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ABSTRACT

The native tree species of British Columbia provide a vast range of economic
benefits and ecological services. Conserving genetic diversity in these species
is critical for maintaining the ability of populations to adapt to new condi-
tions, and for safeguarding genetic resources from which tree breeders can
select to meet new challenges or objectives. Genetic conservation of forest
trees is achieved in British Columbia for all indigenous species through the
protection of populations in situ in parks and protected areas. The status of
tree species in situ is documented in a companion report, Forest tree genetic
conservation status report 1: In situ conservation status of all indigenous British
Columbia species (Chourmouzis et al. 2009).

For species of economic importance that have genetic management and
tree improvement programs, there are also extensive genetic resources
archived ex situ, primarily in seed collections in long-term storage, and inter
situ, in provenance and progeny trials. Historically, seed bank conservation
samples have been obtained from the surplus remaining for each operational
seedlot, after testing. Prior to December 2003, operational seedlots represent-
ed collections from over 50 individuals in an area. To support a more stra-
tegic acquisition approach subsequent collections focussed on obtaining at
least three samples per target species within identified biogeoclimatic (BGC)
zones. The strategy is to populate the full matrix of species-zone occurrences
with at least three samples per cell for conservation collections. This repre-
sents a highly efficient, robust conservation approach: 100 grams of hybrid
white spruce seed could contain up to 50,000 unique genotypes, and ex situ
collections are not susceptible to climate change impacts, as genetic resources
in situ and inter situ sites are; however, stocks must be periodically replen-
ished because long-term storage may reduce seed viability.

This report summarizes the in situ, ex situ, and inter situ genetic conserva-
tion status of commercial forest tree species in British Columbia that have
genetic management and tree improvement programs. These eight conifers
have breeding programs supported by inter situ trials established for their
respective seed planning zones (SPZs) and/or seed planning units (SPUSs)
(Snetsinger 2004).

This report expands on the assessments of Yanchuk and Lester (1996) and
Hamann et al. (2004, 2005). These studies used comparable methodology
(using the life history traits, forest inventory, protected areas, and utilization)
to track in situ conservation status of conifers in British Columbia, and devel-
oped systems to prioritize species for conservation efforts. Changes between
the previous assessment (Yanchuk and Lester 1996) and this assessment
indicate where gaps still exist or where increased genetic conservation and
habitat protection have been successful. This analysis has improved preci-
sion through the updated forest inventory database, Geographic Information
System (G1S) platform, and quantification of effective population sizes (Ne)
in reserves. Effective population size is the number of individuals contribut-
ing genes to the next generation of the population, based on an idealized set
of population genetics assumptions.

Species were ranked in terms of conservation priority using criteria
adapted from Yanchuk and Lester (1996), and revised based on international
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(FAO et al. 2004) and regional information. Ranking criteria used by other
programs that assessed plant species were also reviewed to compile the most
current and representative set of standards to prioritize these species (IUCN
2001; COSEWIC 2006; NatureServe 2008"). Gaps in conservation can high-
light areas to focus on for prioritization of in situ reserve establishment or
management, ex situ seed collections, or inter situ representation.

For the most part, population diversity of British Columbia's native tree
species is well represented across the spectrum of conservation vehicles.
Species at the margins of their ranges, and those with scattered distribu-
tions, require some verification (e.g., western white pine, western larch in
the Nelson High and East Kootenay SPU's, Sitka spruce in the Nass-Skeena
Transition) in situ. Only three species-SPU combinations had insufficient ex
situ collections. Most commercially marginal SPUs have low or no inter situ
representation.

1 www.natureserve.org/explorer/ranking.htm (updated June 2008; accessed August 4, 2008)
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1 SUMMARY

For most species/seed planning unit combinations, there is adequate repre-
sentation or protection in all categories: in situ, inter situ, and ex situ (Table
1). In some cases, either marginal protection levels or large discrepancies
between inventory mapping methods warrant ground-truthing or verifica-
tion using additional sources of data.

For a few species and spus (e.g., Sitka spruce outside the Maritime spu,
hybrid white spruce in the Peace River high and Nelson spus, and yellow-
cedar), ex situ protection is currently weak. Other species/spu combinations
(e.g., western larch Nelson high spU, many lodgepole pine high-elevation
spus) lack inter situ representation. These species may not have identified
top-priority conservation concerns in situ when analyzed by biogeoclimatic
(BGC) zone (Chourmouzis et al. 2009). In some cases this is because an SPU
may include differing proportions of two or more BGC zones. Since all of
these species are fairly abundant and the spus represent the core of a spe-
cies’ distribution, verification rather than additional conservation is initially
recommended.

Ex situ gaps can be rectified by collecting seedlots in the identified SPU.
For species whose seeds deteriorate relatively rapidly in storage, particularly
western hemlock and western redcedar, collections should be monitored for
germination capacity and periodically replenished.

Where in situ gaps are identified, it is recommended that the analysis
be updated considering protected areas established since 2002. The list of
protected areas compiled in the report on in situ genetic conservation status
(Chourmouzis et al. 2009) likely contains sufficiently large populations of
these species and should be considered a good starting point for field veri-
fying species abundance. The results would also provide a candidate list of
areas to prioritize for additional in situ protection.

Where there is a gap in inter situ representation, each species/SPU combi-
nation must be evaluated separately due to the high cost of establishing and
maintaining these trials. In some cases, inter situ trials are already planned
for the near future. In other cases, such as lodgepole pine, while some spus
are not well represented, genotypes are conserved in inter situ trials for adja-
cent spUs, and the health of trees on these sites will require careful monitor-
ing (e.g., mortality due to pests or diseases). Generally, these populations are
often well protected in situ and ex situ, so barring a disaster that decimates
populations throughout an SPU (e.g., mountain pine beetle), obtaining and
establishing new field plantings with additional genotypes from well-adapted
populations should be evaluated on a case-by-case basis.

Based on their in situ, inter situ, and ex situ conservation status, species
and species/SPU combinations were assigned priorities based on a set of cri-
teria adapted from those used by national and international agencies. These
criteria can be used to allocate resources for additional genetic conservation
activities.




tAaBLE1 Conservation status summary (v protection adequate, X increased protection
required, ? verification required). Numbers are effective population size (Ne) of
locally adapted genotypes in designated primary inter situ trials (number of sites
in parentheses) for each seed planning unit (SPU).

Species SPU In situ Ex situ Inter situ
Western redcedar CwMh v v 0
CwM]l v v 102 (4)
Cw SM v v 0
Douglas-fir FdcMh v v 78 (2)
FdcM 1 v v 1042 (8)
Fdc SM v v 874 (1)
Fdi CT ? v 1200 (1)
Fdi EK v v 1864 (2)
Fdi NE h v v 961 (2)
Fdi NE1 v v 1024 (1)
Fdi PG v v 1440 (2)
Fdi QL v v 840 (2)
Western hemlock HwMh v v 72 (2)
HwM]1 v v 359 (2)
Western larch Lw EK ? v 1147 (2)
LwNEh ? v 0
LwNEI v v 1393 (6)
Lodgepole pine PliBVh ? v 0
PliBV1 v v 1229 (1)
PliCP h v v 0
PliCP1 v v 1131 (3)
Pli EK h ? v 0
Pli EK 1 ? v 0
PliNE h v v 0
PliNEI v Ve 1190 (3)
PliNSh ? X 0
PIiNS1 ? v 585 (2)
PliPGh v v 1053 (2)
PliPG1 v v 1248 (2)
PliPRh ? v 0
Pli PR1 v Ve 0
PiTOh v v 0
PliTOI v v 1755 (3)
Western white pine Pw KQ ? v 300 (6)
PwM ? X 936 (2)
Sitka spruce & hybrids SsM v v 1326 (13)
Sxs NS ? v 0
Sxs SM v v 0
Hybrid white spruce SxBV1 ? v 679 (1)
Sx EK v v 421 (1)
Sx NE h v v 660 (1)
SxNE1 v v 304 (1)
Sx PG h v v 1237 (2)
Sx PG1 v v 2500 (4)
SxPRh ? X 874 (5)
Sx PR1 v v 555 (1)
SxTOh v v 0
SxTO1 v v 0
Yellow-cedar YcM v v 156 (4)




2.1 Overview

2.2 Conservation
ranking

2 METHODS

A summary of the genetic conservation priority ranking is presented first,
followed by a description of the genetic conservation status of each spe-
cies. Background information on the autecology, management, and market
factors affecting each species is summarized, with harvest and regeneration
data gathered from appendices and tables in provincial government annual
reports (BCMOF 2003, 2004, 2005; BCMFR 2006, 2007). Forest health and
economic issues were also reviewed in the context of their potential impacts
on genetic diversity and management implications.

Given British Columbia’s large and diverse land mass and biodiversity, we
need to prioritize species for conservation. Resources are limited, so ensuring
that they are used most effectively is integral to good stewardship of the forest
genetic resources (FAO et al. 2004). To this end, various ranking schemes have
been developed. deGrammont and Cuardn (2006) evaluated 25 systems of cat-
egorizing and ranking threatened species; while most of these systems focus
solely on species at risk, some aspects of their analyses can inform prioritiza-
tion of more common species using similar factors. For this assessment, the
criteria of Yanchuk and Lester (1996) were used for an initial prioritization
of species and, in conjunction with new sources of data, have yielded a set of
parameters well suited to prioritize species objectively.

The following criteria were considered for ranking species (Table 2):

«  provincial and national status rankings (provincial (s) and global (G)
ranks from NatureServe and/or British Columbia Conservation Data
Centre database and Species at Risk Act schedules)

» abundance: expected and actual census size

« range: geographic distribution and ecological niche

o threats: risk of population reduction via disturbance or forest health
agents

« resilience: ability to recover former distribution and abundance follow-
ing disturbance (includes regeneration capacity)

« proportion of range and/or genetic diversity protected (includes in situ,
inter situ, and ex situ)

« population trends and factors: demographic and/or anthropogenic

Although provincial and national status rankings assign high priority to
threatened and endangered species, all of the commercial species included
here are fairly common, and none is listed provincially or federally. Thus,
this criterion had no weight influencing the remaining six criteria used to
rank species, but this could change should conditions or the list of species
being ranked change. Threats to species or unique populations (e.g., pest-
resistant localized populations, virulent disease causing range-wide decline)
were also considered when estimating a species’ rank. Potential impacts of
climate change were considered where there was adequate confidence in the
data for a given species or region, depending on the context and category. For
instance, studies may indicate with relatively high confidence that a species
will become maladapted over much of its current range as a result of climate
change, or that severity of pest outbreaks may increase in certain areas. (See
rankings and notes in Table 2.)




TABLE 2 Criteria used to rank species for conservation priority by different agencies
Yanchuk and IUCN COSEWIC NatureServe
Lester (1996) (20015 2003) (2006) (2008) This study
subnational ranking ranks at global and ranks at national scale  ranks at global, national, 1. provincial and federal

global/regional scales

considering subnational
factors

and subnational scales

ranking for
threatened and
endangered species®

commonness small, declining, and/or small, declining, and/or number and condition 2. commonness/
severely fluctuating severely fluctuating of populations abundance
population/ population/
subpopulation(s) subpopulation(s)
range extent range extent range extent range extent 3. range extent
natural regeneration probability of probability of population size 4. resilience to capacity
extinction in the wild ~ extinction in the wild disturbance
current protection rapid, major population decline protected and 5. current protection
status population decline rate and causes managed populations status: in, inter,
ex situ
inter situ conservation  population habitat niche short- and long-term 6. population trends
fragmentation narrowness trends and factors:
demographic and/or
anthropogenic
economic value species-specific threats 7. threats

considerations

potential and impacts
of rescue from extra-
regional populations

intrinsic vulnerability
(sensitivity, the inverse
of resilience)

habitat niche narrowness

 None of the species considered here are listed provincially or federally as they all have secure and/or abundant status. Rankings
for these species are not directly comparable to priority rankings for rare, threatened, or endangered species as they take into

account different factors.

The ranking of protection status was based on the percentage of the spe-
cies’ range protected. For inter situ protection we considered the representa-
tion and status of primary trials. Ex situ status was evaluated based on the
number of samples and their distribution relative to the species’ range. If a

particular population is restricted to a narrow geographic or ecological niche,
this may impose constraints on migration and adaptation, elevating its rank-
ing; however, detailed quantitative information was not seen as critical to as-
signing ranks at this stage, since all commercial British Columbia tree species
are abundant.

Each species was assigned a value for each of the six criteria for conserva-
tion ranking, from 1 (most at risk, narrowest range, rarest, most sensitive
to disturbance, least protected, etc.) to 3 (most common, most abundant,
most widespread, adequate protection, least sensitive to disturbance, etc.).
Values for each species were summed across categories to yield an aggregate
unweighted ranking, then re-ranked from minimum to maximum between




2.3 Insitu
conservation

2.4 Ex situ
conservation

2.5 Inter situ
conservation

the lowest score and the highest score, so that the species with the rank of 1
received the lowest score and would be assigned the highest priority. Species
with the same score received the same rank.

To determine protection levels of commercial species in their natural habitat,
the methodology of Hamann et al. (2004) was used. The number of protected
areas containing effective population sizes (Ne) 21000 (corresponding to a
census population size of roughly s000 mature trees) (Lande and Barrow-
clough 1987; Yanchuk 2001) in each SPU at a confidence level of 95% was
calculated based a species’ presence and frequency in botanical inventory
plots. The number of protected areas was also calculated in a similar way
using the forest cover database. The in situ protection estimates based on the
latter method were plotted on the maps documenting conservation for each
species.

The botanical inventory, which is supported by tens of thousands of bio-
geoclimatic ecosystem classification (BEC) plots, was screened for accuracy,
and plots with substantial spatial or species anomalies were excluded from
the analysis. The forest cover inventory database used in this analysis was in
use prior to the introduction of the current standard Vegetation Resource
Inventory, which consists of aerial photo interpretation followed by system-
atic stratified or random field sampling for adjustment. Ground-truthing is
recommended where the two methods produce very inconsistent results or if
either suggests that protection levels are below the threshold of three separate
protected areas per SPU with Ne of 1000.

A summary of inventory at the Tree Seed Centre (TSC) for seed held in long-
term storage for conservation purposes was generated and summarized by
SPU. Where seedlot geographic origin was identified as inaccurate, either the
provenance and species identification were corrected using available data
(e.g., collection reports with geographic co-ordinates) or the entry was dis-
carded. A minimum sample of 1000 viable seeds with three samples per spU,
based on periodic viability testing conducted by the TSC, was considered the
threshold for adequate genetic conservation.

Living trees in clone banks are also ex situ collections; however, they
are clone archives or breeding arboreta and the numbers are relatively low
compared to seed banks. (We are currently documenting these by species
and SPU.) In most cases clonal archives exist at only a single site, but provide
a valuable source of viable material for rapid testing and propagation, even
though genotypic representation will tend to be much smaller than ex situ
seed collections for a given SPU.

A primary objective of an inter situ genetic resource is to conserve genetic
variation in a more dynamic state than ex situ seed collections because they
capture local gene pools undergoing natural selection in a common environ-
ment and under current climate conditions; also, trials are maintained and
measured periodically. Not all traditional common garden trials qualify as
inter situ trials. For example, provenance tests, although they represent a
broad range of genetic variation within a species, often include many popula-
tions from outside the currently delineated SPU. The conservation objective
is to represent the natural variability within a panmictic “local population”
(defined here as the sSPU). The quantitative and conceptual framework for




the conservation of adaptive genetic variation, as well as for the capture of
low-frequency alleles (which can be approximated from the tables presented
below), is more fully documented by Yanchuk (2001). In situ populations
and inter situ installations are experiencing current climates under field
conditions that impose a more stringent “land race” type of selection than
do managed clone bank sites, reflecting regional-scale environmental selec-
tion. Sites selected as key inter situ reserves contain a large range of genetic
diversity and adaptive potential within each geographic and climate zone
that presently delineates the SPU. For a few species that show relatively little
genetic differentiation among populations (e.g., western white pine), prov-
enance trials can also be utilized as inter situ installations. Inter situ sites
were prioritized based on the following criteria: 1) population size sufficient
to contain a large sample of the adaptive genetic variation of the gene pool
of the SPU; 2) condition of the trial in terms of health, survival, and age; and
3) access and status with respect to immediate threats from development.
Results from primary trials are reported here.

Peripheral portions of species’ ranges are not usually included in spus. The
core portions of species’ ranges most often contain genotypes that are best
adapted to current conditions, especially on productive sites with the highest
growth potential. While the peripheral populations may contain important
alleles and phenotypes, these are often considered “off site” for management
purposes (i.e., not economical or well adapted to the site at present). Periph-
eral populations may be subject to strong environmental selection pressure at
the margin of a species’ ecological niche, and affected disproportionately by
gene flow from adjacent “core” populations.

Ne is nearly always less than the actual (census) population size, except
where controlled pollinations or clonal reproduction allow the exact count of
how parents contribute to the next generation. Biological constraints reduce
the actual numbers of parents contributing gametes. For open-pollinated
(op) trials with fewer than 20 progeny per family, 3.2 was used as a multiplier
for the number of half-sib families. If there were 20 or more progeny per
family, 3.9 was the multiplier* because individuals were selected from unre-
lated, distant individuals. For instance, a 100-family op trial of species in the
Pinaceae was assumed to have Ne ~396. Although it is likely that many more
than four trees have pollinated a single tree, the Ne of the reference popula-
tion represented by an op collection from 100 different males of equal pro-
portion has Ne ~3.9, increasing to a maximum of 4 with an infinite number
of pollen parents. Hence, each o parent tree was treated as an independent
sample of the reference population to estimate approximate levels of genetic
variation present in trials for planning purposes. Full-sib or polycrossed
families, when denoted as key installations, have Ne values calculated based
on the number of unrelated parents used in the test.

In some cases, natural stand seed planning zones (SPZs) are recognized for
management purposes where there are currently no formal spus designated
due to a lack of testing (e.g., western redcedar in the Interior). For species
in this circumstance, in situ and ex situ collections are the main conserva-
tion vehicles where inter situ trials have only recently been established or

-1

* Ne= multiplier x (# of families) x [female gameticj (male gametic j
> +

contribution? contribution?




3.1 Status in British

Columbia

are planned. Target areas containing well-adapted populations for all three
conservation vehicles are likely to change as we develop a better understand-
ing of future climate conditions, and as seed transfer guidelines become more
climate-based.

3 RANKING SPECIES CONSERVATION PRIORITY

Species were ranked by both overall provincial status (Table 3) and by spu
(Table 4) based on the criteria in Table 2. The provincial rank for all species
was identical (not at risk), so this category was excluded from Tables 3 and 4.
The species are relatively abundant and widespread in British Columbia
(compared to many minor species), leading to a limited spread of the rank
values with the ranks being roughly tied to the extent of the species’ range
and the proportion in protected areas.

TABLE 3 Species conservation priority ranking by species, based on criteria in Table 2

Protection status

Species Abundance Range Resilience Insitu  Intersitu  Exsitu Trends Threats Total Rank
Pw 1 2 2 1 2 3 2 1 17 1
Sxs/Ss 2 1 3 3 2 3 3 2 19 2
Yc 2 2 1 3 3 2 2 3 21 3
Pli 3 3 3 3 2 3 1 2 23 4
Lw 2 2 3 2 3 3 3 3 24 5
Hw 3 3 3 3 3 3 2 3 26 6
Sx 3 3 3 3 3 2 3 3 26 6
Cw 3 3 3 3 3 3 3 3 27 7
Fdc 3 3 3 3 3 3 3 3 27 7
Fdi 3 3 3 3 3 3 3 3 27 7

3.2 Status by Seed

Planning Unit

In Table 4, a more complex picture emerges when species are evaluated by
SPU, which can provide more targeted guidance for genetic conservation and
management by geographic area.
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4.1 Overview

4 Cw - WESTERN REDCEDAR (Thuja plicata Donn ex D. Don)

Western redcedar is a long-lived conifer that is largely resistant to disease and
decay. It prefers moisture-receiving sites, extending up the coast to Alaska
and in the Interior in the ICH zone and adjacent zones in the Kootenays and
Rocky Mountain Trench. This tree has immense cultural importance for Brit-
ish Columbia First Nations—its wood was used for a range of applications
from house poles to canoes, and the fibrous bark and roots were woven into
clothing, baskets, rope, and other items. The oil is rendered for a non-timber
forest product, and the foliage is also an important commercial product for
the floral industry. Cavity-nesting species often use western redcedar for nest
sites. Western redcedar is the provincial tree of British Columbia, symbol-
izing many of the cultural, economic, and aesthetic values associated with the
forest.

Western redcedar regenerates abundantly on any seedbed, but survival is
highest on mineral soil. It is very shade-tolerant, often subsisting in the can-
opy of a pioneer stand for decades or longer. Western redcedar has evolved
a very high tolerance to inbreeding and self-fertilization, but has relatively
low levels of genetic diversity. This likely resulted from a glacial bottleneck in
small refugia that purged much of its genetic load (O’Connell et al. 2001). It
can also reproduce asexually through layering, and cuttings root easily. The
minute seeds are extremely abundant, but viability decays relatively quickly,
making this species a challenge for seed storage. This species can be induced
to flower in as little as 2 years from germination, providing a unique model
for research on selection for various traits (Russell and Ferguson 2008).
Western redcedar is relatively recently domesticated: second-generation trials
are established in British Columbia, the only jurisdiction with an improve-
ment program. Major traits currently of interest in the redcedar breeding
program include growth and yield, heartwood durability associated with
heartwood tropolone concentrations, and deer-browse resistance based on
foliar monoterpene concentrations. This indeterminate species is extremely
plastic, facilitating relatively wide seed transfer and adaptation over a range
of sites. There are currently three coastal spus, and none designated in the
Interior, where natural stand seed planning zones (SPZs) are used. Plantings
of western redcedar have ranged over the past 5 years from 8 to 10 million
seedlings annually, while the reported harvest volume has fluctuated between
5 and 8 million m3.

The major pests of redcedar include leaf blight caused by the fungal
agent Didymascella thujina (E.J. Durand) Maire (formerly Keithia), mam-
mal browse, heart rot decay associated with mechanical injury, moderate to
low windthrow incidence, and abiotic stress due to growing-season drought,
flooding, and snow and freezing damage in coastal populations. It is very
susceptible to mortality caused by fire, which is very infrequent in western
redcedar habitat. Typical regeneration dynamics result in multi-layered
stands with single-tree to small group disturbances caused by windthrow or
high water table. Redcedar has an intermediate root system comprised of a
network of moderately deep roots but lacking a taproot.

The wood of western redcedar is reddish, soft, highly resistant to decay,
and aromatic. It can be used for structural poles and timbers, crossbeams,
shakes, furniture, ornamental and artisan woodwork, fencing, poles, and

Cw — western redcedar 10
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decking. Waste is commonly processed into mulch. The wood of old-growth
western redcedar is of far higher value than second-growth due to the for-
mer’s tight grain, higher density, large knot-free sections, and greater propor-
tion of heartwood. Butt swell is pronounced, especially in old trees.

All spus and populations of this species are adequately represented in situ
with six to 41 protected areas (PAs) containing Ne >1000 (Table 5). There

is no recognized interior SPU for redcedar, resulting in a potential gap in
protection documented in this analysis. There is a good range of protected
areas that meet the in situ criteria, but not in the small disjunct population

in the Cranbrook-Fernie area, which is likely genetically similar to nearby
populations inhabiting similar climates (J. Russell, B.C. Min. For. Range, Res.
Br., pers. comm., Sept. 2008). National parks appear to comprise a substantial
portion of protected areas containing adequate western redcedar populations
over large, contiguous areas (Figure 1).

The only inter situ trials for western redcedar are in the Maritime low SPU,
containing Ne >100 with selections occurring across four sites (Table 5). The
numbers are relatively low because most of the material originated from
polycross testing of the first-generation parent trees in the SPU. Maritime
high and Submaritime spus represent gaps in the inter situ network of genetic
conservation and genetic resource management, although they are repre-
sented in a range of provenance trials that have not been included here due to
their high proportion of populations from beyond the climatic amplitude of
British Columbia (e.g., California, Oregon, Alaska). While there are also no
inter situ trials in the Interior, comprehensive collections have been made and
several field tests will be established in 2009 that contain inter situ resources.

The range of spus and BGC zones both show good levels of ex situ seed
collections for this species in its core habitat (Table 5, Figure 1). Numbers

are sufficient but low for some ecosystems, including drier and peripheral
Interior habitats (not currently within an SPU) in the IDF and SBS. This spe-
cies is genetically and phenotypically quite homogeneous and phenotypically
plastic; it remains to be determined whether collections from the margins of
the range would capture additional adaptive variation.

Western redcedar is adequately protected in core ex situ and in situ loca-
tions, although additional seed collections from peripheral populations in
the Interior would provide a more comprehensive set of baseline samples.
Seed for this species must be periodically replaced due to deteriorating
viability in long-term storage. Inter situ representation in primary trials is
only marginal for the Maritime low SPU, and completely absent for the other
coastal spus. Administratively, genetic resource management for this species
would be greatly enhanced by developing interior spus, where the effects of
climate change are expected to be considerable. Results from provenance and
genecological studies should be utilized to delineate appropriate units.

Cw — western redcedar
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TABLE 5 Conservation status of western redcedar including: 1) the estimated number of protected areas (PAs) expected
to contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (Bl) and
using forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and
3) effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ

SPU size, number of PAs, and percent protected
Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10°) (hax 10%  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
CwMh 3.51 0.47 13.49 =10 41 19 0
CwMl1 0.90 0.06 6.70 >3 6 93 102 (4)
Cw SM 3.47 0.44 12.68 >5 31 40 0
Total 7.88 0.97 12.31 >18 78 152 102 (4)
Species range
Origin of seed samples for
e Ay canservalian
*Ml =Mh
50
& outdide SPLs
Location of protected areas
for in situ conservation
L B
MR
@ 5M

& oulside 5P

Location of ex siru consenvation sites

FIGURE1 Map of in situ, inter situ, and ex situ protection for western redcedar in British Columbia. Data are plotted if pro-
tected area populations are estimated to contain an effective population size (Ne) of 21000, ex situ collections
contain 21000 viable seeds.
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5.1 Overview

5.2 In situ protection
levels

5.3 Inter situ
protection levels

5 Fdc - COASTAL DOUGLAS-FIR (Pseudotsuga menziesii var. menziesii
(Mirbel) Franco)

Coastal Douglas-fir is typically a pioneer species and a climatic climax
species in the dry CDF zone, although long-lived veterans occur through-
out drier variants of the CWH zone in mature forests. Coastal Douglas-fir
hybridizes with interior Douglas-fir where they are sympatric; hybrids are
intermediate between the two varieties with respect to morphology and
physiology. The coastal variety has been the subject of over half a century of
tree improvement research; breeding and testing are in the third generation.
Material in the improvement program includes genotypes from co-operating
agencies in Washington and Oregon. This species can tolerate a wide range
of edaphic conditions and belongs to many plant associations, but is only
moderately tolerant of snowpack and low temperatures. Douglas-fir is an
adaptive generalist on the Coast where it regenerates most often to even-aged
stands after large-scale disturbances such as hurricanes or when rare stand-
replacing fires expose substantial mineral seedbeds. In the CDF zone, root rot
(particularly Armillaria ostoyae (Rom.) Herink.) is a major disturbance agent,
leaving patchy stand structure. Large snags and veterans often provide nest
sites for Bald Eagles and other raptors. A long history of land use, including
forestry and residential development, has reserved few old-growth stands of
Douglas-fir to the present.

Harvest of coastal Douglas-fir ranged from 5 to nearly 8 million m? in
the past 7 years, while 5 to 7 million seedlings were planted. The major trait
for coastal Douglas-fir breeding is growth and yield; however, wood quality
traits, particularly density and—more recently—modulus of elasticity, are
emerging as key traits for selection. Stem form is also incorporated in selec-
tion. Climate change is not expected to have a major effect on coastal Doug-
las-fir and other predominantly maritime taxa, where the prevailing oceanic
influence moderates extremes, and where the extent of climate change is
predicted to be much smaller than in the Interior (Spittlehouse 2008).

Coastal Douglas-fir wood markets and utilization are similar on the Coast
and in the Interior; however, high-grade and large, sound logs command a
considerable premium for coastal Douglas-fir in the specialty market. Some
intensively managed stands are on their third rotation.

Coastal Douglas-fir is well protected for the most part. The Maritime low
SPU has been heavily affected by development and intensive resource utiliza-
tion, particularly along lower-elevation valley bottoms, and has only 7.8%

of its area protected (Table 6, Figure 2). The botanical and forest inventories
both confirm that this variety has adequate representation (Table 6).

All spus have some representation in inter situ installations with Ne between
78 and 1024, most of which are replicated across multiple sites, except the
Maritime high SPU, which has a low Ne (78) due to the full-sib crossing de-
sign (Table 6). Increasing the number of genotypes and trials in this SPU may
be warranted to evaluate the effects of environmental factors and stressors at
higher elevations that are expected to occur with climate change. There are
many other trials with thousands of families not included in this inventory

Fdc — coastal Douglas-fir

13



5.4 Ex situ protection

5.5

levels

Conservation

status summary

that could be considered backup inter situ installations, if some criteria were
relaxed.

All spus, and a diverse range of habitats across the spus, have abundant seed
in ex situ collections (Figure 2).

Coastal Douglas-fir is well represented in ex situ seed collections and in
situ protected areas—except within the CDF zone—vyielding a lower level
of protection in the Maritime low spU. All spus have sufficient ex situ
collections that represent all BGC zones supporting Douglas-fir. Increasing
representation in inter situ trials for the Maritime high SPU would support
the delineation of seed transfer and reforestation guidelines for this SPU.

TABLE 6 Conservation status of coastal Douglas-fir including: 1) the estimated number of protected areas (PAs) expected
to contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (Bl) and
using forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and
3) effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

SPU size, number of PAs, and percent protected

In situ Ex situ Inter situ

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10%) (hax 10°  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
FdcMh 191 0.25 13.04 >5 24 17 78 (2)
Fdc M1 4.63 0.36 7.78 =10 98 138 1042 (8)
Fdc SM 2.32 0.41 17.51 >3 32 33 874 (1)
Total 8.86 1.02 11.51 >18 154 188 1994 (11)

6.1 Overview

6 Fdi - INTERIOR DOUGLAS-FIR (Pseudotsuga menziesii var. glauca
(Beissn.) Franco)

The interior variety of Douglas-fir occupies a pioneer niche throughout much
of the southern half of interior British Columbia, except in the IDF zone
where it is a climatic climax. In mesic to drier habitats, Douglas-fir stand
dynamics sustain an uneven-aged structure with multiple canopy layers, and
the primary disturbance agent is relatively frequent, low-intensity, stand-
maintaining fires. Its thick bark is an adaptation to this disturbance mecha-
nism. Relative to the coastal variety, interior Douglas-fir is more tolerant of
shade (to shade-requiring for regeneration), drought, cold, and snowpack.
Seed and cone pests are major biotic factors affecting interior Douglas-fir;
mature and veteran trees support populations of Douglas-fir bark beetle and
occasionally mistletoe. Armillaria ostoyae is a moderately frequent root rot
pathogen affecting this variety, and Phellinus weirii (Murr.) R.L. Gilb. also

is relatively widespread in the southern Interior. Douglas-fir tussock moth
(Orgyia pseudotsugata McD.) can damage and even kill trees by defolia-

tion on drier sites. Spruce budworm (Choristoneura occidentalis Freeman)
periodically affects current-year foliage, but rarely causes mortality. Interior
Douglas-fir is a commercial species primarily on summer-drought sites. For-

Fdc — coastal Douglas-fir 14
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est harvesting, fire history, and land use conversion have left few old-growth
stands of Douglas-fir, replacing them with more homogeneous, densely
stocked stands with smaller trees today than were there a century ago.

Harvest of interior Douglas-fir varied from 3.2 to 5.6 million m?® annually
over the past 5 years, with plantings ranging from 8.5 to 15 million seedlings
per year. The primary objective of most Douglas-fir breeding is accelerated
growth and yield, with stem form and wood quality important secondary
traits. The second generation of testing is currently under way, with a wide-
ranging series of trials, including screening for Armillaria resistance (Jaquish
et al. 2007). Impacts of climate change on Douglas-fir are projected to be sig-
nificant in terms of forest ecology, productivity, disturbance regimes, abiotic
stressors, and health. Hamann and Wang (2006) predicted that the climatic
niche of interior Douglas-fir should shift northward substantially over the
next rotation as a result of climate change; recent predictions using improved
models forecast greatly expanded habitat across the Interior of British Co-
lumbia (T. Wang, Univ. British Columbia, pers. comm., Aug. 2008).

The wood of Douglas-fir is moderately strong and durable, with a straight
grain, low taper, and little tendency for dimensional lumber to warp or check.
Stands tend to be readily available in terms of proximity to transportation
corridors. Its homogeneous straight bole and taproot facilitate operations and
manufacturing. On richer sites this species can achieve high yields, making it
a preferred species for reforestation. Primary uses are lumber and plywood,
with veneer and secondary manufactured products such as flooring, furni-
ture, and cabinetry also comprising a substantial market share.

While the Quesnel SPU has a high proportion of its area protected, other
interior Douglas-fir spus range from only 1 to 7%, well short of the provin-
cial benchmark of 12% (Table 7). The botanical inventory estimates that all
other spus have adequate representation; forest cover data show that all spus,
including the Cariboo Transition, have at least three protected areas with Ne
>1000. This discrepancy warrants ground-truthing in the Cariboo Transition,
East Kootenay, and Quesnel spus.

All spus are well represented with Ne between 800 and 1567, most of which
are replicated across multiple sites (Table 7).

All spus are adequately represented in ex situ collections (Figure 2). More-
over, when apportioned across BEC zones, seeds from the full range of habitat
types are included.

Interior Douglas-fir is well represented in ex situ collections and in situ
protected areas, except for the Cariboo Transition, which requires ground-
truthing to confirm adequate population sizes in protected areas; the East
Kootenay and Quesnel spus should also be verified. Regardless, all spus have
sufficient inter situ trials that represent the range of habitats and administra-
tive units supporting operational interior Douglas-fir deployment.

Fdi — interior Douglas-fir
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TABLE 7 Conservation status of interior Douglas-fir including: 1) the estimated number of protected areas (PAs) expected
to contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (Bl) and
using forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and
3) effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ

SPU size, number of PAs, and percent protected

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10°) (hax 10%  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
FdiCT 1.06 0.01 1.02 0 4 25 1200 (1)
Fdi EK 1.22 0.08 6.39 >3 19 45 1864 (2)
Fdi NE h 1.84 0.13 7.1 >5 30 77 961 (2)
FdiNE1 1.25 0.05 4.28 >5 63 121 1024 (1)
Fdi PG 5.36 0.19 3.47 >5 23 23 1440 (2)
Fdi QL 2.18 0.46 21.11 >3 15 14 840 (2)
Total 12.91 0.92 7.13 >21 154 305 8059 (12)

Fdi — interior Douglas-fir
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FIGURE 2  Map of in situ, inter situ, and ex situ protection for Douglas-fir in British Columbia. Data are plotted if protected
area populations are estimated to contain an effective population size (Ne) of 21000; ex situ collections contain
>1000 viable seeds.

7 Hw - WESTERN HEMLOCK (Tsuga heterophylla (Raf.) Sarg.)

7.1 Overview Western hemlock grows in similar habitats and areas as western redcedar,
including the Coast, Interior, and islands. This climatic climax species is ex-
tremely shade-tolerant, highly fecund, and regenerates abundantly under the
canopy on organic substrates and moisture-receiving sites. This multi-layered
canopy structure and precocious reproduction facilitates moderate levels of
inbreeding. Seeds deteriorate in storage at rates similar to western redcedar.
It frequently dominates stands, particularly in the coastal portion of its range,
in terms of numbers, basal area, and standing volume. In higher-elevation
sites, it grades into mountain hemlock (Tsuga mertensiana (Bong.) Carr.),
but no hybridization has been confirmed between the two species. There are
presently two spus for western hemlock, both on the Coast: Maritime high
and Maritime low. There are no spus for the submaritime or interior portions
of its range.

Hw — western hemlock



7.2 In situ protection
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7.3 Inter situ
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7.4 Ex situ protection
levels

This shallow-rooted species can tolerate relatively moist sites, but is highly
susceptible to windthrow and drought stress, and not tolerant of flooding,
soil compaction, mechanical damage, or wildfire. Primary economic pests
include mistletoe (Arceuthobium tsugense (Rosendahl) Jones, syn. A. campy-
lopodum), hemlock looper (Lambdina fiscellaria ssp. lugubrosa (Hulst)), adel-
gids (Adelgis cooleyi Gill.), and heart rot (primarily Echinodontium tinctorium
(Ellis & Everh.) and Phellinus pini (Thore:Fr.) Ames). Branch brooms caused
by dwarf mistletoe infestation are frequently used in maritime to hypermari-
time habitats as nesting platforms by Marbled Murrelet and other old forest-
dependent species. Western hemlock exhibits considerable variability among
populations for adaptive traits including cold hardiness, snow tolerance, and
growth. Populations from approximately 1°S of planting sites consistently
outperform local provenances for growth. The major traits selected for tree
improvement are early height growth, volume at rotation, and stem form.

Western hemlock wood is of relatively low market value at present, and
planting numbers range from 1 to 3 million annually as licensees rely on
natural regeneration rather than absorb the cost of improved seed, seedling
production, and planting costs. Hemlock wood is suitable for a wide range
of uses from structural timber to pulp. This species comprises approximately
60% of the standing inventory in the Coast Forest Region. Its high harvest
volume (6 to 10 million m? annually over the past 5 years) and relatively rapid
growth on good, well-stocked sites makes it a good option for biomass pro-
duction and carbon sequestration. Mature trees develop butt swell and tend
to develop basal heart rot.

Both spus support good levels of in situ protection for this species by both
total area and number of protected areas. Although the Maritime low SPU is
9.5% protected, there are 95 PAs that contain Ne >1000. The central Coast,
particularly the Submaritime SPU, has recently had many newly designated
protected areas, so an update of the inventory would likely reveal even bet-
ter protection. The extremely remote nature of this region and associated
difficulties in access also provide a high degree of informal protection for
populations. The interior portion of western hemlock habitat contains a
good range of protected areas, except for the small disjunct population in
the Cranbrook-Fernie area.

Installations designated as primary Maritime high inter situ trials have
limited Ne (72), but many high-elevation genotypes are tested at a wide
range of sites that were designed primarily to test lower-elevation genotypes,
including sites within the Maritime high SPU. Primary Maritime low trials
are replicated in two sites with Ne of 359 (Table 8), including material from
Washington and Oregon, some of which is incorporated into the breeding
populations for the Maritime low SPU. Many provenance and progeny trials
contain additional western hemlock genotypes from across the species’ range,
and include a large number of families that are not considered primary inter
situ trials. However, those trials could still have some important long-term
inter situ genetic conservation potential.

There are sufficient ex situ collections of western hemlock seed at the TSC,
including representation from nearly all areas of the species’ British Colum-
bia range (Table 8). Gaps at the time of analysis include the series of islands
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and inlets along the north-central Coast from Portland Inlet to Rivers Inlet,
the northernmost extent of the distribution in the Rocky Mountain Trench,
and the isolated population in the Cranbrook-Fernie area (Figure 3); how-
ever, many of these sites have since been protected and would not require
additional collections. Seed viability deteriorates approximately 1% per year,
on average.

Western hemlock is well represented in all levels of protection with the ex-
ception of inter situ trials containing Maritime high SPU material. Additional
protection and sampling from outlying and remote populations at the margin
of the species’ range would add more comprehensive representation to all as-
pects of hemlock genetic conservation. Periodic seed testing and replenishing
ex situ reserves should be a component of this species’ genetic conservation
to mitigate the effects of seed deterioration.

TABLE 8 Conservation status of western hemlock including: 1) the estimated number of protected areas (PAs) expected to
contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (BI) and us-
ing forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and 3)
effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

SPU size, number of PAs, and percent protected

In situ Ex situ Inter situ

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10%) (hax 10%  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
HwMh 3.09 0.38 12.35 >10 32 52 72 (2)
HwMI 7.33 0.70 9.51 >10 95 100 359 (2)
Total 10.42 1.08 10.36 >20 127 152 431 (4)
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FIGURE 3  Map of in situ, inter situ, and ex situ protection for western hemlock in British Columbia. Data are plotted if
protected area populations are estimated to contain an effective population size (Ne) of =1000; ex situ collec-
tions contain =1000 viable seeds.

8 Lw - WESTERN LARCH (Larix occidentalis Nutt.)

8.1 Overview Western larch is the only commercially managed deciduous conifer in British
Columbia. It currently has three spus: two low elevation and one high (as
well as the NEK overlap area). Frequently associated with Douglas-fir, this
montane species is most frequent in the IDE, ICH, and MS zones, occasion-
ally extending to the adjacent ESSF zone in the Okanagan and Kootenays.
Fire is typically the major disturbance agent in stands containing western
larch; its thick bark provides considerable protection and it is well adapted
to moderate to frequent fire regimes. It regenerates abundantly on mineral
seedbeds with highly shade-intolerant seedlings. The deep taproot provides
stability, supporting a cylindrical bole. Relatively thin, flexible branches con-
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fer tolerance to snow loading and wind shear. This species is typically early
seral, maintained across the landscape by fire.

Dwarf mistletoe (Arceuthobium laricis (Piper) St. John) is a major pest of
larch, weakening upper branches and causing infested branches to develop
brooms and snap as the wood is weakened, but it only rarely kills trees.
Armillaria ostoyae is a moderately frequent pathogen that kills trees, par-
ticularly younger larch; however, silvicultural and genetic research has been
ongoing to mitigate the impacts of this disease (Morrison et al. 1992; Hagle
2006). In wetter climates, needle blight develops, hindering photosynthesis.
Needle-boring insects, primarily Lepidopterae, also affect larch, but their
impacts to date have not been significant. Climate change models predict that
the climatic niche of western larch will cover a larger geographic area over
the medium to longer term (Hamann and Wang 2006), and this species is a
candidate for assisted migration for reforestation within British Columbia.

The wood of larch is extremely strong and durable, and is usually sound
with irregular, tight knots. It is often harvested and sorted with Douglas-fir in
a mix for structural lumber, but has many other uses in secondary manufac-
turing, especially producing furniture and veneer. Planting since 2002/03 has
ranged from 4 to 7 million seedlings annually, with reported annual harvests
of approximately 0.5 million m>.

Throughout its managed range, western larch is generally underprotected,
ranging from 5% (Nelson low) to 9% (Nelson high) within protected areas by
SPU (Table 9). Although it occurs in the East Kootenay and Nelson high spus
and the forest cover inventory has confirmed adequate representation, the
botanical inventory estimated that no PAs contained Ne >1000. Estimates of
this species based on photo interpretation may be unreliable since, depend-
ing on such factors as time of year, photo quality, and colour, larch may not
be clearly visible on photos. Subalpine larch (L. lyallii Parl.) has also been
mapped as western larch at higher elevations, overestimating the frequency
of western larch in the NE high and NEK overlap spus. Western larch also has
a patchy spatial distribution, requiring careful spatial stratification of cruise
check plots or botanical inventory sample plots. Ground-truthing is recom-
mended to improve accuracy and confirm the status of in situ protection of
this species.

The Nelson low and East Kootenay spus have adequate protection in trials
with adequate Ne and replication across the landscape (Table 9). Some popu-
lations adapted to the Nelson high SPU are contained in these trials, although
this SPU does not have dedicated inter situ primary installations.

All spus have sufficient seed collections in storage from a representative
sample of the species’ British Columbia range (Table 9, Figure 4).

Western larch is a relatively minor commercial species, harvested and man-
aged in conjunction with Douglas-fir, lodgepole pine, hybrid white spruce,
and other associates. Tree improvement activities have resulted in good
representation in two of the three spus in inter situ trials, and all spus are well
represented in ex situ seed inventory. There are no major imminent threats to
this species. The major conservation gaps are in situ protection and accurate
identification of populations in forest inventory mapping. Confirmation of
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populations on the ground within protected areas is reccommended due to
difficulties in photo interpretation resulting from this species’ spatial distri-
bution.

TABLE 9  Conservation status of western larch including: 1) the estimated number of protected areas (PAs) expected to
contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (BI) and us-
ing forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and 3)
effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ
SPU size, number of PAs, and percent protected

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10%) (hax 10°)  Percent in PA Ne >1000 Ne >1000 seeds (# sites)
Lw EK 1.13 0.08 6.82 0 6 28 1147 (2)
Lw NE h 1.36 0.13 9.22 0 5 22 0
LwNEI 1.79 0.09 4,99 >3 13 78 1393 (6)
Total 428 0.30 7.01 >3 24 128 2540 (8)
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FIGURE 4 Map of in situ, inter situ, and ex situ protection for western larch in British Columbia. Data are plotted if pro-
tected area populations are estimated to contain an effective population size (Ne) of =1000; ex situ collections
contain =1000 viable seeds.

9 Pli - LODGEPOLE PINE (Pinus contorta ssp. latifolia Engelm.
ex S. Wats.)

9.1 Overview Lodgepole pine is the most widely harvested and planted species in the
province: over the past 5 years, harvesting has ranged from 27 to over 40 mil-
lion m? annually, with 76 to 134 million seedlings planted. It is an ecological
generalist with a wide edaphic amplitude across much of its range, occurring
in habitats from alpine talus slopes to hypermaritime bogs throughout most
of the province. It hybridizes with jack pine (P. banksiana) in the northeast
corner of British Columbia where the two species are sympatric. In marginal
habitats it is found on both wet and dry nutrient-poor sites. It is a highly
prolific and precocious seed producer, with a durable seed bank within
serotinous cones that maintain viable seed for decades. This species is a main
component of the forest economy in the southern two-thirds of the province,
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generally from sub-boreal regions south to the U.S. border, and from the east
slope of the Coast Mountains to Alberta. Sites supporting economically vi-
able lodgepole pine stands include zonal to drier sites throughout the for-
ested BGC zones of this area on a diverse range of parent materials and slope
positions.

Losses of important lodgepole pine inter situ genetic resources as well as
dozens of important B+ (select natural population) provenances and prov-
enance trials have occurred due to the province-wide mountain pine beetle
(MPB) (Dendroctonus ponderosae Hopkins) epidemic, which has affected
over 12.5 million hectares to date by infecting them with lethal amouts of
blue-stain fungus which blocks water transport in sapwood. Increasingly
warm winters and droughty growing seasons have combined to physiologi-
cally stress host trees and provide ideal conditions for the indigenous beetle
to shift from an endemic to epidemic pest, attacking younger trees and other
species. The beetle-pine system is generally seen as an ecological driver that
restores young seral pine stands across a landscape after beetle kill of old
timber, followed by patchy medium to large fires of moderate intensity. The
durable, prolific seed bank restores the original population after fires or other
disturbances. Managing the current impacts and mitigating the ensuing
effects over the medium term have resulted in a range of innovative policy di-
rectives and adaptive management initiatives. The MPB outbreak has empha-
sized how quickly, and to what extent, natural disturbances can affect in situ,
ex situ, and inter situ genetic conservation vehicles, and the importance of
incorporating risk management in genetic resource management strategies.

Lodgepole pine genetic resources are stratified into eight SPZs comprising
16 spuUs, where each zone is typically subdivided into a high- and a low-ele-
vation unit. Transitional spus (overlap areas) are zones where material from
adjacent spus can be planted because clinal genetic variation in these areas is
gradual, permitting greater management flexibility. For example, sites in the
Prince George-Nelson (PGN) overlap SPU can support merchantable growth
of seed sources from either the Prince George or the Nelson SPU (Snetsinger
2004). The comprehensive series of provenance installations established by
the British Columbia Forest Service has been an invaluable resource in as-
sessing seed transfer and adaptive parameters for this species.

Lodgepole pine is very well protected throughout its central range (Figure 5).
The only gap identified was the Nass—Skeena high-elevation SPU where there
were no protected areas identified with Ne >1000 in this important Coast-
Interior transitional area where lodgepole pine hybridizes with shore pine

(P, contorta ssp. contorta) at lower elevations (Table 10). This could warrant
some genetic conservation activities in this area, such as assigning a new
protected area, making additional ex situ collections, or conservation plant-
ings. This area is rugged and remote with relatively little development outside
of the major transportation corridor, so if sufficiently large populations

of lodgepole pine exist in the area, they are not likely subject to imminent
harvesting or development. Nevertheless, threats due to climate change,
wildfire, mountain pine beetle, or diseases cannot be ruled out. It is neces-
sary to periodically update assessments of populations identified for in situ
protection to account for these changes across the landscape. The proportion
of each SPU represented in the protected areas network varies, generally with
proximity to population centres and associated development activities. The
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least protected SPU was Peace River low, with only 1.5% in parks and reserves
(also see Yanchuk and Lester 1996); most of the low-elevation spus were
under-represented in parks compared to the provincial objective of 12% (with
the exception of Bulkley Valley Low at 15%). Every SPU had far more pro-
tected areas with Ne 21000 calculated from the forest cover inventory than
estimated using the botanical database (Table 10). Natural variations in levels
of mountain pine beetle attack have been observed throughout populations.

Inter situ collections of lodgepole pine have been seriously affected and
many are still at risk due to MPB. The level of beetle attack at the trial, local,
and regional levels was a major influence in prioritizing trials. One mitigat-
ing factor is the extreme selection pressure this epidemic is exerting: it is
now possible to identify putatively resistant genotypes since the likelihood
of escape is small with such high densities of beetle populations. Effective
population sizes in inter situ installations range from ~600 to 1750, implying
that as few as 20 copies of dominant rare alleles (with a frequency of <1%)
may be protected in each primary trial (Yanchuk 2001). No major genes for
resistance to MPB have yet been identified that segregate in these popula-
tions, although significant quantitative levels of resistance are present, albeit
with relatively low heritabilities (Yanchuk et al. 2008).

Six of the eight low-elevation spus have primary inter situ tests in place,
East Kootenay and Peace River being the only exceptions (Table 10). Other
trials contain some families and genotypes for these spus, but have not
been designated primary trials for reasons described above, or because SPU
boundaries changed after trials were established with populations from
former spus. Although there are no trials in most high-elevation spus, alleles
and families from these spus are contained within low-elevation sites because
these were established before the subdivision of SPZs into elevational bands.
Higher pressure from intensive forest management and beetle attack also
supports prioritization of inter situ efforts in these lower-elevation units, but
for higher-elevation areas we will rely on the in situ and ex situ seed collec-
tion resources.

Alllodgepole pine spus currently have adequate representation in ex situ
collections (range: 15 to 174 seedlots with Ne >1000), except Nass—Skeena
high, which has only two collections that likely include some hybrids with
shore pine (Table 10). These collections comprise a valuable resource, since
many of the forest stands they represent have largely been eliminated due

to beetle outbreaks, wildfire, and harvesting, although there are likely viable
seed banks stored in the serotinous cones. In terms of ecological representa-
tion, samples from north of Peace River are under-represented, with only
two samples in storage from the SWB zone containing >1000 viable seeds,
although there is abundant in situ protection in the area (Figure 5). This area
is relatively environmentally homogeneous, and does contain large natural
populations of lodgepole pine. Although the area north of Peace River is not
currently within an SPU, it may warrant one in the future, and representation
in collections should be reconsidered at that time.

Lodgepole pine populations are represented in adequate numbers in most
spus throughout its core British Columbia range except the Nass-Skeena
high, which would benefit over the long term from a new protected area for
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TABLE 10

this population. Populations inventoried in protected areas for this analysis
may have since been killed by the current mountain pine beetle outbreak or
fires. However, the durable canopy seed bank is likely a sufficient long-term
repository for the alleles of these parent populations. Inter situ trials of lodge-
pole pine contain Ne of ~600 to 1750 at the low-elevation spus throughout its
range. These sites were prioritized based on beetle attack as a main consid-
eration. Ex situ collections contain important collections of germplasm for
populations that are now extirpated due to MPB-caused mortality across the
landscape.

Conservation status of lodgepole pine including: 1) the estimated number of protected areas (PAs) expected to
contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (BI) and us-
ing forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and 3)
effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ

SPU size, number of PAs, and percent protected

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10°) (hax 10°)  Percent in PA Ne >1000 Ne >1000 seeds (# sites)
PIBVh 1.86 0.35 18.86 >1 13 31 0
PIBV1 3.44 0.52 14.99 >3 28 174 1229 (1)
PICPh 4.06 0.34 8.42 >3 21 21 0
PICPI 2.11 0.15 7.18 >3 20 46 1131 (3)
PIEK h 1.26 0.18 14.56 >1 11 50 0
PIEK1 1.03 0.06 5.63 >1 16 72 0
PINEh 1.94 0.26 13.29 >3 17 55 0
PINEI 2.05 0.13 6.43 >10 27 133 1190 (3)
PINSh 0.33 0.02 6.45 0 0 2 0
PINSI 1.25 0.06 4.85 >1 8 76 585 (2)
PIPGh 3.77 0.74 19.56 >5 22 81 1053 (2)
PIPG1 2.69 0.23 8.65 >5 24 127 1248 (2)
PIPRh 1.41 0.09 6.29 >1 9 15 0
PIPR1 3.77 0.06 1.54 >3 14 32 0
PITOh 1.08 0.11 10.19 >3 26 125 0
PITO1 1.31 0.12 9.42 >10 26 158 1755 (3)
Total 33.36 3.42 10.25 >53 282 1179 8191 (16)
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FIGURE5 Map of in situ, inter situ, and ex situ protection for lodgepole pine in British Columbia. Data are plotted if pro-
tected area populations are estimated to contain an effective population size (Ne) of 21000, ex situ collections
contain 21000 viable seeds.

10.1 Overview

10 Pw - WESTERN WHITE PINE (Pinus monticola Dougl. ex D. Don)

Western white pine is found at very low densities over its historic range,
since populations have declined sharply over the last century (Maloy 1997).
Although this species is fairly widespread along the Coast and in the Interior
up to approximately 52°N, mortality due to the introduced pathogen Cronar-
tium ribicola ].C. Fisch. ex Rabenh., which causes white pine blister rust,

has decimated trees and regeneration in areas that historically harboured
mature stands throughout much of the Interior. These white pine forests have
converted to stands of alternative species with relatively sparse distribution of
individual white pine trees. Remaining individuals may have been subject to
high selection pressure for blister rust resistance, and many either appear to
be tolerant, to be resistant, or to suffer mortality as the pathogen occupies a
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site (Sniezko et al. 2004). Blister rust resistance has been the focus of inten-
sive selection, breeding, and testing programs throughout the U.S. Inland
Empire and Intermountain Regions by the USDA Forest Service (McDonald
et al. 2004) and throughout its British Columbia range by the British Colum-
bia Forest Service and the Canadian Forest Service over the past 60 years,
with considerable gains emerging in the form of durable, highly resistant
planting stock that can be used for reforestation (Hunt 2004a). Material in
the British Columbia improvement program includes selections from Idaho
that have shown extremely robust resistance via a variety of putative poly-
genic mechanisms (Hunt 2004b).

As a result of blister rust and limited availability of rust-resistant planting
stock, western white pine is not widely planted in British Columbia. Annu-
ally, seedlings planted vary from 0.8 to 1.3 million, typically as an alternative
to more root rot-susceptible species in disease centres (e.g., Armillaria spp.)
or where plantations have failed due to deer browse. There are two disjunct
ranges of western white pine in British Columbia: coastal and interior, each
represented by one SPU. Populations from both are highly plastic in terms
of phenotypic and adaptive traits, and relatively genetically homogeneous
within these zones (more zones have been identified in the U.S.). Seed trans-
fer can thus occur safely across wide geographic and elevational distances
without maladaptation affecting growth and health; however, adaptation to
environmental stress appears to be robust only for trees transferred from the
Interior to the Coast and not in the opposite direction (Meagher and Hunt
1999). Trees typically mature around age 10 to 15, producing large winged
seed that provides valuable food for birds and rodents. This attractive tree
can grow extremely rapidly on good sites, and often outperforms cohorts of
other species at higher elevations due to its snow-shedding flexible branches,
good freezing tolerance, and high photosynthetic leaf area. The taproot
system also increases its capacity to withstand adverse environmental condi-
tions, but optimal habitats are typically mesic to moister and mesotrophic to
richer.

This species produces valuable strong, relatively light and durable white
wood that can be used in a wide range of products from lumber to veneer to
furniture, panelling, and pulp. Limited supply, however, has constrained eco-
nomic opportunities to niche markets and small mill runs, so logs in storage
must be submerged or treated to prevent staining and checking to capture
the full value. Harvest is limited and often full value is not recovered from
these logs due to their scattered distribution in stands, where they are treated
as whitewood in SPF (spruce-pine-fir) mixtures. Reported harvest volumes
over the past 5 years range from a high of 132,000 m? in 2002/03, declining to
62,000 m? in 2006/07.

Both the coastal and interior spUs of western white pine are somewhat
under-represented in the PA network, hovering around 9%, below the pro-
vincial target of 12% (Table 11). Estimates of PAs containing Ne >1000 also
identified gaps for this species in the Maritime SpU. The botanical inventory
estimated a minimum of three PAs with sufficient population size, but the
forest inventory only could confirm two. Conversely, for the interior (Koo-
tenay-Quesnel) SPU, the botanical inventory identified only one candidate
PA, but the Forest Cover inventory identified 23 (Table 11). Ground-truthing
is required to substantiate protection levels for both areas, given the wide
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discrepancy between the estimates and difficulty of identifying this species
in inventory data. Many outlying populations identified by Yanchuk and
Lester (1996) have since been incorporated into new protected areas. Several
populations were identified within PAs that lie outside the Maritime SPU,
bordering on what corresponds to the Submaritime SPU for other coastal
species, ranging from the Skagit Valley to northwest of Pemberton (Figure 6).
The drier interior populations, as well as those in the CDF zone, also appear
to be under-represented within the SPU. This may reflect the relatively poor
growth of western white pine in these areas due to environmental limitations
(e.g., drought), leading to sparse populations; in the CDF this also is likely
due to habitat fragmentation and small PAs.

The scattered distribution and limitations associated with the typical scale
of photo interpretation (1:20,000 or smaller) for forest cover is likely the
cause of these discrepancies. On air photos with scales of 1:5,000 or 1:10,000,
experienced mappers could identify white pine canopies, but these would
likely be missed unless detailed field plot data were available to confirm the
presence of this species. Cruise check plots might overestimate or underesti-
mate cover of western white pine in different ecosystem types, depending on
local abundance.

As a result of the ongoing breeding program for blister rust resistance, inter
situ trials have been designed to represent aggregates of large collections

of provenances from throughout the species’ range, emphasizing selected
rust-resistant or rust-tolerant individuals and their progeny. Although this
information is available, the plasticity and genecological patterns of this
species do not warrant strong population-based management, as with most
other species. Many individuals within the British Columbia inter situ instal-
lations are of U.S. origin, particularly Idaho, and contain many durable rust-
resistant or rust-tolerant individuals and families from the long-standing
tree improvement program of the USDA Forest Service. Many of the original
318 coastal and 150 interior selected plus trees for this program from British
Columbia and locations throughout the U.S. have succumbed to the disease
in controlled screenings, revealing their initial canker-free status to be due to
escape rather than genetic resistance. Testing is ongoing to isolate inheritance
mechanisms for the various phenotypes of rust resistance and rust tolerance.

A wide variety of provenances are represented in ex situ seed collections with
over 1000 viable seeds, but these are largely comprised of the core popula-
tions from the coastal and interior regions, with peripheral populations
under-represented (e.g., the MS, IDE and CDF zones, and the entire west-
ern British Columbia Rocky Mountain valleys from McBride to Akamina-
Kishinena Provincial Park) (Figure 6). The Maritime SPU is particularly
poorly represented geographically. However, given the inherent plasticity
and distribution of genetic variation in the species, the specific locations of
collections may not be a concern. Any future seed collections should focus
on putatively resistant and tolerant genotypes, particularly resistant families
obtained from the U.S. breeding programs under germplasm-sharing agree-
ments, and should be conducted by personnel trained in blister rust identifi-
cation who can discern host reactions.
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In situ conservation of western white pine requires ground-truthing due to
the difficulty in mapping this sporadically distributed species and likelihood
of mortality due to blister rust in the interval between inventories. The Mari-
time SPU, in particular, has insufficient PAs encompassing an adequate num-
ber of individuals. Representation of indigenous populations in inter situ tri-
als also must be revisited: many individuals originally selected for inclusion
in the British Columbia tree improvement program have died and census and
effective population sizes have been reduced due to mortality. Although there
is adequate seed available for ex situ conservation, the range of populations
in those collections is narrow, mostly comprising the core populations within
each spU. Since western white pine is an adaptive generalist with no apparent
clines or genotype—environment interaction within these spus, this may not
pose an immediate problem, but the likelihood of capturing rare alleles that
may confer blister rust resistance or tolerance is higher over a wider sampling
area, including the U.S., focussing on putatively resistent trees.

TABLE 11 Conservation status of western white pine including: 1) the estimated number of protected areas (PAs) expected

to contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (Bl) and

using forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and

3) effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

SPU size, number of PAs, and percent protected

In situ Ex situ Inter situ

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10°%) (hax 10%  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
PwKQ 4.57 0.41 9.00 >1 23 55 300 (6)
PwM 6.54 0.61 9.32 >3 2 30 936 (2)
Total 11.11 1.02 9.18 >4 25 85 1236 (8)
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FIGURE 6  Map of in situ, inter situ, and ex situ protection for western white pine in British Columbia. Data are plotted if
protected area populations are estimated to contain an effective population size (Ne) of =1000; ex situ collec-
tions contain 21000 viable seeds.

11 Ss - SITKA SPRUCE (Picea sitchensis (Bong.) Carr.)

11.1 Overview Sitka spruce is restricted to lower-elevation coastal habitats below 700 m, in-
cluding all coastal islands and Haida Gwaii. This species prefers well-drained
floodplains with gravelly, sandy soils, but also occurs in coastal forested
swamps and sites with fluctuating water tables that retain fresh to moist soil
moisture status during the growing season. On productive sites, Sitka spruce
can grow to over 9o m tall and several metres in diameter. It requires a
mineral seedbed for regeneration, typically exposed as a result of windthrow
and streambank erosion or deposition. The species hybridizes with hybrid
white spruce in the Nass—Skeena transition zone to montane elevations, and
this region is managed as two spUs. These trees are intermediate in character
between interior and Sitka spruce with respect to cold tolerance, growth,
phenology, productivity, and ecological niche.
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All low-elevation coastal Sitka spruce habitat is managed as a single
Maritime SPU. Haida Gwaii does not currently have the white pine shoot
tip weevil (Pissodes strobi Peck), and also has relatively high levels of ge-
netic diversity compared to other populations of spruce (Gapare et al. 2005;
Mimura and Aitken 2007). This weevil kills the current leader, whereupon
a lateral takes over, causing excessive branching and poor stem form, affect-
ing height growth. The weevil generally attacks trees between 3 and 15 m tall,
which offer a balance between leader nutrition and height for the weevil to
ascend after overwintering in the forest floor. Sitka spruce is also susceptible
to windthrow as a result of its shallow root system, and is highly susceptible
to stem damage from snow. It has relatively low resistance to freezing in its
maritime habitat, and the thin bark also provides little protection from fire,
which is infrequent in Sitka spruce habitat. Sitka spruce has a pronounced
clinal trend in most adaptive traits, restricting seed transfer by latitude and
elevation (Xu et al. 2000; Mimura and Aitken 2007).

As a result of weevil damage, Sitka spruce has been eliminated from most
artificial regeneration programs despite its desirability for harvesting, since
trees attacked by weevil often fail to meet free-growing criteria. This is caus-
ing a shift in the species composition across coastal landscapes as cutblocks
are being converted to a different species mixture than that harvested (For-
est Practices Board 2008). Harvest volume records often do not distinguish
between Sitka and Sitka-hybrid spruce, except by geographic area, reflecting
a steep decline over the past 5 years from 2.5 million m? to 0.4 million m?
annually with planting declining from 1.3 million to 0.5 million seedlings.
The British Columbia Forest Service has been intensively testing and breed-
ing naturally weevil-resistant populations of Sitka spruce (King et al. 2004).
Two main populations have been found to contain resistant individuals, with
the resistance highly localized to the Qualicum River watershed of eastern
Vancouver Island and the Maple Ridge area of the Lower Mainland, and not
found elsewhere despite extensive searching. Resistance appears to be largely
a function of resin canals that pitch out weevil attacks either as a result of
naturally high levels of resin canals or an induced mechanism that causes
the trees to produce resin under stress; biochemical mechanisms are under
investigation. Sitka-hybrid white spruce in the Nass and Skeena Valleys show
higher natural resistance levels than pure Sitka spruce, and this may be attrib-
uted largely to sclereid cells (in combination with resin canals), which have
harder cell walls and physically resist weevil attack (King and Alfaro 2009).
Weevil-resistant seed is available for reforestation, but must be deployed
on appropriate sites and in mixtures with susceptible genotypes to provide
durable resistance.

Sitka spruce has wood that is light and strong, commanding high prices. It
is suitable not only for structural timber, but also for woodworking and high-
value applications such as sounding boards for pianos and guitar compo-
nents. Spruce is typically logged and sorted with pine and fir in an SPF grade
mix, but valuable old growth is generally sold at auction for value-added
products. The shallow roots create butt swell, and branches are often retained
relatively low on the bole in more open-grown stands.

Less than 10% of the Maritime SPU is protected. There are, however, many
protected areas with Ne >1000, and more protected areas were added recent-
ly under the North and Central Coast Land Use Planning process (not quan-
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tified here). Protected areas also occur in areas with the resistant populations;
even if Ne in these areas is <1000, they are valuable areas for long-term
genetic conservation. Locally, protection of sufficiently large populations in
the Georgia Lowlands region is deficient (also see Yanchuk and Lester 1996),
and the prevalence of private lands and the highly disturbed nature of the
ecosystems in the area make it unlikely that adequate conservation of those
populations could occur in situ. Only 7% of the Nass—Skeena SPU is within
protected areas, but the Submaritime SPU has 13% of the area in protected ar-
eas (Table 12). Both of these spus have adequate protection based on number
of populations with Ne >1000, but the botanical inventory estimated only
two areas in the Nass—Skeena as likely candidates. This discrepancy warrants
field confirmation. Although there has been a substantial amount of logging
in these areas, much of the terrain is remote and steep, making operations
economically marginal at this time. Consequently, although there are neither
many nor large protected areas, natural populations may remain intact over
much of the Sitka-hybrid white spruce spus.

Primary inter situ trials contain material from sources adapted to each SPU,
and incorporate a fairly wide range of provenances permitted under current
seed transfer guidelines (Snetsinger 2004). Several trials include F1 progeny,
as well as genotypes and sites on Haida Gwaii where selection pressures differ
because there are no weevils present, and programs focus on growth potential.
The British Columbia program has focussed on selecting and breeding geno-
types resistant to the shoot tip weevil, and crosses were designed primarily
to capture variation and durability in resistance mechanisms. No trials were
designated as primary inter situ Sitka-hybrid white spruce trials, although
many other trials contain a range of provenances from these areas. The ex-
tremely sharp clines in the Nass—Skeena and Submaritime spus likely do not
support designating such trials as primary installations at this time, as forest
managers use local seed and may also use superior (non-local) provenances
within permitted areas.

There is adequate ex situ conservation for seed from the various spus for both
Sitka and Sitka-hybrid white spruce (Table 12), but higher-elevation (i.e., MH
zone) Sitka spruce is not well represented and additional seed collection is
required from the ESSE, MH, and MS zones. Documentation of Sitka—hybrid
white spruce seedlots is frequently limited by earlier collections frequently
labelling material as interior or white spruce. The core of the range of Sitka
spruce (and its hybrids) is well represented in collections, but the periphery
less so (Figure 7).

Sitka spruce is adequately conserved throughout its native range and in ex
situ collections. Sitka—hybrid white spruce appears adequately protected.
Additional collections should be made for higher-elevation and peripheral
populations of Sitka and Sitka-hybrid white spruce. Field confirmation of
Sitka-hybrid white spruce in situ populations should also be undertaken to
resolve the considerable differences in status between the shortfall in conser-
vation indicated by the botanical inventory and the adequacy of conservation
indicated from the forest cover analysis. There is adequate representation of
both Sitka and Sitka-hybrid white spruce in protected areas, but inter situ tri-
als have not been established for the Submaritime and Nass—Skeena spus.
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TABLE 12 Conservation status of Sitka spruce including: 1) the estimated number of protected areas (PAs) expected to
contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (BI) and us-
ing forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and 3)
effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ
SPU size, number of PAs, and percent protected

Estimated (BI) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10°) (hax 10%  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
Ss M 8.42 0.80 9.55 >10 63 52 1326 (13)
Sxs NS 0.99 0.07 7.11 >2 7 27 0
Sxs SM 4.05 0.53 13.00 >5 21 85 0
Total 13.46 1.40 10.40 >17 91 164 1326 (13)
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FIGURE 7  Map of in situ, inter situ, and ex situ protection for Sitka and Sitka—hybrid white spruce in British Columbia.
Data are plotted if protected area populations are estimated to contain an effective population size (Ne) of
>7000; ex situ collections contain =1000 viable seeds.
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12 Sx — HYBRID WHITE SPRUCE (Picea glauca (Moench) Voss,
P. engelmannii Parry ex Engelm.), and hybrids

Hybrid white spruce, comprising white spruce, Engelmann spruce, and their
hybrids, is a major commercial species complex that is managed as a single
“species” throughout much of British Columbia. It occurs across a diverse
group of biogeoclimatic zones, and is intermediate in quantitative traits and
ecological tolerances between the component species, depending on the pro-
portion of each species’ genes within a population. Typically a later seral spe-
cies, it thrives under a pioneer canopy of aspen (Populus tremuloides Michx.)
or lodgepole pine, eventually forming a significant component of climax
stands throughout a wide range of ecosystems. In old forests, abundant lichen
accumulating on branches and bark provides key winter forage for ungulates.
Hybrid white spruce is adapted to habitats ranging from montane forests

up to timberline to poorly drained lowlands. In its boreal forest habitat, this
species is subject to large, moderately infrequent, stand-replacing patchy
wildfires that most often convert the landscape to lodgepole pine, with aspen
in riparian areas and grassland ecotones.

Major threats to this species in British Columbia include the spruce beetle
(Dendroctonus rufipennis Kirby), a bark beetle with similarities to the moun-
tain pine beetle that attacks mature stands. Adelgid species cause dieback and
defoliation. Hybrid white spruce is susceptible to the white pine shoot tip
weevil that damages the leader and affects free-growing status and merchant-
ability. Armillaria also attacks this species, as do a range of other pathogens.
Spruce has thin bark, which makes it susceptible to damage by fire and me-
chanical injury. The shallow root system is susceptible to windthrow, root rot,
and soil compaction.

Hybrid white spruce represents the second largest planting program
in British Columbia (after lodgepole pine): 55 to 64 million seedlings are
planted, and 10 to 13 million m? is harvested annually. The major trait for
tree improvement for hybrid white spruce is growth and yield, with weevil
resistance an important secondary trait. Wood quality and stem form are
also considered in the selection process. The wood is strong and durable,
and typically has small but fairly abundant tight and loose knots, depending
on stand density. It is light in colour and marketed with SPF white wood for
dimensional and structural lumber, oriented strandboard, and veneer, and
occasionally for pulp. Hybrid white spruce has not been subject to the same
specialty product development as Sitka spruce.

For the most part, hybrid white spruce is well protected across its range.
There are many spus with sufficient coverage, but protection levels vary
considerably. Two spus were identified based on the botanical inventory as
having fewer than three protected areas with Ne >1000, but when analyzed
using the forest inventory, one had 16 and one had three; additional sampling
to ascertain frequency or abundance was also recommended by Yanchuk and
Lester (1996). These populations should be ground-truthed for verification.
In terms of the proportion of each SpU falling within protected areas, eight
of the 10 spUs were below 12% (Table 13). The lowest, Peace River low, had
only 2% of its area protected; Prince George low (3%), Thompson-Okanagan
low (5%), and Nelson low (6%) were also markedly underprotected. In the
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Thompson-Okanagan low SPU, the Birch Islands populations have been
identified as ecologically and commercially significant populations in high-
productivity habitat that is not currently protected in an area dominated by
private land ownership. Nevertheless, all of these spus had sufficient popula-
tion sizes within protected areas to be sustained over the long term.

All spus for hybrid white spruce have inter situ installations, except the
Thompson-Okanagan spus; the Nelson spus, in addition to the primary
trials, have locally adapted material in adjacent trials that were established
prior to changing SPU boundaries (Table 13). Transitional spus that allow
seed from adjacent areas to be deployed in climatically suitable habitats are
widespread in the hybrid white spruce program.

Hybrid white spruce grows across a broad area and wide range of habitats,
and is used extensively in reforestation. There are few ex situ collections from
many of the boreal (SBS, SBPS, and SWB) BGC zones that lie mostly within
the Peace River high and low spus, or from areas outside of current spus that
support major populations of this species complex (Figure 8). Intensive forest
management has recently expanded northward with accelerated resource
development in the area, coupled with projections from climate change, lead-
ing to the potential to create additional spus in these boreal zones. The Peace
River high SPU has only two operational seedlots with >1000 viable seeds

in storage (Table 13). Although outside the jurisdiction of British Columbia,
Alberta has genetic resource programs that contain seed adapted to these
areas that may be available if needed. It is not recommended that additional
ex situ collections be made at this time, but the status should be re-evaluated
periodically given the factors discussed above.

Hybrid white spruce is moderately well protected in the various spus, but in
areas that are the focus of intensive forest harvesting and various land-inten-
sive developments (e.g., Prince George high, Thompson-Okanagan low), the
species is under-represented in the proportion of area protected. The only
SPU identified as deficient in protection based on the forest inventory was
Peace River high, which was also under-represented in ex situ collections at
the TsC. Central British Columbia populations have the highest numbers of
genotypes represented in inter situ trials, with most at only one primary and
one backup site. This widespread species is affected by bark beetles, wildfire,
and site moisture regime, and is expected to experience major shifts in its
range as a result of climate change (Hamann and Wang 2006). Maintaining
a full suite of genetic resources for this species is very important to retain the
full potential for managing its genetic resources over the medium to long
term.
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TABLE 13 Conservation status of hybrid white spruce including: 1) the estimated number of protected areas (PAs) expected
to contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (Bl) and
using forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and
3) effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ

SPU size, number of PAs, and percent protected
Estimated (BI) Confirmed (FI) # samples with Estimated Ne
Area PA area # PAs with # PAs with >1000 viable at primary sites

SPU (ha x 10°) (hax 10%  Percentin PA Ne >1000 Ne >1000 seeds (# sites)
Sx BV h 1.86 0.35 18.86 > 1 2 0
SxBV1 2.26 0.36 15.82 >1 16 74 679 (1)
Sx EK 1.61 0.13 8.07 >3 14 59 421 (1)
SxNEh 1.40 0.13 9.64 =5 21 58 660 (1)
SxNE1 2.11 0.12 5.65 =10 32 125 304 (1)
SxPGh 2.38 0.26 11.04 >5 23 35 1237 (2)
SxPG1 6.97 0.22 3.22 =10 45 169 2500 (4)
Sx PRh 0.59 0.05 8.80 0 3 2 874 (5)
Sx PR1 11.65 0.26 2.20 >10 29 48 555 (1)
SxTOh 2.98 0.38 12.79 =10 33 66 0
SxTO1 4.96 0.25 4.97 210 25 48 0
Total 36.91 2.16 5.85 >64 241 684 7230 (16)
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Map of in situ, inter situ, and ex situ protection for hybrid white spruce in British Columbia. Data are plotted if
protected area populations are estimated to contain an effective population size (Ne) of =1000; ex situ collec-

tions contain =1000 viable seeds.

13 Yc- YELLOW-CEDAR (Chamaecyparis nootkatensis (D. Don) Spach)

13.1 Overview

Yellow-cedar occupies montane sites in southern British Columbia, decreas-

ing in elevation to sea level on the north Coast, where it is most common in
hypermaritime blanket bogs. Its habitat often has high snowpacks, to which

its flexible, drooping branch habit is well adapted. Its distribution encom-
passes the Coast, including Haida Gwaii, with a disjunct, genetically dep-
auperate population in the southern Kootenays. This species requires cool,

moist conditions for successful reproduction in the wild, and does not reach
reproductive maturity in typical conditions until approximately age 20 to 25.
The likelihood of suitable conditions occurring throughout the reproductive
window for successive years is low, and seed set and viability are very low. It
can reproduce asexually by layering. Currently the species is propagated for
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reforestation using rooted cuttings and wild-stand seed collections, but seed
orchards are being established for operational use. Optimal orchard manage-
ment and induction techniques are being developed. There is only one SPU,
the Maritime, that follows the boundaries described for other coastal species.

This species has few natural pests that cause serious economic damage. It
is, however, susceptible to abiotic damage from drought, winter desiccation,
sunscald, and flooding. Its relatively thin bark provides little protection from
fire, but fire return intervals are infrequent in the CWH and MH zones that
comprise the majority of yellow-cedar habitat. Trees growing on flooded sites
often develop a characteristic multi-stemmed candelabra form, rendering
them unmerchantable. Stands are also frequently disturbed by mass wasting
on unstable slopes. At the northern edge of its range in coastal Alaska, yel-
low-cedar is suffering from widespread decline, signified by poor vigour and
high mortality. Many studies over the past several decades have investigated a
range of potential causes. In these peripheral populations the species appears
maladapted to the climatic and environmental extremes due to adaptational
lag associated with postglacial colonization and migration, with pronounced
decline at the lower limit of seasonal snowpack (D’Amore and Hennon 2005;
Hennon et al. 2005, 2006).

The wood of yellow-cedar has very high value for woodworking, struc-
tural timbers, veneer, finishing, cabinetry, and artisan woodworking. It is
light yellow, with relatively small knots, little to no decay, and high work-
ability. Drawbacks include spiral grain, taper and butt swell, and tendency
of large (old-growth) boles to shatter when felled. Helicopter logging is
currently common in valuable stands. Five-year data reveal provincial annual
harvest levels of from 0.6 to 1 million m3, and replanting at 0.9 to 1.6 million
seedlings, reflecting its limited distribution and niche market. Reforesta-
tion of this species is limited by stock availability and relatively slow growth
compared to other preferred species, where licensees would often prefer an
alternative species that would reach free-growing more quickly.

Yellow-cedar in the Maritime SPU is well represented in situ with 12% of the
SPU protected, including populations with Ne >1000 throughout (Table 14).
Recent additions to the north and central Coast have increased protection in
areas identified by Yanchuk and Lester (1996). The interior population, how-
ever, is not well protected. While there is a key ecological reserve (Evans Lake
Ecological Reserve) in the area containing stands of mature yellow-cedar
(Figure 9), Ne is estimated to be below 1000. Preliminary studies have indi-
cated little population genetic differentiation in this isolated site, however, so
it may not be possible to achieve Ne of 1000 or a census population of 5000
(J. Russell, B.C. Min. For., Res. Br., unpublished data). A microsatellite study
found average genetic diversity and a range of outcrossing rates at a nearby
population which was being harvested (Ritland et al. 2001). Ground-truthing
is required for protected areas in the interior portion of the range of yellow-
cedar.

Yellow-cedar is reasonably well represented in inter situ trials, with Ne >150
in replicated sites (Table 14). Considering the limited scope of deployment at
this time, adding further individuals or families is not a current priority.
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13.4 Ex situ Populations within the Maritime SPU are not adequately represented in ex

protection levels situ seed collections. Although there are 23 samples of >1000 viable seeds at
the TSC, all samples originate from south of 50°N, the vast majority of which
are from Vancouver Island (Figure 9). Additional samples are needed from
the remainder of the range all along the Coast, including Haida Gwaii, and
especially from disjunct interior populations. An estimate of Ne captured in
ex situ archives through clone banks, progeny tests, and research seed collec-
tions is <1000, including hedge orchards for steckling production at coastal
and interior sites.

13.5 Conservation Yellow-cedar is likely adequately protected throughout its range in situ; how-
status summary ever, ground-truthing of interior PAs is required to estimate the protection
level in this disjunct population. Inter situ installations are also adequate at
present. Although there are some collections from interior populations, ad-
ditional sampling is required for ex situ collections all along the central and
north Coast and on Haida Gwaii, and comprehensive documentation of the
interior populations is necessary.

TABLE 14 Conservation status of yellow-cedar including: 1) the estimated number of protected areas (PAs) expected to
contain an effective population size (Ne) of 1000 breeding individuals based on botanical inventory (BI) and us-
ing forest inventory (Fl) data; 2) the number of stored seed samples with at least 1000 viable seeds each; and 3)
effective population size of individuals at primary inter situ test sites with number of sites in parentheses.

In situ Ex situ Inter situ
SPU size, number of PAs, and percent protected

Estimated (B1) Confirmed (FI) # samples with Estimated Ne

Area PA area # PAs with # PAs with >1000 viable at primary sites
SPU (ha x 10°) (hax 10°  Percent in PA Ne >1000 Ne >1000 seeds (# sites)
YcM 5.01 0.60 11.95 >5 40 23 156 (4)
Total 5.01 0.60 11.95 >5 40 23 156 (4)
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FIGURE 9  Map of in situ, inter situ, and ex situ protection for yellow-cedar in British Columbia. Data are plotted if pro-
tected area populations are estimated to contain an effective population size (Ne) of 21000, ex situ collections
contain =1000 viable seeds.
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