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ABSTRACT

Important forest tree genetic resources require a management
strategy where in situ  (in the natural location) and ex situ
(out of the natural location) conservation techniques may be
employed. This survey documents the protected status of 

conifer tree species in current in situ  land reserves in British
Columbia. It also outlines the rationale and approach for deter-
mining the protection level that may be needed for in situ  gene
conservation.

In general, the  native conifers are well represented in
current provincial and national parks, and ecological reserves.
However, for a few species information is very limited. For
example, some problems are present with undifferentiated
inventory data. Information is typically scanty on the estimated
number of stems in each reserve but the estimates are often in
excess of requirements for genetic sampling.

This survey will need to be updated and modified as addi-
tional protected areas are established in the province and
inventory data for these protected areas are improved. This will
be particularly important for species that have inadequately
protected populations.



iv

ACKNOWLEDGEMENTS

The authors would like to thank Elizabeth Campbell for her
work in compiling data from Forest Inventory Report (),
and Dr. Jim Pojar for scrutinizing the text and figures for
inconsistencies in logic, fact and data. We would also like to
thank Lesley McKnight for assistance in editing and to the staff
at Production Resources, Research Branch, for their assistance
in putting together the text and figures.



v

CONTENTS

Abstract iii

Acknowledgements iv

Introduction 

Survey Methods 

Results 

Comments 

Literature Cited 



. Terrestrial ecoregions of British Columbia 

. Abies amabilis (amabilis fir) 

. Abies grandis (grand fir) 

. Abies lasiocarpa (subalpine fir) 

. Chamaecyparis nootkatensis (yellow-cedar) 

. Juniperus scopulorum (Rocky Mountain juniper) 

. Larix laricina (tamarack) 

. Larix lyallii (alpine larch) 

. Larix occidentalis (western larch) 

. Picea engelmannii (Engelmann spruce) 

. Picea glauca (white spruce) 

. Picea mariana (black spruce) 

. Picea sitchensis (Sitka spruce) 

. Pinus albicaulis (whitebark pine) 

. Pinus banksiana (jack pine) 

. Pinus contorta (lodgepole pine) 

. Pinus flexilis (limber pine) 

. Pinus monticola (western white pine) 

. Pinus ponderosa (ponderosa pine) 

. Pseudotsuga menziesii (Douglas-fir) 

. Taxus brevifolia (western yew) 

. Thuja plicata (western redcedar) 

. Tsuga heterophylla (western hemlock) 

. Tsuga mertensiana (mountain hemlock) 



vi

Authorities for scientific names of tree species (From Little,
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INTRODUCTION

The term ‘‘biodiversity’’ is frequently a part of public discus-
sions on the role of forests and forestry. It is often used to refer
to the number of species in an ecosystem, which represents
only one level of genetic variation. Unfortunately, the role of
genes in determining and perpetuating biodiversity at the eco-
system level is virtually unknown. The complexities of genetic
interactions among species pose very difficult problems for
research and a substantial understanding of species interactions
is unlikely in the foreseeable future.

Genetic variation within species is a component of bio-
diversity as well. The within-species component is important
because it represents the genetic contribution of each species to
the diversity of an ecosystem. Substantial genetic variation
within a given species will also increase the likelihood that the
species will continue to evolve and be a representative member
of an ecosystem. The present knowledge of genetic variation in
forest species comes primarily from conifer trees. Moreover, as
the dominant vegetation in B.C., these trees define the broadest
level of ecosystem classification and influence local environ-
ment for other forest organisms.

The current forests of British Columbia represent a genetic
legacy moulded by the effects of mutation, migration, natural
selection, and random genetic change over many generations
since the last glaciation. Major changes in climate occurred
during those   years and major genetic changes probably
occurred as well. Future climate change and associated genetic
changes seem likely. For the immediate future, however, the
impact of local human activity on forests is of most concern
and has prompted a review of how extensively our genetic
legacy is being protected. Many existing forests are protected by
law under a variety of categories and many new candidates for
protection are being evaluated.

Ideally, a fully informed review of the maintenance of
genetic resources would require laying a map of existing pro-
tected lands over a map of genetic variation associated with
geography for each tree species. Theoretically this would show
how much genetic variation is represented by protected lands.
However, while more genetic information exists for trees
than for any other forest organism, detailed maps of genetic
‘‘topography’’ have not been compiled for forest tree species in





British Columbia and are unlikely to be available soon, if ever.
At present, we know regional trends of genetic variation for
most species and have estimated how genetic variation is
distributed among and within populations for some adaptive
and biochemical traits. Patterns of variation for the vast major-
ity of genes in our tree species remain unknown and must be
assumed to be random or similar to known adaptive traits.

This survey summarizes the current state of in situ  pro-
tection for forest tree genes. It documents the status of 

conifer species in protected areas of British Columbia. This
documentation is necessary for two reasons: ) to ensure that
adequate protection is in place for in situ  populations at stra-
tegic locations within the species range in the province, and
) to recommend populations that may need additional pro-
tection. This survey provides an information base for a more
comprehensive gene conservation strategy that will integrate
in situ, ex situ, and more dynamic genetic management
techniques.

SURVEY METHODS

To summarize the current status of protected genetic resources
for conifers in British Columbia, we assumed that genetic
differentiation is mostly the result of natural selection. There-
fore genetic variation mirrors environmental variation over
distances of a few to several kilometres. This assumption allows
the expected genetic variation to be sampled using the detailed
classification of forest environments in British Columbia,
which combines plant species composition, soil characteristics,
and climate characteristics into biogeoclimatic zones. Patterns
of continuous genetic change are known to be associated with
topography for many forest tree species. While the genetic
implications of various environmental classification systems
have not been established, different environments will no
doubt exert different selection pressures on genes.

We conducted the survey in the following manner:

. For each of the  terrestrial ecoregions in the province
(Figure ), we listed ecological reserves, parks, and recre-
ation areas (> ha) for each combination of biogeoclima-
tic zone and tree species where a species was expected to
occur based on its native distribution.





Data sources included species range maps, forest cover
maps, species lists, vegetation community lists, regional
guides to environmental classification, and timber volume
data. The text Ecological characteristics of trees and shrubs of
British Columbia  (Krajina et al. ) was used for range
maps and initial identification of biogeoclimatic zones.
Changes have been made in the environmental classification
system since , and we attempted to follow the system as
defined by Meidinger and Pojar (). The Alpine Tundra
and Bunchgrass zones were not included.

The type and quantity of data varied widely. Species and
community lists were generally available for ecological
reserves, cover maps were generally available for provincial
and national parks, and wood volume data were available
for some provincial parks. Volume estimates were provided
by the Forest Inventory Report System of the B.C. Ministry
of Forests.

. We tallied the number of ecological reserves and parks
where a given species might be protected.

. We chose ecoregions that could serve as ‘‘core’’ areas for
protection of each tree species based on the location and
number of apparent protected areas within them. We also
identified ecoregions that might provide protection for pop-
ulations at the periphery of a species range or for disjunct
populations. Peripheral distribution was considered in both
a geographical and biogeoclimatic context.

We interpreted ‘‘core’’ to include areas of both geo-
graphical and ecological concentration for each species. For
example, core areas for Douglas-fir are distributed across
southern and central British Columbia in the Coastal Dou-
glas-fir and Interior Douglas-fir biogeoclimatic zones. Our
interpretation of ‘‘peripheral’’ emphasized areas at the geo-
graphical edges of the total species range and biogeoclimatic
zones outside the ‘‘core’’ distribution of the species. For
Douglas-fir, this included areas in the coast-interior transi-
tion in the Mountain Hemlock and Engelmann Spruce–
Subalpine Fir zones and interior Douglas-fir in the Sub-
boreal Spruce zone. To further extend the range of available
genetic variation we chose ‘‘outliers’’ or areas shown on
range maps as disjunct from the main species distribution.





Outliers could contain atypical genetic variation either
through response to environments at the edges of ecological
amplitude for the species, or through the effects of genetic
sampling based on small populations. Of course, environ-
ments where disjunct species occur may be similar, if not
identical to environments within the continuous distribu-
tion of a species. Genetic differences among populations due
to small population sizes may be found within an area of
apparent continuous distribution as well.

. We reviewed the Forest Inventory Report System () for
each of the ecoregion-biogeoclimatic zone combinations to
confirm that the protected areas contained the expected
species. Personal knowledge was used to ‘‘validate’’  data
and, as best as could be obtained, to provide information
when data were ‘‘unavailable.’’

We listed wood volume (to a . cm top stem diameter)
for each species as a rough guide to how many trees might
be under protected status. Data were unavailable for
national parks and for some minor species, most ecological
reserves, and many provincial parks. However, this review
did confirm that, for some species, large numbers of trees
are protected by law from harvesting. For other species,
information is either unavailable, or protection is lacking or
inadequate. Wood volume data from Forest Inventory
Report System were not specific enough for three genera:

Abies : Species in the genus Abies  often were identified
only as ‘‘balsam.’’ For example, in Strathcona Park — an
area expected to provide protection for Abies, even though it
might be minor amounts for A. lasiocarpa, and possibly
little for A. grandis  — all three species may be present but
their individual frequencies could not be estimated.

Picea : For the spruces, various combinations of species
and their hybrids were aggregated in many reports. For the
Engelmann–white spruce complex, this probably is not crit-
ical as the complex is often treated as a single species. It may
be more important for Sitka spruce because of the markedly
different environments occupied by Sitka spruce and its
interior relatives. However, protecting hybrid spruce in
zones of overlap between species should conserve important
genes of Sitka spruce. The aggregation of data for white and
black spruce is of more concern since these species usually





occupy different environments and hybrids are believed to
be uncommon.

Tsuga : A similar situation occurs where data for western
hemlock and mountain hemlock are aggregated. Hybrids
between these species are unknown, and, as in the data for
white and black spruce, the presence and frequency of each
species cannot be estimated.

. We identified areas where additional protection of genetic
resources is recommended.

Several factors influenced our recommendations:
Wood Volume : For most species, we considered the pres-

ence of more than  m3 of wood in protected status to be
adequate protection. At an average of . m3 per tree, this
would represent between five and ten thousand trees of
merchantable volume in forests at least to  years of age.
The calculation is based on average volume per hectare from
the Table Interpolation Program for Stand Yield. This figure
is reduced by % for unmanaged natural stands and
divided by the average number of trees per hectare (Mitchell
et al. ). On sites of average quality (site index  at base
age  years), coastal Douglas-fir is projected to yield an
average of . m3 per tree at  years,  m3 at , and  m3 at
 years. For interior spruce (site index  at base age 

years), average trees would contain . m3 at  years,  m3

at , and  m3 beyond  years. Using these definitions,
the number of trees would be overestimated for old-growth
coastal Douglas-fir and probably underestimated for most
interior spruce forests. At age  years, Douglas-fir would
have about  trees, whereas interior spruce would have
 trees for  m3 of wood.

Population sizes estimated using this approach did not
include trees below merchantable size or trees in forests
where total merchantable volume was less than  m3.

The question of how many trees are required to maintain
the genetic resources of a species introduces considerations
of probability. For example, a population of  individuals
will include alternative gene forms, or alleles, at a frequency
of % or higher with a probability of .% (Gregorius
). Alleles at frequencies below %, if associated with
survival against immediate lethal challenges, would result in
forests containing less than  trees per hectare and are





unlikely to maintain forests against immediate lethal chal-
lenges. As a minimum threshold, probabilities of .% are
more than adequate to protect the genetic resources of forest
trees.

Genetic resources in unprotected areas : Every species pre-
sumably is represented in ecoregions that were not chosen as
core, peripheral, or outlier. Douglas-fir, for example, was
expected to be present in  ecoregions. Sixteen of those had
protected areas in biogeoclimatic zones expected to include
Douglas-fir. Of those  ecoregions, validation was attempted
for  ecoregions and confirmation of substantial volumes of
the species was made for . Tamarack was the only species
identified where there was a need to protect core populations.

There are several other areas where genetic resources may
be conserved. These include regional and municipal parks,
areas that are inaccessible for logging, and areas where
natural regeneration of harvested forests will occur. We have
not estimated the contribution of these categories to genetic
resources. Gene conservation through natural regeneration,
however, can be common. Western hemlock, for example,
often regenerates naturally after logging. As well, the closed
or serotinous condition of interior lodgepole pine cones will
help to maintain the genetic resources of this species.
Serotinous cones, which require heat to open, provide an
on-site seed storage mechanism. Seed can maintain viability
for  years (Fowells ) until fire or the higher soil
surface temperatures created by logging allow these cones to
open. However, if these natural regeneration methods were
to be relied on for gene conservation, monitoring would be
required to ensure that the species composition of the
regenerated forest approximated that of the replaced forest.

Protection in ecological reserves : If estimates of merchant-
able volume for a particular species were unavailable, we
checked fact sheets for all ecological reserves (including
those less than  ha) for the presence of these species
(Min. Env. and Parks ). Although no estimates of popu-
lation sizes were given, a summary of the species present in
 ecological reserves suggests that the reserves have been
remarkably successful in sampling many tree species.

Distribution of genetic variation : Tree species differ
widely in the degree to which they conform genetically to
the landscape. Western white pine and western redcedar





exhibit relatively little genetic change with distance in British
Columbia. Lodgepole pine, Douglas-fir, and Sitka spruce
have striking differences among populations grown from
seed collected in different parts of the province. Concern for
a well-distributed network of protected areas is thus greater
for the latter species. (To obtain a sense of the geographic
scale of genetic variation in the province, the interested
reader can refer to the two B.C. Ministry of Forests publica-
tions (, n.d.), which delineate guidelines for the transfer
of tree seed; alternatively, refer to Rehfeldt () and/or
Ying et al. (), the research publications on which these
guidelines are based.)

In addition to genetic variation associated with geogra-
phy there is much genetic variation among individuals
within populations. This means that genetic variation can be
maintained through the maintenance of relatively few
populations.

We found no information on volume for tamarack, yew,
jack pine, limber pine, and Rocky Mountain juniper. The
presence of these species in ecological reserves provided the
only validation of their protection.

RESULTS

The results of our survey for each species are presented on the
following pages as plots of protected areas (Figures –).
These maps include the species range and the boundaries of
each terrestrial ecoregion. ‘‘Core’’ areas are usually those well
within the species range. Please note that in some cases, the
symbols used in plotting obscure the area occupied in species
outliers.

Three different symbols are used to represent differing
amounts of information about the status of the species at any
protected location. Areas where additional protection may be
warranted are noted in the figure captions. Also noted are
additional information needs.





120° 116°

58°

56°

54°

52°

50°

48°

128° 124°132°136°

Fort Nelson
 Lowland

Alberta 
Plateau

Liard Basin

Northern
Canadian
Rocky
Mountains

Northern Mountains
and Plateaus

Central
Canadian
Rocky
Mountains

Skeena and 
Omineca Mountains

Fraser Basin

Fraser Plateau

Bulkley
Ranges Nass

Ranges

Nass
Basin

Northern
Coastal
Mountains

Yukon-Stikine
Highlands

Tatshenshini
Basin

Alsek
Ranges

Icefield 
Ranges

Queen
Charlotte
Lowland

Queen
Charlotte
Ranges

Pacific Ranges
Western
Vancouver
Island

Southern
Canadian
Rocky
Mountains

Southern Rocky
Mountain Trench

Columbia 
Mountains
and Highlands

Thompson-
Okanagan
Plateau

Chilcotin
Ranges

Okanagan
Highland

Okanagan
Range

Cascade Ranges

Lower Mainland

Strait of Georgia
Eastern Vancouver Island

Coastal 
  Gap

  Terrestrial ecoregions of British Columbia (Demarchi 1993).





120° 116°

58°

56°

54°

52°

50°

48°

128° 124°132°136°

♦

♦

♦

♦

♦
♦

♦♦

♦
Volume >5000 m3

Species present (but volume unknown)
Species identity obscured by inventory at genus level
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  Abies grandis (grand fir). Additional protection — Outlier along Muchalat Inlet
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of occurrence in several of the areas where all true firs are aggregated in
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  Abies lasiocarpa (subalpine fir). Additional protection — Northeastern flank of
the range: Alberta Plateau, or Fort Nelson Lowland. Additional information —
Frequency of occurrence in Strathcona Park (eastern and western Vancouver
Island).
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  Chamaecyparis nootkatensis (yellow-cedar). Additional protection — Northern
Coastal Mountains; Eastern flank: Fraser Plateau; Interior outlier at Dago Creek
(one of three very small interior populations): Columbia Mountains and
Highlands.
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  Juniperus scopulorum (Rocky Mountain juniper). Additional information —
Presence and frequency of occurrence in protected areas.
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  Larix laricina (tamarack). Additional protection — Western flank, Alberta
Plateau. Additional information — Frequency of occurrence in protected areas.
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  Larix lyallii (alpine larch). Additional information — Adequately protected.
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  Picea engelmannii (Engelmann spruce). Adequately protected.
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  Picea glauca (white spruce). Additional information — Frequency of occurrence
in Fraser Plateau, and Northern Mountains and Highlands.
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  Picea mariana (black spruce). Additional protection — Outlier populations:
Fraser Plateau. Additional information — Frequency of occurrence in Fraser
Plateau, and Columbia Mountains and Highlands.
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  Picea sitchensis (Sitka spruce). Additional protection — eastern Vancouver
Island and Strait of Georgia.
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  Pinus albicaulis (whitebark pine). Additional protection — Northwestern limit
of range and outliers: Pacific Ranges, Coastal Gap, Nass Ranges, Thompson-
Okanagan Plateau, Chilcotin Plateau, Fraser Plateau.
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  Pinus banksiana (jack pine). Additional protection — Outliers at western limit
of range: Fort Nelson Lowland.
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  Pinus contorta (lodgepole pine). Additional protection — Northwestern edge of
range: Tatshenshini Basin, Northeastern B.C., Alberta Plateau, Fort Nelson
Lowland.
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  Pinus flexilis (limber pine). Additional protection — No protected areas were
identified. Protection is needed in the outlier populations: Southern Rocky
Mountains. Additional information — Presence and frequency of occurrences in
protected areas.
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  Pinus monticola (western white pine). Additional protection — Outliers:
Chilcotin Ranges, Fraser Plateau, Thompson-Okanagan Plateau.
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  Pinus ponderosa (ponderosa pine). Additional information — Frequency of
occurrence in several small parks and reserves: Fraser Plateau, Pacific Ranges,
Chilcotin Ranges, Columbia Mountains and Highlands.
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  Pseudotsuga menziesii (Douglas-fir). Additional protection — Outlier at
Morice Lake: Fraser Plateau.
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  Taxus brevifolia (western yew). Additional information — Presence and
frequency of occurrence in protected areas.
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  Thuja plicata (western redcedar). Adequately protected.
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  Tsuga heterophylla (western hemlock). Additional protection — Northern
distribution: Northern Coastal Mountains, Alsek Ranges; Outliers: Bulkley
Ranges. Additional information — Frequency of occurrence where hemlock
species are combined in inventory.
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  Tsuga mertensiana (mountain hemlock). Additional protection — Eastern edge
of coastal distribution: Fraser Plateau, Bulkley and Nass Ranges, Northern
Coastal Mountains, Alsek Ranges. Additional information — Frequency of
occurrence where hemlock species are combined in inventory.





COMMENTS

This survey provides a ‘‘snapshot’’ of the protected status of
conifers in British Columbia. For most tree species in most
areas, gene resources currently seem to be protected to a degree
far in excess of requirements for minimum population sizes.
However, for a few species, information is inadequate, and for a
few species protected status is clearly inadequate.

In the next few years, the protected status of genetic
resources will change as additional protected areas, from
among the many study areas currently under consideration, are
established (B.C. Ministry of Environment, Lands and Parks
and Ministry of Forests ). This survey may contribute to
that effort by indicating which study areas are most likely to
add needed protection for conifers.

In the next few decades, new information about the patterns
of genetic variation in conifer species could indicate that the
existing network of protected forests: is () more than ade-
quate, () needs fine-tuning, or () requires substantial
redesign. Environmental threats, including pests, fire, wind,
and changes on lands adjacent to protected forests may influ-
ence the adequacy of protection.

Over the next several decades, climatic change could reveal
the wisdom of gene conservation if available genetic variation
can accommodate the associated changes in environment.
Alternatively, if environmental changes exceed the genetic
capacity to adapt, gene conservation in protected forests will
not be viewed as successful.

Maintaining species that occupy the earlier stages of forest
succession is another issue in long-term in situ  gene conserva-
tion. The assumption that today’s species composition is fixed
is clearly invalid for many protected forests in early stages of
succession. If existing ecosystems are to be perpetuated, this
problem will eventually need to be addressed.
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