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To counteract loss of genetic diversity crucial for current and
future tree improvement, tree breeders have conserved forest
genetic resources in situ in their natural ecosystems in protected
areas or ex situ in plantations, seed orchards, and breeding
arboreta. This article reviews the genetic consequences of these
two conservation methods in terms of single-locus and multilocus
population structure from electrophoretic studies of natural
forests and breeding populations. Although natural forest popu-
lations have maintained high level of genetic diversity and
exhibited low level of population differentiation, loss of genetic
diversity would occur during the entire conservation process,
from population establishment to management of breeding and
production populations. Since forest trees are still at their earliest
stage of domestication in Canada, loss of genetic diversity comes
primarily from the initial sampling process during population
establishment. We discuss the optimal sampling strategy during
population establishment to conserve common and widespread
alleles, common and localized alleles, rare and widespread
alleles, and rare and localized alleles. We also discuss three
methods for studying the multilocus structure of forest trees and
show how such information would be useful for conserving co-
adapted gene complexes. We conclude that being small and main-
tained in controlled environments, ex siru conserved populations
would retain less genetic diversity than in situ conserved forest
populations. While ex situ conservation is operationally con-
venient for the short-term gains in tree improvement, we believe
in situ conservation is essential for renewing the genetic diver-
sity to meet the changing environments of an uncertain future.

Afin de contrebalancer la perte de la diversité génétique essen-
tielle & I’'amélioration génétique des arbres en cours et pour |"avenir,
les généticiens ont conservé les ressources génétiques forestieres
in situ au sein de leurs écosystémes naturels dans des zones pro-
tégées ou ex situ dans des plantations, des vergers a graine et des
arboretumns destinés aux croisements génétiques. Cet article fait état
des conséquences génétiques de ces deux méthodes de conserva-
tion en terme de structure de population issue d’un seul endroit
et répartie en plusieurs endroits & partir des études électrophoré-
tiques des foréts naturelles et des populations destinées aux croise-
ments. Méme si les populations des foréts naturelles ont maintenu
un haut niveau de diversité génétique et ont démontré un faible
degré de différenciation des populations, une perte de la diversité
génétique pourrait survenir au cours de I’'ensemble du processus
de conservation, soit entre la mise en place des populations et
I’aménagement des populations destinées aux croisements et a la
production. Compte tenu que les espéces forestieres sont encore
au tout début du processus de domestication au Canada, la dimi-
nution de la diversité génétique surgit principalement suite a 1'échan-
tillonnage initial effectué lors de I'établissement de la population.
Nous discutons de la stratégie optimale d’échantillonnage 2 utiliser
lors de |'établissement de la population afin de conserver les alleles
communs et largement répandus, les alléles communs et localisés,
les alleles rares et largement répandus, ainsi que les alléles rares
et localisés. Nous abordons également trois méthodes pour étudier
la structure des arbres répartis en plusieurs endroits et nous démon-
trons également qu'une telle information pourrait étre utile pour
conserver des complexes génétiques susceptibles d’étre utilisés.
Nous concluons que les petites populations conservées ex situ et
maintenues dans un environnement controlé contiendraient moins
de diversité génétique que les populations forestieres conservées
in situ. Méme si la conservation ex situ est opérationnellement utile
pour obtenir des gains & court terme en amélioration génétique,
nous croyons que la conservation in situ est essentielle au renou-
vellement de la diversité génétique afin de faire face a des
environnements en transformation dans un avenir incertain.

Introduction

The forest is Canada’s most important and valuable natural
resource, covering about 45% of the total land base (Brand
1990). It provides nationwide economic, environmental, and
recreational benefits. However, the provision of such benefits
is being threatened because the level of biodiversity in forest
ecosystems is declining at an accelerating rate. The respon-
sible factors for loss of biodiversity range from global
environmental effects (e.g., urban and agriculture develop-
ment, water and air pollution, and global climatic change)
to breeders’ intensified efforts on tree improvement. There-
fore, conservation of biodiversity has been the subject of
strong debate among Canadian scientists.

Ledig (1986) gave three distinct reasons why tree breeders
should be concerned with the maintenance of biodiversity: (1)
genetic uniformity increases vulnerability to pests and other
environmental stresses (2) genetic diversity permits construc-
tion of new strains which have breeding values in future and
(3) the loss of species diversity may reduce the stability of entire
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ecosystems. Thus, declining genetic diversity in both natural and
breeding populations will restrict the potential for genetic adjust-
ment to the ever changing natural, economic, and social com-
ponents of the environment (Frankel 1977; Namkoong 1986).

Forest genetic resources consist of both primary and secon-
dary gene pools (Frankel 1977). The primary gene pools are
the undisturbed natural forests and the secondary gene pools
are the remaining forests after ecosystem disturbance
(including breeding populations). Many believe that genetic
diversity in the primary gene pools can be conserved without
the need to maintain it. However, as natural areas become
progressively modified by human and non-human interfer-
ences, maintaining genetic diversity of natural forests and
their ecosystems will increasingly depend on application of
specific technologies (OTA 1987).

In situ and ex situ conservation are the two principal
methods to maintain genetic diversity (Frankel and Soulé
1981). In situ conservation maintains the natural forests in
their native environments in protected areas. Thus, the pro-
tected forests evolve continuously and dynamically with their
living and non-living environments (Frankel and Soulé 1981).
On the other hand, breeding populations or collections
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