny tests.
Seeds for these tests were collected from 213 parent
trees. An orchard at Wooddale will produce seed for
most of insular Newfoundland. An orchard at Pynn's
Brook will produce seed for the Northern Peninsula and
Labrador. The parent trees are being assessed based on
open-pollinated progeny tests established at three sites
(Gander, Pynn's Brook, and Goose Bay). Given the
prominence of this species and the relative ease with
which it regenerates itself naturally following harvest-
ing, black spruce is not perceived as a conservation
issue.

Wihite sprice

Over the past 15 years, the white spruce companent of
Newfoundland's artificial regeneration program has
steadily increased and now represents 50% of the
province's regeneration program. Grafted clonal seed
orchards of 225 selected white spruce “plus trees” are
being established at Wooddale to produce seed for most
of the island. A second orchard of 50 white spruce
clones has been established at Pynn's Brook to supply
seed for the Northern Peninsula and Labrador. Three
open-pollinated progeny tests are planned for assess-
ment of these clonal orchards.

The Canadian Forest Service (CFS) established a
single white spruce provenance test in central
Newfoundland at North Pond. It consists of six replica-
tions (blocks) of 40 tree plots of 32 provenances (Khalil
1985). Most of the provenances are from the Great Lakes
- 5t. Lawrence Forest Region. Only a single
Newfoundland seed source of white spruce was
included in this gene bank.

White spruce predominates in coastal areas and in
the more fertile valleys of western Newfoundland and
the northern peninsula. The concentration of human
settlement and activity in these areas has placed white
spruce under intense harvesting pressure for genera-
tions. Similarly, throughout most of central Canada, the
white spruce gene pool has been eroded as a result of
forest harvesting, land clearing, and urbanization.
White spruce is a conservation issue in central Canada
and may become so in Newfoundland if representative

populations are not protected from disappearance. In
view of its potential commercial importance, particu-
larly in western Newfoundland, a conservation effort
for the in situ protection of natural white spruce popula-
tions may be warranted,

Tamarack

In 1987, the CFS established a range-wide tamarack
provenance test at three locations (in central and west-
ern Newfoundland). Most of the 25 provenances origi-
nated from Ontario, Quebec, and the Maritime
Provinces (Tricco 1987); three were Newfoundland
provenances. Four trees per provenance were repli-
cated in 10 blocks at each site.

The NFS is planning to establish a grafted, clonal
seed orchard at Wooddale based on 200 “plus trees”.
The selected parents will be assessed from three open-
pollinated progeny tests. While tamarack is not well
represented in ex situ gene banks, this species regener-
ates well following logging disturbance and is not a
conservation issue.

Balsam fir

Throughout most of Newfoundland, balsam fir will
regenerate naturally and there is no need for artificial
regeneration. Consequently there has been little effort
to genetically characterize this species. However, there
is concern for the management of balsam fir as a genetic
resource because of the balsam weolly adelgid (Adelges
piceas Ratzeburg) infestation that presents a serious
threat. Balsam fir stands are now being converted to
black spruce to limit the potential damage o the forest
resource. If stand conversion were practised on a large
scale, it could pose a threat to the balsam fir gene pool
and undermine the genetic recovery of the species
through natural selection for tolerance to the adelgid.
Evidence of such tolerance exists in natural populations
that have been infested for several decades. The
removal of residual, healthy stems of balsam fir within
heavily infested stands is a procedure that should be
questioned in view of both its ecological and genetic
implications.

Red pine
Concern over the future of red pine as a naturally occur-
ring species in Newfoundland prompted research into
the reproductive success (Mosseler 1992a, Mosseler and
Roberts 1992) and genetic structure (Mosseler et al.
1952b, 1991) of Newfoundland populations. Red pine
along the northeast coast of the island and in Terra
Nova National Park have shown decreased reproduc-
tive success due to cone and seed insects (Mosseler and




Roberts 1992a). Cooler, wetter climatic conditions in
these areas may also adversely affect pollination and
seed sel,

A representative sample of Newfoundland's red
pine gene pool (10 open-pollinated progeny from 70
parent trees) has been established in gene banks at two
locations in central Newfoundland (Wooddale and
Gander). Research continues on certain population
genetic parameters in an unique mutant population
fram western Newfoundland (Mosseler and Roberts
1991a). The emphasis of this research is on gene flow
between stands. In 1993 the oldest red pine tree (350
years old) on record in North America was discovered
in the Sandy Lake population (Mosseler et al. 1993b).

The NF5 could ensure the continued existence of
red pine as a component of the forest through increased
planting. The planting of red pine on some of the dry,
infertile sites that are usually occupied by unproduc-
tive, open, black spruce-lichen woodland would
increase the economic potential of much of the unpro-
ductive forest cover in central Newfoundland. Red pine
also faces a potentially serious threat from the scleroder-
ris canker disease that was introduced into the Avalon
Peninsula.

While pine

Excessive harvesting for the sawlog export trade at the
turn of the century and the white pine blister rust have
decimated Newfoundland's white pine population.
The few surviving stands of uninfected younger trees
remain highly susceptible to destruction by blister rust
infection. White pine deserves special attention as a
conservation issue in Newfoundland and warrants con-
sideration as a species vulnerable to local extinction.

The CFS has initiated research on the effects of
small population size on the genetic diversity and
reproductive success in the remaining isolated stands of
naturally regenerating white pine. Seedlings from pop-
ulations in central Newfoundland were established in
two gene banks at Wooddale and Gander in 1994. These
gene banks will preserve a representative sample of
Newfoundland’s white pine germplasm and serve as
seed orchards for the artificial regeneration program.

Black ash

Black ash is the rarest tree species in Newfoundland.
Initial attempts at documenting extant populations
were carried out (Deichmann 1989) and further efforts

are underway to complete a full documentation of the
resource. The black ash population is rare but under no
specific threat at present. Two of the five known popu-
lations are protected within Gros Morne National Park
and within the Barachois Provingal Park. However, the
remaining three populations should be protected, either
within protected areas or through a ban on harvesling,
Research on the molecular genetic characterizafion of
Newfoundland's black ash population has been initi-
ated at the Petawawa National Forestry Institute (PNFI)
to determine if these Newfoundland populations can be
genetically differentiated from mainland populations.

Hardwood species

Very little genetic research has been conducted on hard-
wood species in Newfoundland. In 1990, a genecologi-
cal study was established at two locations to test the
effect of ecoregions on the genetic structure of a native
willow species {Salix discolor Muhl). This study may
present some insights into the establishment of breed-
ing zones for developing seed transfer guidelines for
insular Newfoundland.

Seed Collection and Breeding Zone Identification

Seed shortages hampered artificial regeneration efforts
in Newfoundland in the 1970s and 1980s and resulted in
the importation of seed from untested mainland
sources. This practice violates some of the basic princi-
ples of genetic resource management and has the poten-
tial to disrupt locally adapted gene pools. In response
to these seed shortages, studies were conducted to
investigate the potential for maximizing seed collections
during bumper cone crops (Mosseler 1992b, Masseler et
al. 1993a).

A regional black spruce provenance test has been
established to define the breeding zones of
Newfoundland (Hall 1986b). Thus far, most prove-
nances showed good survival and have appeared to be
broadly adapted throughout the Island. However,
growth trends suggested that seed transfers to the
Northem Peninsula and Avalon Peninsula may be
adversely affected. If seed transfer problems relating to
maladaptation are to be identified and avoided more of
this kind of genecological information will be needed.
The NFS has tentatively recognized two breeding zones
within its tree improvement plan: the Northern
Peninsula Ecoregion and Labrador have been combined
into one breeding zone, with the remainder of insular
Newfoundland comprising a second breeding zone.



Gaps in Gene Conservation
Gap Analysis and Forest Conservation Priorities

The PAA has developed priorities for in situ conserva-
tion, These priorities were developed in consulta-
tion with scientists and resource managers from three
sources: federal and provincial government depart-
ments, the Memorial University of Newfoundland, and
environmental non-government organizations con-
cemned with the protection of natural areas. The CFS
has played an important role in promoting the conser-
vation of unique and rare forest tree populations by
providing scientific documentation on these conserva-
tion issues.

Forest management policies that explicitly recog-
nize the need to preserve the biological diversity of
Newfoundland are needed. For instance, a greater
emphasis needs o be placed on the need to maintain
viable populations of rare species when implementing
silvicultural and harvesting operations. Red pine, white
pine, and black ash will require better in sity protection
if they are to be maintained as naturally occurring
species in Newfoundland, These species must be con-
served for their contribution to the ecological diversily
and perhaps to the ecological stability of Newfoundland.

Research Needs

The main research questions relating to genetic resource
management in Newfoundland are: (i) measurement of
genetic diversity and genetic characterization of popu-
latons for conservation; (i) documentation of the
genetic effects of small population size and a definition
of minimum viable population sizes for rare and declin-
ing species; (iii) characterization of the ecological roles
of individual tree species within the ecosystem; (iv)
identification of factors affecting reproductive success;
{v) identification of specific threats to survival, particu-
larly those from introduced pests like white pine blister
rust, sclerroderis canker, the balsam woolly adelgid, etc.
and from forest management practices such as fire sup-
pression; and, (vi) identification of seed transfer zones.

There is an immediate need that the extent, loca-
tion, and significance of natural populations of the rare
tree species such as white pine and black ash be docu-
mented. Roberts [1985) has done this for red pine. This
kind of documentation must form the basis of "status
reports”, such as those produced by the Committee on
the Status of Endangered Wildlife in Canada (see Cook
and Muir 1984}, from which recovery plans could be
developed for rare and vulnerable species. The main
elements of this plan would be in silu conservation

within protected areas and forest management practices
that ensure the maintenance of all native trees regard-
less of economic importance.

Summary

forest gene conservation strategy needs to be
eveloped by the forestry community of

Newfoundland and Labrador. This strategy should
consider both the economically important species and
the rare and threatened tree species that may presently
be of little or no commercial importance. The latter
must be protected in the interest of conserving the eco-
logical diversity of the Island and for their economic
potential. The pulp and paper industry could play a
major role in the protection of rare species by adjusting
harvesting practices in the vicinity of rare populations.
The provincial government could assist in the mainte-
nance of red pine and white pine by planting areas
presently covered by unproductive woodlands, Red
pine and white pine are highly productive on these
areas and would be capable of supporting a future pine
sawlog industry.

One of the main benefits of protected areas to forest
management and forest science is the establishment of
areas for long-term ecological research. Such areas will
play an increasingly important role in genetic resource
management, especially if intensive genetic manage-
ment is practised. Within clonal breeding programs, a
narrowing of the genetic base of artificial populations
may be expected. Thus, maintenance of a reservoir of
genetic diversity within a system of protected areas pro-
vides important insurance against foreseeable and
unforeseeable problems with artificially bred and man-
aged populations. Given the uncertainties associated
with climate change, the existence of natural reservoirs
of genetic variability may become critically important in
ehtaining or reconstituting the genetic diversity neces-
sary for continued survival and adaptation of a species.
The forest management community has a strong, direct
interest both in supporting the establishment of a net-
work of protected areas that maintain natural popula-
tions in a relatively pristine form and in adjusting har-
vesting practices so that population viability is
maintained.
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A Framework for a National Strategy on Forest
Genetic Resource Conservation and Management

e following are outlines of a framework for developing a national strategy for the conservation and
management of forest genetic resources in Canada. Input for the development of such a national strategy came
from representatives of industry and provincial and federal governments from across Canada who met at a
workshop held in Toronto (November 15-18, 1993) to review and discuss genetic resource management and
conservation issues.

The development of a national strategy was seen as important for the following reasons: (i} to provide a focus
for enabling progress towards sound management of genetic resources across Canada, (i) to fulfill commitments
made by Canada under the Convention on Biodiversity, and (iii) to promote a coordinated approach to genetic
resource management and gene conservation issues. The framework presented below represents a general
consensus among the participants at the workshop. This consensus was developed during discussion groups that
focused on specific questions related to the development of a national strategy.

Goal or Mission Statement

To promote and perpetuate the genetic diversity, adaptive potential, and evolutionary capacity of forest tree
species.

General Approach or Guiding Principles

1. Recognize that species distributions cross provincial (national) boundaries and promote interprovincial
cooperation in the conservation and management of genetic resources.

2. Strategies for management of genetic resources should be based on species as opposed to provincial boundaries
or forest regions.
Recognize that tactics and priorities will be determined locally,
Maintain the adaptive potential of tree species in Canada by preventing the erosion of genetic diversity and
restoring genetic diversity where needed.

5. Promote the integration of genetic conservation and genetic resource management into forest management,

Recognize that an understanding of the genetic system and life history provides a foundation for sound
management of the genetic resources of a species.

7. Recognize that it is easier to maintain genetic diversity than it is to restore it.

8, Effective genetic management requires balancing evolutionary forces to prevent anthropogenic extinctions,
while recognizing that local extincton is also part of a natural process.

9. Effective management of genetic diversity must integrate the use of various techniques/ tactics for in situ and
ex situ protection of genetic resources.

10. Ensure the availability of genetic resources across Canada.

11. Inidentifying conservation priorities, we should consider: (i) rarity, (ii} specific threats to the
species / population, (iii) epportunities to do something, (iv)economic or community impeortance, (v) economie
or ecological potential, and (vi) current genetic status.

Objectives
1. Develop a national action plan for genetic resource management and conservation, particularly for the
protection of valuable or threatened forest genetic resources.
2. Establish a genetic resource conservation / management Working Group within the Canadian Tree Improvement
Association.
3. Establish a coordinator or a coordinating committes to monitor a national strategy for genetic resource
management/conservation and repart on progress.
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Assist in the development of federal guidelines to identify (measure) genetic diversity, its vulnerability, and
relationship to biodiversity (i.e.: COSEWIC, RENEW, etc.).

Establish common principles, guidelines, terminology, and systems for documentation.

Develop a national database on genetic resources preserved in ex sifu gene banks, provenance and progeny tests,
seed orchards, etc. that would be coordinated by PNFI with information provided by provincial land
management agencies.

Develop a status report and gene conservation strategy for each tree species.

Develop a communications plan for genetic resource management so that results can be disseminated and
incorporated into forestry practices.

Research Priorities
Population viability analyses and life history investigations.
Identification of minimum viable population sizes and the effects of small population size on genetic diversity
and reproductive success.
Identification of specific threats to genetic diversity.
Development of protocols for germplasm storage, especially for noncommercial and threatened or vulnerable
species.
Development of new /better estimates of genetic vaniation, structure, and diversity.
Document the impacts of forest management practices on genetic diversity and structure.
Identification of mating systems and genetic architecture, particularly for minor forest tree species.
Characterization of metapopulation dynamics.

Role of the Canadian Forest Service

Conduct research on genetic resource management and conservation issues.
Address international commitments (i.e.: Biological Convention).
Maintain a national centre for tree seed and germplasm storage for conservation and research purposes.

Identify gaps in the conservation and management of genetic resources and provide direct funding to address
these issues.

Foster collaboration among provinces.

Maintain national databases on genetic resources.

Act as a catalyst in facilitating surveys on the status of Canada’s forest genetic resources.

Facilitate the coordination of a national strategy for genetic resources management and conservation.
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