
 
 
 
 
 

Restoration Species Manual 
for the Pacific Northwest 

Project: R02-41 
 

Annual Report 
April 1, 2002 to March 31, 2003 

 
 
 
 
 
 
 
 
 
 
 
 

Prepared by: 
 

David F. Polster, Project Leader 
Polster Environmental Services Ltd. 

5953 Deuchars Drive 
Duncan, B.C. 

V9L 1L5 
 

e-mail:  d.polster@telus.net 
 
 

 
 

mailto:d.polster@telus.net


 
 - 1 - 

Abstract 
 
Information on about 225 species that can be used for restoration is presented in the 
Restoration Species Manual* for the Pacific Northwest.  The manual presents current 
information on the nomenclature of the species, a brief description of the distribution and 
origin of the species as well as information on the growth form and reproduction of the 
species.  Each citation lists the ecological setting for the species and the tolerances 
and preferences for each species including soil texture, nutrient status, soil reaction 
and salinity, moisture regime preferences, shade tolerance, mowing / grazing 
tolerance, disease and pest tolerance and response to fire.  Considerations for 
restoration including the successional status, erosion control and soil building 
characteristics, wildlife and riparian use, ethnobotanical considerations, 
availability, establishment techniques, commercial value and the current status of 
the species for restoration are presented for each species.  A summary of the important 
features of each species along with a sketch of the plant and a range map are 
provided on the first page of the species citation. 
 
The introduction to the Restoration Species Manual presents an overview of restoration 
processes and the roles of different groups of species in restoration programs.  
References are provided for key statements so that those that wish can go back into the 
literature for additional information that may be of interest to them.  It is expected that the 
manual will form a valuable tool for those engaged in restoration projects.  Work on the 
manual has been ongoing since 1996. 
 
 
* Keywords are highlighted. 
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________________________________________________________________________ 
 
1.0 INTRODUCTION 
________________________________________________________________________ 
 
Information on vascular plant species that can be used for restoration is currently 
scattered thorough a number of sources as well as deeply buried in the literature.  This 
makes it difficult for those engaged in restoration to access information on species that 
might be used.  Although a similar manual was prepared for Alberta in the late 1970’s 
and early 1980’s (Watson et al. 1980), no such manual exists for British Columbia and 
the unique ecosystems of the province.  The Alberta manual (“Manual of Plant Species 
Suitability for Reclamation in Alberta”) was so popular that it went out of print and was 
revised, expanded and reprinted in 1989 (Hardy BBT 1989).  It is expect the Restoration 
Species Manual for the Pacific Northwest will be equally well received. 
 
Work on the Restoration Species Manual during the year 2002/03 has consisted of 
continuing to compile individual species citations.  Modifications to the original list of 
species were made during the past year to include several species that were considered by 
some to be important.  In addition, discussions were held with researchers from the 
Pacific Forestry Centre (Canadian Forestry Service) about the species manual and the 
species that were to be treated by the manual.  Discussions on the organization of the 
species citations were held, although no conclusions have been reached.  At present, the 
order of species citations will be by major group (trees and shrubs; forbs; and 
graminoids) with the individual citations organized by alphabetical order within these 
larger groupings.  Nomenclature for the species cited in the list was revised to conform 
with the Illustrated Flora of British Columbia (Douglas et al, 1998-2001). 
 
 
________________________________________________________________________ 
 
2.0 METHODS 
________________________________________________________________________ 
 
The Restoration Species Manual is a compendium of information on species that are or 
could be used for restoration work in the Pacific Northwest and therefore is not a 
scientific study in the normal sense of the term.  Information contained in the manual has 
been collected from a wide variety of sources.  References used in the manual are 
provided in Appendix 4.  Information has been gathered by electronic means as well as 
more traditional research methods.  Files of the information collected for each species are 
prepared so that information may be consulted again in the future without the fear of 
electronic sources changing.  Key information is gathered from the United States 
Department of Agriculture Fire Effects Information System; from TREECD; from 
BIOSYS; and from other electronic sources.  The search engine “Google” has uncovered 
a wealth of information on specific species that would not have been found in the more 
traditional literature searches. 
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The list of species (Appendix 2) that are to be included in the manual has been updated 
with the inclusion of several more species that have been suggested as being useful for 
restoration purposes.  The list and/or information on the manual was circulated to a large 
segment of the restoration community in British Columbia including distribution on the 
Restoration of Natural Systems listserve, the Native Plant Society of BC listserve, the 
Forestry Continuing Studies list and the Botany BC list.  Table 1 provides a list of the 
people who have expressed an interest in the manual and who were sent information 
about the manual (species list and example citations). 
 
Drawings for the Restoration Species Manual come from two sources.  Dr. T.C. 
Brayshaw has granted permission for the use of drawings from his “Trees and Shrubs of 
British Columbia” (Brayshaw 1996) for the manual.  In addition, Andrew Harcombe of 
the Conservation Data Centre authorized the use of drawings contained in the Illustrated 
Flora of British Columbia (Douglas et al. 1998-2001).  Figure 1 shows an example of one 
of the drawings from the Illustrated Flora.  A base map has been obtained from Steve 
Fick, cartographer at Canadian Geographic.  The map that is to be used to illustrate the 
distribution is shown in Figure 2. 
 
 

Table 1 
Persons Who Have Received Information on the 

Restoration Species Manual for the Pacific Northwest 
 

Affolter, Natalie 
Archibold, Ross 
Barton, Wes 
Blight, Jim 
Brayshaw, Chris, 
Bridgeman, Robert 
Brill, Steve 
Burns, Ted 
Carson, Ernie 
Ceska, Adolf 
Chambers, Kimberlee 
Charles, Kim 
Coupe, Ray 
Cummings, Jeff 
de Greeff, Paul 

Deal, Heather 
Ellis, Doug 
Ennis, Tim 
Fuchs, Marilyn 
Gray, Don 
Hartwell, Sharon 
Haynes, John 
Hill, Harry 
Holden, Brendan 
Keefer, Michael 
Kotilla, Wendy 
Lantz, Trevor 
Maslovat, Carrina 
McCullah, John 
Miller, Patricia 

Pollard, Brad 
Rasmussen, Jacquie  
Rodney, Jim 
Scheer, Robert 
Seaton, Robert 
Smreciu, Ann 
Sue Hemphill 
Turner, Nancy 
Uidall-Ekman, Karen 
Vaartnou, Manivald 
Wahlgren, Richard 
Warttig, Warren 
Williams, Harry 
Woodward, Paige 
Yazvenko, Sergei 
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Figure 1.  Drawing of Acer circinatum (vine maple) from the Illustrated Flora of British 

Columbia (Douglas et al, 1998 – 2001) that is in the Restoration Species Manual. 
 

 
 
Figure 2.  This base map of the Pacific Northwest will be used to show plant distribution.  

Note that this map has been screened back to allow the species distribution to stand 
out.  The best tool for overlaying the species distribution information on the base 
map has yet to be determined. 
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________________________________________________________________________ 
 
3.0 DISCUSSION 
________________________________________________________________________ 
 
It is clear from the response to the Restoration Species Manual that the manual will be a a 
useful tool for those engaged in restoration.  The completed citations are extensive and 
provide a significant amount of information that is not readily available elsewhere.  Although 
there are many more citations to be completed, the work that has been undertaken to date has 
provided a firm foundation upon which to proceed.  Appendix 1 presents the citations that 
have been completed to date. 
 
________________________________________________________________________ 
 
4.0 EXTENSION 
________________________________________________________________________ 
 
Information about the Restoration Species Manual has been provided on a number of 
electronic lists and has generated considerable interest in the manual.  In addition, a paper 
citing the manual will be presented at the annual meeting of the Canadian Land Reclamation 
Association held in Sudbury May 25th through 28th.  Appendix 3 provides the paper that will 
be printed in the proceedings of this national organization.  Presentations to Restoration of 
Natural Systems classes at the University of Victoria have been made on October 15, 2001 
and March 10-14, 2003. 
 
________________________________________________________________________ 
 
5.0 SUMMARY AND CONCLUSIONS 
________________________________________________________________________ 
 
The Restoration Species Manual for the Pacific Northwest has generated a significant amount 
of interest in the restoration community.  The large amount of information that has been 
collected provides a substantial resource for and access to further information in the form of 
on-line journal articles is available.  Many basic references have been collected as have 
unpublished reports and documents.  Artwork for the manual has been secured.  Work on 
writing the citations will continue until the manual is completed.  It is hoped that the most of 
the manual can be completed by the end of 2002 and that publication can be secured in early 
2003. 
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Abies grandis (Dougl. ex D. Don in Lamb.) Lindl. 

Abies grandis (Dougl. ex D. Don in Lamb.) Lindl. 
Grand Fir 

 
 

 
 

        Drawing from Douglas et al, 1998-2001 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

from and Hulten (1968)

 

Ecological Setting Moist to dry forests, alluvial terraces and lower slopes with best 
growth on submontane moist rich seepage sites. 

Soil Texture Fine textured soils but not heavy clays.  Can be found on shallow 
exposed sites given ample moisture. 

Nutrients Does best on nutrient rich sites. 

Soil Reaction / 
Salinity Slightly acidic (pH 5) soils, no salinity tolerance noted. 

Moisture Regime Found on moist to mesic sites, moderately drought tolerant. 

Shade Tolerance Shade tolerant to shade-intolerant species.  Will not establish 
under a closed canopy. 

Successional 
Status 

Early pioneering conifer on suitable sites, found in mid-seral 
stands as well as climax stands in some ecosystems. 

Erosion Control Shallow rooting system and rapid litter decomposition rates help 
build soil. 

Wildlife / Riparian Only browsed when other food is not available.  Used by a variety 
of cavity nesters.  Important riparian species. 

Availability Readily available from many coastal forest nurseries. 

Establishment Easily established using 1+0 plugs. 
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Abies grandis (Dougl. ex D. Don in Lamb.) Lindl. 

Abies grandis (Dougl. ex D. Don in Lamb.) 
Lindl. 

Grand fir 
Lowland white fir 
 
Distribution and Origin:  

Grand fir is found from southern British 
Columbia to California at low elevations 
along the coast and inland to the Cascades.  
It re-occurs in the Okanagan and Kootenay 
Lakes region of B.C. from about 50o N into 
Idaho and eastern Oregon.  It occurs west of 
the Continental Divide in Montana (FEIS 
2001).  Grand fir is a native of the Pacific 
Northwest. 
 

Growth Form and Reproduction:  
Grand fir is grows to be a large tree 30 to 45 
occasionally to 70 m tall and 60 to 120 (to 
150, Pojar and MacKinnon, 1994) cm in 
diameter (Brayshay 1996) with a straight 
trunk and a narrow columnar crown.  It is 
reported to be the largest of Canada’s true 
firs (Forestry Branch, 1950).  The branches 
spread horizontally dipping slightly towards 
the base of the tree.  The bark is thin and 
smooth in youth while the older bark is 
narrowly furrowed between long flat ridges.  
The leaves spread horizontally from the 
branches and are dark green above and 
lighter below with 2 white stomata lines.  
The leaves are notched at the tip with a 
groove down the midline.  The cones are 
upright on the upper branches and are rarely 
shed as a unit although cone bearing 
branches may break in high winds 
 

Ecological Setting: 
Grand fir grows in moist to dry forests in the 
rain shadow areas of the coast, often in 
association with Douglas fir and/or western 
redcedar.  It occurs on alluvial terraces in 
the valley bottoms and along the lower 
slopes to about 900 m ASL.  In the interior 
Grand fir is found on mesic sites in the 
valley bottoms and lower slopes.  Grand fir 
can be found on moisture shedding as well 
as receiving sites and tolerates a fluctuating 
groundwater table.  It obtains its greatest 
size on submontane fresh to moist nutrient 
rich alluvial or seepage sites and is 

characteristic of nutrient rich sites (Klinka et 
al, 1989). 
 

Tolerances and Preferences 
 

Soil Texture: 
Grand fir tends to occur on sites with fine 
textured soils although not heavy clays.  It is 
not common on coarse granular soils 
although it can be found on shallow exposed 
soils given adequate moisture (FEIS, 2001).  
It may be found on gravelly soils with a fine 
textured silty matrix. 
 

Nutrient Status: 
Grand fir is characteristic of nutrient rich 
sites (Klinka, et al, 1989) but may be found 
on poorer sites as well.  It is indicative of 
productive forest sites and is found in 
floristically diverse plant communities.  
Grand fir does best on streamside alluvium 
and deep, nutrient-rich valley bottoms 
(FEIS, 2001).  Grand fir responded 
positively to fertilization with both N and 
N+S fiertilizers (Garrison et al, 2000). 
 

Soil Reaction and Salinity: 
Grand fir is found in the slightly acidic soils 
of the coastal coniferous forests.  It is not 
noted as tolerant of saline conditions.  In 
northern California grand fir occurs in soils 
with a pH of 5 (FEIS, 2001). 
 

Moisture Regime Preferences: 
Grand fir is found on moist to mesic sites 
and occasionally on slightly dry sites.  It has 
its best growth on moist seepage sites 
although not on sites where standing water 
is present (Klinka, et al, 1989).  Will tolerate 
floods and fluctuating groundwater tables 
(FEIS, 2001).  Grand fir was found to be 
more tolerant to seasonal waterlogged soils 
than Norway spruce (Picea abies) (Xu et al, 
1997).  Grand fir is rated as moderately 
drought tolerant (FEIS, 2001). 
 

Shade Tolerance: 
Noted as a shade-tolerant to shade-intolerant 
species (Klinka et al, 1989).  Tends to 
regenerate best naturally on sites with partial 
shade and cool moist conditions.  Grand fir 
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will regenerate under an open canopy but is 
not as shade tolerant as western redcedar, 
hemlock and other firs.  It will not establish 
under a closed canopy.  Competition from 
bracken fern, western coneflower or other 
conifers and browsing by northern pocket 
gophers can slow establishment on sites 
where grand fir will eventually dominate 
(Ferguson, 1999). 
 

Mowing / Grazing Tolerance: 
Seldom browsed by livestock although deer, 
elk and moose may resort to eating fir 
needles in the winter when other foods are 
scarce (FEIS, 2001).  True firs (Abies spp.) 
are one of the least preferred food species 
for deer (Vancouver Island Black Tailed 
Deer) while they are moderately preferred 
by Roosevelt Elk (Nyberg and Janz, 1990).  
Grand fir will not re-sprout if cut below the 
lowest branch.  Invasion of meadows by 
grand fir was found to be restricted by sheep 
grazing (Miller and Halpern, 1998).  Grand 
fir colonization of open forests due to fire 
suppression restricts grazing opportunities 
(FEIS, 2001). 
 

Disease and Pest Tolerance: 
Grand fir is susceptible to a variety of 
pathogens including heart and root rots 
(Fomes annosus, Armillaria ostoyae and 
Echinodontium tinctorum) (FEIS, 2001).  
Western spruce bud worm, Douglas fir 
tussock moth, western balsam bark beetle 
and fir engraver beetle are the most 
problematic insect pests (FEIS, 2001).  
Grand fir has a more extensive response 
(monoterpene production) to bark beetle and 
symbiotic fungal attacks then lodgepole pine 
(Raffa and Berryman, 1987).  Douglas-fir 
tussock moth can kill grand fir (Wickman et 
al, 1986).  The budworm Choristoneura 
murinana (Hb) is capable of establishing on 
grand fir (duMerle et al, 1992).  Grand fir 
and Douglas fir are the most susceptible of 5 
conifer species (western larch, white pine 
and ponderosa pine) to the root rot 
Armillaria ostoyae (Entry et al, 1992).  
Grand fir is a rare host of larch dearf 
mistletoe (Arceuthobium laricis) 
(Mathiasen, 1998). 

 
Response to Fire: 

The thin bark of young grand fir make it 
susceptible to fire.  However, the thicker (up 
to 5 cm) bark of older trees provides 
resistance to low- and moderate-severity 
fires.  The low branching habit of grand fir 
make it susceptible to torching and crown 
fires.  It does not survive crowning or severe 
fires (FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Grand fir is an early pioneer on suitable sites 
although it can also be found in late seral 
forests (FEIS, 2001).  Noted as a climax 
species in some ecosystems (FEIS, 2001).  
Root competition plays an important role in 
suppressing herbaceous species in 
bottomland grand fir forests (McCune, 
1986).  Grand fir re-established after a 
Douglas-fir tussock moth outbreak in 
northeastern Oregon but not as well as 
ponderosa pine, larch, spruce and pine. 
Grand fir seedlings are intermediate in heat 
tolerance (early seral conditions) between 
ponderosa pine (very tolerant) and 
Engelmann spruce (little tolerant) (Seidel, 
1986).  Grand fir competed poorly against a 
seeded cover of agronomic species 
following fire (Schoennagel and Waller, 
1999). 
 

Erosion Control and Soil Building: 
Not noted for erosion control or soil 
building, although rapid growth of this 
species is important in the control of erosion 
on sites where it grows (FEIS, 2001).  Noted 
as having shallow rooting systems (FEIS, 
2001).  Litter decomposition rates for grand 
fir are an order of magnitude faster than 
ponderosa pine and Douglas fir (FEIS, 
2001). 
 

Wildlife / Riparian Use: 
This tree is only browsed when other food 
sources are unavailable (FEIS, 2001).  
Flammulated Owl (Otus flammeolus) uses 
large diameter (average 72 cm dbh) grand fir 
along with ponderosa pine and Douglas fir 
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for nesting in Oregon (Bull et al, 1991).  
Long-eared owls nested in extensive stands 
of grand fir although their nests were in 
dwarf-mistletoe infested Douglas fir (Bull et 
al, 1990).  Great Gray Owls used grand fir – 
Douglas fir forests for nesting 50 % of the 
time (Bull et al, 1989).  Grand fir was the 
only live tree that Pileated Woodpeckers 
nested in, other nests in ponderosa pine and 
western larch were in dead trees (Bull, 
1987). 
 

Ethnobotany: 
A varnish was made from the pitch of grand 
fir by Coast Salish people of Vancouver 
Island.  Pitch was rubbed into wooden 
implements and then scorched to fom the 
varnish like finish.  A decoction made from 
the branches and cones was used by the 
Coast Salish for treatment of respiratory 
ailments while a poultice from the pitch was 
used to treat wounds, burns and sore eyes.  
A decoction of the bark, sap and sapwood 
was used by Coast Salish to treat gonorrhea 
(FEIS, 2001).  Grand fir bark preparations 
have been used to treat respiratory and 
digestive tract ailments in Coast Salish 
people (Turner and Hebda, 1990). The 
boughs of grand fir were used as bedding, as 
a floor covering and as a covering for berry 
baskets by Nootka and Thompson peoples 
(Turner, 1979). 
 

Availability: 
Grand fir is readily available as a seedling 
from most forest nurseries.  Stock to be used 
in specific areas may need to be custom 
grown. 
 

Establishment: 
Grand fir is typically established as a one-
year-old plug.  Pre-germination stratification 
was found to be more important than light in 
seed germination trials of 14 conifer species 
including grand fir.  However for grand fir, 
lodgepole pine, ponderosa pine and Douglas 
fir, where seed was not stratified, light 
improved germination (Li et al, 1994).  
Cones of grand fir ripen in September and 
seed is shed in late September to mid-
October.  There are an average of 23,200 

cleaned seed per pound ranging from 12,600 
to 44,300 (USDA, 1948).  Purity averages 
83 percent (40% to 97 % range) and 
soundness is 48 percent due to an attached 
seed wing that makes seed cleaning difficult 
(USDA, 1948).  Young and Young (1992) 
report that an illuminated pre-chilling (3-5o 
C) for 28 days assists germination.  Grand 
fir grows solely from seed and does not 
sprout from the root crown (FEIS, 2001). 
 

Commercial Value: 
Grand fir is an important commercial 
species.  It is used for lumber, box and crate 
material and pulpwood (Forestry Branch, 
1950).  The wood of grand fir is compatible 
with adhesives and is good for pulping and 
other light-duty uses although the wood is 
not as strong as most pines (FEIS, 2001). 
 

Current Status for Restoration: 
Grand fir is suggested as a good candidate 
for planting on disturbed sites because of its 
ability to grow in a variety of environments 
including riparian areas (FEIS, 2001). 
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Acer circinatum Pursh 

Vine Maple 
 

 

 
 

        Drawing by kind permission of Douglas et al (1998-
2002) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

Ecological Setting Fresh to very moist nutrient rich shady to sunny sites that may be 
well to imperfectly drained.  May occur on talus slopes. 

Soil Texture Found on coarse, well drained alluvial soils in moist climate areas 
to clay loams in drier climates. 

Nutrients Occurs on nitrogen-rich sites.  It has been implicated in improving 
site nutrient status. 

Soil Reaction / 
Salinity Prefers soils that are slightly acidic to slightly basic (pH 5.5 – 7.5) 

Moisture Regime Prefers moist sites although can be found on talus slopes and 
other sites that are freely drained. 

Shade Tolerance Shade tolerant to shade intolerant, vine maple can be found in 
shady as well as sunny locations. 

Successional 
Status 

Present in early seral to climax stands.  May modify successional 
sequences through allelopathic effects. 

Erosion Control Found to build soil nutrient status. 

Wildlife / Riparian Browsed by black-tailed deer and Roosevelt elk.  Eaten by 
mountain beaver. 

Availability Readily available from commercial nurseries. 

Establishment Easily established from plugs.  Seed dormancy presents 
problems in the use of seed for establishment. 
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Acer circinatum Pursh 
Common name(s) 

Vine maple 
Oregon vine maple (Favorite, 2002) 
Mountain maple (Las Pilitas, 2001) 

Cultivars  
A number of cultivars of this species are 
marketed by nurseries in the Pacific 
Northwest including “Monroe”, “Alleyne 
Cook”, “Del’s Dwarf”, “Elegant”, “Little 
Gem”, “Pacific Fire”, “Pacific Sprite” and 
“Sunglow” (Stanley & Sons, 2002). 

Distribution and Origin:  
Vine maple is native to the Pacific 
Northwest and is found from southwestern 
British Columbia to northern California 
(Brayshaw, 1996b).  Vine maple is found 
almost entirely west of the Cascades 
although may occur in valley bottoms and 
moist draws on the east side of the Cascades 
in Washington and Oregon (Uchytil, 1989).  
Found in only two places on Vancouver 
Island and suspected of being introduced in 
these locations (Brayshaw, 1996b). 
 

Growth Form and Reproduction:  
Vine maple is a spreading large shrub or 
small tree up to 10 m tall (Brayshaw, 
1996b).  Rose et al (1998) report that vine 
maple may grow up to 15 m tall and that the 
stems are crooked with the branches erect or 
creeping along the ground.  The name vine 
maple comes from the habit of this species 
to twine around the stems of other trees.  It 
was cursed by the Coureus de Bois as 
“Devil’s wood” due to the tripping hazard 
caused by the prostrate stems of this species 
(UBC Arboretum, 2002).  Vine maple 
reproduced primarily by layering (Haeussler 
et al, 1990) although it produces seed and 
can be easily grown from seed (Kruckeberg, 
1996).  Most (95%) layering occurs as a 
result of stems being pinned to the forest 
floor by fallen trees or branches (O’Dea et 
al, 1995).  Although the flowers are 
relatively inconspicuous, the fruit of the vine 
maple (samaras) turn a brilliant red when 
they are young (U of Alabama, 2002).  
There are typically 10 seeds/gram (Young 
and Young, 1992) (7,690 to 12,195/kg (Rose 

et al, 1998)).  It can be grown from 
softwood cuttings in the nursery (Favorite, 
2002). 
 

Ecological Setting:  
Vine maple is a very shade tolerant to shade 
intolerant species that is found on fresh to 
very moist, rich sites (Klinka et al, 1989).  
Rose et al (1998) reports that vine maple 
prefers bottomlands and rich, moist well 
drained soils along streambanks and on 
alluvial terraces.  It often grows under a 
forest canopy although it can be found in 
open areas such as “shrubfields”, clearcuts 
or lava flows (Pojar and MacKinnon, 1994) 
and on talus slopes (Rose et al, 1998).  
Haeussler et al (1990) reports that vine 
maple abundance follows a bi-modal 
distribution in logged stands with high 
density early in the life of the stand dropping 
to very low density with canopy closure and 
rebounding as the stand matures and the 
canopy opens.  Vine maple is found from 
sea level to about 1,000 m (Haeussler et al, 
1990).  Rose et al (1998) report wine maple 
up to about 1,400 m elevation.  Vine maple 
occurs with decreasing frequency with 
increasing elevation (Klinka et al, 1989). 
 

Tolerances and Preferences 
 

Soil Texture: 
Klinka et al (1989) report that vine maple 
occurs on “fragmental colluvial soils”.  It is 
found on well-drained soils and on alluvial 
terraces (Rose et al, 1998).  Vine maple is an 
indicator of well-drained, moist soils that 
can range in texture from clay loams to 
sandy or rocky soils (Uchytil, 1989). 
 

Nutrient Status: 
Vine maple is found on nitrogen-rich sites 
(Klinka et al, 1989).  It is often found on 
stream banks and alluvial terraces where 
fresh nutrients may be available from 
salmon carcasses.  Haeussler et al (1990) 
reports that vine maple has a high 
requirement for calcium, magnesium and 
nitrogen.  Vine maple returns nutrients to the 
soils quickly due to the rapid decomposition 
of leaf litter (Haeussler et al, 1990).  Vine 
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maple enhances the nutrient status of sites 
where it grows, particularly in younger (75 
year old) stands (Tashe and Schmidt, 2001). 
 

Soil Reaction and Salinity: 
Vine maple prefers soils that are slightly 
acidic to slightly basic but may show 
symptoms of chlorosis related to iron 
deficiencies if grown in alkaline soils (Plants 
for the Future, 2002).  Vine maple prefers 
sites with a pH of from 5.5 to 7.5 (Hansen, 
2002). 
 

Moisture Regime Preferences: 
Vine maple prefers moist sites along streams 
and in seepage areas (Favorite, 2002).  It 
grows on submesic to subhygric sites but is 
found most commonly on hygric sites.  Vine 
maple is capable of depleting soil moisture 
because of its rapid transpiration rate 
(Haeussler et al, 1990).  Brayshaw (1996b) 
reports that vine maple is found in “moist 
woods”.  It is found on moist, well-drained 
sites (Rose et al, 1998).  Pojar and 
MacKinnon (1994) report that it is found on 
moist to wet sites.  The soils of these sites 
are described by Klinka et al (1989) as being 
from fresh to very moist. 
 

Shade Tolerance: 
Vine maple is reported to be very shade 
tolerant but it has its greatest growth in 
openings where there is only partial shade 
(Haeussler et al, 1990).  Vine maple is listed 
as being shade tolerant to shade intolerant 
by Klinka et al (1989).  The abundance of 
vine maple increases following clearcutting 
then decreases when the forest canopy 
closes and increases again as the forest ages 
and openings appear in the canopy 
(Haeussler et al, 1990).  The cover of vine 
maple is greater under a canopy of Douglas-
fir than under western hemlock or western 
redcedar, presumably due to increased light 
availability under the Douglas-fir (Uchytil, 
1989). 
 

Mowing / Grazing Tolerance: 
Vine maple sprouts prolifically from the root 
crown when cut, creating a problem for the 
regeneration of conifer forests (Haeussler et 

al, 1990).  It is browsed by black-tailed deer 
and Roosevelt elk and can withstand this 
browsing pressure (Uchytil, 1989).  Vine 
maple is frequently clipped by mountain 
beaver, resulting in bushy open, uneven 
crowned forms (Crouch, 1968). 
 

Disease and Pest Tolerance: 
Vine maple is eaten by many insect pests 
including the western winter moth (Erannis 
vancouverensis), western tent caterpillar 
(Malacosoma pluviale) and the redhumped 
caterpillar (Shizura concinna) (Haeussler et 
al, 1990).  Vine maples are commonly 
infected by the stem canker Nectaria 
coccinea, and the two stem decays, 
Polyporus hirsutus and Polyporus vericolor 
(Haeussler et al, 1990).  Maple seed 
production may be adversely affected by 
aphids while small mammals and birds can 
reduce seed numbers substantially (USDA, 
1974). 
 

Response to Fire: 
Vine maple has a low to moderate tolerance 
to fire, although it re-sprouts from the roots 
and root crown that survive all but the most 
severe fires (Haeussler et al, 1990).  The 
relatively thin bark and leaves are 
susceptible to heat damage but the root 
crown sprouts re-establish pre-burn cover 
within 2 to 5 years, although in some cases it 
may take up to 25 years to regain pre-burn 
frequency and cover values (Uchytil, 1989). 
 

Restoration Considerations 
 

Successional Status: 
Vine maple may be present in early seral 
plant communities and may persist, albeit at 
a reduced density, through mid-seral stages, 
regaining prominence in later seral stages or 
climax forests (Uchytil, 1989).  Dense mats 
of vine maple litter may restrict the 
establishment of later seral conifer species 
(Wardman and Schmidt, 1998).  Growth of 
subordinate species is inhibited under vine 
maple (and arbutus and white flowered 
rhododendron) due to allelopathic effects 
associated with plant waste products (del 
Moral and Cates, 1971).  The litter from 
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western redcedar and western hemlock may 
restrict the growth of vine maple (Haeussler 
et al, 1990).  Growth of Douglas-fir trees 
adjacent to vine maple gaps in the forest 
were found to up to 70 % greater basal area 
increments than non-gap Douglas-fir trees 
(Wardman and Schmidt, 1998).  Vine maple 
grows as both an understory species as well 
as along the margins of forests, in meadows 
and “brush fields” (Pettinger and Costanzo, 
2002).  Vine maple can be dominant in early 
seral communities on water-shedding sites 
and is reported to be shade-tolerant to shade-
intolerant (Klinka et al, 1989).  Vine maple 
may act as a substrate for epiphytic 
bryophyte growth through a variety of 
bryophyte seral stages due to growth of new 
shoots on the vine maple, and therefore new 
substrates for bryophyte colonization, even 
as the forest ages (Ruchty et al, 2001). 
 

Erosion Control and Soil Building: 
The leaf litter from vine maple is thought to 
contribute a rich supply of nitrogen to sites 
where it grows (Haeussler et al, 1990).  Soils 
under vine maple were found to contain 
higher concentrations of N, P, Ca, Mg, K, 
Fe, and Zn than corresponding conifer litter 
derived soils (Ogden and Schmidt, 1997).  
Vine maple litter decomposes faster than 
conifer litter (Ogden and Schmidt, 1997).  
Vine maple has been found to improve soil 
nutrient cycling as well as the nutrient status 
of adjacent Douglas-fir (Tashe, 1998).  
Ectomycorrhizal mats that form under vine 
maple are positively correlated with tree size 
(Griffiths et al, 1995).  Extensive layering 
by vine maple ensures the spread of this 
plant from the parent with the root systems 
helping to stabilize the soils (Uchytil, 1989).  
A moder humus form develops under vine 
maple (Haeussler et al, 1990). 
 

Wildlife / Riparian Use: 
Vine maple is an important winter forage for 
Columbian black-tailed deer (Nyberg and 
Janz, 1990) and elk (Uchytil, 1989).  Protein 
levels in vine maple are higher in the 
summer than in winter and deer and elk 
make greater use of the plant during the 
summer than the winter (Uchytil, 1989).  

Black-tailed deer consumed vine maple less 
preferentially than five other common forest 
floor species due, presumably, to poor 
cellulose digestibility (Radwan and Crouch, 
1974).  Vine maple is moderately important 
as a winter and spring forage for Roosevelt 
elk (Singleton, 1976).  It is the preferred 
forage for mountain beaver (Haeussler et al, 
1990).  Vine maple is an important 
streamside plant and contributes to the 
health of riparian ecosystems (Rose et al, 
1998).  The seeds, buds and flowers of vine 
maple are used by a wide variety of birds 
and small mammals (Uchytil, 1989).  It is 
expected that litterfall from vine maple 
contributes to nutrient additions in aquatic 
environments as it does in terrestrial 
ecosystems (Ogden and Schmidt, 1997).  
Wildlife herbivory influences the 
recruitment and morphology of vine maple 
following clear cutting (Woodward et al, 
1994). 
 

Ethnobotany: 
Vine maple wood was used in the 
construction of fish traps, large carrying 
baskets, salmon tongs, for spoons and 
knitting needles.  The highly flexible wood 
was used for snowshoe frames and dip net 
frames.  The strong straight shoots were 
used for arrow shafts.  The wood was also 
used for implement (axes, adzes etc.) 
handles and to make bows (Turner, 1998).  
Charcoal made from vine maple was used 
for dysentery as well as polio (Turner et al, 
1990). 
 

Availability: 
Vine maple is widely available from a 
number of commercial nurseries as plugs or 
in larger containers (Hansen, 2002; Linnaea 
Nurseries Ltd., 2002). 
 

Establishment: 
Vine maple is most easily established from 
plugs or as larger potted plants.  Delayed 
germination (USDA, 1974) as well as poor 
seed crops Rose et al, 1998) may result in 
poor initial establishment from seed.  Vine 
maple is noted as a “difficult” species in 
terms of seed germination and some form of 
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physical treatment to break the seed coats is 
recommended (USDA, 1974).  Stratification 
of the freshly gathered seeds for 90 days at 
41o F is recommended to break dormancy 
(Favorite, 2002).  It may also be propagated 
from softwood cuttings.  Rooting hormones 
may improve the rooting of softwood 
cuttings (Favorite, 2002).  Layering may be 
used to spread established clumps of vine 
maple (Rose et al, 1998). 
 

Commercial Value: 
There are a number of horticultural cultivars 
of vine maple that are used in landscaping 
with the most widespread being “Monroe”, a 
form with deeply dissected leaves (Stanley 
& Sons, 2002).  The wood is used locally for 
tool handles and as firewood (Uchytil, 
1989). 
 

Current Status for Restoration: 
Vine maple is an excellent candidate for 
restoration use as it may be grown in sunny 
or shady locations as a pioneer or later seral 
species (Klinka et al, 1989).  The use of this 
species in riparian areas is particularly 
appropriate as it will help build the soils as 
well as shading the watercourse.  The 
importance of vine maple as a source of 
food for wildlife (Nyberg and Janz, 1990; 
Singleton, 1976) suggests that this species 
be included in wildlife habitat restoration 
projects.  Vine maple is considered for 
restoration use along Washington State 
highways (WSDOT, 2002). 
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Abies lasiocarpa (Hook.) Nutt. 
Subalpine Fir 

 

 

 
 

        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Occurs at high elevations from northern Yukon to mountain tops 
in Arizona, Colorado and New Mexico. 

Soil Texture Prefers deep less rocky soils than adjacent alpine grasslands. 

Nutrients Will grow in areas with limited nutrients. 

Soil Reaction / 
Salinity Tolerates acidic, non-saline soils. 

Moisture Regime Prefers cool moist sites. 

Shade Tolerance Can tolerate shade, but not as much as western redcedar or 
western hemlock. 

Successional 
Status 

Pioneer on exposed mineral soils but persists as a late 
successional or climax species. 

Erosion Control Moderate erosion control.  Helps build soils by capturing wind -
borne dust. 

Wildlife / Riparian 
Provides moderate wildlife values.  Not generally found in riparian 
zones in southern part of range but is a riparian species in 
northern areas. 

Availability Readily available from many forest nurseries. 

Establishment Easily established as a 2 or 3 year old plug. 
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Abies lasiocarpa (Hook.) Nutt. 
= Abies balsamea ssp. lasiocarpa (Hook.) 

Boivin 
= Abies balsamea ssp. fallax (Engelm.) Boivin 
Subalpine Fir, Alpine Fir, Western Balsam Fir, 
Balsam, White Balsam, Balsam Fir, White Fir, 
Rocky Mountain Fir, Pino Real Blanco, Cork-
bark Fir, Corkbark Fir, Arizona Fir 
 
var. lasiocarpa = subalpine fir 
var. arizonica = corkbark fir 
 
Distribution and Origin:  

Subalpine fir is the most widely distributed 
true fir in North America.  It occurs from the 
treeline in northern Yukon, down the spine of 
North America to mountaintops in southern 
Colorado, Arizona and New Mexico.  
Subalpine fir is generally an interior species 
except in the northern part of its range where 
it approaches the coast down the major 
drainages.  Some of the largest subalpine fir 
specimens in existence are located in 
northern coastal drainages such as the Iskut 
and Stikine and near Meziadin Lake.  It 
occurs in the mountains of Vancouver Island 
and the Olympic peninsula as well as 
mountainous areas of islands on the Alaskan 
panhandle.  Subalpine fir is a native of the 
Pacific Northwest. 
 

Growth Form and Reproduction:  
Subalpine fir is a small to medium sized tree 
with a narrow crown well adapted to the 
heavy snowfall in the areas in which it occurs 
(Hulten, 1968).  The tallest subalpine fir on 
record is 50.3 m tall (in 1987) while the 
subalpine fir with the largest girth is 4.75 m 
in diameter (in 1980) (CDC, 2001).  The 
needles of subalpine fir are shorter (1 cm) on 
the upper branches than on the lower 
branches (2.5 to 4.5 cm) with notches at the 
tips except on some of the upper branches 
(Bowers, 1942).  The cones are 6 to 10 cm 
long by 3 to 4 cm in diameter.  Subalpine fir 
reproduces primarily by seed although in 
alpine areas layering may be the main form 
of reproduction. 
 

Ecological Setting:  
Subalpine fir grows in upper elevation areas 
in the southern portion of its range while it 
may occur at lower elevations in more 
northerly areas.  It occurs on cool moist sites 
and can persist where heavy winter snows 
kill other tree species.  Subalpine fir occurs 
primarily in continental boreal climates.  It 
obtains its greatest productivity on montane, 
fresh to moist, nutrient-rich seepage sites 
within wet cool temperate climates (Klinka et 
al, 1989). 
 

Tolerances and Preferences 
 

Soil Texture: 
Clumps of subalpine fir were found on 
deeper, less stony soils than grasslands 
between the clumps.  The stony soils of the 
grasslands hold only 60 % of the moisture of 
the deeper less stony soils under the 
subalpine fir clumps.  Soil accumulation in 
the subalpine fir clumps was found to be 
twice that of the open grassland, suggesting 
the subalpine fir plays a role in collection of 
wind-borne dust (Roche and Busacca, 1987). 
 

Nutrient Status: 
Subalpine fir is found on infertile soils 
suggesting that it has low nutrient 
requirements (Hardy BBT, 1989). 
 

Soil Reaction and Salinity: 
Hulten (1968) notes that subalpine fir grows 
primarily in acidic soils.  Subalpine fir is 
reported to have a high acid tolerance but 
suspected to have a low tolerance to saline 
soils (Hardy BBT, 1989). 
 

Moisture Regime Preferences: 
Subalpine fir prefers cool moist sites (FEIS, 
2001). 
 

Shade Tolerance: 
Krummholz mats of subalpine fir showed 
higher photosynthetic rates for shaded leaves 
than for shoots and leaves on the surface of 
the mats, suggesting shade tolerance in this 
species (Hadley and Smith, 1987).  Subalpine 
fir established after Engelmann spruce in a 
chronosequence in Arizona suggesting some 
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level of shade tolerance (Stromberg and 
Patten, 1991).  Subalpine fir follows western 
redcedar and western hemlock in shade 
tolerance (Kobe and Coates, 1997). 
 

Mowing / Grazing Tolerance: 
Cutting below the lowest branch will kill 
subalpine fir trees, although removal of the 
leader will not adversely impact survival.  
Not highly valued as browse therefore little 
impacts associated with animal consumption 
(FEIS, 2001). 
 

Disease and Pest Tolerance: 
The balsam wooly adelid (Adelges picea) 
attacks subalpine fir.  It was first found in 
Idaho in 1983 and by 1997/98 had infested 
14,000 square miles (Livingston et al, 2000).  
Subalpine fir is susceptible to infection by 
Douglas fir dwarf mistletoe (Arceuthobium 
douglasii Engelm.) (Mathiasen, 1999).  
Yellow stringy butt rot (Flammula alnicola 
(Fr.) Kummer) can inflict high losses in 
mature stands of subalpine fir (Baranyay, et 
al. 1962.).  Red ring rot (Fomes pini (Thore 
ex Pers.) Lloyd.) infects subalpine fir and 
occurs throughout the north temperate zone 
(Baranyay, et al. 1962.). 
 

Response to Fire: 
Subalpine fir is very susceptible to fire due to 
thin bark as well as very inflammable pitch 
and foliage.  High levels of fuel in subalpine 
fir stands result in stand destroying fires 
(FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Subalpine fir is a very slow colonizer of high 
elevation areas (Polster, 1977) due to low 
seedling survival rates (Cui and Smith, 1991).  
It establishes after Engelmann spruce in 
mixed forests in Arizona and may take more 
than 300 years to develop old growth 
characteristics (Stromberg and Patten, 1991).  
It can be considered a climax species in 
forests where it occurs (Polster, 1977).  
Thinning an overstory of paper birch resulted 
in increased leaf area in subalpine fir, a 
finding that is consistent with the shade 

tolerance of subalpine fir (Wang et al, 2000).  
Decay fungi play a role in removal of mature 
subalpine fir from the canopy of Engelmann 
spruce – subalpine fir forests, enabling 
recruitment of the later successional spruce 
and producing uneven aged forests in areas 
where fires are not common (Lewis and 
Lindgren, 1999).  Subalpine fir pioneers on 
recently de-glaciated sites where the coarse 
substrates encourage seed trapping while 
other conditions of the site prevent 
desiccation (Jumpponen et al. 1999). 
 

Erosion Control and Soil Building: 
Not specifically noted for erosion control 
although subalpine fir clumps was found to 
collect twice the wind borne soil of open 
grasslands (Roche and Busacca, 1987) and 
can therefore be consider as a soil builder in 
the high subalpine.  Erosion control by 
subalpine fir is listed as medium in Utah and 
Montana (FEIS, 2001). 
 

Wildlife / Riparian Use: 
Subalpine fir stands provide browse and 
cover for mule deer, elk, moose, woodland 
caribou, black bears and grizzly bears (FEIS, 
2001).  Woodland caribou favour old growth 
Engelmann spruce - subalpine fir forests with 
lichen bearing trees in the early winter 
(Riminger and Oldemeyer, 1989).  Pine white 
butterflies use subalpine fir as a larval food 
plant as well as a site for egg laying by adults 
(Guppy and Shepard, 2001).  Subalpine fir 
forests typically have too much snow to be 
good ungulate winter ranges although they 
are used by a variety of smaller mammals as 
well as birds (FEIS, 2001).  The large size of 
subalpine fir seeds (26 % of cone weight) 
make them an attractive food source for 
squirrels, chipmunks, mice and birds (FEIS, 
2001).  Blue grouse use subalpine fir for 
roosting during the night but Douglas fir for 
roosting during the day (Pekins et al, 1992).  
Marten use subalpine fir for denning 
(Ruggiero et al, 1998). 
 

Ethnobotany: 
Boughs of subalpine fir were used as a 
bedding material and as a temporary floor 
covering by Thompson peoples (Turner et al, 
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1990).  The inner bark was eaten as a 
treatment for tuberculosis while pitch from 
the blisters was used in various ways for 
sprains and bruises or for coughs.  The pitch 
was also used as an antiseptic for cuts.  In 
mixtures with other materials or as a 
decoction made from young shoots, subalpine 
fir pitch was used for treatment of stomach 
ailments, gonorrhea, eye sores or other major 
ailment (Turner et al, 1990).  The wood of 
subalpine fir was used by the Carrier people 
for roofing shingles while rotten wood was 
used as a smudge for tanning hides (Turner, 
1998).  They also used the pitch was also 
used as a sealant for birch bark canoes and as 
a coating for bow strings (Turner, 1998).  The 
Carrier also used subalpine fir pitch 
medicinally as an ointment for sores and 
wounds and as a decoction for coughs (Ritch-
Krc et al, 1996).  The pitch preparations have 
been found to have anti-microbial and anti-
cancer properties (Ritch-Krc et al, 1996a).  
The pitch was used as a mosquito repellant 
and to mask human scents and thus avoid 
predation (Turner, 1998) 
 

Availability: 
Often available through commercial forest 
seedling nurseries, although may need to be 
ordered in advance for any substantial 
quantities.  Seed may be available from 
commercial collectors. 
 

Establishment: 
Subalpine fir often reproduces by layering at 
high elevation sites, presumably in response 
to heavy snow cover and extreme conditions 
(FEIS, 2001).  Layering in Englemann spruce 
and subalpine fir tree islands is greater on the 
lee side of the islands.  This causes the tree 
islands to “creep” across the landscape at a 
rate of 1.5 to 2.6 cm/year Benedict, 1984).  
Seedlings established best on mineral soil 
seedbeds at lower elevations while at higher 
elevations duff substrates provided better 
seedbeds (FEIS, 2001).  Germination is best 
if seed is sown in the fall and allowed to 
stratify over the winter (USDA, 1948).  
Germination is improved with a cold moist 
pretreatment followed by a daily fluctuating 
temperature (25/10 degrees) (Hansen and 

Leivsson, 1990).  Pre-chilling then drying the 
seeds (35% moisture content) and storing 
them for as much as 12 months can improve 
germination over seeds that have been just 
prechilled (Young and Young, 1992).  
Natural germination is enhanced on nurse 
logs and mineral soil sites over sites with 
natural forest humus (Zhong and van der 
Kamp, 1999).  Seed availability appeared to 
be the primary factor in natural seedling 
establishment in a subalpine fir Engelmann 
spruce forest in northern British Columbia 
(Eastham and Jull, 1999).  Subalpine fir is 
most easily established as a 2+0 or 3+0 plug 
as the initial growth of this species is slow.  
Seed should be collected from the area where 
the planting is to be used as there is a wide 
genetic variability in this species (FEIS, 
2001).  Seedlings can be transplanted from 
the wild when they are small as the plant 
grows slowly (FEIS, 2001). 
 

Commercial Value: 
Subalpine fir is widely harvested 
commercially for its wood.  It is sometimes 
used as a landscape plant and resin from the 
bark is used in the optical industry and as 
cement in laboratories and for microscope 
slides (FEIS, 2001).  The wood of subalpine 
fir is odorless, light weight, soft and easy to 
work.  It holds screws and nails well.  Fiber 
from subalpine fir pulps well.  Poles made 
from subalpine fir need to be well treated 
with preservatives as it rots easily (FEIS, 
2001). 
 

Current Status for Restoration: 
Subalpine fir is widely used as container 
grown plugs for high elevation restoration.  It 
is recommended for cool moist sites where it 
naturally occurs and can be established 
directly on mineral soils.  Spacing should be 
no more than 3m by 3m (FEIS, 2001) and 
clump planting is recommended to mimic 
natural establishment patterns. 
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Amelanchier alnifolia Nuttall 
Saskatoon 

 
 

 
A. alnifolia (4a flowering branch, 4b winter twig, 4c 
fruit).  

        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 

 
from Taylor (1973) and Hulten (1968) 

 

Ecological Setting Found in open clearings on rocky ground from sea level to about 
2750 m at the southern extent of its range. 

Soil Texture Typically on coarse, rocky soils although will do well on loam 
soils.  Not found on heavy clays lacking humus. 

Nutrients Found on nitrogen-medium soils, in nutrient poor sites. 

Soil Reaction / 
Salinity Can tolerate pH 5.5 to 7.5.  May tolerate mildly saline soils. 

Moisture Regime Occurs on moderately dry to fresh moisture shedding sites. 

Shade Tolerance Prefers full to partial sun.  Will not tolerate heavy shading. 

Successional 
Status Pioneer on rocky talus and after fire on dry hillsides. 

Erosion Control Large branched root system and spreads by stolons to form 
dense thickets. 

Wildlife / Riparian Important wildlife food and cover.  Fruit eaten by a variety of 
species. 

Availability Available from a variety of native plant nurseries.  Cultivars 
available for commercial use. 

Establishment Can be established from seed or fungicide treated root cuttings 
stuck vertically.  Does not root well from cuttings in the field. 
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Amelanchier alnifolia Nuttall 
= Aronia alnifolia Nutt. [in Hulten, 1968] 
Saskatoon, Serviceberry, Service Berry, 

Saskatoon Berry, Saskatoon Serviceberry, 
June Berry, Shad-bush 

Cultivars developed for fruit production 
include: “Regent”, “Northline”, “Parkhill”, 
“Porters”, “Pembina”, “Smoky”, 
“Thiessen”, “Forestberg” and “Honeywood” 
(Hardy BBT, 1989). 

 
Varieties: (from Brayshaw, 1998 and 

Hitchcock and Cronquist, 1973) 
var. pumila (Nuttall) A. Nelson 

= A. balsalticola, A. cuneata, A. glabra 
var. humptulipnsis (G.N. Jones) C.L. 

Hitchcock 
var. semiintegrifolia (Hooker) C.L. 

Hitchcock 
= A. ephemerotricha, A. florida, A. 

gormani, A. oxyodon, A. parviflora 
var. cusickii (Fernald) C.L. Hitchcock 

At least 9 varieties known in Salish culture 
(Turner, 1997). 

 
Distribution and Origin: 

Saskatoon ranges from Alaska to Lake 
Superior in the southern Boreal Forest 
Region.  It is found throughout British 
Columbia, south to California and east to 
Michigan, Colorado and Nebraska 
(Brayshaw, 1998; Hulten, 1968; Hitchcock 
and Cronquist, 1973; Taylor, 1973).  It is 
found up to 2750 m ASL (Rose et al, 1998).  
Common along rocky coastlines (Turner, 
1995).  Trade by aboriginal groups 
throughout British Columbia (Turner, 1997) 
may contribute to the wide distribution of 
Saskatoon. 
 

Growth Form and Reproduction:  
Slender shrub or rarely a small tree up to 12 
m tall with long ascending branches 
(Brayshaw, 1998).  Described by Hulten 
(1968) as a low shrub.  Produces pea-sized 
dark bluish (Brayshaw, 1998) to purple fruit 
(pomes) (Kruckeberg, 1996) ripening in July 
and August (Young and Young, 1992).  
Good berry crops every 3 to 5 years (Rose et 

al, 1998), although may produce good crops 
every year (USDA, 1948).  Germination is 
enhanced after being eaten by Cedar 
Waxwing birds (Young and Young, 1992).  
Germination may also be enhanced by 
passage through the gut of other birds and 
animals.  Readily sprouts from root crowns 
and suckers following fire (Klinka et al, 
1989). 
 

Ecological Setting: 
Saskatoon is found in open clearings, often 
on stony or rocky ground (Brayshaw, 1998).  
May form extensive colonies by spreading 
rootstocks on exposed slopes (Kuijt, 1982).  
Saskatoon occurs within boreal, cool 
temperate, cool semiarid and cool 
mesothermal climates (Klinka et al, 1989).  
Found on rocky shorelines, bluffs, talus 
slopes, dry to moist forest and roadside sites 
in well drained soils at low to mid elevations 
(Pojar and MacKinnon, 1994).  May form a 
band near the top of talus slopes east of the 
Cascades and Coast Range mountains and in 
dry Interior areas.  Occurs in open clearings 
and open canopy Douglas fir and lodgepole 
pine stands (Klinka et al 1989).  Scattered in 
coastal areas.  At low elevations on both 
sides of the Cascades (Kruckeberg, 1996). 
Submontane to montane species (Klinka et 
al, 1989).  In the Sub-boreal Spruce Zone of 
British Columbia Saskatoon is found on 
subxeric to subhygric sites ranging from 
oligotrophc to eutrophic (Pojar et al, 1982). 
 

Tolerances and Preferences 
 

Soil Texture: 
Saskatoon is found on a range of soils, 
preferring coarse, free draining soils (Klinka 
et al, 1989).  Not found on heavy clay soils 
lacking humus (Hardy BBT, 1989). 
 

Nutrient Status: 
Found on nitrogen-medium soils (Klinka et 
al, 1989).  May be found on sites where the 
nutrient level and nutrient retention is low 
such as gravely, stony road cut and fill 
slopes.  No beneficial effects of fertilization 
noted on normal agricultural soils (Hardy 
BBT, 1989). 
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Soil Reaction and Salinity: 
Saskatoon prefers moderately acidic to 
moderately alkaline soils, although it can 
grow under a wide range of soil reactions.  
Best growth is in the pH 6.0 to 7.0 range but 
can tolerate pH 5.5 to 7.5 (Hardy BBT 
1989).  Occurs on rocky ocean coasts 
(Turner, 1995) suggesting a tolerance to 
saltwater spray. 
 

Moisture Regime Preferences: 
Best adapted to soils that are moderately 
moist to moist (Thornburg, 1982).  Found on 
moderately dry to fresh, water-shedding 
sites (Klinka et al, 1989).  Often found on 
dry slopes in the Thompson Canyon of 
British Columbia. 
 

Shade Tolerance: 
Kruckeberg (1996) notes that Saskatoon 
likes partial to full sun.  Prefers sunny or 
partially shaded areas (Rose et al, 1998).  
Saskatoon is a shade-tolerant to shade-
intolerant species (Klinka et al, 1989).  Will 
not tolerate shading by aspen for long 
(Hardy BBT, 1989). 
 

Mowing / Grazing Tolerance: 
Will persist when heavily browsed by 
wildlife (Nyberg and Janz, 1990).  Sprouts 
from root crowns when broken by bears.  
Hedging noted on heavily browsed plants 
(Hardy BBT, 1989). 
 

Disease and Pest Tolerance: 
Suffers from diseases associated with higher 
humidity when crowded by aspen trees 
(Hardy, BBT, 1989).  May be defoliated by 
tent and tortrix caterpillars.  Oyster shell 
scale (Lepidosaphus ulni) attacks branches 
while the sawfly (Hoplocampa sp.) infests 
the fruit.  Tortricid moth larva 
(Argynotaenia quadrifusciana), gall midge 
and circulionids damage flowers and fruit.  
The fungus Morillinia amelanchieris causes 
“mummy fruit” and mildew.  Seedlings are 
susceptible to damping off (Pythium 
rhizoctonia) and leaf spots (Entomosporium 
maculatum).  Rusts (Gymnosporangia spp.) 
cause shoot death and fruit malformation.  
Common juniper is the alternate host for 
these rusts (Hardy BTT, 1989). 
 

Response to Fire: 
Produces suckers from roots following fire 
(Hardy BBT, 1989).  Resprouts from near 
surface roots and deep roots following fire.  
Top-killed by moderate to severe fire, 
(FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Pioneer on rocky talus slopes and rock 
knobs.  Often proliferating after fire on dry 
hillslopes.  Characteristic of young seral 
forests on disturbed sites (Klinka et al, 
1989).  Found to respond favourably to fire 
in central Alberta by increased suckering 
(Hardy BBT, 1989). 
 

Erosion Control and Soil Building: 
Potential use in soil stabilization plantings 
(Thornburg, 1982).  Saskatoon has large 
branched roots with many fibrous roots and 
spreads by stolons to form dense thickets 
and provides good medium term soil 
stability once established (Hardy BBT, 
1989). 
 

Wildlife / Riparian Use: 
Saskatoon is important for wildlife food and 
cover (Thornburg, 1982).  Provides 
important winter browse for ungulates 
(Pojar and MacKinnon, 1994).  Fruit eaten 
by birds and upland game (Thornburg, 
1982).  Fruit a favourite of bears (Lyons, 
1995).  Deer reported to eat leaves and twigs 
(Rose, 1998).  Nyberg and Janz, (1990) 
report that Saskatoon is an important winter 
browse species for Columbia black-tailed 
deer in southern British Columbia.  Winter 
buds provide food for sharp-tailed grouse 
(Hardy BBT, 1989).  Reported by Singleton 
(1976) to be of medium-high value to 
moose, elk, and blacktail deer in the winter / 
spring period and a medium value for 
whitetail deer during the winter / spring 
period.  Ranked 4th out of 27 species for use 
by ungulates in the upper Fording River area 
of British Columbia (Norecol, 1984).  
Reported as a preferred food of Bighorn 
Sheep in Southeastern British Columbia 
(Norecol, 1984).  Larval Two-tailed 
Swallowtail, Pale Swallowtail, Hairstreaks 
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and Lorquin’s Admiral butterflies use the 
foliage (Guppy and Shepard, 2001) 
 

Ethnobotany: 
Wood commonly used for arrows, digging 
sticks, and drying racks by Interior peoples 
(Pojar and MacKinnon, 1994).  Burning 
used to encourage stands of Saskatoon 
(Pojar and MacKinnon, 1994).  The berries 
were eaten by virtually every coastal First 
Peoples (Turner, 1995).  Hardwood digging 
sticks, combs, arrows, tool handles, salmon 
spreaders and net reinforcements made from 
Saskatoon stems (Turner, 1997; Turner et al, 
1990).  The berries of Saskatoon  and red-
osier dogwood were sometimes mixed in 
equal measure to make the red-osier more 
palatable or with whitebark pine seeds 
(Turner, 1997).  Used universally to sweeten 
other foods (Turner, 1997).  Traditional 
Thompson food plant (Turner et al, 1990).  
Used as a beverage, sweetening, a dried 
fruit, decoction of bark and/or stems used as 
a general tonic, used after childbirth, as a 
contraceptive and stomach medicine (Turner 
et al, 1990).  Said to be the most important 
fruit of the Thompson First Peoples (Turner 
et al, 1990). 
 

Availability: 
Plants available from a variety of nurseries 
in a variety of different sizes.  Seed 
available commercially (Hardy BBT, 1989).  
Various cultivars available for commercial 
planting (Hardy BBT, 1989). 
 

Establishment: 
Fruit easily collected by hand (Thornburg, 
1982).  Fruit may be shaken into canvas or 
hoppers (Rose et al, 1998) and should be 
collected soon after ripening to avoid loss to 
birds (Young and Young, 1992).  Early 
varieties of Saskatoon berries ripen in June 
in the Okanagan Valley of British Columbia 
(Turner, 1997).  Seed can be cleaned by 
macerating the fruit in water and washing 
over screens followed by drying, rubbing 
and air screening.  Dry seed may be stored 
in sealed containers at 5O C (Young and 
Young, 1992).  Requires cold stratification 
(33O to 44O F) for 3 to 6 months for 
germination (Kruckeberg, 1996).  Rose et al 
(1998) reports that the seed should be 

planted in winter or moist / cold stratified 
(1O to 6O C) for 4 to 6 months and then 
planted in the spring.  Young and Young 
(1992) report embryo dormancy that can be 
overcome by pre-chilling.  The seedbeds 
should be of sandy soil and should be kept 
mulched until germination, usually in the 
second spring after planting.  Rose et al 
(1998) reports seed weights of from 80,025 
to 250,885 seeds per kilogram while Young 
and Young (1992) report 180,000 seeds per 
kilogram.  Propagation under partial shade is 
beneficial for the first year (Young and 
Young, 1992). 
 
May be propagated by using 5 cm fungicide 
treated root cuttings stuck vertically with the 
proximal end at the soil surface or root 
crown division taken during the dormant 
season, optimally December to February 
(Rose et al, 1998).  Treated stem cuttings 
under mist may be successful (Kruckeberg. 
1996). 
 

Seedlings for transplanting can often be 
found growing on disturbed sites adjacent to 
parent plants (Kruckeberg, 1996). 
 

Commercial Value: 
Kruckeberg (1996) notes that var. cusickii 
has larger, more showy flowers and can be 
used ornamentally.  Saskatoons are widely 
grown commercially for their fruit which is 
used in pies, leathers, jams and jellies and 
wines (Hardy BBT, 1989).  Commercial 
ventures are producing jams and syrups 
(Turner, 1997). 
 

Current Status for Restoration: 
Saskatoon was tested for use in soil 
bioengineering in the Thompson Canyon 
and did not root well from stem cuttings 
(Brian Pimblett, CN Rail, pers. comm.).  
Grew well (80 % survival) on waste rock but 
not on tailings (7 % survival) at a copper 
mine in the Highland Valley of British 
Columbia (Jones and McTavish, 1986).  
Saskatoon suggested for reclamation of coal 
mine wastes to benefit wildlife (Norecol, 
1984).  Recommended for reclamation use 
in British Columbia (Dick, 1974 in Peterson 
and Peterson, 1977). 
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Balsamorhiza sagittata (Pursh) Nutt. 
Arrow-leaved balsamroot / Spring Sunflower 

 
 

 
     

 
  

 

  

  

  

  

 

 
 
Drawing from Stubbendieck et al. 1981.                           Distribution compiled from multiple literature  

sources.  Map created by Ole Heggen, Department   
of Geography, University of Victoria. 
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a, the entire plant; b, part of the r oot; c, the 
leaves; d, flower heads; e, bracts; f, achene 
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Balsamorhiza sagittata (Pursh) Nutt. 
 
Arrow-leaved balsamroot, Arrow-leaf 
Balsamroot, Spring Sunflower, Wild 
Sunflower, Gray Dock, Breadroot 
 
Distribution and Origin:  

Arrow-leaved balsamroot is confined to 
western North America, occurring along 
the east side of the Cascades from central 
British Columbia south to California and 
east through Nevada, to Colorado, the 
Black Hills of South Dakota and 
Saskatchewan. Arrow-leaved balsamroot 
is common and abundant throughout most 
of its range (USDA 1937). Arrow-leaved 
balsamroot can be found growing in a 
variety of elevation and moisture 
conditions but is found predominately on 
flats and open hillsides at low to mid 
elevations (300 to 3000 m) (Wasser 1982). 
It can also be found on warm, dry slopes 
at subalpine elevations. 

 
Growth Form and Reproduction 

Arrow-leaved balsamroot is a long-lived, 
herbaceous perennial that usually starts 
growth in March and April, and matures 
by mid-summer. The successful 
establishment of new individuals is slow, 
gradual or rare.  Arrow-leaved balsamroot 
grows from a deep-set, thickened, woody, 
taproot and is surmounted by a 
multicipital caudex (Hitchcock and 
Cronquist 1973; USDA 1937). The root is 
crowned by numerous dark-grey dried 
leafstalks and flower stalks of former 
years. It can grow to several centimeters in 
diameter and up to a meter in length 
(McLean 1979; USDA 1937). In early 
work by Spence (1937), root 
measurements were taken that penetrated 
the soil to a depth of 270 cm. The resinous 
taproot has a balsam-bearing bark-like 
outer layer that gives off a turpentine-like 
odor (Spence 1937; USDA 1937). The 
large underground taproot of arrow-leaved 
balsamroot allows the plant to store 
reserves of energy through the dormant 

season, which permits rapid growth of the 
foliage in the spring (Wasser 1982). The 
development of roots was found to 
increase in size relative to the rest of the 
plant as soil resources (such as water and 
mineral nutrients) become less available 
(Kitchen 1992).  
 
The leaves of arrow-leaved balsamroot 
grow in basal clumps and have long 
petioles. Coarse basal leaves are large and 
the lamina are arrowhead shaped (often 
reaching 30 cm long and 5-15 cm wide) or 
triangular or heart-shaped. The leaves 
appear white woolly, especially beneath, 
and along the length of the petioles is 
heavily pubescent (Douglas et al. 1998; 
Shaw and Monsen 1983; Stubbendiek et al 
1986). Arrow-leaved balsamroot is able to 
mobilize resources rapidly to produce 
above ground foliage in early spring, 
making mature plants excellent 
competitors. 
 
The flower stems are usually several, erect 
or ascending, up to 80 cm high and 
woolly-haired (Stubbendiek et al 1986; 
USDA 1937). The flower heads of arrow-
leaved balsamroot are sunflower like, 
mostly solitary at the ends of stems. 
Flower heads are large (6-10 cm across). 
The outside (ray) flowers of the head are 
yellow, showy, petal-like, and up to four 
cm long (Stubbendiek et al 1986; USDA 
1937). Center (disk) flowers of the head 
are numerous, small, deep yellow, and 
perfect (USDA 1937). Flower heads are 
produced continuously over several 
weeks, with large plants producing 30 or 
more per plant over this time (Maze et al. 
1990).  
 
Arrow-leaved balsamroot inflorescence 
bracts grow in a series (involucre) around 
the base of the flower head. The bracts are 
lance-shaped to linear-lance-shaped, about 
two cm long, overlapping in several rows, 
outer ones often longer and more densely 
white-woolly and the inner ones thinner 
(USDA 1937). 
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Single seeded fruits or achenes of arrow-
leaved balsamroot are thickened, four 
angled and three angled, smooth, and 
without bristles or scales (USDA 1937). 
They are relatively large (65-105 seeds per 
gram) (Kitchen and Monsen 1996).  
 
Arrow-leaved balsamroot reproduction 
occurs predominately by seed but there is 
some indication that the plants may re-
produce vegetatively through offshoots 
from the taproot. Seed is predominately 
animal disseminated (Shaw and Monsen 
1983). The fruits of arrow-leaved 
balsamroot are glabrous achenes 
(Stubbendiek et al. 1986). Large quantities 
of seed can be produced if developing 
seed heads are not attacked by insects and 
are protected from grazing (Stevens et al. 
1985). Seed production in arrow-leaved 
balsamroot is synchronized, at least in 
part, by the effects of weather (such as 
precipitation and spring frost) on resource 
allocation (Kitchen 1992). Potentially, a 
lack of winter snowfall may result in less 
moisture contained in the root and 
ultimately in a reduced number of 
developed seed heads. Studies on 
germination rates (Young and Evans 
1979) and seed development (Maze et al. 
1990) of arrow-leaved balsamroot have 
been published. Seed crops are often lost 
to late frosts, insects, and grazing animals. 
Viability of seed often is low due to insect 
damage (Shaw and Monsen 1983). Maze 
et al. (1990) found that low seed viability 
in arrow-leaved balsamroot also is the 
result of a high rate of ovule abortion. In 
general, reproductive output intensity is 
tied to arrow-leaved balsamroot’s stored 
reserves and cycles of bumper crops, 
spaced by years of minimal or no seed 
production, is common (Kitchen 1992). 
 
Arrow-leaved balsamroot regenerates 
vegetatively from the very large, deep-
seated, woody taproot, which is 
surmounted by a many-headed caudex. 
This bears several rosettes of leaves and 
from which new aerial stems arise each 
year (Hitchcock and Cronquist 1973; 

Patterson et al. 1985; Spence 1937). 
However, evidence of whether new 
taproots are formed which would enable 
these individual rosettes to become truly 
individual plants has not been published. 
Presently, Dr Sandra Peacock is 
conducting research) on traditional 
harvesting practices and whether roots 
broken while harvested regenerate, at a 
historic root digging ground, known as 
Komkanetkwa (Kamloops, British 
Columbia. 
 
Kitchen (1992) notes that arrow-leaved 
balsamroot plants are usually slow to 
reach reproductive maturity. Generally 
new plants require three to four years from 
seedling to flower on the best sites and 
seven to eight years on the drier sites 
(Stevens et al. 1985). 

 
Ecological Setting: Arrow-leaved 

balsamroot is commonly seen in large 
patches growing on open grassy slopes 
and in dry forests. This species is typically 
associated with somewhat    closed, late 
seral communities (Kitchen 1992). Arrow-
leaved balsamroot can be found in many 
dry grasslands, shrub, and forest habitat 
types. Specific ecosystems where arrow-
leaved balsamroot is prevalent include: 
Elm - ash - cottonwood, Douglas fir, 
Ponderosa pine, Fir - spruce, Lodgepole 
pine, Western hardwoods, Sagebrush, 
Chaparral - mountain shrub, Pinyon - 
juniper, Mountain grasslands, and Plains 
grasslands (Wasser 1982).  
 
Arrow-leaved balsamroot also occurs on 
open sunny slopes in Pseudotsuga 
menziesii (Douglas-fir) and Populus spp. 
(aspen) forests (USDA 1937). Arrow-
leaved balsamroot occurs in solid stands 
and commonly in mixed communities 
(Stevens et al. 1985) with grasses, other 
forbs and shrubs, including: Festuca 
idahoensis (Idaho fescue), Artemisia 
tridentata (big sagebrush), Elymus 
spicatus (bluebunch wheatgrass), 
Juniperus occidentalis (western juniper), 
J. scopulorum (Rocky Mountain juniper), 
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J. osteosperma (Utah juniper), and Pinus 
ponderosa (ponderosa pine) (Plummer et 
al. 1968; USDA 1937; Wasser 1982; 
Young and Evans 1979). Arrow-leaved 
balsamroot is a climax indicator in several 
sagebrush and grassland habitat types. 

 
 
Tolerances and Preferences 
 
Soil Texture: 

Arrow-leaved balsamroot is often a 
dominant forb on dry foothills and 
semiarid mountain rangelands. It prefers 
well-drained, fairly deep soils and open, 
dry situations, such as southerly 
exposures, open ridges, and parks 
(Plummer et al. 1968; USDA 1937). Sites 
where arrow-leaved balsamroot occurs are 
often rocky (Hermann 1966) with silt to 
loamy soils (Stevens et al. 1985). 

 
Nutrient Status: 

Arrow-leaved balsamroot occurs in 
moderately alkaline to weakly acidic or 
saline soils (Wasser 1982). Haeussler and 
Coates add, “an adequate supply of certain 
mineral elements is essential for 
successful growth” (1986:3).  

 
Soil Reaction and Salinity: 
 
Moisture Regime Preferences: 

Literature detailing characterization of the 
climatic relations of arrow-leaved 
balsamroot is limited. In general, arrow-
leaved balsamroot is a cool season plant. 
Most of the available literature on climate 
refers to macroclimates, but the local 
environment may be considerably 
modified from the macroclimate by local 
topography and surrounding plant cover. 
The climate in which arrow-leaved 
balsamroot is most frequently located can 
be summarized as dry with hot summers 
and cool winters. Arrow-leaved 
balsamroot is resistant to drought (Wasser 
1982). The plants are intolerant of shallow 
water tables but will briefly survive 
periods of soil saturation (Stevens et al. 
1985). 

 
Shade Tolerance: 

Arrow-leaved balsamroot will tolerate 
semi-shade (Wasser 1982). 

 
Mowing and Grazing Tolerances: 

In an early document by the USDA (1937) 
it is noted that on ranges where arrow-
leaved balsamroot is common, the flowers 
are useful as a familiar and reliable 
indicator of range readiness. McLean et al. 
(1964, 1979) state that in some conditions 
an abundance of arrow-leaved balsamroot 
on rangelands may indicate overgrazing. 
Arrow-leaved balsamroot has fair 
palatability for all classes of livestock and 
when green is especially palatable to 
domestic sheep (Hermann 1966; 
Stubbendiek et al. 1982; Wasser 1982). 
On spring ranges it is an important and 
palatable forage because it develops early 
(Stevens et al. 1985; USDA 1937). Flower 
and flowerbud heads are often preferred 
over the foliage (Hermann 1966).   
 
The nutritional value of arrow-leaved 
balsamroot has been rated fair in energy 
and poor in protein (Hermann 1966). In 
the River of No Return Wilderness Area 
of Idaho, arrow-leaved balsamroot was 
found to have sufficient protein to meet 
requirements for domestic sheep during 
June and July but protein content was 
declining in August. The plant was found 
to exceed required calcium levels but did 
not meet the adequate dietary phosphorus 
levels set by the National Research 
Council (Elliott and Flinders 1984). The 
effects of grazing on arrow-leaved 
balsamroot vary. Parish et al. (1996) note 
that grazing by domestic sheep has lead to 
a decrease in the abundance of arrow-
leaved balsamroot in some areas of 
Interior British Columbia. On the other 
hand, Stubbendiek et al. (1982) argue that 
there are no losses as a result of livestock 
grazing, and Wasser (1982) notes that 
established arrow-leaved balsamroot is 
strongly tolerant of grazing. McLean 
(1979) notes that a dominant presence of 
arrow-leaved balsamroot can be an 
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indication of overgrazing. However, 
“Evidence also indicates that with 
continued heavy grazing it may decrease 
in abundance” (McLean 1979: 20). 
Plummer et al. (1968) maintain that 
arrow-leaved balsamroot withstands 
grazing if 50 percent of its foliage 
remains. The plant is not very successful 
at reproducing on grazed ranges, probably 
because the seeds are low in viability and 
grazing of flower heads reduces the 
chance of production of a satisfactory seed 
crop (Shaw and Monsen 1983; USDA 
1937). Low and rates of reproduction in 
response to grazing may also be caused by 
soil compaction and trampling, which 
makes it hard for seedlings to get 
established (Shaw and Monsen 1983).  
 
In southern British Columbia a number of 
livestock exclosures have been 
constructed to assess the recovery rate of 
vegetation previously grazed. 
Observations and measurements indicate 
that arrow-leaved balsamroot proportions 
are greater inside the exclosures than out. 
McLean and Tisdale (1972) estimate that 
it takes from 20 to 40 years of full rest for 
overgrazed ranges in the rough fescue and 
ponderosa pine zones of southern British 
Columbia to recover to excellent range 
condition. 

 
Disease and Pest Tolerances: 

There are numerous references to the 
impact of insects on seed quality but there 
is no other known published information 
on further interactions between arrow-
leaved balsamroot and insects. 

 
Response to Fire: 

Arrow-leaved balsamroot usually is 
undamaged (Pechanec et al. 1954) or 
slightly damaged by fire (Smith and 
Busby 1981). In published studies, arrow-
leaved balsamroot increased in frequency, 
density and size after fire (Bunting 1985; 
Merrill et al. 1980; Pechanec et al. 1954; 
Young and Evans 1979). Arrow-leaved 
balsamroot is reported to re-establish to 
preburn levels within two to five years in 

northern Idaho (Patterson et al. 1985). 
Bunting (1985) notes that arrow-leaved 
balsamroot after exposure to fire produces 
more biomass than non-exposed plants. 
On a burned area in north-central Idaho 
arrow-leaved balsamroot were, on 
average, 22 percent taller than unburned 
plants (Merrill et al. 1980). An increase in 
plant numbers is especially evident after 
fire in degraded plant communities 
(Young and Evans 1978). However, this 
increase must await seed production 
(Wright et al. 1979). Arrow-leaved 
balsamroot may remain in the community 
for a long time in a suppressed state until 
another fire occurs (Bunting 1985).  

 
Restoration Considerations 
 
Successional Status: 

Arrow-leaved balsamroot plants develop 
slowly until the community becomes 
closed. Productivity and basal cover of 
arrow-leaved balsamroot are then reduced 
as perennial grasses and shrubs dominate. 

 
Erosion Control and Soil Building: 

Arrow-leaved balsamroot is being 
experimented with in mine reclamation of 
oil-shale or coal-mined lands and 
revegetation for soil stabilization (Jones, 
1999; Wasser, 1982). Arrow-leaved 
balsamroot is an important food source for 
many large mammals and ungulates, 
which are the major wildlife resources in 
the vicinity of several mines in British 
Columbia (Jones 1999). 

 
Wildlife / Riparian Use: 

Nutritional value and significance of 
arrow-leaved balsamroot as a food for 
large game mammals including mule deer, 
elk, and bighorn sheep is well documented 
(Kufeld 1973; Kufeld et al. 1973; 
Plummer et al. 1968; Wikeem and Pitt 
1991). In many plant communities a major 
portion of total forage productions is 
provided by arrow-leaved balsamroot 
(Stevens 1985). The palatability and use 
of the species varies geographically (Shaw 
and Monsen 1983). Mule deer use arrow-
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leaved balsamroot year round (Kufeld et 
al. 1973). Wikeem and Pitt (1991) note 
that the vigor of arrow-leaved balsamroot 
was unaffected by bighorn sheep grazing 
despite the dietary importance of the plant. 
Arrow-leaved balsamroot is also valuable 
winter and spring forage for Rocky 
Mountain elk (Kufeld 1973).  
 
There is also some information on deer 
mice preference of arrow-leaved 
balsamroot seeds (Everett et al. 1978). 
Blue grouse also use arrow-leaved 
balsamroot for food (Martin et al. 1951). 
Arrow-leaved balsamroot flowers attract 
hummingbirds and butterflies (Cannings et 
al. 1997).  
 
Arrow-leaved balsamroot provides a high 
degree of environmental protection 
(shelter) for wildlife species during one or 
more seasons (Elliott and Flinders 1984). 
These include small mammals, small non-
game birds and upland game birds such as 
blue grouse.   

 
Ethnobotany: 

All of the Interior Salish groups ate the 
roots, as did the Tsilhqot'in and Ktunaxa 
peoples (Turner 1997a). The 
carbohydrates in arrow-leaved balsamroot 
are dominated by inulin (Bannister and 
Peacock 1998; Kuhnlein and Turner 1991; 
Mullin et al. 1998). Arrow-leaved 
balsamroot roots also provide dietary 
value in the form of mineral nutrients and 
fiber (Kuhnlein and Turner 1991; Mullin 
et al. 1997). Prior to consumption, the 
roots of arrow-leaved balsamroot are 
subjected to a long, slow cooking process 
in an earth oven. Cooked roots were then 
eaten or dried for storage. The shoots were 
eaten raw and considered to be a good 
famine food because they were available 
when few other foods could be found 
(Turner 1997a). Bud stems were eaten in 
April and May when the flower buds were 
still tightly closed. Stems were gathered, 
peeled and eaten raw, or steamed, or 
boiled (Turner et al. 1998; Turner 1997a). 
These plant parts contain moisture, 

carotene and other vitamins, as well as 
minerals such as iron, calcium and 
magnesium (Kuhnlein and Turner 1991; 
Patterson et al. 1985). Arrow-leaved 
balsamroot achenes (seeds), similar to 
sunflower seeds, were pounded to be used 
as flour (Parish et al. 1996). The achenes 
provided a source of protein, fat and 
carbohydrates. The pitch from the bark of 
arrow-leaved balsamroot was traditionally, 
and continues to be, used in the Interior of 
British Columbia to make a salve for skin 
infections and wounds (Bannister and 
Peacock 1998). Arrow-leaved balsamroot 
was also used as a vitamin supplement 
(Turner et al 1990), antimicrobial, 
expectorant, disinfectant, and immune 
stimulant (Tilford 1993). Stubbendieck et 
al. (1982) note that the Cheyenne boiled 
the roots, stems, and leaves and drank the 
decoction for stomach pains and 
headaches as well as steaming the plant 
and inhaling the vapors for the same 
purposes. Willard (1992) argues that the 
root is a good expectorant, stimulates 
saliva, softening dried mucus of the lungs, 
and stimulating bronchioles. Mashed roots 
were used by Nevada First Nations as a 
dressing for syphilitic sores (Willard 
1992). The leaves were also used as 
slippers to teach children how to walk 
softly. (Turner 1998:146). The dry upper 
root of arrow-leaved balsamroot was used 
as a slow-match  (Turner 1998). 

 
Availability: 

Plants are available from a few nurseries, 
in particular Fourth Corner in Washington 
State. Seed is available commercially. 
 

Establishment: 
Young and Evans (1979) found that a 
three-month stratification of 0 degrees 
Celsius is required to break seed 
dormancy in arrow-leaved balsamroot. On 
sagebrush rangelands, continuous snow 
cover for three months provides for 
successful natural cool-moist stratification 
of seeds (Young and Evans 1979). In 
experiments undertaken by Kitchen 
(1992), it was determined that less than 
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one percent of seeds planted in 
midsummer and fall remained dormant in 
the following spring. 

 
Commercial Value: 

A number of literature sources indicate 
that the striking yellow flowers, which 
bloom in early spring, as well as the 
plant’s large soft, pastel-colored leaves 
make arrow-leaved balsamroot excellent 
for marketing as a horticulture variety 
(Angove and Bancroft 1983; Cannings et 
al. 1997; Kruckeberg 1982; Parish et al. 
1996). The flowers also attract 
hummingbirds and butterflies (Cannings et 
al. 1997), which may appeal to the home 
gardener. Once established arrow-leaved 
balsamroot is long lived and would require 
little watering and fertilization, as it is 
well adapted to the dry Interior of British 
Columbia. The difficulty with propagating 
arrow-leaved balsamroot as a horticulture 
variety is its long taproot, which makes 
the marketing of seedlings for 
transplanting uncertain, and the low seed 
viability. Research by Chambers (2001) 
has found that ethylene increases seed 
viability and sowing seedlings in tree 
plugs reduces the damage to roots during 
transplanting.  
 
Arrow-leaved balsamroot may also have 
potential as an herbal medicinal. In a study 
by McCutcheon et al. (1992) an extract of 
arrow-leaved balsamroot was one of a few 
plant extracts from a hundred tested, 
which exhibited the broadest spectra of 
activity against at least 10 types of 
bacteria. McCutcheon et al. (1994) also 
tested the antifungal activity of arrow-
leaved balsamroot extract against nine 
fungal species and found it active against 
all nine.  
 
A number of studies have been undertaken 
on the nutritional components of arrow-
leaved balsamroot (Bannister and Peacock 
1998; Kuhnlein and Turner 1991; Mullin 
et al. 1997). Arrow-leaved balsamroot 
roots are an excellent carbohydrate source 
mainly composed of inulin, which is 

broken down into fructans when the roots 
are cooked. Fructans are one of the major 
sources of food energy as well as being 
responsible for maintaining general health. 
Fructans are non-carcinogenic, have a low 
caloric value and an ability to maintain 
colonic health. Mullin et al. (1997:774) 
state,  “In modern society the inclusion of 
fructans in the diet should be viewed as 
beneficial to improved health”. Not only 
does a plant such as arrow-leaved 
balsamroot have potential as a new 
vegetable and inulin source but also as a 
source of agriculture genes. With the rapid 
spread of information there is an 
expanding awareness that we may be 
eliminating our last caches of future 
resources such as crop genetics and 
medicines. To quote Kuhnlein and Turner 
(1991:8) “Another area of usefulness for 
information on indigenous plant foods is 
for genetic research and development of 
agricultural crops”. 

 
Current Status for Restoration: 

Arrow-leaved balsamroot provides a 
native species that is well adapted to a 
number of ecosystems, is drought tolerant 
and may be of major ecological 
significance; thus, this plant is well suited 
to use in many restoration sites of the 
Interior Plateau. It is a dominant forb that 
serves as a food source for a number of 
animals and has complex and diverse 
interactions with insects that have been 
largely unresearched. Furthermore, arrow-
leaved balsamroot is an important range 
grazing forb so its relevance in restoration 
fulfills an anthropocentric niche as well. 
Research on the germination of arrow-
leaved balsamroot was conducted by 
Young and Evans (1979). Enhancement of 
seed viability through the use of ethylene 
and transplanting seedlings has been 
conducted by Chambers (2001).  
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Calamagrostis canadensis (Michx.) Beauv. 
Bluejoint 

 

 
Calamagrostis canadensis  

        Drawing from Looman (1983) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

from Hulten (1968)

Ecological Setting 
Occurs in moist meadows, wetlands and riparian areas 
throughout North America and Russia.  Common in the Boreal 
Forest as an understory species that will establish following fire. 

Soil Texture Prefers fine textured and organic soils but will grow on moist 
gravelly and sandy sites such as along streams. 

Nutrients Can grow on low nutrient sites but responds well to additions of 
nitrogen, phosphorus and potassium. 

Soil Reaction / 
Salinity 

Occurs on sites with a pH of 5.5 to 3.5.  Prefers fresh to mildly 
brackish sites. 

Moisture Regime Prefers moist soils although very drought tolerant once 
established. 

Shade Tolerance Shade intolerant although will grow in a suppressed state under a 
canopy of riparian species. 

Successional 
Status 

Pioneer of disturbed sites in the North although found as a 
suppressed understory species in mature riparian and wetland 
forests. 

Erosion Control Provides excellent erosion control with dense root system. 

Wildlife / Riparian Important riparian species. Used by moose and bison in northern 
areas. 

Availability Seed available in limited amounts commercially.  Potted plants 
available commercially in some locations. 

Establishment Germinates well from seed and establishes rapidly. 
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Calamagrostis canadensis (Michx.) Beauv. 

subsp. canadensis 
subsp. langsdorffii (Link) Inman 

 
= Arundo canadensis Michx. (subsp. 

canadensis) 
= Arndo langsdorffii Link (subsp. Langsdorffii 

(Link) Hult. 
= C. langsdorffii (Link) Trin. 
= C. canadensis var. langsdorffii (Link) Inman 
= C. purpurea subsp. langsdorffii (Link) 

Tsvel. 
= C. angustifolia Kom.? (Hulten, 1968) 
= C. canadensis vars. acuminata Vasey ex 

Rydb. & Shear and robusts Vasey in Roth.  
= C. pallida Vasey & Scribn. ex Vasey non 

Nutt. ex A. Gray and C. scribneri Beal = 
var. canadensis 

= C. lactea Beal and C. scabra J.S. Presl in 
C.B. Presl = var. langsdorffii (Link) Inman 

 
Bluejoint or Blue-joint 
Bluejoint small reed grass 
Canada reed grass 
Marsh reed grass 
 
Distribution and Origin: Bluejoint (subsp. 

langsdorffii) is nearly circumpolar in 
distribution, although absent from northern 
Europe and Scandinavia (Hulten, 1968).  
Considered to be circumpolar by Klinka et 
al (1989).  Both subspecies occur throughout 
the Pacific Northwest, although subsp. 
canadensis is found more in the Interior and 
further south than subsp. langsdorffii 
(Hulten, 1968).  Subspecies canadensis 
occurs as far south as 35o N in the Arizona 
mountains (Younkin, 1974.  Bluejoint is a 
native of the Pacific Northwest.  Occurs in 
submontane to subalpine moist to wet sites 
in cool mesothermal climatic areas (Klinka 
et al, 1989).  Common in the Interior Cedar 
Hemlock, the Sub-Boreal Spruce and the 
Engelmann Spruce – Subalpine Fir 
biogeoclimatic zones of British Columbia 
(Coupé et al, 1982). 
 

Growth Form and Reproduction:  Tufted 
perennial grass with creeping rhizomes.  
Culms (stems) up to 1.5 m.  Leaves 6 – 10 

mm, lax (Looman and Best, 1979).  Spreads 
by creeping rhizomes and highly viable, 
easily germinated seed (Younkin, 1974).  
Has a rhizomatous growth habit (Kennedy, 
1993).  Bluejoint is a C3 photosynthesizer 
with a normal chromosome number of 56 
(Aiken et al, 2001). 
 

Ecological Setting:  Bluejoint is found in 
moderately well to poorly drained habitats 
with shallowly to deeply thawed layers 
(Younkin, 1974).  Forms single species 
stands on poorly drained sites in northern 
areas (Hulten, 1968).  Ranges from sea level 
to moderately high in the mountains 
(Hitchcock and Cronquist, 1973).  Younkin 
(1974) reports that bluejoint appears to have 
a wide ecological amplitude, occurring in a 
variety of habitats from lowland wet sites to 
windswept alpine ridges.  Bluejoint is found 
in most undisturbed arctic habitats although 
in a depressed state.  It rapidly invades 
disturbed sites (Younkin, 1974).  It will 
grow on sites with permafrost (Kennedy, 
1993).  Bluejoint is native to North America.  
Found in semi-terrestrial communities on 
water-receiving and collecting sites 
(floodplains, fens, and marshes) (Klinka et 
al, 1989).  Considered an indicator of moist 
sites in the Interior of British Columbia 
(Comeau et al, 1982).  Found on subhygric 
to subhydric mesotrophic to eutrophic sites 
in the Sub-Boreal Spruce biogeoclimatic 
zone of British Columbia (Pojar et al, 1982).  
In northern areas, bluejoint is common on 
mesic sites (Hill et al, 1996). 
 

Tolerances and Preferences 
 

Soil Texture: 
Bluejoint is found on both organic and 
mineral soils (Hardy BBT, 1989).  It prefers 
moist sites with fine textured soils 
(Younkin, 1974).  Bluejoint may be found 
on moist gravely or sandy sites along 
streams and sloughs (Looman, 1983).  Will 
tolerate organic soils (Kennedy, 1993). 
 

Nutrient Status: 
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Will grow on sites with minimal nutrients 
and has the ability to extract nutrients from 
very cold soils (Younkin, 1974).  Responds 
positively to applications of fertilizer (Hardy 
BBT, 1989).  Performs well in low nutrient 
soils (Kennedy, 1993).  Found on nitrogen 
medium soils in British Columbia (Klinka et 
al, 1989). 
 

Soil Reaction and Salinity: 
Grows in fresh or slightly brackish wet 
meadows (CWS, 1969).  Bluejoint can 
tolerate soils with a pH as low as 3.5 (Hardy 
BBT, 1989). 
 

Moisture Regime Preferences: 
Bluejoint prefers moist soils (Younkin, 
1974).  Will tolerate wet sites (Kennedy, 
1993).  Will not geminate under dry 
conditions but has good drought resistance 
once established (Hardy BBT, 1989). 
 

Shade Tolerance: 
Grows best under full sun but will tolerate 
partial shade (Haeussler and Coates, 1986).  
Not shade tolerant (FEIS, 2001).  A shade-
tolerant/intolerant species (Klinka et al, 
1989). 
 

Mowing / Grazing Tolerance: 
Provides good early spring growth as well as 
late summer growth.  Sensitive to 
overgrazing.  Trampling by livestock can 
damage stands (Looman, 1983).  Yield 
decreased by 15 to 20 percent when cut 2 to 
4 times during growing season and 35 to 45 
percent when cut 5 to 6 times compared to 
plots cut only once (FEIS, 2001)  Dry 
growth may present a fire hazard (Kennedy, 
1993).  Bluejoint is rated as a “decreaser” 
and of only fair forage value (Alberta 
Agriculture, Food and Rural Development, 
2001).  In pure stands bluejoint may yield 
4,000 kg/ha.  Crude protein levels range 
from 16 % in the spring to 6 % in the fall 
(U. Sask. 2001).  However, grazing bluejoint 
stands when soils are wet may result is 
trampling of seedlings and damage to the 
stand (FEIS, 2001). 
 

Disease and Pest Tolerance: 

Resistant to northern pests and diseases 
(Kennedy, 1993).  Some strains are 
susceptible to “white top”, an insect or 
fungal infection of the lower culms.  
Bluejoint is not susceptible to snow mold 
(FEIS, 2001).  Susceptible to “Maize streak 
monogeminivirus” (Brunt et al, 2001). 
 

Response to Fire: 
Re-grows readily from underground 
rhizomes after light fires.  Intense fires will 
kill the rhizomes.  Does not re-seed readily 
after intense fires (FEIS, 2001).  Bluejoint 
increases generally following fire and 
particularly in wet areas (Haeussler et al, 
1990).  Bluejoint stands burn rapidly due to 
the large quantities of fine fuels, although 
the live material is very resistant to burning 
it does not slow the rate of fires in the dry, 
dead material (Haeussler et al, 1990). 
 

Restoration Considerations 
 

Successional Status: 
Pioneer of disturbed riparian sites.  Vigorous 
invader of oil spill sites (Hardy BBT 1989).  
Can compete with conifers in northern 
locations by keeping soil temperatures cool 
(Hogg et al, 1991).  Bluejoint produces 
stands thick enough to depress soil 
temperatures and restrict growth of later 
successional species.  It will not tolerate low 
light levels (U. Sask. 2001).  Although it can 
re-colonize clear cut areas once the canopy 
is removed.  May remain as a depressed 
understory species in late seral riparian 
and/or wetland forests (U. Sask. 2001). 
 

Erosion Control and Soil Building: 
Bluejoint re-establishes rapidly from 
underground rhizomes.  Dense root systems 
prevent erosion and add organic matter to 
the soil (FEIS, 2001).  Bluejoint is 
recommended for use along eroding 
streambanks because of its dense sod 
forming characteristics and rhizomatous 
growth (Muhlberg and Moore, 1998).  
Reported by Haeussler et al (1990) to 
provide a good control against surface soil 
erosion due to the dense root sods that are 
formed by this species. 
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Wildlife / Riparian Use: 
Provides large amounts of forage for many 
big game species.  Important forage species 
for bison herds in the Slave River lowlands. 
Grazed lightly by deer but makes up a major 
part of the winter elk diet (FEIS, 2001).  
Important food species for moose in Alaska 
(Alaska Department of Fish and Game, 
2001).  Important riparian species where 
extensive root systems can hold fine 
textured alluvial soils (FEIS, 2001).  The 
dense fibrous root system forms 
overhanging streambanks that are of high 
fisheries value (Alaska Department of Fish 
and Game, 2001).  Reported to have a low 
importance to ungulates in British Columbia 
(Haeussler et al, 1990).  Singleton (1976) 
reports that it has a low to moderate 
importance as a winter and spring food of 
Rocky Mountain Elk.  It is used in the 
winter by elk in Colorado (Haeussler et al, 
1990). 
 

Ethnobotany:   
Bluejoint is one of the grasses used by the 
Tlingit of Alaska to decorate fine spruce 
root baskets (Pojar and MacKinnon, 1994).  
Bluejoint was used by the Cree to make 
mattresses and to line vegetable storage pits 
to protect against frost (Johnson et al, 1995). 
 

Availability: 
Bluejoint seed can be purchased from 
specialty suppliers (Alaska Department of 
Fish and Game, 2001).  Can be purchased in 
4 inch pots for transplanting. 
 

Establishment: 
Bluejoint provides a rapidly establishing, 
extensive cover (Kennedy, 1993).  It invades 
disturbed sites quickly in northern areas 
(Younkin, 1974).  Seeds may remain viable 
in the soil for up to 7 years (U. Sask. 2001).  
Germination rates of from 80 to 95 % are 
reported for bluejoint (Younkin, 1974).  
Seed establishes easily on moist sites 
although will not germinate well on dry 
sites.  Responds very well to fertilizer 
applications in terms of vegetative as well as 
reproductive growth (Haeussler et al, 1990). 
 

Commercial Value: 
Widely harvested as “wild” hay from fields 
that are too wet for cultivation (Johnson et 
al, 1995).  Important forage species for 
domestic livestock as well as wildlife 
(Haeussler and Coates, 1986).  A 
commercial variety (Sourdough) has been 
developed and released in Alaska (Hardy 
BBT, 1989). 
 

Current Status for Restoration: 
Bluejoint is suggested by Johnson et al 
(1995) to have potential for use but the light 
hairy seeds are thought to have limited 
testing and cultivation.  The aggressive 
colonization of disturbed sites as well as 
vigourous growth of this species suggests 
that it is a good candidate for restoration 
(Younkin, 1974).  Bluejoint is being tested 
as a forest land restoration species in the 
Bulkley Valley area of British Columbia.  
Results thus far are promising (P. Burton, 
pers. comm.) 
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Juniperus communis L. 
Common Juniper 

 
 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

Ecological Setting Found in from the subalpine to lowlands on dry, nitrogen-
medium sites, from rock outcrops to muskeg. 

Soil Texture Occurs on dry stony soils, gravel, sand and muskeg sites. 

Nutrients Found on nutrient poor sites. 

Soil Reaction / 
Salinity 

Grows well on acidic sites and reasonably well on saline 
sites.  Can be found on calcareous sands. 

Moisture Regime Prefers dry to very dry sites with little competition.  Can 
tolerate extended droughty conditions. 

Shade Tolerance Shade intolerant, however, grows in open forests in dry 
areas. 

Successional 
Status 

Invasive pioneer on alvar grasslands and old fields and 
pastures.  Assists invasion by later seral species. 

Erosion Control Limited use in erosion control due to slow growth but helps 
build soils. 

Wildlife / Riparian Limited use by large mammals but widely used by small 
mammals and birds for food and shelter. 

Availability Often available as an ornamental from commercial 
nurseries.  Grows slowly. 

Establishment Hormone treated cuttings from female plants root readily in 
the greenhouse.  Growth from seed is difficult but possible. 
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Juniperus communis L. 
= Juniperus sibirica Burgsd. 

Juniperus nana Willd. 
Douglas et al,(1998-2001) list no varieties 

while Hitchcock and Cronquist (1973) list 
var. depressa Pursh, var. montana Ait. and 
var. jackii Rehder 

 
Common Juniper 
Ground Juniper 
Dwarf Juniper 
Prostrate Juniper 
Mountain Common Juniper 
Old Field Common Juniper 
 
Cultivars  

Kruckeberg (1996) reports that “Native 
varietal forms and cultivars abound in this 
extremely variable species.” 

 
Distribution and Origin:  

Cited as possibly the most widely distributed 
tree in the world (FEIS, 2001).  It is a 
completely circumpolar plant with the 
exception of a small area near the Bering 
Sea.  In North America it ranges from above 
the northern tree line south to Arizona, New 
Mexico and South Carolina (FEIS, 2001).  
Douglas et al, (1998-2001) report it 
occurring in Georgia.  It is common 
throughout British Columbia and the Pacific 
Northwest.  Common juniper is a native of 
the Pacific Northwest. 
 

Growth Form and Reproduction:  
Described as a long-lived, slow growing 
(Zamora et al, 1999) sprawling evergreen 
shrub from 0.5 to 3 m tall (Douglas et 
al,1998-2001).  Up to 20 feet tall (Bowers, 
1942).  May reach 50 feet in Europe (FEIS, 
2001).  Common juniper produces berry-like 
female cones while the male cones are 
inconspicuous and quickly shed.  Unlike 
most conifers, the plants are dioecious 
(Griffiths and Ganders, 1983; Pojar and 
MacKinnon, 1994) with the female cones 
ripening to a glaucus blue – black over two 
or three years.  Large stands of common 
juniper produce more viable seed than 
smaller stands (Dearnley and Duckett 
(1999). 

 
Ecological Setting:  

Common juniper is described as a sub-
montane to alpine species that ranges from 
the tundra to the boreal wet cool temperate 
to cool mesothermal climates on very dry to 
moderately dry nitrogen-medium soils 
(Klinka et al, 1989).  Often found on 
gravelly open slopes, ridges and rock 
outcrops but may be found in muskeg areas 
from lowland bogs to alpine ridges (Pojar 
and MacKinnon 1994).  Common from low 
elevations to alpine areas in dry open forests 
and along grassland fringes.  In wet regions, 
common juniper is restricted to dry rocky 
areas and southern exposures (Parish et al, 
1996). 
 

Tolerances and Preferences 
 

Soil Texture: 
Common juniper is most commonly found 
on dry stony soils (Brayshaw, 1996b).  
Prefers dry gravelly ridges, outcrops and 
open slopes but may be found in 
physiologically dry muskeg (Pojar and 
MacKinnon, 1994).  Common juniper 
growth is rated as from fair to poor on 
gravel; from fair to good on sand; as good 
on sandy loam and loam; fair to poor on clay 
loam and poor on dense clays.  Growth is 
rated as from fair to poor on organic soils 
(FEIS, 2001). 
 

Nutrient Status: 
The presence of common juniper is 
indicative of poor nutrient status with a 
strong correlation to poor tree growth (Hessl 
et al, 1996).  Restricted to well aerated 
nitrogen deficient soils in Europe (FEIS, 
2001). 
 

Soil Reaction and Salinity: 
Common juniper grows well on acidic soils 
and reasonably well on saline sites.  It is 
tolerant of ultramafic soils as well as acidic 
and calcareous sands, loams or marls (FEIS, 
2001). 
 

Moisture Regime Preferences: 
Common juniper can tolerate very dry 
conditions and extended droughts.  The 
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waxy cuticles and small leaf surface areas 
protect against moisture loss (Brayshaw, 
1996b) 
 

Shade Tolerance: 
Common juniper is shade intolerant (Klinka 
et al, 1989) although it can be found as an 
understory species in open forests of the dry 
Interior areas (Parish, 1996). 
 

Mowing / Grazing Tolerance: 
Common juniper increases in response to 
grazing (FEIS, 2001).  It will not re-sprout if 
cut below the lowest branch.  Common 
juniper will re-grow readily if the lower 
branches are missed by the mower (Young 
and Young, 1992). 
 

Disease and Pest Tolerance: 
Common juniper is a host to 8 species of 
Typhlodromus (phytoseiid mites) in Norway 
(Edland and Evans, 1998).  Two fruit pests, 
a pulp-sucking scale and a seed-predator 
wasp attack common juniper fruit in 
southeastern Spain (Garcia, 1998).  
Common juniper is a host of the rust 
Gymnosporangium cornutus that infects 
mountain ash (Sorbus aucuparia) 
(Wennstrom and Eriksson, 1997).  Attack by 
the mealybug Planococcus vovae can lead to 
the twigs drying and the introduction of 
sooty molds (Francardi and Covassi, 1992). 
 

Response to Fire: 
Common juniper was found to burn more 
intensely than adjacent herbaceous areas.  
This was due to the build-up of organic duff 
(Smith et al, 1993) under the clumps of 
juniper.  Described as “susceptible” to fire 
with resinous foliage that is highly 
flammable.  Common juniper may survive 
low intensity fires in the Boreal Forest 
region.  Re-establishment after fire is by 
seeds brought in by birds and mammals 
although some seed may survive in the soil 
seed bank after low intensity fires (FEIS, 
2001). 
 

Restoration Considerations 
 

Successional Status: 

Common juniper is considered an invasive 
species on the alvar (limestone) grasslands 
of Sweden (Rosen, 2000).  Species richness 
of the alvar grasslands decreased with 
increasing common juniper cover (Rosen, 
2000).  Common juniper may assist 
establishment of Quercus humilis by 
protecting the young oaks from grazing 
(Rousset and Lepart, 1999).  Noted as 
sporadic in early seral communities on water 
shedding sites and characteristic of disturbed 
sites (Klinka et al, 1989).  Common juniper 
is found to invade old pastures and 
abandoned fields in New England and the 
northern Midwest (FEIS, 2001).  It tends to 
do best in harsh stressed environments 
where competition is lacking (FEIS, 2001).  
Common juniper is replaced in later 
successional stands by other species 
although it may persist in some stands for 
many (100) years (FEIS, 2001). 
 

Erosion Control and Soil Building: 
The slow growth of common juniper 
(Zamora et al, 1999) makes it a poor 
candidate for control of erosion.  Deposition 
of litter under common juniper plants (Smith 
et al, 1993) helps to build soil organic matter 
content.  Reported to be useful in preventing 
soil erosion (FEIS, 2001) 
 

Wildlife / Riparian Use: 
Common juniper contains isocupressic acid 
and may lead to “pine needle abortion” in 
cattle (Gardner and Lynn 1999; Gardner et 
al, 1998).  Common juniper provides a good 
cover for many small mammals and birds 
(FEIS, 2001).  Rabbits were found to 
preferentially browse on common juniper in 
the winter in Hungary (Matrai et al, 1998).  
Common juniper is browsed by moose to a 
limited extent (about 5 % of winter diet) in 
north coastal Sweden (Shipley et al,1998).  
Deer and mountain goats browse common 
juniper to a limited extent although it is 
reported as an important mule deer winter 
food(FEIS, 2001).  The female cones of 
common juniper are used by a variety of 
birds and small mammals (FEIS, 2001) 
 

Ethnobotany: 



Appendix 1 Page 32 

 
Juniperus communis L. 

Common juniper was used traditionally in 
India (Kapahi and Srivastava, 1999).  
Common juniper was an important 
medicinal plant of the Carrier people (Ritch-
Krc et al. 1996).  Common juniper boughs 
were burned or boiled by northern interior 
natives to release a pungent odor that was 
believed to purify the home, especially 
during times of sickness (MacKinnon et al, 
1992)  Common juniper was found to have 
anti-inflammatory properties when Swedish 
medicinal plants were studied (Tunon et 
al,1995).  Common juniper berries showed 
hypoglycemic activity in diabetic rats 
(Sanchez de Medina et al, 1994).  Fruit of 
common juniper used as a flavour for gin 
(MacKinnon et al, 1992), beer and as a 
culinary spice (Turner, 1997).  Common 
juniper was used as a blood tonic by Great 
Basin natives (FEIS, 2001).  It was used 
medicinally by many Interior First Nations 
peoples (Turner, 1997; Turner et al, 1990). 
 

Availability: 
Common juniper is widely available 
commercially as it is used ornamentally.  
When restoration plans include the use of 
common juniper allow at least 3 years lead 
time to obtain small plugs (Polster, 1987). 
 

Establishment: 
Establishment of juniper seedlings is 
hindered by rabbit browsing in Hungary 
(Matai et al,1998).  In a study in northern 
Quebec, Houle and Babeux (1994) found 
that female juniper plants rooted more easily 
than male plants and cuttings from more 
northern plants rooted more easily than 
those collected from southern plants.  Seed 
quality was poorer in plants that rooted more 
easily (Houle and Babeux, 1994).  Common 
juniper can be spread by layering (FEIS, 
2001).  Re-establishment of common juniper 
on a burned area of the Black Hills (North 
Dakota) had the greatest success with bare-
root stock planted in April.  Attempts to 
seed common juniper directly met with 
limited success (FEIS, 2001).  Banerjee et al 
(2001) suggest that collections of ripe cones 
be made from bushes without large numbers 

of green cones at these will complicate 
cleaning and purifying the seed. 
 
Young and Young (1992) provide the 
following information on growing common 
juniper from seed.  Seed of common juniper 
can be collected by macerating the fruit and 
floatation.  There are about 80 seeds per 
gram and 36 seeds per 110 grams of fruit.  
The seeds may be effectively stored at cold 
temperatures and 10 to 12 % moisture 
content.  Seeds planted in the fall will show 
seedlings in the second year.  Germination is 
often delayed but was enhanced by pre-
chilling for 90 days at 3o to 5 o C followed 
by germination at 20 o for 28 days. 
 

Commercial Value: 
All of the native junipers are valuable as 
ornamentals.  The wood of some junipers is 
used for furniture, paneling, fence posts and 
novelties (Young and Young, 1992). 
 

Current Status for Restoration: 
Suggested as a suitable species for 
restoration work in the sub-arctic and low 
arctic (Houle and Babeux, 1994).  Rated as 
having a low value for short term restoration 
work but a moderate to high value for long 
term restoration projects (FEIS, 2001). 
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Larix occidentalis Nutt. 
Western Larch 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Found in mixed stands at mid to upper elevations on cool moist 
sites with deep, well drained soils. 

Soil Texture Prefers deep free drained soils with ample moisture.  Will grow on 
gravelly sites but silty clay and sandy loam substrates are best. 

Nutrients Requires medium nutrient rich to very nutrient rich sites. 

Soil Reaction / 
Salinity 

Grows where limestone is present.  Most susceptible to SO2 fume 
from a smelter. 

Moisture Regime Not tolerant of summer drought, prefers cool north and northeast 
facing sites. 

Shade Tolerance Shade intolerant.  Dies if over-topped. 

Successional 
Status 

Pioneer of burned mineral soils.  May live a long time between 
fires. 

Erosion Control Establishes quickly and has an extensive root system and deep 
tap root. 

Wildlife / Riparian Snags and stems with heart rot provide habitat for cavity dwelling 
birds and animals.  Eaten by blue grouse, not by large wildlife. 

Availability Readily available from many forest seedling nurseries. 

Establishment Easily established naturally from seed or by planting plugs. 
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Larix occidentalis Nutt. 
= Pinus nuttallii Parl. 
Western Larch (Douglas et al, 1998 – 2001); 
Hackmatack (USDA 1974); 
Montana larch (Bowers, 1942); 
Mountain larch (USDA, 1974); 
Oregon larch (Bowers, 1942); 
Red American larch (Bowers, 1942); 
Tamarack and Western Tamarack (USDA, 
1974). 
 
Distribution and Origin:  

Western larch is restricted to the upper 
Columbia River drainage (FEIS, 2001).  It 
occurs east of the Cascades in southern 
British Columbia, southwest Alberta to 
Oregon and Montana (Brayshaw, 1996).  
Western larch is a native of the Pacific 
Northwest. 
 

Growth Form and Reproduction:  
Western larch is a long-lived (900 years, 
FEIS, 2001) deciduous conifer tree that 
grows to 30 - 45 m (Brayshaw, 1996), or 80 
m with typical trees 50 m tall (FEIS, 2001).  
The British Columbia Conservation Data 
Centre lists the largest western larch in B.C. 
as being 52.43 m tall with a trunk 
circumference of 6.10 m.  A diameter of 8 
feet (2.44 m) is reported by Bowers (1942).  
The trunk of mature trees has little taper and 
few branches for much of its length 
(Forestry Branch, 1950).  The bark of 
western larch is thick and deeply furrowed 
(Taylor and Douglas, 1995).  Western larch 
reproduces by seed although rooting cuttings 
is possible in the lab (FEIS, 2001).  
Flowering occurs from April to June in 
Montana (USDA, 1974), with cone ripening 
from August 20 to September 10 (USDA, 
1948).  Cone-bearing age for western larch 
is at least 40 to 50 years with the optimum 
age being 60 years.  Good cone crops are 
produces every 5 to 6 years. 
 

Ecological Setting:  
Western larch is commonly found in mixed 
upland stands on drier cedar/hemlock sites 
and moist pockets in the drier ecosystems of 
the Columbia mountains (Parish et al, 1996).  
It is found at mid to low elevations and has 

its best growth in the valley bottoms.  The 
elevation range cited for western larch is 
1,800 (550 m) to 4,000 (1,220 m) feet 
(Forestry Branch, 1950).  Rated as a middle 
to high elevation tree (Taylor and Douglas, 
1995).  It tends to prefer cooler northern and 
northeaster exposures (Turner, 1998).  
Found on moist to dry slopes in the montane 
zone (Douglas, et al, 1998-2001).  Noted to 
occur in somewhat swampy ground (Turner, 
1997).  Western larch forms pure stands or 
grows in association with Douglas fir, 
lodgepole pine, Engelmann spruce and 
western hemlock (Forestry Branch, 1950). 
 

Tolerances and Preferences 
 

Soil Texture: 
Western larch will grow in almost any type 
of soil including clay and limestone.  The 
best growth is obtained on somewhat moist, 
well drained soils (USDA, 1974).  Larch 
grows most frequently in glacial till or 
colluvium containing argillite, quartzite and 
limestone (USDA, 1974).  Western larch has 
its best growth on deep porous soils where 
moisture is available.  However it will also 
grow on dry gravelly sites (Forestry Branch, 
1950).  Grows better than Douglas fir on 
Brunisols with a gravelly sandy loam texture 
(Wass and Senyk, 1999).  Silty clay and 
sandy loam soils produced the best growth 
in western larch (McLeod and Rapp, 1978). 
 

Nutrient Status: 
Requires medium-nutrient-rich to very-
nutrient-rich soils high in calcium and 
magnesium (FEIS, 2001).  Soils with the 
greatest organic matter content supported 
the greatest ectomycorrhizal (fungal) and 
root growth in western larch (Page-
Dumroese et al, 1995). 
 

Soil Reaction and Salinity: 
Grows where limestone is a component of 
the soil suggesting a preference for a basic 
pH (USDA, 1974).  Western larch needs 
high levels of calcium and magnesium in the 
soil (FEIS, 2001).  Growth of roots and 
shoots as well as tissue contents of calcium 
and magnesium were decreased in western 
larch as the pH was dropped from pH 5.5 to 
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pH 2.5 (Pan et al, 1991).  Western larch was 
found to be the most susceptible species of 
the conifers (Douglas fir, ponderosa pine 
and western larch) tested to SO2 fumigation 
from smelter releases (Whitby, 1939). 
 

Moisture Regime Preferences: 
Western larch is not as tolerant of summer 
drought as other conifers and is often found 
on north and northeast facing slopes 
(USDA, 1974).  Survival of western larch 
seedlings is not improved by seedbed 
modifications at the dry end of the range of 
this species (Oswald and Neuenschwander, 
1995).  Western larch is restricted to moist 
well drained sites due to the insensitivity of 
the stomata (Higgins et al, 1987). 
 

Shade Tolerance: 
Western larch is considered to be very shade 
intolerant (FEIS, 2001).  It often establishes 
in dense stands following fire that self-thin 
as they mature or as large veterans of 
previous fires (Parish et al, 1996).  Survival 
of planted western larch decreased with 
decreasing light availability suggesting 
shade intolerance (Chen and Klinka, 1998). 
 

Mowing / Grazing Tolerance: 
Western larch is unpalatable to most big 
game animals although the seeds are eaten 
by a variety of birds and small mammals 
(FEIS, 2001).  It is not expected to be 
tolerant of repeated mowing, although it can 
be trimmed to form a bonsai (FEIS, 2001). 
 

Disease and Pest Tolerance: 
Weevils destroy some western larch seed 
while spruce bud worms may cut cone-
bearing shoots and thus hinder seed 
production (USDA, 1974).  The larch 
casebearer, the larch sawfly and spruce 
budworm may cause serious damage in larch 
plantations (USDA, 1974).  Western larch 
can be used in a silvicultural system to 
protect Douglas fir from Armillaria oostoyae 
and Phellinus weirii suggesting it is more 
resistant to attack from these species 
(Morrison et al, 1988).  However, it is rated 
as susceptible to both of these species 
(Phellinus weirii var. pseudotsugae and 

Armillaria ostoyae) in the Fire Effects 
Information System (FEIS, 2001).  Western 
larch is susceptible to quinine fungus and 
red ring rot (FEIS, 2001).  Dwarf mistletoe 
causes in increase in the leaf to sapwood 
ratio in western larch (and Douglas fir) 
reducing water use efficiencies and 
suppressing tree growth (Sala et al, 2001).  
Defoliation of western larch by the black 
army cutworm can reduce growth (Maher 
and Shepherd, 1992). 
 

Response to Fire: 
The thick bark protects western larch from 
fire (Taylor and Douglas, 1995).  Western 
larch is rated as the most fire resistant tree in 
the northern Rocky Mountains.  Its very 
thick bark (15 cm at ground level on mature 
trees) that contains little resin as well as the 
lack of branches low on the stem serve to 
make western larch very fire resistant (FEIS, 
2001).  The narrow crown may reduce the 
ability of fire to spread through open stands 
of western larch (FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Western larch is a pioneer of burned sites 
with exposed mineral soil (FEIS, 2001).  It 
often establishes with lodgepole pine and 
Douglas fir after fire and may persist to be a 
co-dominant with grand fir or mountain 
hemlock (O’Hara, 1995).  Heavy seed fall 
rates from western larch and early height 
growth help it to attain dominance in early 
seral stands (Stoehr, 2000).  Seedling 
establishment may limit the role of pioneer 
for western larch at the dry end of its 
ecological range (Oswald and 
Neuenschwander, 1995).  Light increased 
the germination rate of stratified and un- 
stratified seed of western larch suggesting 
that this species is adapted to germination 
without an overstory (Li et al, 1994).  
Western larch is a long-lived highly shade-
intolerant seral species that may maintain its 
position on the landscape through repeated 
infrequent fires (FEIS, 2001). 
 

Erosion Control and Soil Building: 
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Western larch establishes quickly on bare 
mineral soils and can form dense stands in a 
very few years.  It has a deep extensive root 
system and is tap rooted (FEIS, 2001).  The 
leaf litter from western larch can assist in the 
build-up of organic matter on the soil. 
 

Wildlife / Riparian Use: 
The red-naped sapsucker nests in old growth 
western larch with heartwood decay 
(McClelland and McClelland, 2000).  
Pileated woodpeckers nest in western larch 
where heartwood rot has softened the 
otherwise very hard wood (McClelland and 
McClelland, 1999).  Pocket gophers damage 
western larch seedlings (Ferguson, 1999).  
Cavity-nesting as well as branch and trunk 
foraging species use burned stands with 
western larch more than unburned stands 
during non-breeding periods (Kreisel and 
Stein, 1999). 
 

Ethnobotany: 
A gum exuded from western larch was 
chewed by a number of Interior First 
Nations people (Turner 1997).  The 
cambium was eaten in the spring by the 
Ktunaxa and Flathead Salish of Montana 
while a syrup was made from collected sap 
(Turner, 1997).  The wood of western larch 
was not often used by First Peoples of 
British Columbia but treated pitch was used 
as a colourant to provide a reddish colour for 
cosmetics and for colouring wood, buckskin 
and other items (Turner, 1998). 
 

Availability: 
Western larch is readily available from 
many forest seedling nurseries.  It is easy to 
grow and can be established easily on bare 
soils sites (FRIS, 2001). 
 

Establishment: 
Western larch is easily established as rooted 
plugs that are easily grown from seed.  Seed 
numbers per pound range from 98,000 to 
197,000 with 137,000 being the average 
number (USDA, 1974).  Purity of cleaned 
larch seed ranges from 84 to 94 percent 
(USDA, 1974).  Western larch seed 
germinates relatively easily without pre-

treatment, although a mild dormancy can be 
overcome by stratification in moist sand or 
peat at low temperature (USDA, 1948).  
Noted as a prolific seeder that transplants 
easily (Kruckeberg, 1996).  Western larch 
grows better on undisturbed soils than on 
disturbed soils but does better on disturbed 
soils than Douglas fir (Wass and Senyk, 
1999).  Seedling establishment is best on 
mineral soils and decreases with duff depth 
(Oswald et al, 1999).  Growth of western 
larch is better than Engelmann spruce on the 
disturbed soils associated with skid roads 
and was better on the disturbed soils than on 
undisturbed soils (Senyk and Craigdallie, 
1996).  “Styroblocks” were not as good for 
western larch growth as “Pinecells” and 
“Roottrainers” (Bassman et al, 1989). 
 

Commercial Value: 
The wood of western larch is widely used 
for posts, poles, mine timbers and railroad 
ties due to its rot resistance.  Venetian 
terpentine is produced from larch (USDA, 
1974).  The heavy, hard wood of western 
larch is non-porous, dark red-brown with 
yellow sapwood and is used in general 
construction (Forestry Branch, 1950).  
Chemical analysis of the cones and needles 
of western larch can be used to indicate the 
presence of zinc and copper in the 
underlying soils and rock (Warren and 
Howatson, 1947).  Arabinogalactan is a 
polysaccharide that comes from western 
larch and is used in medicine (Gorman et al, 
1994).  Arabinogalactan is a water soluable 
gum that is used industrially.  Oleoresin is 
obtained from western larch and is used to 
produce turpentine (FEIS, 2001). 
 

Current Status for Restoration: 
The rapid growth of western larch, its fire 
resistance, and the litter produced by the 
deciduous needles make this species useful 
for rehabilitation of well-drained moist sites 
within its range (FEIS, 2001) 
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Picea engelmannii Parry ex Engelm. 
Engelmann Spruce 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Found in cool moist mid- upper elevation sites away from the 
coast. 

Soil Texture Grows best on well drained but moist loamy silts and sandy soils. 

Nutrients Grows on a variety of sites but the best growth is on very nutrient 
rich sites. 

Soil Reaction / 
Salinity 

Will tolerate a pH as low as 2.5 but grows best at a pH from 4.5 to 
5.5. 

Moisture Regime Prefers cool moist sites where moisture is readily available. 

Shade Tolerance Ranked as shade tolerant to shade intolerant. 

Successional 
Status Long-lived late seral to climax species. 

Erosion Control Not specifically noted for erosion control. 

Wildlife / Riparian 
A variety of wildlife use Engelmann spruce forest habitat but few 
species eat the plant.  Many birds and small mammals eat the 
seeds. 

Availability Readily available from a variety of forest seedling nurseries. 

Establishment Easily established from nursery stock or from seed on mineral 
soil. 
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Picea engelmannii Parry ex Engelm. 
= Picea glauca subsp. Engelmannii (Brayshaw, 

1996) 
= Abies engelmannii Parry (FEIS, 2001) 
= 
Engelmann spruce (Douglas et al, 1998-2001); 
Columbian spruce; mountain spruce; silver 
spruce; white spruce; pino real (FEIS, 2001). 
 
Distribution and Origin:  

Engelmann spruce is distributed in the 
cordillera of North America from central 
Alberta and British Columbia to Arizona 
and New Mexico (FEIS, 2001).  Restricted 
to higher elevations at the southern extent of 
its range, Engelmann spruce is replaced by 
white spruce and hybrids of the two at low 
elevations in British Columbia.  The hybrid 
has been termed “interior” spruce (Simard 
and Hannam, 2000).  Bowers (1942) 
suggests that Engelmann spruce is found as 
far north as Alaska.  Engelmann spruce is 
not found along the coast (Douglas et al, 
1998-2001) although it is found from the 
east slope of the Coast and Cascades ranges 
south of latitude 55oN (Brayshaw, 1996).  
Turner (1998) notes that Engelmann spruce 
occurs primarily south of 51o31’N and 
above 900 m ASL and sporadically further 
north at lower elevations.  It is a native of 
western North America (FEIS, 2001). 
 

Growth Form and Reproduction:  
Engelmann spruce is a large, long-lived tree 
with a pyramidal crown.  The horizontal 
branches are short with small pendulous side 
branches, an adaptation to heavy snow loads 
(Bowers, 1942).  The record sized 
Engelmann spruce is 7.57 m in diameter 
while the tallest tree was 52.6 m in 1999 
(Conservation Data Centre, 2001).  At high 
elevations, Engelmann spruce may form a 
krummholz.  Normal reproduction is by 
wind-dispersed seed but at high elevations 
with krummholtz forms, layering is common 
(FEIS, 2001). 
 

Ecological Setting:  
Engelmann spruce occurs on moist to dry 
(Douglas et al, 1998-2001) mid- to upper-
elevation sites in the interior.  It may be 

found at lower elevations in seepage areas, 
floodplains and lakeshores (Parish et al, 
1996).  The best growth of Engelmann 
spruce is found on sites with deep, rich, 
loamy soils where moisture is available.  It 
may also be found on newly burned sites 
with lodgepole pine (Forestry Branch, 
1950).  Engelmann spruce is characteristic 
of continental subalpine forests (Klinka et 
al, 1989).  Engelmann spruce is a highly 
frost tolerant species (Turner, 1998). 
 

Tolerances and Preferences 
 

Soil Texture: 
Engelmann spruce grows best on loamy 
sands and silts, and silt and clay loams 
derived from volcanic and sedimentary rock 
(FEIS, 2001).  Soil texture is the largest 
single factor in the establishment of 
broadcast seed from Engelmann spruce 
(Clark, 1969). 
 

Nutrient Status: 
Engelmann spruce grows best on sites with 
deep rich soils (Forestry Branch, 1950).  
Nitrogen related variables (C:N ratio, total N 
and mineralizable N) accounted for the 
greatest differences in site indexes with the 
higher N values correlated with higher site 
indexes (Chen et al, 1998).  Sulfur and 
possibly potassium may have a controlling 
influence on the response of spruce (sitka, 
Engelmann, white and hybrids) to nitrogen 
fertilizer applications (Swift and Brockley, 
1994).  Slow growing (poor site) Engelmann 
spruce responded positively to fertilization 
(Brockley, 1992).  Engelmann spruce grows 
best on deep, rich, moist loamy soils (Coupé 
et al, 1982).  Klinka et al (1989) report that 
Engelmann spruce grows best on nutrient 
very rich soils. 
 

Soil Reaction and Salinity: 
Engelmann spruce is typically found in soils 
with a pH from 4.5 to 5.5 (Reed, 1976) 
although it was able to grow in an artificial 
medium that was watered with a nutrient 
solution with a pH that was lowered to 2.5 
(Pan et al, 1991).  Soil of Engelmann spruce 
forests were consistently more acidic with 
less organic carbon and had fewer macro-
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invertebrates (except Coleoptera) than the 
soil of adjacent aspen stands (Hoff, 1957).  
Dykstra et al (2000) cite calcareous subsoils 
as unfavourable for Engelmann spruce 
growth.  However, Hessl et al (1996) found 
that higher mean radial growth was 
associated with sites with higher pH. 
 

Moisture Regime Preferences: 
Although Engelmann spruce is found in sites 
with a wide variety of moisture regimes, it 
grows best on sites where moisture is freely 
available (FEIS, 2001).  It is cited as 
occurring on moist to dry slopes, floodplains 
and flats (Douglas et al, 1998-2001).  Cited 
as growing best on well drained soils (FEIS, 
2001).  Engelmann spruce grows best on 
fresh and moist sites (Klinka et al, 1989).  It 
is found on cool, moist slopes (Taylor and 
Douglas, 1995).  It is found in damp 
subalpine forests, upland swamps and 
alluvial floodplains (Turner, 1998). 
 

Shade Tolerance: 
Engelmann spruce is considered to be shade 
tolerant (Parish, 1996).  Listed as a shade-
tolerant/intolerant to a very shade intolerant 
species (Klinka et al, 1989).  Engelmann 
spruce grows in shady locations (Turner, 
1998). 
 

Mowing / Grazing Tolerance: 
Engelmann spruce is not regularly eaten by 
wildlife, cattle or sheep, although the young 
growth is occasionally browsed by ungulates 
(FEIS, 2001).  It is expected that like most 
conifers, Engelmann spruce will be killed by 
cutting below the lowest green branch. 
 

Disease and Pest Tolerance: 
Spruce seedlings are often attacked by white 
grubs or weevils (USDA, 1948).  Interior 
spruce (Engelmann X white) spruce is 
infected by the spruce leader weevil 
(Pissodes strobi) and Cooley’s spruce gall 
adelgid (Adelges cooleyi) (Simard and 
Hannam, 2000).  Spruce needle rusts 
(Chrysomyxa ledicola, C. ledi and C. 
empetri) attack Engelmann spruce foliage 
while the Spruce cone rust (C. pirolata) 
infects the cones (Carter and Abrahams, 

2000).  Spruce broom rust infects stands of 
Engelmann spruce and subalpine fir.  
Mistletoe (Arceuthobium microcarpum) 
infects Engelmann spruce at the southern 
end of its range (FEIS, 2001)  The wood is 
attacked by shoestring root rot (Armillaria 
mellea), brown cubical butt rot (Coniophora 
puteana), red root and butt rot (Polyporus 
tomentosus), yellow stringy butt rot 
(Flammula alnicola), red ring rot (Fomes 
pini), red heartrot (Stereum sanguinolentum) 
and brown stringy rot (Echinodontium 
tinctirium) (Baranyay et al, 1962). 
 

Response to Fire: 
Engelmann spruce is very fire sensitive and 
will be killed even by low-intensity fires.  
Thin bark and flammable resin in the bark as 
well as shallow roots and flammable leaves 
make Engelmann spruce very susceptible to 
fire. The maintenance of limbs on the stem 
to the ground or near the ground provide a 
route for fire to the crown of Engelmann 
spruce trees.  Engelmann spruce often grows 
in dense stands and a crown fire often 
devours large tracts of forest.  Large litter 
accumulations in Engelmann spruce / 
subalpine fir forests results in intense, stand 
destroying fires (FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
A long-lived late seral or climax species that 
may invade freshly burned sites with 
lodgepole pine (Forestry Branch, 1950).  In 
forests of Engelmann spruce and subalpine 
fir, the Engelmann spruce requires mineral 
soil for regeneration while the subalpine fir 
will re-generate in the forest duff indicating 
that the subalpine fir is better able to 
regenerate under climax conditions than the 
spruce (FEIS, 2001).  Considered a “climax 
dominant” on the eastern slopes of the 
Cascades in Washington and British 
Columbia (Taylor and Douglas, 1995).  
Engelmann spruce is considered seral to 
subalpine fir in the mountains of eastern 
Washington and Oregon (FEIS, 2001). 
 

Erosion Control and Soil Building: 
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Engelmann spruce establishes on bare 
mineral soil and protects it from erosion, 
although establishment may be too slow if 
erosion is severe.  Engelmann spruce has 
shallow roots that may help control surface 
erosion (FEIS, 2001).  The litter from 
Engelmann spruce can assist in building the 
soil but will also reduce the pH (Brand, et al, 
1986). 
 

Wildlife / Riparian Use: 
Engelmann spruce / subalpine fir forests are 
used by a wide variety of wildlife.  
Engelmann spruce is an important riparian 
species of higher order mountain streams.  
The young growth of Engelmann spruce is 
only eaten by wildlife as a last resort.  Blue 
and spruce grouse eat the buds and needles 
(FEIS, 2001).  Livestock do not generally 
browse Engelmann spruce (FEIS, 2001).  
Ruffed grouse use drum in Engelmann 
spruce forests close to aspen stands (Buhler 
and Anderson, 2001).  Engelmann spruce 
snags < 41 cm in diameter lasted longer than 
Douglas fir snags and are an important 
component of wildlife habitat (Everett et al, 
1999).  The tailed frog uses streams in cool 
moist Engelmann spruce / Subalpine fir 
biogeoclimatic zone forests as habitat in the 
Interior of British Columbia (Dupuis et al, 
2000).  Dense Engelmann spruce forests 
provide hiding and thermal cover for large 
mammals as well as cool shade during the 
summer (FEIS, 2001).  Engelmann spruce 
seeds are eaten by a variety of birds and 
small mammals (FEIS, 2001). 
 

Ethnobotany: 
The wood from spruce (not distinguished as 
to species) was used to make snowshoes 
while the roots were peeled and split and 
used for stitching seams on birch bark and 
other bark baskets.  The bark was stripped 
an used as a covering for shelters for many 
interior people.  The boughs were used for 
bedding but were covered by a thick layer of 
fir branches to protect against the sharp 
needles of the spruce (Turner, 1998).  The 
cambium  
 

Availability: 

Engelmann spruce is readily available from 
most forest seedling nurseries.  It can be 
easily growth from locally collected seed. 
 

Establishment: 
Engelmann spruce is easily established from 
plugs.  Seeding on exposed mineral soil can 
be effective where more than 60 % of the 
soil is exposed (Clark, 1969).  Planting 
nursery stock is more effective than direct 
seeding (FEIS, 2001).  The USDA (1948) 
lists the numbers of seeds per pound for 
Engelmann spruce as ranging from 69,000 
to 200,000 with 135,000 as the average.  
The more recent Woody Plants Seed Manual 
(USDA, 1974) gives seed numbers as 
51,000 per pound.  The seed typically has a 
67 % soundness and a 90 % purity (USDA, 
1948).  Stratification is not required to break 
dormancy (USDA, 1948). 
 

Commercial Value: 
Engelmann spruce is one of the most 
important forest species in the interior of 
British Columbia.  It is used for general 
construction, interior finish, and pulping as 
well as an ornamental planting (Forestry 
Branch, 1950).  Engelmann spruce wood 
glues well and holds nails fairly well but 
does not hold paint well (FEIS, 2001).  
Kruckeberg (1996) notes that glaucous 
forms of Engelmann spruce are similar to 
Colorado blue spruce (Picea pungens) and 
should be considered for ornamental use in 
cooler areas of the Pacific Northwest.   
 

Current Status for Restoration: 
Used for mid- to high elevation revegetation 
work.  Engelmann spruce is favoured for re-
generating high-elevation sites on the east 
side of Vancouver Island due to its good 
survival and growth (Klinka et al, 1989).  
Engelmann spruce has been planted at a 
number of high elevation mines in southern 
British Columbia. 
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Picea glauca (Moench) Voss 
White Spruce 

 
 

 
 
 
 
 
 

        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Grows throughout boreal North America on mesic to dry sites 
often in mixed stands with birch, aspen, pines and firs. 

Soil Texture Is found on a wide range soil types from clays to sandy gravels 
but grows best on loams, silty loams and clays. 

Nutrients Nutrient medium species.  It does not respond well to added 
fertilizer. 

Soil Reaction / 
Salinity 

Grows best at pH of about 5 but tolerates pH as low as 3.5 (2.2) 
and as high as 8.1. 

Moisture Regime Prefers mesic sites but can tolerate minor drought.  Does not like 
wet sites or prolonged flooding but can tolerate some flooding. 

Shade Tolerance Moderately shade tolerant as well as tolerant of full sun. 

Successional 
Status Climax species that grows as a pioneer on freshly burned sites. 

Erosion Control Not noted for erosion control. 

Wildlife / Riparian Spruce habitat is used by wildlife but spruce not eaten except by 
grouse and hares.  Important riparian species of boreal forests. 

Availability Widely available from forest seedling nurseries as plugs. 

Establishment Easily established from 1 or 2 year old plugs on suitable sites. 
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Picea glauca (Moench) Voss 
= Picea canadensis (P. Mill.) B.S.P. (Douglas 

et al, 1998–2001) 
= Picea canadensis (L.) B.S.P. not Link. 

(USDA, 1948) 
= Picea alba Link. (USDA, 1948) 
Brayshaw (1996b) suggests two varieties in 

addition to var. glauca (var. porsildii Raup 
and var. albertiana (Stewardson-Brown) 
Sargent). 

White spruce (Douglas et al, 1998-2001); 
Canadian spruce (USDA, 1974); 
Skunk spruce (Bowers, 1942); 
Cat spruce (Bowers, 1942); 
Single spruce (Bowers, 1942); 
Yellow spruce (Forestry Branch, 1950); 
Northern spruce (Forestry Branch, 1950). 
 
Distribution and Origin:  

White spruce ranges across boreal North 
America and with black spruce (Picea 
mariana) and tamarack (Larix laricina) 
forms the northern limit of tree growth.  
White spruce is found as far south as 
Montana in the Rocky Mountains 
(Brayshaw, 1996b) but is replaced by 
Engelmann spruce from central British 
Columbia south.  These species hybridize 
freely in areas where their ranges overlap.  
Where ranges overlap white spruce is often 
found in the valley bottoms and lower slopes 
while Engelmann spruce is found on the 
higher slopes to the tree line (FEIS, 2001).  
White spruce is replaced on the west coast 
by Sitka spruce but occurs to the Atlantic 
Ocean (Forestry Branch, 1950).  An isolated 
population of white spruce occurs in the 
Black Hills of South Dakota and Wyoming 
(FEIS, 2001).  White spruce is a native 
North American species. 
 

Growth Form and Reproduction:  
White spruce is a tree growing to 40 m 
(Douglas et al, 1998-2001) (30 m 
(Brayshaw, 1996b)) with the record tree 
measuring 51.8 m high and 7 m in 
circumference in 1985 (Conservation Data 
Centre of B.C., 2001).  White spruce grows 
with a spire-like crown with branches that 
tend to droop then turn up at the ends, an 
adaptation to heavy snow loads (Bowers, 

1942).  Reproduces primarily by seed except 
at the northern and alpine tree line where 
layering is an important means of 
reproduction.  Layering can occur anywhere 
throughout the range of white spruce where 
lower branches reach the ground and are 
buried by moss and litter (FEIS, 2001). 
 

Ecological Setting:  
White spruce is a species of cool damp 
boreal forests that occurs on all soils and at 
all elevations while in the southern part of 
its range, white spruce is restricted to cold, 
wet sites and higher in the mountains 
(USDA, 1974). 
 

Tolerances and Preferences 
 

Soil Texture: 
White spruce grows on a wide range of soil 
textures from glacial, lacustrine, marine or 
alluvial origin (FEIS, 2001).  It grows best 
on loams, silts loams and clays (FEIS, 2001)   
Silty clay soil was found to be the best for 2 
year old white spruce growth (McLeod and 
Rapp, 1978).  However, Fyles and Bell 
(1986) report white spruce establishing on 
gravel bars in the Rocky Mountains.  It is 
reported to do poorly on sandy soils (FEIS, 
2001).  Minimum soil organic matter 
requirements for white spruce are reported 
to be 3 percent (Wilde and Patzer, 1940). 
 

Nutrient Status: 
White spruce has moderate nutrient 
requirements (Hardy BBT, 1989).  White 
spruce growing on anthracite mine spoil did 
not respond to added fertilizer (Davidson et 
al, 1982). 
 

Soil Reaction and Salinity: 
Commonly found on soils with a pH range 
of from 4.0 to 5.5 (FEIS, 2001).  Coates et al 
(1994) report that the optimal pH for white 
spruce is between 5.0 and 7.0 but that it can 
be found on sites with a pH as high as 8.4.  
It can tolerate pH ranging from 8.1 (Mandre 
and Ots, 1999) to as low as 3.5 (Nosko and 
Kershaw, 1992).  Growth of white spruce 
was found to reduce the pH of the soil from 
6.0 to 4.7 (Brand et al, 1986).  White spruce 
developed leaf necrosis following treatment 
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with saline process water from oil sands 
extraction suggesting intolerance to saline 
conditions (Renault et al, 1999).  Replanting 
of white spruce in SO2 impacted areas 
around Sudbury that had been treated with 
lime showed growth rates similar to those 
typical of trees growing on poor acidic sites 
in northern Ontario (Beckett et al, 1990).  
Germination and early growth of white 
spruce at a pH of 2.2 and 3.0 was no 
different than the control (distilled water at 
pH 6.5) but was depressed with a pH of 9.0 
(Abouguendia and Redmann, 1979). 
 

Moisture Regime Preferences: 
Prefers freely drained sites and will not 
tolerate wet or flooded sites.  Reported to be 
moderately drought tolerant (Hardy BBT, 
1989).  White spruce grows best on freely 
drained sites with ample moisture holding 
capacity (FEIS, 2001). 
 

Shade Tolerance: 
White spruce will establish under a canopy 
of early seral species such as aspen, birch 
and poplar.  In alluvial areas white spruce 
will establish under a canopy of cottonwood 
and/or alder.  White spruce will also 
establish in bright sunlight on burned sites 
that are less than 30 years old (FEIS, 2001).  
White spruce invades river gravel bars under 
a canopy of willow (FEIS, 2001). 
 

Mowing / Grazing Tolerance: 
White spruce is not widely eaten by wildlife 
but sometimes snowshoe hares will girdle 
young stems (FEIS, 2001).  Although it is 
killed by cutting below the lowest green 
branch, white spruce can be trimmed to form 
hedges or bonsai. 
 

Disease and Pest Tolerance: 
White spruce seed is predated by the spruce 
seed moth (Laspeyresia youngana Kerf.) 
(USDA, 1948).  The gallery beetle Ips 
perterbatus (Coleoptera: Scolytidae) 
colonizes white spruce stems (Robertson, 
2000).  Common pink wintergreen (Pyrola 
asarifolia) hosts the basidiospores (sexual 
spores) of spruce cone rust (Chrysomyxa 
pirolata) (Carter and Abrahams, 2000).  

Mistletoe (Arceuthobium pusillum) infects 
white spruce (FEIS, 2001).  White spruce is 
susceptible to a wide variety of pathogens 
including shoestring root rot (Armillaria 
mellea), brown cubical butt rot (Coniophora 
puteana), red root and butt rot (Polyporus 
tomentosus), yellow stringy butt rot 
(Flammula alnicola), red ring rot (Fomes 
pini), red heartrot (Stereum sanguinolentum) 
and spruce needle rust (Chrysomyxa ledicola 
and C. ledi and C. empetri) (Baranyay et al, 
1962). 
 

Response to Fire: 
White spruce stands are not burned as 
frequently as black spruce stands but are 
burned more frequently than deciduous 
stands (Cummings, 2001).  White spruce 
colonizes large burned areas with wind 
dispersed seed.  White spruce is easily killed 
by fire.  The thin bark as well as highly 
flammable crowns make this species 
susceptible to fire (FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
White spruce is a long-lived climax species 
that sometimes acts as a pioneer on burned 
mineral soils.  It is a fire sub-climax species 
over much of boreal North America.  White 
spruce forms seral stands with aspen and 
birch on dry south facing slopes in Alaska.  
White spruce forms a dominant part of the 
mixed boreal forest as well as the coniferous 
– hardwood forests of eastern Canada.  In 
the absence of fire, white spruce will replace 
seral species such as aspen, pine, birch and 
poplar over long time periods (FEIS, 2001).  
White spruce invades abandoned farm fields 
in eastern Canada and the New England area 
(FEIS, 2001). 
 

Erosion Control and Soil Building: 
White spruce is not noted for erosion control 
but has been used in mined land reclamation 
(Watson et al, 1980).  Slow accumulations 
of organic matter under white spruce stands 
help to build soils but may increase soil 
acidity (Brand et al, 1986). 
 

Wildlife / Riparian Use: 
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White spruce provides important winter 
shelter for wildlife because of the dense 
branching habit of the species (USDA, 
1974).  The seeds of spruce are eaten by a 
number of birds and mammals while the 
twigs and foliage is eaten by red squirrels 
and in some cases larger mammals (USDA, 
1974).  Woodland caribou use white spruce 
stands (Rettie et al, 1997).  The lichens 
growing in older white spruce stands is used 
by woodland caribou in the Takla Lake area 
of British Columbia (Poole et al, 2000).  
Moose used planted white spruce (8 % of 
diet) on a reclaimed coal mine while deer 
did not (Roe and Kennedy, 1989).  Cattle 
and wildlife rarely eat white spruce, 
although snowshoe hares may feed heavily 
on seedlings at some times (FEIS, 2001). 
 

Ethnobotany: 
Ritch-Krc et al (1996) provide the following 
information on the ethnobotanical use of 
white spruce:  White spruce has been used 
by the Carrier people as a smudge from 
burning branches for cleansing and 
purifying the air during sickness.  Steamed 
branches with common juniper branches 
were used for colds and flu.  The pitch was 
mixed with bear grease and used as an 
ointment for wounds or sores.  Pitch mixed 
with fat was swallowed for sore throats.  
The same mix was sometimes placed in the 
nostrils for sinus infections.  A decoction 
made from the inner bark was used as a 
wash for sores in the mouth.  Sometimes the 
inner bark would be chewed for strep throat.  
White spruce pitch has antimicrobial 
properties (Ritch-Krc et al, 1996a). 
 

Availability: 
White spruce is readily available from forest 
seedling nurseries.  It can be easily grown 
for specific projects from locally collected 
seed (Polster, 1987). 
 

Establishment: 
White spruce produces from 142,000 to 
398,000 cleaned seeds per pound with an 
average of 240, 000 (USDA, 1948).  The 
more recent edition of the Woody Plants 
Seed Manual (USDA, 1974) reports that 

74,000 seeds per pound are produced while 
Young and Young report 500 seeds/gram.  
Seed is reported to remain viable in the wild 
for only 1 to 2 years (FEIS, 2001).  
Although seed viability can be maintained 
for up to 10 years when stored dry, in sealed 
containers just above the freezing 
temperature (USDA, 1948).  Northern 
provenances are more frost tolerant and 
slower growing than plants grown from seed 
collected in more southern locations 
(USDA, 1948).  Seed dormancy can be 
overcome by stratifying the seed at 41o F for 
from 60 to 90 days in moist sand.  
Pretreatment of seed is required for 
germination (USDA, 1948).  White spruce is 
widely used in prairie shelterbelts because of 
its hardiness (Forestry Branch, 1950). 
 

Commercial Value: 
White spruce is the most important of 
Canadian spruces (Forestry Branch, 1950).  
It is a major contributor to the forest 
economy of the boreal forest region 
throughout Canada.  The wood is light, 
straight-grained and resilient and is used for 
pulp as well as lumber for general 
construction.  White spruce is used for 
musical instrument sounding boards, 
paddles and oars, cabinets, boxes and food 
containers (FEIS, 2001).  Some bluish 
varieties of white spruce are used 
ornamentally (FEIS, 2001). 
 

Current Status for Restoration: 
White spruce was planted on coal mine 
disturbances in west central Alberta to 
improve wildlife habitat values (Roe and 
Kennedy, 1989).  White spruce that is 
inoculated with mycorrhiza is used for 
reclamation (Danielson and Visser, 1990).  
White spruce is recommended for use in oil 
sands reclamation (Russell Ecological 
Consultants, 1987).  Survival of white 
spruce was only 41 % (compared to 87 % 
for red pine) planted on iron mine wastes in 
Minnesota (Alm et al, 1985). 
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Picea sitchensis (Bong.) Carr. 
Sitka Spruce 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Found on deep rich alluvial soils with ample moisture and along 
the coast in the salt spray zone. 

Soil Texture Prefers well drained alluvial soils but will grow on a variety of soils 
including glacial moraines. 

Nutrients Grows best on nutrient very rich sites.  Riparian stands may 
derive nutrients from returning salmon. 

Soil Reaction / 
Salinity 

Normally grows in soils with a pH of 4.0 to 5.7.  The most salt 
tolerant of our conifers. 

Moisture Regime Requires ample moisture in a humid climate. 

Shade Tolerance Considered shade intolerant however it will re-establish in small 
forest openings. 

Successional 
Status 

Pioneer on fresh alluvial and glacial materials.  Sitka spruce is a 
very long-lived species that acts like a climax species. 

Erosion Control Shallow widespread root systems protect river banks from 
erosion. 

Wildlife / Riparian Very important riparian species in the Pacific Northwest.  Stands 
are widely used by wildlife, limited consumption. 

Availability Readily available from forest seedling nurseries. 

Establishment Easily established from nursery grown plugs. 
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Picea sitchensis (Bong.) Carr. 
 
Sitka spruce (Douglas et al, 1998-2001); 
tideland spruce; coast spruce; Menzies’ 
spruce; western spruce; (Bowers, 1942) 
yellow spruce; silver spruce; (FEIS, 2001). 
 
Distribution and Origin:  

Sitka spruce occupies a strip along the 
western coast of North America from 
southeastern Alaska to northern California 
(Douglas et al, 1998-2001) with a small 
outlier occurring in Mendocino County, 
California (FEIS, 2001).  It seldom occurs 
more than 50 miles inland from the Pacific 
Ocean (Forestry Branch, 1950) (130 miles 
(FEIS, 2001)).  Sitka spruce intergrades with 
white spruce forming a hybrid called Lutz or 
Roche spruce (Picea X lutzii Little) and may 
hybridize with Engelmann spruce in some of 
the upper coastal valleys and inlets (Pojar 
and MacKinnon, 1994).  Sitka spruce often 
forms pure stands in the northern part of its 
range (Forestry Branch, 1950).  Sitka spruce 
is a native of western North America.  It is 
the most commonly introduced conifer in 
the United Kingdom (FEIS, 2001). 
 

Growth Form and Reproduction:  
Sitka spruce grows to be a large tree.  The 
largest tree in Canada and the tallest spruce 
in the world is a sitka spruce growing in the 
Carmanah Creek valley on the west coast of 
Vancouver Island (96 m in 1988) 
(Conservation Data Centre, 2001).  The 
branches are at right angles to the trunk with 
drooping branchlets (Forestry Branch, 
1950).  Sitka spruce reproduces by seed and 
in some moist areas or in the alpine, by 
layering (FEIS, 2001). 
 

Ecological Setting:  
Sitka spruce grows best on deep moist soils 
in a humid climate (Forestry Branch, 1950).  
It is often found along beaches and the 
exposed outer coast where its salt tolerance 
allows it to form pure stands in the salt spray 
zone (Brayshaw, 1996b).  Pojar and 
MacKinnon (1994) describe the locations of 
sitka spruce growth as “moist well-drained 
sites such as alluvial floodplains, marine 

terraces, headlands, recent glacial outwash, 
avalanche tracks; also on old logs or mounds 
on boggy sites;”.  Sitka spruce is described 
(Klinka et al, 1989) as characteristic of 
hypermaritime mesothermal forests. 
 

Tolerances and Preferences 
 

Soil Texture: 
Sitka spruce grows best on deep well 
drained soils (FEIS, 2001).  It prefers well-
drained alluvial soils and glacial moraines 
(Alexander and Burt, 1996).  Better growth 
of sitka spruce was found on sites with 
rotten sandstone (well drained) then with 
gleyed clay (poor drainage) (Adams et al, 
1972). 
 

Nutrient Status: 
Sitka spruce grows best on rich alluvial sites 
with soils that are high in calcium, 
magnesium and phosphorus (FEIS, 2001).  It 
occurs on nitrogen-rich soils and avoids both 
moisture and nutrient deficits (Klinka et al, 
1989).  Sitka spruce grows best on nutrient-
very rich soils (Klinka et al, 1989). 
 

Soil Reaction and Salinity: 
Sitka spruce normally grows in soils that are 
acidic with a pH ranging from 4.0 to 5.7 
(FEIS, 2001).  Sitka spruce is our most salt 
tolerant conifer species (Brayshaw, 1996b).  
Sitka spruce is more tolerant of salt stress 
than Norway spruce (Picea abies) 
(Dragsted, 1979).  Young needles of sitka 
spruce are much more tolerant of ocean 
spray during the late spring and early 
summer than western redcedar or western 
hemlock (Cordes, 1973).  The effects of acid 
misting on sitka spruce has been widely 
studied in Great Britain and northern Europe 
to predict the effects of acid rain on planted 
forests (Carriera et al, 1997; Ruess et al, 
1996; Sheppard et al, 1995). 
 

Moisture Regime Preferences: 
Sitka spruce avoids sites where moisture 
deficits occur (Klinka, et al, 1989).  It occurs 
on moist sites (Pojar and MacKinnon, 1994).  
The best growth of sitka spruce is made on 
deep moist soils in a humid climate 
(Forestry Branch, 1950). 
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Shade Tolerance: 

Sitka spruce is considered by Klinka et al 
(1989) to be shade intolerant.  It is ranked by 
Kobe and Coates (1997) as being less shade 
tolerant than western redcedar and western 
hemlock but more shade tolerant than 
lodgepole pine, aspen and cottonwood.  
Seed germination in sitka spruce is not 
reduced by shade (Li et al, 1994) although 
Fairbairn and Neustein (1970) found that 
seedling growth response to increasing light 
levels was greatest in sitka spruce followed 
by Douglas fir, western hemlock, grand fir 
and Norway spruce suggesting that sitka 
spruce is relatively shade intolerant. 
 

Mowing / Grazing Tolerance: 
Sitka spruce provides poor browse for 
wildlife, although blue grouse eat the 
needles during the winter (FEIS, 2001).  
Like most conifers, cutting sitka spruce 
below the lowest living branch will kill the 
plant.  Sea winds and salt spray “prune” 
sitka spruce into compact forms. 
 

Disease and Pest Tolerance: 
Sitka spruce is attacked by the white pine 
weevil (Pissodes strobi) to such an extent 
that reforestation in the southern part of its 
range is restricted (Brooks and Borden, 
1992).  Sitka spruce is attacked by the green 
spruce aphid (Elatobium abietinum) 
(Redfern et al, 2000), the large pine weevil 
(Hylobius abietis) (Moore, 2001), the spruce 
bark beetle (Dendroctonus micans) 
(Wainhouse et al, 1998) as well as the butt 
rot, Heterobasidon annosum (Pratt, 2000) 
and Armillaria millea (FEIS, 2001).  It is 
damaged by porcupines (Eglitis and 
Hennon, 1997) in southeastern Alaska and 
in north-coastal forests of British Columbia 
(Sullivan et al, 1986).  The European wild 
rabbit in Ireland (Downes and Whelan, 
1992) damages sitka spruce seedlings. 
 

Response to Fire: 
Fire is not an important factor in the areas 
where sitka spruce grows.  However, its thin 
bark and shallow roots make it very 
susceptible to fire damage (FEIS, 2001). 

 
Restoration Considerations 

 
Successional Status: 

Sitka spruce is a pioneer on freshly 
deposited alluvial materials and newly 
exposed glacial deposits (Alexander and 
Burt, 1996).  It can also be considered a 
climax species as it will regenerate in the 
canopy gaps caused by fungal heart rot and 
on the mineral soil available following wind 
throw (Hennon, 1995).  It is an extremely 
long-lived plant that provides the ecological 
effect of a climax species.  Very old forests 
dominated by sitka spruce show the 
diversity and complexity of climax stands. 
 

Erosion Control and Soil Building: 
Sitka spruce roots are shallow with long 
lateral roots and few branchings, although 
on deep well drained soils the roots may 
reach 2 m in depth (FEIS, 2001).  Sitka 
spruce has been used for erosion control in 
Iceland (Bjarnason et al, 1978). 
 

Wildlife / Riparian Use: 
Sitka spruce forests are used by a variety of 
animals and birds.  They are important 
components of coastal riparian forests and 
provide shelter for large ungulates such as 
elk and moose.  The large limbs provide 
platforms for nesting of important sea birds 
as well as providing habitat for a variety of 
invertebrates.  Many of the new species 
identified in Canada in the past decade have 
been found in the mossy branches of the 
high canopy of old growth sitka spruce 
forests.  In Great Britain, sitka spruce stands 
provide habitat for red and roe deer 
(Latham, 2000) as well as a wide variety of 
birds (O’Halloran et al, 1998).  The Sitka 
mouse inhabits the old growth sitka spruce 
floodplain habitats of Alaska (Hanley and 
Barnard, 1999).  Moose use the floodplain 
sitka spruce habitat as well (Stephenson et 
al, 1998).  Old growth sitka spruce habitat is 
important for the maintenance of Roosevelt 
elk populations in Olympic National Park, 
Washington, USA (Schreiner, et al, 1996).  
Bald eagles nest and perch in large old sitka 
spruce trees (Gende et al, 1998).  Sitka 
spruce provide important large woody debris 
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in riparian ecosystems (Minore and 
Weatherly, 1994).  Cutting old growth sitka 
spruce forests has a negative impact on the 
habitat of Sitka black tailed deer (Fagen, 
1988; Wallmo and Schoen, 1980). 
 

Ethnobotany: 
The wood of sitka spruce was used by 
coastal First Peoples as pegs for cedar 
boxes, digging sticks, herring rakes, arrows, 
bark peelers, slat armour.  Cod and halibut 
hooks were made from the knots and 
branches of sitka spruce, although it was not 
considered as good as other woods (western 
hemlock, fir or cottonwood) for this 
purpose.  Wedges were sometimes made 
from the wood of the roots of sitka spruce 
for splitting house planks, primarily from 
western redcedar.  In some cases house 
planks were split from large sitka spruce 
logs, both longitudinally and radially.  Sitka 
spruce was used for sleds, spear shafts, 
shovels, fire-making drills, tongs, dishes, 
mauls, bows and dugout canoes.  Spruce 
gum was used to cement joints in 
implements such as harpoons and spears and 
to caulk canoes.  Sitka spruce roots were 
widely used in basket making, presumably 
because of the long length of the un-
branched laterals.  Branches were sometimes 
used for making rope (Turner, 1998).  The 
cambium and secondary phloem tissue of 
sitka spruce was eaten by many coastal First 
Peoples.  It was used as a laxative by some 
and the pitch was sometimes chewed as 
chewing gum (Turner, 1995).  Sitka spruce 
was used medicinally by the Thompson First 
Peoples (Turner et al, 1990).  The cones 
were burned and a decoction made from the 
ashes for treatment of dysentery.  Similarly 
the cones could be chewed and the liquid 
drunk.  The pitch of sitka spruce was used 
by the Thompson people as a poultice for 
sores (Turner et al, 1990). 
 

Availability: 
Sitka spruce is readily available from most 
forest seedling nurseries.  Care should be 
taken to ensure the spruce that is obtained is 
resistant to white pine weevil (Brooks and 
Borden, 1992). 

 
Establishment: 

Most sitka spruce will be established by 
planting nursery grown plugs.  However, 
rooted cuttings can be used to propagate 
sitka spruce where specific genotypes are 
desired (Wigmore and Woods, 2000).  Seeds 
of sitka spruce are small with numbers 
ranging from 155,000 to 400,000 per pound.  
The average number of seeds per pound is 
210,000 (USDA, 1948).  Cool, moist 
stratification is needed for germination of 
some seed lots (USDA, 1948).  A 0.2 % 
solution of potassium nitrate is sometimes 
used to improve germination (USDA, 1974). 
 

Commercial Value: 
The wood of Sitka spruce was highly prized 
for aircraft construction because of its 
superior strength to weight ratio and the 
long lengths of clear wood that can be 
obtained from the tall trunks (Forestry 
Branch, 1950). 
 

Current Status for Restoration: 
Restoration work in Great Britain is focused 
on removing sitka spruce as it has invaded 
native heather moorland (Wildig et al, 
1996).  However, it has been recommended 
for use in the reclamation of sandy marine 
soils in the Netherlands (Oosterbaan, 1990). 
presumably because of its salt tolerance.  
Good results were obtained by planting sitka 
spruce with various nitrogen fixing species 
on china clay spoil in Cornwall (UK) 
(Moffat and Roberts, 1989).  Sitka spruce is 
widely used for restoration of derelict sites 
in Wales (Broad and Zehetmayr, 1981  It 
has been used for restoration and erosion 
control in Iceland (Bjarnason et al, 1978).  
Sitka spruce performed well on the poor 
soils of ridge tops in south Wales 
(Crampton, 1966).  It has been used for 
reclamation of coal wastes and other spoil 
materials in Great Britain (Sisam and 
Whyte, 1944). 
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Pinus contorta Dougl ex. Loud. 
Lodgepole Pine 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Shore pine is found on rocky shorelines, coastal dunes or bogs.  
Lodgepole pine occurs on a variety of mainly dry sites types. 

Soil Texture Shore pine occurs on dry rocky soils or organic peat.  Lodgepole 
pine prefers coarse freely drained soils. 

Nutrients 
Both shore pine and lodgepole pine occur on sites that are 
nutrient poor to nutrient medium.  Shore pine can tolerate very 
nutrient poor conditions. 

Soil Reaction / 
Salinity 

Grows best at pH of 4.5 to 5.5.  Growth restricted at pH 8 and 
above.  Shore pine is tolerant of salt spray. 

Moisture Regime Lodgepole pine and shore pine grow on dry sites.  Shore pine 
can be found in saturated bogs. 

Shade Tolerance Shade intolerant but can survive as an understory species. 

Successional 
Status 

Early seral species but may persist at climax species under poor 
site conditions. 

Erosion Control Promotes soil stability but is slow to cover the ground. 

Wildlife / Riparian Rarely eaten but provides habitat for a wide variety of species.  
Seeds provide an important food source for squirrels and birds. 

Availability Lodgepole pine is readily available from most forest seedling 
nurseries.  Can be easily grown from seed. 

Establishment Easily established from plugs.  Avoid competition with grasses 
and legumes. 
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Pinus contorta Dougl. ex. Loud. 
Lodgepole pine (var. latifolia Engelm. ex. S. 

Wats.) (Douglas et al, 1998-2001) 
Rocky Mountain lodgepole pine; black pine 
(FEIS, 2001); spruce pine (Bowers, 1942); 
jack pine (miss applied); western jack pine; 
white pine; cypress (Forestry Branch, 1950). 
 
Shore pine (var. contorta) (Douglas et al, 

1998-2001) 
Beach pine; coast pine (FEIS, 2001); sand 
pine; scrub pine; knotty pine; Henderson’s 
pine (Bowers, 1942); screw pine (Forestry 
Branch, 1950); tamarack pine (Hitchcock and 
Cronquist, 1973). 
 
Other Varieties: 

var. bolanderi (Parlatore) Koehne 
1893 
= P. contorta subsp. bolanderi 
(Parlatore) Critchfield 
var. murrayana (Grev. & Balf.) 
Engelm. = Sierra lodgepole pine. 

 
Distribution and Origin:  

Lodgepole pine ranges from the central part 
of the Yukon and Alaska to the northern part 
of Lower California east to the Dakotas 
(Bowers, 1942) and the Cypress Hills 
(Alberta – Saskatchewan border) (Forestry 
Branch, 1950).  It is common on the east 
slope of the Rocky Mountains and the 
montane zone of central and northwestern 
Alberta.  It is replaced to the east by the 
closely related jack pine (Pinus banksiana 
Lamb.) with which it freely hybridizes 
forming a plant known as Pinus X 
murraybanksiana Righter & Stockwell.  
Shore pine is restricted to sand dunes and 
swampy areas along the coast from Yakutat 
Bay in southern Alaska to Mendocino 
County, California at low elevations 
(Forestry Branch, 1950).  Both shore pine 
and lodgepole pine are native of western 
North America.  Sierra lodgepole pine 
(Pinus contorta var. murrayana (Grev. & 
Balf.) Engelm.) occurs in the Cascade Range 
of southern Washington, Oregon and 
California as well as the Sierra Nevada and 
Klamath Mountains and as disjunct 
populations in southern California and the 

Virginia and Sweetwater mountains of the 
Great Basin (FEIS, 2001). 
 

Growth Form and Reproduction:  
Lodgepole pine grows to a medium sized 
tree (40 m) often in even aged stands 
associated with fire.  It has a straight trunk 
topped by a small crown (Pojar and 
MacKinnon, 1994).  The tallest lodgepole 
pine in British Columbia is 46.34 m tall 
while the thickest is 2.87 m in circumference 
(Conservation Data Centre, 2001).  Shore 
pine forms a small, stunted tree and in some 
cases growth can be very slow due to the 
harsh conditions in which it is growing 
(Brayshaw, 1996b).  The largest shore pine 
is 3.25 m in circumference and 18.2 m tall 
(Conservation Data Centre, 2001).  Shore 
pine and lodgepole pine reproduce by seed 
and although cuttings can be induced to 
form roots, layering is not noted as a 
reproductive strategy (FEIS, 2001).  The 
cones of lodgepole pine are often serotinous 
(coming late, in this case referring to cone 
opening) and only open with heat (45 o– 60o 
C) (FEIS, 2001).  This adaptation allows 
lodgepole pine to retain its seed until after a 
fire when competition for the seedlings will 
be reduced and a new even-aged forest can 
develop (Brayshaw, 1996b).  Young and 
Young (1992) report that lodgepole pine 
cones can be opened with a 30 to 60 second 
immersion in boiling water followed by kiln 
drying at 60 o C for up to 8 hours.  The cones 
of shore pine open at maturity and are not 
particularly serotinous although serotiny is 
reported to increase inland, presumably as 
this variety intergrades with lodgepole pine 
(FEIS, 2001). 
 

Ecological Setting:  
Lodgepole pine grows in a wide variety of 
sites from the boreal subalpine to the cool 
semiarid steppes of the area between the 
Coast Mountains and the Rocky Mountains.  
Lodgepole pine tends to occur on dry, freely 
drained sites.  Shore pine has a bi-modal 
moisture distribution, occurring on very dry 
to moderately dry sites with shallow soils as 
well as very moist to wet peat bogs.  This 
distribution results from the inability of 
shore pine to compete with other more 
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plants on more mesic sites (Klinka et al, 
1989).  The presence of shore pine on non-
bog sites can be an indicator of sandy, 
gravelly, excessively well-drained soils 
(Brayshaw, 1996b).  Both shore pine and 
lodgepole pine are found on nitrogen very 
poor to medium rich sites (Klinka et al, 
1989). 
 

Tolerances and Preferences 
 

Soil Texture: 
Lodgepole pine is found on a range of soil 
textures but prefers coarse well-drained 
materials.  Shore pine occupies sites with a 
range of soil textures, from coarse rocky or 
alluvial materials to saturated muck and 
organic peat of the coastal peat bogs 
(Brayshaw, 1996b). 
 

Nutrient Status: 
Lodgepole pine grows on sites that range 
from extremely nutrient poor to medium 
nutrient rich.  Shore pine and lodgepole pine 
occur on sites that range from very nitrogen 
poor to nitrogen medium (Klinka, et al, 
1989).  Shore pine is tolerant of low nutrient 
conditions (Pojar and MacKinnon, 1994).  
The var. bolanderi, an extreme example of 
shore pine have developed polyphenols that 
help them survive in the acidic nutrient poor 
soils (Yu et al, 1999; Northup et al, 1998). 
 

Soil Reaction and Salinity: 
The best growth of shore pine at the 
southern extent of its range is in soils with a 
pH of 5.  The pH of soils where lodgepole 
pine grows range from 4.5 to 5.5.  It is 
considered to be highly acid tolerant (Hardy 
BBT, 1989).  Lodgepole pine is reported to 
rarely grow on limestone-derived soils 
except in Canada where extensive stands 
occur on calcareous glacial till (FEIS, 2001).  
Growth is restricted at a pH of 8 and above.  
Shore pine is tolerant of salt spray from the 
ocean while high rates of soil-applied salt 
damaged lodgepole pine (Palaniyandi et al, 
1979.). 
 

Moisture Regime Preferences: 
Lodgepole pine is very drought tolerant 
although it can tolerate saturated soils.  

Similarly, shore pine can be found on dry 
rocky headlands as well as in sphagnum 
bogs where it is continually wet.  Lodgepole 
pine does best on moderately well drained 
soils with ample moisture at depth.  Where 
lodgepole pine seedlings and grass (Dactylis 
glomerata) were grown together, the 
response of the seedlings to grass 
competition was independent of moisture 
regime and the competition results in 
reduced tree growth (Clark and McLean, 
1975). 
 

Shade Tolerance: 
Shore pine and lodgepole pine are 
considered shade intolerant.  Lodgepole pine 
is ranked as shade intolerant (Wright et al, 
2000).  Under high light conditions, 
lodgepole pine showed the greatest growth 
among 5 conifers (Abies lasiocarpa; Picea 
glauca X Picea sitchensis; Thuja plicata; 
Tsuga heterophylla and Pinus contorta) 
(Coates and Burton, 1999).  Williams et al 
(1999) report that lodgepole pine was able to 
survive as an understory species for at least 
50 years at light levels of 5 %.  Lodgepole 
pine is less shade tolerant than sitka spruce, 
but more tolerant than aspen (Kobe and 
Coates, 1997). 
 

Mowing / Grazing Tolerance: 
Lodgepole pine and shore pine will not 
sprout from cut stumps although living 
branches will develop into leaders.  
Although lodgepole pine is rarely eaten by 
wildlife, it can support significant hedging 
(FEIS, 2001).  Both shore pine and 
lodgepole pine can be made into bonsai 
specimens (Kruckeberg, 1996). 
 

Disease and Pest Tolerance: 
The incidence of Armillaria root disease (A. 
ostoyae and A. sinapina) in lodgepole pine 
stands increased with increasing sand 
content of the surface mineral horizons 
(Mallet and Maynard, 1998).  Dwarf 
mistletoe (Arceuthobium americanum) 
infects shore pine as does the hemlock dwarf 
mistletoe (A. tsugense) (FEIS, 2001).  The 
wood of lodgepole pine is attacked by 
shoestring root rot (Armillaria mellea), 
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brown cubical butt rot (Coniophora 
puteana), red root and butt rot (Polyporus 
tomentosus), yellow stringy butt rot 
(Flammula alnicola), red ring rot (Fomes 
pini) and red heartrot (Stereum 
sanguinolentum) (Baranyay et al, 1962).  
Mature stands of lodgepole pine are 
susceptible to attack by the mountain pine 
beetle (Dendroctonus ponderosae) (Parish, 
1996). 
 

Response to Fire: 
Shore pine rarely contends with fire and 
lodgepole pine is a fire-adapted species.  
Both are easily killed by fire due to their 
thin bark and moderately flammable foliage.  
Shore pine is considered sensitive to fire 
(FEIS, 2001).  Sierra lodgepole pine is fire 
sensitive and re-establishes by wind-
dispersed seed (FEIS, 2001).  Lodgepole 
pine is damaged by ground fires because of 
its thin bark.  However, the combination of 
serotinous and non-serotinous cones in most 
lodgepole pine allows this plant to 
effectively re-establish following any type 
of fire (FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Shore pine is considered a climax species in 
bog wetlands and in many other areas (FEIS, 
2001).  Lodgepole pine is a early seral 
species following fire but it often forms a 
fire-maintained dis-climax.  Where fire 
suppression has allowed stands to age un-
naturally, the lodgepole pine is slowly 
replaced by later seral species such as white 
and Engelmann spruce, subalpine fir and, at 
loser elevations, Douglas fir.  Where site 
conditions are very poor (e.g. Yellowstone 
National Park on obsidian sands), lodgepole 
pine may form climax stands with 
replacement in gaps formed by disease or 
wind throw (FEIS, 2001).  Old lodgepole 
pine stands develop significant fuel loads 
and when attacked by mountain pine beetle 
become prone to large, stand initiating 
wildfires (FEIS, 2001). 
 

Erosion Control and Soil Building: 

Lodgepole pine is slow to cover the ground 
but has been rated as good for promoting 
soil stability (Hardy BBT, 1989).  
Lodgepole pine root systems vary 
significantly with the substrate in which they 
are growing.  Where vertical rooting is 
restricted by very coarse soils, high water 
table or an impermeable layer the roots 
become bent, clubbed or dead.  Most roots 
are in the top 10 cm (“few inches”) and 
roots spread laterally as quickly as the tree 
grows in height for the first 30 years.  The 
greatest root penetration is in fine sands 
underlain deeply by clay (Horton, 1958).  In 
a sandy loam, a stony loam and a skeletal 
sandstone soil rooting depth of lodgepole 
pine was from 4 to 5.6 feet (Bernt and 
Gibbons, 1958). 
 

Wildlife / Riparian Use: 
Shore pine is of little value to large wildlife 
although many small rodents and birds eat 
the seeds and porcupines eat the cambium 
(FEIS, 2001).  Lodgepole pine is seldom 
eaten but provides cover for many large 
mammals.  The seeds are an important food 
of squirrels, chipmunks and birds while 
grouse eat the foliage (FEIS, 2001) and use 
the logs for drumming (Buhler and 
Anderson, 2001).  It has low palatability but 
good nutrition for livestock.  Snags of 
lodgepole pine are used by a wide variety of 
wildlife (Everett et al, 1999).  Pine white 
butterflies, the western pine elfin butterflies 
and Macoun’s arctic butterflies use 
lodgepole pine as larval food.  The thick 
hairstreak butterfly larvae use dwarf 
mistletoe (Arceuthobium americanum) on 
pine as a food source (Guppy and Shepard, 
2001). 
 

Ethnobotany: 
As the name implies lodgepole pine was 
used for construction of dwellings by 
interior First Peoples (Parish, 1996).  The 
wood of lodgepole pine was used for a 
variety of other purposes as well (Turner, 
1998).  The cambium and inner bark was 
eaten by most interior First Peoples (Turner, 
1997).  The inner bark and cambium of 
shore pine was eaten by some Coast Salish 
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groups (Turner, 1995). The tips of young 
needles of lodgepole pine were chewed by 
the Carrier people as a general tonic.  The 
pitch was used as an ointment for sores, 
wounds and insect bites or chewed and/or 
swallowed for sore throats.  The inner bark 
was chewed fresh or drunk as a decoction 
for colds (Ritch-Krc et al, 1996).  The pitch 
has anti-microbial properties (Ritch-Krc et 
al, 1996a). 
 

Availability: 
Lodgepole pine is readily available from 
most forest seedling nurseries.  Shore pine 
may be more difficult to obtain as it is not 
grown commercially, but both species are 
easy to propagate from seed (USDA, 1948). 
 

Establishment: 
Both shore pine and lodgepole pine are 
easily established as rooted nursery grown 
plugs.  The seeds of shore pine are smaller 
than lodgepole with an average of 135,000 
seeds per pound compared to 102,000 
(USDA, 1948).  Cleaned dried (5–10% 
moisture content (Hardy BBT, 1989)) seed 
can be stored for long periods at low (5 o F) 
temperatures (USDA, 1948).  The seeds of 
lodgepole pine occasionally exhibit embryo 
dormancy and stratification at 41o F for 30 
to 90 days is required for germination 
(USDA, 1948).  Germination and early 
growth is best on mineral soils without 
competition. 
 

Commercial Value: 
Shore pine is not widely used commercially.  
However, lodgepole pine is a very important 
commercial species, making up more than 
25 % of the timber cut in the northern Rocky 
Mountain states (FEIS, 2001).  It is widely 
cut in the Interior of British Columbia for 
lumber primarily 2 X 4’s.  Lodgepole pine is 
used for plywood; posts; poles; house logs; 
railway ties; mine timbers; and as pulp 
(FEIS, 2001). 
 

Current Status for Restoration: 
Shore pine is tolerant of salty sea winds and 
has stabilized sand dunes in California 
(FEIS, 2001).  Kruckeberg (1996) 

recommends shore pine for seaside plantings 
where salt spray and sterile dune soils 
prevail.   
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Pinus monticola Dougl. ex D. Don 
Western White Pine 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

Ecological Setting On mesic to dry (sometimes wet) sites from valley bottoms to the 
low subalpine.  Often singly or in small groups. 

Soil Texture Grows best on deep porous soils but may be found on sandy 
soils, loess or loess-like soils.  Establishes best on mineral soil. 

Nutrients Best growth on nutrient medium to nutrient rich sites with Ca and 
Mg. 

Soil Reaction / 
Salinity Found in soils with a pH range from 4.5 to 6.8, averaging 5.4. 

Moisture Regime Grows on moderately dry to wet sites.  Less able to deal with 
moisture stress than other associated tree species. 

Shade Tolerance Shade intolerant. 

Successional 
Status 

Pioneer to early seral species that may live for 400 or more years 
in “old growth” type forests. 

Erosion Control Extensive root system helps hold soil in place while litter protects 
the soil surface.  Control takes up to 10 years. 

Wildlife / Riparian Foliage eaten occasionally by ungulates and preferred by blue 
grouse.  Seeds eaten by birds, squirrels and small mammals. 

Availability Blister rust resistant seedlings available from many forest 
seedling nurseries. 

Establishment Easily established from bare root or container stock.  Seeds 
establish best in mineral soil. 
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Pinus monticola Dougl. ex D. Don 
= Pinus strobes L. var. monticola (Dougl. ex 

D. Don) Nutt. 
= Strobus monticola Rydb. 
Western white pine (Douglas et al, 1998-2001) 
Mountain white pine; Idaho white pine, 
silver pine; mountain pine; little sugar 
pine; soft pine; fingercone pine; mountain 
Weymouth pine (Bowers, 1942). 
 
Distribution and Origin:  

Western white pine is a native of the Pacific 
Northwest, occurring from southern British 
Columbia (south of latitude 52o N) to Tulare 
County, California (latitude 35 o 51’ N) and 
east to the eastern slope of the Rockies at 
Glacier National Park, Montana.  It occurs 
in northern Idaho, Montana, Washington 
and adjacent British Columbia.  On 
Vancouver Island, western white pine occurs 
as far north as Nimkish Lake and on the 
mainland coast to the Homathko River 
(Brayshaw, 1996b). 
 

Growth Form and Reproduction: 
Western white pine grows to be a large tree.  
It can live to be over 400 years old (FEIS, 
2001).  The tallest British Columbian 
specimen is 53.4 m while the thickest is 5.22 
m in circumference (Conservation Data 
Centre, 2001).  Western white pine 
reproduces by seed, although it can be 
vegetatively propagated (Stiff et al, 1986; 
Williams, 1987).  Western white pine 
produced adventitious roots when the stem 
was buried by tephra from Mount St. Helens 
(Zobel and Antos, 1982). 
 

Ecological Setting:  
Western white pine grows singly or in small 
groups but not in extensive stands.  It is 
found on mesic to dry slopes and valley 
bottoms from near sea level to the low sub-
alpine (Pojar and MacKinnon, 1994).  Parish 
et al, (1996) report that western white pine 
occurs on a wide range of sites from bogs to 
well-drained sandy soils.  Western white 
pine occurs on moist to dry slopes in the 
montane zone (Douglas, et al, 1998-2001).  
It is restricted to climates with winter 
precipitation and dry summers.  It becomes 

dominant on stands where site conditions are 
so poor that it can out-compete Douglas fir 
(FEIS, 2001). 
 

Tolerances and Preferences 
 

Soil Texture: 
Western white pine grows best on deep 
porous soils but is common on sandy soils.  
In Idaho it is found on loess and loess-like 
materials (FEIS, 2001).  Western white pine 
established and grew better on mineral soils 
than on sites where forest duff remained 
following slash burning (Oswald et al, 
1999).  Severe site disturbance with 
associated soil compaction decreased 
productivity of western white pine (Page-
Dumroese et al, 1998). 
 

Nutrient Status: 
Western white pine grows best on nutrient-
medium to nutrient-rich sites (FEIS, 2001).  
Nitrogen fixation associated with Fomes 
(Phellinus) pini (heart rot) occurs in the 
decaying wood of living, standing western 
white pine (Harvey et al, 1989).  Sites that 
are rich in calcium and magnesium are 
favoured by western white pine (FEIS, 
2001). 
 

Soil Reaction and Salinity: 
Western white pine grows on sites with a 
range of pH values from 4.5 to 6.8, 
averaging 5.4 (FEIS, 2001).  Growth of 
western white pine was reduced by SO2 
emissions from the Sudbury, Ontario 
smelters (Navratil and McLaughlin, 1979).  
No information on salinity or salt tolerance. 
 

Moisture Regime Preferences: 
Western white pine grows on moderately 
dry to wet sites (FEIS 2001).  However, it is 
less able to deal with moisture stress than 
other associated species (Leaphart and 
Wicker, 1966). 
 

Shade Tolerance: 
Shade reduced the germination of stratified 
western white pine seeds (Li et al, 1994).  
Western white pine is ranked as having a 
low shade tolerance (Parker, 1988).  
Western white pine, as an early successional 
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species has low shade tolerance (Turner, 
1985).  Classified as shade intolerant to very 
intolerant (FEIS, 2001). 
 

Mowing / Grazing Tolerance: 
Cattle grazing in rotations did not appear to 
significantly damage newly planted 2+0 
western white pine seedlings.  The cattle 
grazing reduced the incidence of damage 
caused by pocket gophers (Kingery et al, 
1987). 
 

Disease and Pest Tolerance: 
White pine blister rust (Cronartium ribicola) 
is the major disease of western white pine.  
Currents (Ribes spp.) act as the required 
alternative host (Hunt, 2000).  White pine 
blister rust was introduced into North 
America in the late 1800’s or early 1900’s 
with infected seedlings from France and has 
become a major problem throughout the 
range of western white pine (FEIS, 2001).  
Damage to western white pine by voles 
(Microtus townsendii) was less than the 
damage to Douglas fir or western hemlock 
(Harper and Harestad, 1986).  Stem 
pathogens of western white pine include 
Fomes (Phellinus) pini, Stereum 
sanguinolentum, Armillaria mellea and 
Polyporus schweinitzii while root pathogens 
include Armillaria mellea, Polyporus 
schweinitzii and Odontia bicolor (Kulhavy 
et al, 1978).  Four species of Verticiladiella 
also infect western white pine (Kulhavy et 
al, 1978).  Western white pine is susceptible 
to the needle cast fungi Lopodermella 
arcuata, L. nitens and Bifusella linearis as 
well as the butt-rot fungi Heterobasidon 
annosum (FEIS, 2001).  The mountain pine 
beetle (Dendroctonus ponderosae), the 
emarginate ips (Ips emarginatus) and the ips 
beetle (Ips montanus) attack western white 
pine (FEIS, 2001). 
 

Response to Fire: 
Western white pine is considered to be 
moderately fire resistant due to its 
reasonably thick bark, foliage that is not 
very flammable and lower branches that are 
quickly shed as the tree matures (FEIS, 
2001).  Young trees are, however very 

susceptible to fire due to their thin bark 
(FEIS, 2001).  Burning of the thick humus 
layer in mature forests of western white pine 
can kill the trees through root heating (FEIS, 
2001). 
 

Restoration Considerations 
 

Successional Status: 
Turner (1985) considers western white pine 
to be an early successional species.  Western 
white pine was an initial colonizer of a 
volcanic mudflow in Lassen Volcanic 
National Park (Kroh et al, 2000).  Western 
white pine and Douglas fir establish after 
initial colonization of sites by lodgepole 
pine following fire in Glacier National Park, 
Montana.  The climax forests of these sites 
is western hemlock and some western 
redcedar (Habeck, 1968).  Reported (FEIS, 
2001) to be an “obligate initial community 
species” and a “facultative seral species”.  
Western white pine is an initial colonizer 
following fire (FEIS, 2001).  Western white 
pine is considered a fire dependant seral 
species and stand replacing fires are needed 
to remove competing conifers and allow 
western white pine to establish (FEIS, 
2001). 
 

Erosion Control and Soil Building: 
Western white pine has a tap root and lateral 
roots that may spread up to 8 m from the 
tree.  Most of the lateral roots are in the 
upper 60 cm of soil (FEIS, 2001).  Western 
white pine was used in New South Wales, 
Australia for control of erosion (Kennedy, 
1964).  The litter from western white pine 
contributes to the build-up of the duff layer.  
The erosion control ability of western white 
pine takes about 10 years to achieve due to 
the relatively slow establishment and growth 
(compared to grasses and legumes) of the 
species. 
 

Wildlife / Riparian Use: 
Western white pine provides habitat for a 
wide variety of birds and animals although it 
comprises less than 1 % of the winter diet of 
elk (FEIS, 2001).  Black-tailed deer browses 
it in the winter when other browse is limited 
(FEIS, 2001).  The foliage palatability is 
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rated as poor although blue grouse prefer 
western white pine needles to those of 
western hemlock (FEIS, 2001).  The seeds 
of western white pine are eaten by squirrels 
and deer mice (FEIS, 2001).  The red-
breasted sapsucker nests in cavities in 
western white pine (Joy, 2000).  Pileated 
woodpeckers excavate cavities in western 
white pine for nesting (McClelland and 
McClelland, 1999).  Bats use western white 
pine for roosting (Kellner et al, 2000).  
Bears spread the seeds of currents and 
thereby contribute to the spread of white 
pine blister rust (Hunt, 2000).  Larvae of BC 
pine white butterflies and western pine elfin 
eat the foliage of western white pine (as well 
as a variety of other conifers).  The thick 
hairsteak butterfly larvae feed on dwarf 
mistletoe (Arceuthobium americanum) that 
infects pines, primarily ponderosa pine, but 
presumably other pines as well (Guppy and 
Shepard, 2001). 
 

Ethnobotany: 
The wood of western white pine was used 
by the Manhousaht Nuu-chah-nulth to make 
long needles for sewing mats (Turner, 
1998).  Interior First Peoples used the bark 
of western white pine for canoes and 
baskets.  The pitch of western white pine 
was used by the Sechelt people for 
waterproofing (Turner, 1998).  The 
cambium of western white pine was 
harvested by some First Peoples for food 
while some chewed the gum.  Green cones 
were sliced and eaten while the seeds from 
partially roasted cones were eaten (Turner, 
1997).  The Thompson First Peoples drank 
an infusion of branches of western white 
pine for any illness, used the pitch as 
medicine (Turner, 1990). 
 

Availability: 
Blister rust resistant (65 %) western white 
pine has been developed (FEIS, 2001) and is 
available from forest seedling nurseries in 
the areas where it is naturally found. 
 

Establishment: 
Early fall (late August) planting of western 
white pine seedlings (1+0) resulted in the 

best growth on a uniform site in northern 
Idaho (Adams et al, 1991).  Sheep grazing 
on western white pine cut blocks may assist 
in re-establishment of western white pine 
through opening of mineral soil and 
scarification of seed by trampling (Young et 
al, 1942).  Western white pine can be 
established from stem cuttings (Williams, 
1987) and needle fascicles (Stiff et al, 1986).  
Both bare root and container grown 
seedlings of western white pine do very well 
when out-planted.  Mounding the planting 
sites improves the survival and growth of 
western white pine on droughty sites and 
can increase the growth by as much as 30 % 
(FEIS, 2001).  Fertilization (with nitrogen) 
of planting sites can improve the growth of 
young (less than 10 years old) western white 
pine (FEIS, 2001).  On dry sites, seedling 
establishment is favoured by partial shade 
while on moist sites full sunlight favours 
establishment of western white pine (FEIS, 
2001). 
 

Commercial Value: 
Western white pine is a highly valued timber 
species that is used for door and window 
sashes, doors, paneling, dimension lumber, 
matches and toothpicks.  The wood is 
straight grained, lightweight, non-resinous 
and stable (FEIS, 2001).  High value 
paneling was created from western white 
pine that had been killed, primarily by white 
pine blister rust (Christophersen and Howe, 
1979). 
 

Current Status for Restoration: 
Concerns around the white pine blister rust 
have restricted the use of western white pine 
for restoration purposes although it is a 
quick growing pioneering conifer of moist 
montane forests (Polster, 1987). 
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Pinus ponderosa Dougl. ex P. & C. Lawson 
Ponderosa Pine 

 

 
        Drawing by kind permission of Dr. T.C. Brayshaw; 
Douglas et al, 1998-2001 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

Ecological Setting Found in the transition between grasslands and forests, on dry 
slopes, bench lands and ridges. 

Soil Texture Often found on coarse textured soils that are freely draining 
although grows best on silts and fine sands with ample moisture. 

Nutrients Can tolerate low nutrient levels but does best on fresh nutrient-
rich sites and in nutrient-medium soils. 

Soil Reaction / 
Salinity Grows best in soils with a pH of 6 or 7 but can tolerate 4.9 to 9.1. 

Moisture Regime Very drought tolerant. 

Shade Tolerance Shade intolerant. 

Successional 
Status Pioneer on all but the driest forest sites. 

Erosion Control Deep, extensive root system noted to hold soils. 

Wildlife / Riparian Provides habitat for a wide variety of species.  Rarely eaten by 
ungulates.  Important riparian species in drier areas. 

Availability Readily available from forest seedling nurseries. 

Establishment Easily grown in nurseries from seed and established in the wild 
from using 2+0 seedlings. 
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Pinus ponderosa Dougl. ex P. & C. Lawson 
Varieties (from FEIS, 2001 (Habeck, 1992 and 
Howard, 2001)): 

var. arizonica (Engelm.) Shaw – Arizona 
pine 

var. ponderosa Dougl. – Pacific ponderosa 
pine 

var. scopulorum Engelm. – Interior 
ponderosa pine 

 
Common name(s):  Pacific ponderosa pine; 

ponderosa pine; western yellowpine; bull 
pine (Habeck, 1992); interior ponderosa 
pine Rocky Mountain ponderosa pine and 
pino real (Howard, 2001).  Pondosa (sic) 
pine; California white pine; western soft 
pine; black jack; black pine; jack pine; 
British Columbia soft pine; longleaved 
pine; red pine; pitch pine western pitch 
pine and heavy pine (Bowers, 1942). 

 
Distribution and Origin:  

Ponderosa pine (all varieties) is a native of 
North America and is the most widely 
distributed pine species on the continent 
(Howard, 2001).  Pacific ponderosa pine (P. 
ponderosa var. pacifica) occurs east of the 
Coast Mountains from southern British 
Columbia (Clinton and Little Fort (Parish et 
al, 1996)) (latitude 52o N (Habeck, 1992)) to 
southern California (latitude 33o N, 
(Habeck, 1992).  Interior ponderosa pine (P. 
ponderosa var. scopulorum (Howard, 2001) 
is found from the eastern slope of the Rocky 
Mountains in the north (Montana) east to 
Nebraska and Kansas and south to eastern 
Nevada, western Texas and Mexico.  
Interior ponderosa pine intergrades with 
Pacific ponderosa pine at the borders of their 
ranges (Howard, 2001).  The name 
ponderosa pine as applied in this account 
refers to both Pacific and interior varieties.  
Arizona pine (P. ponderosa var. arizonica 
(Habeck, 1992)) occurs in extreme 
southwestern New Mexico, southeastern 
Arizona and northern Mexico (Habeck, 
1992) and is not addressed in this manual.  
Ponderosa pine is characteristic of dry 
continental forests (Klinka, et al, 1989). 
 

Growth Form and Reproduction:  

Ponderosa pine is a moderately long-lived 
species that grows to be a large tree.  The 
record British Columbian tree was 39.8 m 
tall and 4.82 m in circumference in 1998 
(Conservation Data Centre, 2001).  Habeck 
(1992) reports trees as large as 70.7 m tall 
and 2.63 m diameter at breast height (dbh).  
Ponderosa pine reproduces by seeds and 
does not naturally reproduce vegetatively 
(Habeck, 1992). 
 

Ecological Setting:  
Ponderosa pine is found at the edges of 
grasslands and in open forests on dry valley 
slopes and bench land.  It tends to occupy 
the ecotonal position between grasslands 
and forest associated with moisture 
availability (Habeck, 1992).  Ponderosa pine 
will establish itself regularly across a 
uniform site in response to moisture 
partitioning.  It may be found on drier sites 
within wetter zones such as south facing 
gravely slopes. 
 

Tolerances and Preferences 
 

Soil Texture: 
Ponderosa pine is found on a variety of soils 
including glacial till, glacio-fluvial sand and 
gravel, colluvium, loess as well as soils 
derived from volcanic origins (basaltic 
rubble and ash (Habeck, 1992).  Repeated 
burning of soils under ponderosa pine stands 
can result in changes in texture such as to 
more fine textured materials or formation of 
sand sized aggregates of material (Ulery and 
Graham, 1993).  Silty clay soils were 
reported to provide the best medium for 
growth of ponderosa pine (McLeod and 
Rapp, 1978).  In a comparison between 
grasslands and ponderosa pine stands the 
grasslands were found to occur on soils that 
were droughtier than the pine (Hadley, 
1969). 
 

Nutrient Status: 
Ponderosa pine can grow on sites with a low 
nutrient level (Schlesinger et al, 1989).  It is 
most productive on fresh and nutrient-rich 
soils.  It occurs on nitrogen-medium soils  
(Klinka et al, 1989).  Re-establishment of 
fire or removal of litter manually in 
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ponderosa pine stands may speed-up 
nitrogen mineralization (Kaye and Hart, 
1998).  Ponderosa pine prefers sites where 
calcium is available (Klinka et al, 1989). 
 

Soil Reaction and Salinity: 
Ponderosa pine grows best in soils that have 
a pH of between 6 and 7 but may be found 
on soils with a pH from 4.9 to 9.1 (Habeck, 
1992).  Schlesinger et al (1989) report 
ponderosa pine growing on soils with a pH 
of 3.7.  The foliage of ponderosa pine was 
not injured by a pH 2.0 fog but the acidic 
fog reduced photosynthetic rates (Takemoto 
and Bytnerowicz, 1993).  Ponderosa pine 
grows on calcium-rich soils (Klinka et al, 
1989).  It is one of the most tolerant pines to 
salt spray (Townsend and Kwolek, 1987).  
Monk and Wiebe (1961) consider ponderosa 
pine to be moderately salt tolerant while 
Douglas fir is not tolerant. 
 

Moisture Regime Preferences: 
Ponderosa pine is very drought tolerant 
(Parish et al, 1996).  It grows on dry, well-
drained slopes and plateaus (Forestry 
Branch, 1950).  The best growth of 
ponderosa pine is on moister sites where it is 
a seral species, being replaced by more 
shade tolerant climax species such as 
Douglas fir, grand fir and subalpine fir 
(Habeck, 1992).  Ponderosa pine forms open 
park-like forests in the dry interior regions 
(Turner, 1998). 
 

Shade Tolerance: 
Ponderosa pine is a shade-intolerant species 
(Klinka et al, 1989) but will grow in partial 
shade on drier sites (Habeck, 1992).  On dry, 
low elevation sites, ponderosa pine will re-
generate under an open cover of older 
ponderosa pine forming a climax cover with 
replacement trees growing between the 
established trees.  At upper elevations it 
forms a closed seral forest with other species 
developing as the climax underneath 
(Brayshaw, 1996). 
 

Mowing / Grazing Tolerance: 
Ponderosa pine is not often eaten by cattle, 
even at a 90% utilization of the shrub 

species (Ceanothus intergerimus) 
(Huntsinger, 1996).  It is killed if cut below 
the lowest live branch.  Topping ponderosa 
pine will result in the development of 
several leaders. 
 

Disease and Pest Tolerance: 
Ponderosa pine is susceptible to western 
blister rust (Cronartium filamentosum), and 
sweetfern blister rust (C. comptoniae) 
(USDA, 1948), western gall rust 
(Endocronartium harknessii), limb rust 
(Peridermium filamentosum) and comandra 
blister rust (Cronartium comadrae) 
(Habeck, 1992).  Dwarf mistletoe 
(Arceuthobium campylopodum) infects 
ponderosa pine as does the white stringy 
root rot (Fomes annosus) and other fungal 
pathogens (Habeck, 1992).  It is infected by 
about 200 different insect pests including the 
pine cone beetle (Conophtorus ponderosae), 
pine seed chalcid (Megastigmus albifrons), 
the tip moth (Rhyacionia bushnelli), shoot 
borers (Eucosma sonomana), budworms 
(Choristoneura lambertiana) and bark 
beetles (Dendroctonus spp. and Ips spp.) 
(Habeck, 1992).  The immature stages of the 
pine white (Neophasia menapia) and the 
western pine elfin (Incisalia eryphon) 
butterflies eat ponderosa pine foliage 
(Guppy and Shepard, 2001). 
 

Response to Fire: 
Ponderosa pine is characteristic of 
ecosystems where low intensity ground fires 
occur every 1 to 30 years (Habeck, 1992).  
The thick bark, deep roots as well as the 
self-pruning lower limbs and the wide 
spacing of most ponderosa pine forests 
makes this tree resistant to fire (Habeck, 
1992).  Fire suppression over the past 100 
years has significantly changed the structure 
and species composition of ponderosa pine 
forests (Habeck, 1992).  Fule et al, (1997) 
report fire frequencies of 3.7 years for all 
fires and 6.5 years for widespread fires in 
ponderosa pine ecosystems in Arizona.  Fire 
suppression has allowed density of live and 
dead fuels to increase in these fires well 
above the natural range of variability (Fule 
et al, 1997). 
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Restoration Considerations 

 
Successional Status: 

Ponderosa pine acts as a climax species at 
lower elevations and/or in drier areas, 
forming an open stand of widely spaced 
individual trees while at higher elevations 
and/or on moister sites ponderosa pine acts 
as a pioneer and is replaced by Douglas fir 
or other later successional species 
(Brayshaw, 1996).  Ponderosa pine seedling 
emergence is restricted by the presence of 
Douglas fir needles on the ground but 
enhanced by Fescue litter, an extract of 
sagebrush litter and cattle manure (Bai et al, 
2000).  Fire suppression is allowing 
conversion of ponderosa pine stands to other 
species (Douglas fir, grand fir and subalpine 
fir)(Camp, 1999).  Ponderosa pine stands on 
moist sites may have experienced 
catastrophic wildfires, re-starting 
successional pathways rather than the 
normal low-severity ground fires common in 
drier locations (Shinneman and Baker, 
1997). 
 

Erosion Control and Soil Building: 
Maximum root depth of ponderosa pine was 
found to be 1.2 m to 1.7 m (4 to 5.6 feet) 
(Berndt and Gibbons, 1958).  Gray and 
Leiser (1982) report that ponderosa pine root 
systems provide an important stabilizing 
element on loose gravelly or sandy soils.  
Megahan (1974) recommends a 1 m by 1 m 
or 1.2 m by 1.2 m spacing for ponderosa 
pine for erosion control on a granitic road 
fill. 
 

Wildlife / Riparian Use: 
Ponderosa pine forests provide important 
habitat for wildlife and birds although it is 
unpalatable to cattle and wildlife.  It is 
browsed by both cattle and wildlife when 
forage is scarce.  Wild ungulates prefer 
ponderosa pine to other conifers  (Howard, 
2001).  Ponderosa pine snags are used by a 
variety of cavity nesting species.  The large 
size attained by ponderosa pine and the dry 
climate in which pine grows allows snags to 
remain useful for many decades (Howard, 
2001).  It is interesting to note that the thick 

bark of ponderosa pine does not allow it to 
last as long as some thinner barked species 
such as Engelmann spruce, lodgepole pine 
and subalpine fir (Everett et al, 1999).  
Current selective logging of large ponderosa 
pine stems as well as fire suppression that 
has allowed establishment of later seral 
species may result in future stands where 
snags of adequate dimensions are not 
available for wildlife use (Camp, 1999).  
Ponderosa pine is an important riparian 
species in the southern part of its range 
(Baker, 1988). 
 

Ethnobotany: 
The large size of ponderosa pine allowed 
dugout canoes to be made from the boles.  
The wood, cones and bark were used as fuel 
while rotten wood was used to smoke hides.  
The gum was used to coat fishing lines made 
of common dogbane (Indian hemp, 
Apocynum cannabium) fibres for 
preservation.  The boughs of ponderosa pine 
were used as a floor covering because of 
their fragrance.  The pollen was gathered as 
a colourant for clothing (Turner, 1998).  The 
cambium was eaten by many First Peoples, 
as were the seeds, while the gum was 
chewed by some (Turner, 1997). 
 

Availability: 
Ponderosa pine is widely available as a 
forest seedling from forestry nurseries in the 
interior.  It is easily obtained and established 
from seedlings (Kruckeberg, 1996). 
 

Establishment: 
Ponderosa pine can be easily established on 
appropriate sites from rooted seedlings.  
Care must be taken to ensure ample 
moisture during the establishment period.  
Ponderosa pine has an average of 12,000 
seeds per pound with a range from 6,900 to 
23,000 (USDA, 1948).  The seeds may 
exhibit embryo dormancy and although 
stratification is not normally needed, it 
improves germination of some seed lots 
(USDA, 1948). 
 

Commercial Value: 
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Ponderosa pine is a major timber species 
and provides as much as 50% of the lumber 
cut in California (Bowers, 1942).  It is a 
valuable source of lumber for boxes for fruit 
and pattern making (Forestry Branch, 1950).  
Ponderosa pine is the most commercially 
valuable tree species in the interior west and 
southwest (Howard, 2001).  Kruckeberg 
(1996) recommends ponderosa pine for 
planting in public places where the large 
size will be appreciated. 
 

Current Status for Restoration: 
Interior ponderosa pine is widely planted for 
restoration purposes.  It is not a good 
competitor when planted with agronomic 
seeded grasses and legumes (Howard, 
2001).  Ponderosa pine has been used for 
reclamation of strip mines in eastern 
Montana (Vance and Running, 1985).  High 
quality seedlings and favourable 
precipitation during the first growing season 
lead to high survival of the planted 
ponderosa pine (Vance and Running, 1985).  
Condensation traps and rock placement can 
be used to enhance survival and growth of 
ponderosa pine on a reclamation site (coal 
mine) near Decker, Montana (Biggins et al, 
1985).  Ponderosa pine has been used 
successfully on bituminous coal mine spoils 
in Pennsylvania (Davidson, 1977). 
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Polystichum munitum (Kaulf.) K.B. Presl 
Sword fern 

 

 
 

        Drawing by kind permission from Illustrated Flora of 
British Columbia (Douglas et al, 2000) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

Ecological Setting In moist to mesic lowland forests although may establish in 
crevices on exposed bedrock. 

Soil Texture Deep rich loamy soils.  Often found on alluvial floodplains. 

Nutrients Occurs on rich to very rich sites. 

Soil Reaction / 
Salinity Prefers acidic sites.  Does not tolerate salt spray. 

Moisture Regime Requires moist sites for reproduction and moist to mesic 
sites for growth. 

Shade Tolerance Considered to be very shade tolerant although may occur 
in sunny locations. 

Successional 
Status 

Mid to late seral species that does best under an overstory 
of red alder or other tree species. 

Erosion Control Can provide protection against raindrop erosion while 
fibrous root system slows erosion. 

Wildlife / Riparian Used by deer, elk, black bear and mountain beaver for 
forage. 

Availability Commonly available from native plant nurseries.  Spores 
not available commercially. 

Establishment Easily established as potted plants or transplants. 
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Polystichum munitum (Kaulf.) K.B. Presl 
= no other synonyms 
Swordfern or Sword Fern 
Western Sword Fern 
Christmas Fern 
Sword Holly Fern 
 
Distribution and Origin:  

Common in moist to mesic lowland forests 
extending to the montane zones along the 
coast.  Less frequent in wet interior 
locations.  Rare in south central and 
southeastern British Columbia south of 54o 
N (Douglas et al, 1998 – 2001).  Restricted 
to west of the Rocky Mountains (Vitt et al, 
1988).  Sword fern occurs from southeastern 
Alaska to Santa Barbara County, California, 
east as far as northwest Montana.  Disjunct 
populations have been found in South 
Dakota and on Guadalupe Island off Baja 
California (FEIS, 2001).  Sword fern is 
rarely found above 900 m on the south coast 
of B.C. and rarely above 100 m on the north 
coast of B.C. (Haeussler et al, 1990). Native 
of western North America 
 

Growth Form and Reproduction:  
Sword fern is a long-lived evergreen 
perennial that grows from a upright, stout, 
short woody (fleshy (Turner, 1998) rhizome 
(Taylor, 1963).  The upright fronds spread 
with age and old fronds from years past can 
be found at the base of the plant.  Individual 
fronds may live for several years (FEIS, 
2001).  Sword fern fronds can reach 1.8 m 
long.  Frond shape is influenced by 
exposure.  In sunny locations the fronds are 
upright and the pinnae (leaflets) are 
overlapping.  In shady areas, the fronds are 
spreading and the pinnae are distinct.  These 
differences may confuse taxonomy.  (FEIS, 
2001).  Spores are produced in sori that 
occur on the underside of the leaves.  Spores 
germinate in moist locations to form short-
lived gametophytes.  Development of sperm 
producing antheridia and egg producing 
archegonia occurs on the gametophyte.  The 
zygote resulting from fertilization of the egg 
eventually develops into the familiar 
sporophyte or fern plant (Vitt et al, 1988).  
The gametophyte or prothallus stage of the 

fern life-cycle is difficult to identify (Taylor, 
1963). 
 

Ecological Setting:  
Sword fern occurs in moist to mesic forest 
areas with cool mesothermal climates 
(Klinka et al, 1989).  Commonly associated 
with vine maple, devil’s club, vanilla leaf, 
pathfinder, maidenhair fern, spiny wood 
fern, false lily of the valley and other species 
(Klinka, et al, 1989).  Sword fern often 
establishes under maturing red alder stands 
in coastal locations.  It does not do well on 
fresh mineral soils.  It will establish in 
crevices on exposed bedrock in some cases 
(Haeussler et al, 1990). 
 

Tolerances and Preferences 
 

Soil Texture: 
Sword fern tends to grow best on rich, deep 
loamy soils with fine textures.  It is often 
found on silty soiled flood plain sites 
(Haeussler and Coates, 1986).  May be 
found on colluvial sites where organic 
matter build-up has provided sufficient 
moisture retention (Klinka et al, 1989).  
Kruckeberg (1996) reports that sword fern 
grows best in “gritty soil with a cool moist 
root run and reduced winter sogginess…”. 
 

Nutrient Status: 
Sword fern is a nitophytic species and 
occurs on rich to very rich sites.  It is 
indicative of Moder and Mull humus forms 
(Klinka et al, 1989).  Will grow in areas 
with limited nutrients (Haeussler et al, 
1990).  May derive nutrients through 
association with mycorrhiza (Berch et al, 
1988). 
 

Soil Reaction and Salinity: 
Sword fern occurs on sites with acidic 
organic matter (pH 4.5 – 5.0).  It is normally 
found sites that are high in magnesium and 
iron and low in calcium (Griffiths and 
Ganders, 1983).  Not found in sites with 
heavy salt spray therefore considered to be 
intolerant of saline conditions. 
 

Moisture Regime Preferences: 
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Sword fern prefers sites where moisture is 
readily available.  In the Coastal Douglas Fir 
zone where summer moisture deficits are 
common, it will not grow except where 
seepage augments moisture supply 
(Haeussler et al, 1990).  Sword fern may 
indicate sites of excess soil moisture and / or 
soil movement (FEIS, 2001).  Grows best 
where the soils are not saturated for long 
periods of time (Kruckeberg, 1996). 
 

Shade Tolerance: 
Described as shade tolerant / intolerant 
(Klinka et al, 1989).  Described as shade 
tolerant but able to grow in open clear-cuts, 
preferring protected locations on these sites 
(Haeussler et al, 1990) 
 

Mowing / Grazing Tolerance: 
Can re-grow from rhizomes after intense 
fires therefore it is expected to survive 
mowing and / or grazing (FEIS, 2001).  
Provides a very minor part (2%) of sheep 
diets in western Oregon (Leininger and 
Steven, 1987). 
 

Disease and Pest Tolerance: 
Thought to be susceptible to fern tobravirus 
(Brunt et al, 2001). 
 

Response to Fire: 
Sword fern is reported to survive severe 
slash burning fires (Haeussler et al, 1990).  
It can re-sprout following fire from the 
underground rhizome.  Huge numbers of 
small wind-borne spores are produced 
annually and can readily re-colonize burned 
areas.  The habitat of sword fern is not 
generally conducive to fire (FEIS, 2001). 
 
Fire can kill the fronds of sword fern but the 
underground rhizomes can survive intense 
fire although recovery may take many years 
(FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Sword fern is a facultative seral species that 
is limited in its ability to colonize sites due 
to its sensitivity to water stress (Haeussler 
and Coates, 1986).  It invades floodplains 

only after red alder is well established 
(Clement, 1985).  Sword fern is of minor 
importance in early succession and reaches 
its greatest abundance in late seral and 
climax stands (FEIS, 2001).  No allelopathic 
effects were found for sword fern (Del 
Moral and Cates, 1971). 
 

Erosion Control and Soil Building: 
The large fronds of transplanted sword fern 
can protect bare soil from raindrop erosion.  
The fibrous root system of sword fern is 
resistant to erosion.  Sword fern is often 
associated with vesicular-arbuscular 
mycorrhiza (Berch et al, 1988). 
 

Wildlife / Riparian Use: 
Sword fern provides forage for elk, deer and 
black bear (FEIS, 2001).  It is a moderately 
important year-round food for black-tailed 
deer (Singleton, 1976).  Sword fern has 
moderate winter forage value and high 
spring and summer forage value for deer 
while it is listed as having high forage value 
for elk in all seasons (Nyberg and Janz, 
1990).  The evergreen fronds provide forage 
in winter when snow depth may bury other 
plants (FEIS, 2001).  Used by mountain 
beaver in Oregon (FEIS, 2001). 
 

Ethnobotany: 
The fronds of sword fern were gathered in 
quantity for use in steaming pits, to line 
storage boxes and baskets and as a floor 
covering in summer houses, dance houses 
and to sleep on by most coastal and some 
interior groups.  They were also used to lay 
fish on and to wipe fish (Turner, 1998).  
Crude mats were sometimes made of sword 
fern fronds for sleeping on or under (Turner, 
1998).  Sword fern fronds and rhizomes 
were cooked and eaten by the Thompson 
people.  The fronds were imitated in basket 
designs (Turner et al, 1990).  Many coastal 
groups ate the rhizomes, either steamed in a 
steam pit or roasted over a fire as a 
starvation food (Pojar and MacKinnon, 
1994). 
 
Squamish and other coastal people played a 
game called “pála” where the pinnae 
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(leaflets) were pulled off one by one saying 
pála each time while the breath was held.  
The Dididaht and some Coast Salish people 
used pála as a form of training for young 
male kelp divers (Turner, 1998). 
 

Availability: 
Sword fern spores are not available 
commercially.  Container (1 & 2 gallon) 
grown plants (from spores) can be obtained 
from native plant nurseries (Linnaea 
Nursery Ltd., 2001).  Plants may be 
successfully collected from the wild in 
advance of destruction by developments. 
 

Establishment: 
Kruckeberg (1996) reports that sword ferns 
transplant well and that growth from spores 
is difficult although some native plant 
nurseries carry plants grown from spores.  
Germination and growth of spores requires 
sufficient moisture and temperatures 
between 15o and 30o C (FEIS, 2001).  Out-
crossing occurs in all but 4 % of the sword 
fern population.  Sword fern has a 2n 
number of 82 and hybridizes with 
Polystichum mohrioides (= Polystichum 
lemmonii, Shasta holly fern or Lemmon’s 
holly fern, (Douglas et al, 1998-2001)) to 
form Polystichum scopulinum (= mountain 
holly fern (Douglas et al, 1998-2001)) 
(2n=164) (Griffiths and Ganders, 1983). 
 

Commercial Value: 
Sword ferns are widely used ornamentally 
and are considered by Kruckeburg (1996) to 
be one of the finest garden plants of the 
Pacific Northwest.  The fronds of sword fern 
are harvested for use in the floral trade 
(FEIS, 2001).  They can be used to suppress 
growth of taller species such as salmonberry 
that might compete with conifers and can 
reduce the habitat value of young conifer 
stands for potentially damaging small 
mammals (Haeussler and Coates, 1986).  
Sword ferns are used as an indicator of site 
productivity for Douglas fir (Green et al, 
1989). 
 
 
 

Current Status for Restoration: 
Sword ferns have been used in disturbed 
park areas where the evergreen leaves and 
the large size of the plant provides an 
immediate “greening up” of the disturbed 
site.  Transplanted sword fern plants have 
been used for restoration of a sewage 
pipeline on southern Vancouver Island. 
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Populus balsamifera L. subsp. balsamifera 
and subsp. trichocarpa (Torrey & Gray) Brayshaw 

Balsam Poplar / Black Cottonwood 
 

 
P. balsamifera subsp. balsamifera (1a & b), P. 
balsamifera subsp. trichocarpa (2a, b & c) 

        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 

 
 
 
 
:::::   P. balsamifera subsp. balsamifera 1  
ooo   P. balsamifera subsp. trichocarpa 2 

1 from Peterson and Peterson (1992) 
2 from Brayshaw (1996) and Hulten (1968)

Ecological Setting On moist uplands, alluvial bottomlands and gravel bars 

Soil Texture Deep alluvial soils.  Not found on deep peat. 

Nutrients Prefers rich alluvial sites and will not tolerate acid mor humus 
forms.  Requires calcium and magnesium.  Prefers nitrates. 

Soil Reaction / 
Salinity 

Prefers neutral to basic soils although cottonwood has been 
suggested for planting on saline / alkaline soils.  Balsam poplar 
performs poorly on saline spoil material. 

Moisture Regime Requires abundant moisture for establishment and growth. 

Shade Tolerance Relatively shade intolerant. 

Successional 
Status Early pioneer on alluvial and moist upland sites. 

Erosion Control Dense root growth binds alluvial soils. 

Wildlife / Riparian Used by beavers.  Browsed.  Important riparian species. 

Availability Seed not available commercially. 

Establishment Easily established from hardwood stem cuttings.  Suckers from 
roots.  May establish from seed with proper seedbed preparation. 
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Populus balsamifera L.  
subsp. balsamifera 
subsp. trichocarpa (Torrey & Gray) 

Brayshaw 
 
= Populus trichocarpa Torrey & Gray  
 
Balsam Poplar (subsp. balsamifera), 
Black Cottonwood (subsp. trichocarpa) 
(Brayshaw, 1996) 
Balm of Gilead (from fragrant buds) 
 
Distribution and Origin: Balsam poplar is 

distributed across North America from 
Alaska to the Atlantic primarily in the 
Boreal Forest Region.  It is replaced to the 
south and west by black cottonwood 
(Brayshaw, 1996).  Black cottonwood is 
found as far south as California (Douglas et 
al, 1991).  It occurs at elevations up to 2,700 
m (Rose et al, 1998) although in B.C. it has 
been found only as high as 2,100 m.  Native 
of North America. 

 
Growth Form and Reproduction: Large 

spreading tree up to 40 m tall (60 m, Rose et 
al 1998) and 1-2 m in diameter (Brayshaw, 
1996).  Kruckeberg (1996) notes the 
phenomenal growth rate of cottonwood.  
Reproduces by seed and suckering from 
roots.  Cladoptosis (annual shedding of 
twigs) in winter may provide a means of 
vegetative reproduction (Galloway and 
Worrall, 1979).  Klinka et al (1989) notes 
that black cottonwood sprouts abundantly 
from buried branches.  Seeds need at least 
one month of abundant moisture for 
germination (Haeussler et al, 1990).  
Alluvial cottonwood germination occurs 
during a slowly falling hydrograph (Braatne 
and Rood, 1998).  Seeds remain viable for 
only a few days following dispersal 
(Haeussler et al, 1990). 

 
Ecological Setting: Balsam poplar and black 

cottonwood are pioneers (Klinka et al, 1989) 
on fresh to very moist, nitrogen-rich 
disturbed sites.  Often found in pure stands 
on floodplains and stream banks (Klinka et 
al, 1989).  Where both subspecies occur 
together there is a slight tendency for ssp. 
balsamifera to occur on upland sites while 

ssp. trichocarpa is found more commonly 
on alluvial sites (Brayshaw, 1996).  Balsam 
poplar tends to grow better in cooler 
climates (Peterson and Peterson, 1992).  
Black cottonwood often provides the shade 
and nurturing environment needed by 
alluvial conifers.  Dense pure stands may 
suppress shade-intolerant conifers (Klinka et 
al, 1989).  Black cottonwood is shade 
intolerant and is commonly found in 
association with Douglas fir, western white 
pine, western hemlock, western red cedar, 
alder, spruce, birch and maple (Rose et al, 
1998).  Litter and insects dropped from 
cottonwood contributes significantly to 
alluvial productivity (Peterson and Peterson, 
1992).  Balsam poplar has allelopathic 
effects on alder.  Leachates from balsam 
poplar negatively affect nodulation and 
infection of alder by Frankia (Peterson and 
Peterson, 1992). 

 
Tolerances and Preferences 
 
Soil Texture: 

Black cottonwood is most commonly found 
on alluvial soils ranging from gravels to fine 
textured silty soils.  Often found on young 
poorly developed soils (Haeussler et al, 
1990).   
 

Nutrient Status: 
Poplars recommended for nutrient poor, wet 
sites (Bauer, 1970) although Haeussler and 
Coates (1986) report that the nutrient 
requirements of balsam poplar are high.  
Requires a good supply of calcium and 
magnesium and prefers nitrates to 
ammonium as nitrogen supply (Haeussler et 
al, 1990).  Found on nitrogen-rich soils with 
Modar and Mull humus classes (Klinka et al 
1989).  Described as nitrophytic by Klinka 
et al (1989). 
 

Soil Reaction and Salinity: 
Black cottonwood is reported (Haeussler et 
al, 1990) to grow best at a pH between 6 and 
7.  Reported to have a low tolerance to acid 
and to be suitable for planting on alkaline or 
saline soils although poor growth reported 
for balsam poplar in saline spoils near 
Edmonton (Hardy BBT, 1989). 



Appendix 1 Page 69 

 
Populus balsamifera  L. 

 
Moisture Regime Preferences: 

Petersen and Petersen (1992) report that 
balsam poplar is tolerant of flooding and can 
withstand stem burial.  Poplars are reported 
(Bauer, 1970) to be hardy, fast growing trees 
on wet sites.  Will not tolerate moisture 
stress (Hardy BBT, 1989). 
 

Shade Tolerance: 
Cottonwood is shade intolerant (Klinka et al, 
1989).  Grows best in full sunlight and will 
not survive in forest understory (Haeussler 
et al, 1990). 
 

Mowing / Grazing Tolerance: 
Suckers abundantly from cut stump and 
roots (Klinka et al, 1989).  Suckering can be 
precluded by shade (Haeussler et al, 1990).  
Moderately tolerant of browsing (Brunt in 
Nyberg, 1990). 
 

Disease and Pest Tolerance: 
Balsam poplar is reported to be moderately 
tolerant of sulfur dioxide pollution (Peterson 
and Peterson, 1992).  Susceptible to 
Cytospora, and Hypoxylon cankers, brown 
mottled root rot (Pholiota adiposa Fr. and P. 
spectabilis (Fr.) Quel.), white trunk rot 
(Fomes igniarjus (L. ex Fr.) Kickx), brown 
cubical pocket rot (Lenzites saepiaria (Wulf. 
ex Fr.) Fr.) and poplar shoot blight (Venturia 
populina (Vuill.) Fabric.) (Baranyay et al, 
1962).  Can be attacked by poplar willow 
stem borer. 
 

Response to Fire: 
Balsam poplar is reported to be the most 
resistant to destruction by fire of all northern 
boreal forest species (Haeussler and Coates, 
1986), presumably because it produces 
abundant root suckers following fire 
(Haeussler and Coates, 1986).  Massie et al, 
(1994) reports that “black cottonwood is 
highly susceptible to fire and even light 
burns can cause considerable injury”.  Root 
suckering can be an effective means of 
establishing a dense stand of balsam poplar. 
 

Restoration Considerations 
 
Successional Status: 

Black cottonwood forms pure stands on 
primary successional alluvial floodplain 
sites (Klinka et al, 1989).  Balsam poplar is 
a pioneer on moist disturbed mineral soil 
sites following logging (Peterson and 
Peterson, 1992). 
 

Erosion Control and Soil Building: 
Gray and Sotir (1996) report that black 
cottonwood has shallow fibrous roots.  
Schiechtl (1980) reports continued growth 
of balsam poplar with burial of up to 1 m of 
sand and gravel.  Peterson and Peterson 
(1992) report that the main lateral root of an 
18 year old tree was 14 m long with branch 
“sinker” roots to a depth of 2.3 m.  Reinhard 
Muller (pers. comm. 1999) reports that 
nitrogen fixation occurs in the pith of 
cottonwood. 
 

Wildlife / Riparian Use: 
Balsam poplar and black cottonwood are 
important riparian species, often forming the 
dominant canopy in riparian areas 
(Haeussler et al, 1990).  Cottonwood is 
eaten by Roosevelt elk throughout the winter 
(Brunt in Nyberg, 1990).  Stanlake et al 
(1978) report significant (94% of plants 
sampled) browsing by ungulates on black 
cottonwood at recently reclaimed strip 
mines in southeastern B.C.  Cottonwood is 
browsed by moose in winter and spring 
(Singleton, 1976).  Food for moose (Turner 
et al, 1990).  It is a moderately important 
browse species for white-tailed deer 
(Haeussler et al, 1990).  Snowshoe hares 
deterred from eating twigs due to anti-
feedant chemicals (MacKinnon et al, 1992).  
Balsam poplar is an important moose 
browse on post-logging sites (Peterson and 
Peterson, 1992).  Preferred (44 % of 
perching time) perch of eagles (Haeussler et 
al, 1990).  Black cottonwood is used by the 
larval stage of the Canadian Tiger 
Swallowtail, Western Tiger Swallowtail and 
the Mourning Cloak butterflies (Guppy and 
Shepard, 2001). 

Ethnobotany: 
Poplar cambium was eaten raw by several 
Interior B.C. peoples (Turner, 1997).  Black 
cottonwood cambium and secondary phloem 
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tissue eaten by central B.C. coastal and 
northern Vancouver Island peoples (Turner, 
1995).  A decoction of the buds used in 
moderation medicinally.  Mashed buds with 
pitch used as poultice.  Black cottonwood 
was used by Thompson peoples for dugout 
canoes, saddle components, and hide 
scraping blocks.  The dried roots were used 
as hearth and drill in fire making while split 
roots were used for sewing.  Sheets of bark 
were used as containers and roofing for pit 
houses.  The inner bark used as a soap 
substitute and ingredient and as a scrubbing 
pad.  The “cotton” fluff was used for 
stuffing pillows and mattresses (Turner et al, 
1990). 
 

Availability: 
Not commercially available although may 
be grown speculatively by local nurseries.  
Cuttings may be collected during the 
dormant season for planting on the 
restoration site (Polster, 1999). 
 

Establishment: 
Black cottonwood and balsam poplar can be 
easily propagated in the field using 
hardwood cuttings (Polster, 1999).  Grainger 
(in Ziemkiewicz, 1979) reports that nursery 
culture of black cottonwood is easier by 
seed than cuttings.  Rose et al (1998) reports 
that the seeds mature from late May to mid-
July and should be collected when a small 
number of capsules have opened.  The 
capsules may be ripened in paper bags in a 
warm room and the seed may be cleaned in 
an air stream.  Air-dried (5-8% moisture) 
seeds may be stored at 5OC.  Reported 
weights of poplar seeds vary from 300 to 
15,400 seeds/gram (Young and Young, 
1992).  Good seed crops are produced 
almost every year (Hardy BBT, 1989) 
 

Commercial Value: 
Poplar is an important species for lumber, 
veneer and pulp (Young and Young, 1992).  
The rapid growth rate of these species 
makes them favoured for commercial fibre 
production (Peterson and Peterson, 1992). 
 

Current Status for Restoration: 

Kruckeberg (1996) recommends black 
cottonwood for the restoration of degraded 
moist habitats.  Found as a volunteer on old 
mine spoils in the Yukon (Mougeot, 1996).  
Poplar recommended as a hardy tree species 
for reclamation at Ontario pits and quarries 
(Bauer, 1970).  Recommended for inclusion 
in bioengineering projects where moisture is 
plentiful (Polster, 1999). 
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Pseudotsuga menziesii (Mirb.) Franco 
Douglas-fir 

 
 
 

 

        Drawing by kind permission of Dr. T.C. Brayshaw 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968) 
 

Ecological Setting Occurs on warm, dry, rocky sites in the northern part of its range 
and cool moist sites in the southern part. 

Soil Texture Found on soils with a variety of textures but grows best on deep 
well drained sites with ample moisture. 

Nutrients Can persist on poor sites but does best on nutrient medium to 
rich sites. 

Soil Reaction / 
Salinity 

Grows best in soils with a pH of 5 to 6 but will grow in soils with a 
pH as low as 3.7.  Limited salt tolerance. 

Moisture Regime Tolerates a wide range of moisture regimes but prefers sites that 
are dry to moist rather than wet. 

Shade Tolerance Shade intolerant under moist conditions but shade tolerant on hot 
dry sites. 

Successional 
Status 

Long-lived late seral species dependant on fire for stand renewal 
in coastal ecosystems.  Acts as a climax species in some interior 
locations. 

Erosion Control Not particularly noted for erosion control.  Root system tends to 
be shallow. 

Wildlife / Riparian Limited use by wildlife but an important riparian species in the 
southern part of its range. 

Availability Readily available as forest seedlings. 

Establishment Easily established as rooted plugs. 
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Pseudotsuga menziesii (Mirb.) Franco 
= Pseudotsuga taxifolia Lamb. 
Common name(s) 

Douglas-fir 
var. menziesii: 

Coast Douglas-fir, Oregon Douglas-fir 
(Uchytil, 1991b), Oregon pine, red fir, 
yellow fir, Douglas-tree, Douglas spruce, 
red pine, Puget Sound pine (Bowers, 
1942). 

var. glauca: 
Rocky Mountain Douglas-fir, inland 
Douglas-fir, interior Douglas-fir, blue 
Douglas-fir (Uchytil 1991a). 

Varieties: 
var. menziesii 
var. glauca (Beissn.) Franco 
 

Distribution and Origin:  
Douglas-fir is a native of western North 
America and is found from isolated outliers 
in southern Mexico to central British 
Columbia.  It has been planted in suitable 
climates around the world and has become a 
“weed” in New Zealand (Earle, 2001).  
Variety menziesii is the coastal form while 
var. glauca is found in the interior areas and 
the Rocky Mountains (Uchytil 1991a&b). 
 

Growth Form and Reproduction:  
Douglas-fir is a large tree with a straight un-
branched trunk (Bowers, 1942).  The Red 
Creek Tree is the world’s largest Douglas-fir 
and is found in the San Juan River valley on 
the West Coast of Vancouver Island.  It is 
13.28 m in diameter at breast height (1.37 m 
from the ground).  The tallest Douglas-fir in 
British Columbia is 94.3 m and is found in 
the Coquitlam River drainage (CDC, 2001).  
Douglas-fir is a long-lived species and trees 
over 1,000 years old were not uncommon 
prior to logging.  Douglas-fir reproduces 
primarily by seed.  Male and female cones 
are initiated on lateral shoots that develop 
from the expanding vegetative shoots prior 
to flushing in the early spring (April and 
May).  The pollen cones and seed cones 
develop over the summer and fall and burst 
with pollination occurring in the early spring 
of the following year (early April) and 

fertilization occurring in early June.  The 
seed cones enlarge through the summer and 
seeds are shed in the fall, a year and a half 
after the cones were initiated (Allen and 
Owen, 1972).  Although Douglas-fir is 
widely propagated vegetatively in 
greenhouses and in the laboratory (Copes 
and Mandel, 2000; Myers and Howe, 1990), 
natural vegetative reproduction is virtually 
unknown. 
 

Ecological Setting:  
Douglas-fir is found on mesic sites in the 
centre of its range, dry, warm sites in the 
north and cool moist sites in the south.  
Limiting factors of temperature in the north 
and moisture in the south dictate this 
difference in ecological setting throughout 
its range (Earle, 2001).  Rocky Mountain 
Douglas-fir (var. glauca) has a wide 
ecological amplitude growing adjacent to, 
and with fire suppression, invading into 
bunchgrass communities at low elevations 
and occurring in subalpine forests at higher 
elevations (Uchytil, 1991a).  Coastal 
Douglas-fir has a similarly wide ecological 
range, from dry coastal bluffs and south 
facing slopes to over 1,500 m above sea 
level in the moist coastal mountains 
(Uchytil, 1991b).  The most productive 
ecosystems for Douglas-fir in coastal British 
Columbia are valley bottom alluvial 
ecosystems where freely drained soils but 
abundant subsurface moisture provide ideal 
conditions for growth (Klinka et al, 1981). 
 

Tolerances and Preferences 
 

Soil Texture: 
Douglas-fir grows on soils with a wide 
range of textures but has its best growth on 
deep, well aerated soils (Uchytil, 1991b). 
 

Nutrient Status: 
Douglas-fir does poorly on oligotrophic sites 
with limited calcium, magnesium, nitrogen, 
phosphorus and potassium (Uchytil, 1991b).  
In the middle of its range, Rocky Mountain 
Douglas-fir grows on a wide variety of soil 
types including those of granitic, volcanic, 
sedimentary and metamorphic origin.  
However, as it nears the extremes of its 
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range it shows an affinity for soils derived 
from limestone and sandstone and often 
occupies sites with shallow, rocky soils 
(Uchytil, 1991a).  Increases in nutrients 
were noted in soils where growth of 
Douglas-fir caused a decrease in pH (Davis 
and Lang, 1991).  A mixed stand of red 
alder and Douglas-fir increased nitrogen 
availability for an adjacent conifer stand 
downslope of the mixed stand for a distance 
of half the height of the trees (Rhoades and 
Binkley, 1992). 
 

Soil Reaction and Salinity: 
Coast Douglas-fir grows best in soils with a 
pH of 5 to 6 (Uchytil, 1991b).  The pH of 
soil under Douglas-fir decreases (Davis and 
Lang, 1991).  The pH under pure Douglas-
fir stands was found to be lower than 
adjacent mixed stands of alder and Douglas-
fir (Rhoades and Binkley, 1992).  In 
Colorado, Douglas-fir and lodgepole pine 
forests were associated with acidic soils on 
north facing slopes (Allen and Peet, 1990).  
The pH of a low productivity site in 
Washington was found to be 4.3 while a 
higher productivity site had a pH of 3.7 in a 
mixed stand (red alder and Douglas-fir) and 
4.4 in a pure stand (Binkley and Sollins, 
1990).  Monk and Wiebe (1961) consider 
Douglas-fir to be intolerant of salt.  
However Douglas-fir can survive under 
treatments of 6,000 ppm salt although 
growth was depressed (Monk, 1960). 
 

Moisture Regime Preferences: 
Douglas-fir exhibits a wide range of 
moisture regime preferences but tends to 
occur on warm dry sites in the northern and 
coastal part of its range and cool moist sites 
in the southern part of its range (Earle, 
2001). 
 

Shade Tolerance: 
Germination of Douglas-fir (both varieties) 
responded positively to light if it was un-
stratified but not when it was stratified (Li et 
al, 1994).  Chen et al (1996) found that 
Rocky Mountain Douglas-fir was more 
shade tolerant than lodgepole pine and that 
the amount of light effected crown 

architecture and leaf area.  Coast Douglas-fir 
is considered more shade tolerant on dry 
sites than moist sites (Uchytil, 1991b).  
Rocky Mountain Douglas-fir is a shade 
tolerant species in dry to moist lower and 
middle elevation forests but is shade 
intolerant in the upper montane zone 
(Uchytil, 1991a). 
 

Mowing / Grazing Tolerance: 
Douglas fir will die if cut below the lowest 
green branch.  It is a poor livestock browse 
and is avoided but fresh, spring shoots may 
be browsed by sheep.  Coastal black-tailed 
deer browse the new spring shoots (Uchytil, 
1991b). 
 

Disease and Pest Tolerance: 
There are a wide variety of diseases and 
pests that attack Douglas-fir.  Laminated 
root rot caused by Phellinus weirii is one of 
the most significant diseases of Douglas-fir 
(Holah et al, 1993).  Other important fungal 
pests include Heterobasidion annosum 
(Ronnberg et al, 1999), Armillaria ostoyas 
and A. sinapina (Cruickshank et al, 1997).  
The Douglas-fir beetle (Dendroctonus 
pseudotsugae) are responsible for 
introducing a number of fungal diseases to 
Douglas-fir trees.  The beetles are adapted to 
move the fungi to new trees and thus 
enhance their use of the trees (Lewisohn et 
al, 1994).  Other insect pests include the 
silver spotted tiger moth (Shaw, 1998), the 
Douglas-fir woolly aphid (Roversi and 
Binazzi, 1996), the spruce beetle (Zhang et 
al, 1999), the Douglas-fir tussock moth 
(Mason et al, 1998) and the western spruce 
bud worm (Chen et al, 2001).  Douglas-fir 
can be infected by Douglas-fir dwarf 
mistletoe (Hadfield and Flanagan, 2000).  
The dwarf mistletoe brooms are used by 
wildlife (Park et al, 1999).  The thicket 
hairstreak butterfly larvae feed on dwarf 
mistletoe growing on Douglas-fir while the 
pine white butterfly larvae feed on the 
foliage of conifers including Douglas-fir 
(Guppy and Sheperd, 2001).  Seeds of 
Douglas-fir are eaten by the western conifer 
seed bug (Lait et al, 2001). 
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Response to Fire: 
Mature coast Douglas-fir are more resistant 
to fire than most other coastal conifers.  The 
thick corky bark protects the cambium while 
the long branchless lower bole prevents fire 
from climbing into the canopy (Uchytil, 
1991b).  Fire is essential to the maintenance 
of coastal Douglas-fir forests as without fire 
this species will be replaced by shade 
tolerant species such as western redcedar 
and western hemlock in most ecosystems.  
Mature Rocky Mountain Douglas-fir is more 
fire resistant than spruce or true firs and as 
resistant or slightly less resistant than 
ponderosa pine for the same reasons as coast 
Douglas-fir (Uchytil, 1991a). 
 

Restoration Considerations 
 

Successional Status: 
Coast Douglas-fir is considered to be a long-
lived seral species that in all but the driest 
parts of its range and in the absence of stand 
initiating events will be replaced by cedar 
and hemlock (Uchytil, 1991b).  However, in 
the interior Rocky Mountain Douglas-fir is 
considered to be a climax species at low and 
mid elevations but is a seral species in 
moister montane forests (Uchytil, 1991a). 
 

Erosion Control and Soil Building: 
Douglas-fir is sometimes planted for erosion 
control.  Its erosion control potential is rated 
as medium in Utah and high in Colorado and 
Wyoming (Uchytil, 1991a).  The root 
system of coast Douglas-fir is not 
particularly deep (Uchytil, 1991b).  Root 
biomass of rapidly growing Douglas-fir is 
greater than similarly aged slower growing 
Douglas-fir (Espinosa and Perry, 1987).  
Good growth of Douglas-fir is dependant 
upon a close association between the host 
tree and ectomycorrhizal fungi (Griffiths et 
al, 1994). 
 

Wildlife / Riparian Use: 
Columbia black-tailed deer in southern 
British Columbia eat Douglas-fir in both 
winter and spring.  Deer may browse one 
Douglas-fir plant in preference to others 
around it due to differences in chlorogenic 
acid concentrations.  Open immature 

Douglas-fir stands (600 to 700 stems/ha) 
may retain some valuable habitat qualities 
for deer.  Douglas-fir is less important to 
Roosevelt elk on Vancouver Island than to 
deer.  Amabilis fir, western hemlock and 
western redcedar are eaten by elk in 
preference to Douglas-fir (Nyberg and Janz, 
1990).  Uchytil, (1991a & b) suggests that 
ungulate use of Douglas-fir for browse is 
light except when weather conditions force 
the animals to turn to Douglas-fir.  The red 
tree vole and the spotted owl use Douglas-fir 
as their primary habitat.  The red tree vole 
nests in Douglas-fir trees and eats the 
needles.  In the spring, blue grouse use 
Douglas-fir as a dietary staple (Uchytil, 
1991b).  Porcupines use the cambium 
Douglas-fir in the winter.  The seeds are 
eaten by birds, mice, voles shrews, 
chipmunks and squirrels (Uchytil, 1991a).  
Brooms developed in response to dwarf 
mistletoe infestations are used by mammals 
and birds for nesting, foraging, resting and 
roosting (Parks et al, 1999). 
 

Ethnobotany: 
The boughs of Douglas-fir were used by the 
Thompson people to line cooking pits while 
the shoot tips were chewed as a mouth 
freshener (Turner et al, 1990).  The bark 
slivers were found to be irritating although 
the wood, the pitch and the boughs were 
widely used for a variety of purposes by the 
Thompson people (Turner et al, 1990).  
Douglas-fir was widely used medicinally by 
these people (Turner et al, 1990).  Douglas-
fir “sugar”, a product of a combination of 
weather conditions and photosynthetic 
activity was collected by native people and 
used as a treat.  It consists of primarily of 
melezitose, a rare trisaccharide with lesser 
amounts of sucrose and reducing sugar 
(Turner, et al, 1990).  Douglas-fir seeds 
were eaten by a number of interior native 
people (Parish et al, 1996).  The pitch of 
Douglas-fir was used by coastal people for 
sealing canoes and water vessels and for 
chewing, especially when suffering from a 
cold (Pojar and MacKinnon. 1994). 
 

Availability: 
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Both coast and Rocky Mountain Douglas-fir 
are readily available as forest seedlings from 
forest nurseries.  As this species is widely 
planted as part of normal silvicultural 
operations throughout the Pacific Northwest, 
it is available throughout the area for 
restoration purposes. 
 

Establishment: 
One year old rooted, container grown 
seedlings of Douglas-fir are easily 
established on most sites.  Where soil 
conditions are poor, the use of fertilizer 
tablets or fertilizer “tea bags” can improve 
growth.  Companion planting with Sitka 
alder has been effective in the Roger’s Pass 
area of British Columbia (Polster, 1987). 
 

Commercial Value: 
Douglas-fir is one of the world’s most 
valuable timber trees and has been planted 
in suitable habitats throughout the world 
(Earle, 2001).  The wood of Douglas-fir is 
used structurally, as plywood and 
decoratively.  It is grown and trimmed for 
use as Christmas trees and is widely planted 
in landscaping as a hedge or border or in 
large plantings along highways and in 
municipal parks. 
 

Current Status for Restoration: 
Douglas-fir has been used for reclamation of 
copper mine wastes (Polster et al, 2001).  It 
has been used with red alder for reclamation 
of coal mine spoils in western Washington 
(Heilman, 1990).  Douglas-fir is used in 
restoration plantings on a wide variety of 
sites (Goodman et al, 1977). 
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Thuja plicata Donn ex D. Don in Lamb 
Western Redcedar 

 
 

 
 
 

        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 

 
 

1 from and Hulten (1968)

Ecological Setting Found most commonly in moist seepage areas at the 
bottom of slopes and on alluvial flats. 

Soil Texture Occurs on sites with a variety of soil textures, but prefers 
fine textured soils. 

Nutrients Prefers nutrient rich sites but will grow on sites with limited 
nutrients. 

Soil Reaction / 
Salinity 

Can be found on acidic or alkaline soils.  Does not do well 
on saline sites or in the path of salt spray. 

Moisture Regime Prefers moist sites although will occur on dry rocky sites in 
areas of ample rainfall. 

Shade Tolerance Considered to be one of the most shade tolerant trees of 
the Pacific Northwest. 

Successional 
Status 

A late seral or climax species often establishing under a 
cover of pioneering trees. 

Erosion Control Widespread shallow root system helps prevent erosion on 
floodplain sites. 

Wildlife / Riparian Widely used by ungulates and bears.  Important riparian 
species.  Used by cavity nesters. 

Availability Readily available from commercial nurseries. 

Establishment Easily established from rooted stock. 
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Thuja plicata Donn ex D. Don in Lamb 
Western redcedar, western red-cedar, Pacific 

redcedar, giant redcedar, arborvitae, canoe-
cedar, shinglewood, giant arborvitae 
Cultivars include the dwarfs ‘Pumilio’ and 
‘Cuprea’, ‘Aurea’ with yellow foliage, 
‘Aureovariegata’ with variegated foliage, 
‘Atrovirens’ with glossy foliage, and 
‘Hogan’ a compact form (Kruckeberg, 1996) 

 
Distribution and Origin:  

Western redcedar is naturally found along 
the Pacific coast from the southern Alaska 
panhandle to northern California and 
following the interior wet belt areas as far 
east as the west slope of the Rocky 
Mountains.  Western redcedar is native to 
the Pacific Northwest. 
 

Growth Form and Reproduction:  
Western redcedar grows to be a large 
tree up to 70 m tall with a large 
buttressed bole.  The largest western 
redcedar is 21.5 m in circumference and 
grows in Pacific Rim National Park.  
The young bark is thin and reddish-
brown.  The older bark is gray and 
fibrous, shredding with age (Brayshaw 
1996b).  Dead spike tops are common.  
The branches tend to droop and turn up 
at the tips.  The leaves are small and 
scale-like, pressing close to the twigs in 
opposite pairs.  Leaves may be shed 
individually or whole twigs may turn 
reddish and be shed.  Western redcedar 
can develop stems that are very large in 
diameter. 
 

Ecological Setting:  
Western redcedar is a species of cool 
temperate / cool mesothermal climates.  It 
occurs on floodplains and wet seepage sites 
on colluvial slopes.  Western redcedar 
tolerates a wide edaphic range.  It grows 
best on submontane fresh to moist sites with 
nutrient rich soils in mesothermal climatic 
areas (Klinka et al, 1989).  Stewart (1994) 
suggests that the finest western redcedar 
trees are not found on the edge of water but 
rooted in the deep, moist, porous soils of 

cool slopes.  The best growth of western 
redcedar occurs on sites with no moisture 
deficit or excess and high nitrogen 
availability (Kayahara et al, 1997). 
 

Tolerances and Preferences 
 

Soil Texture: 
Western redcedar is most commonly found 
on fine textured floodplain soils although it 
can tolerate a wide range of soil textures 
(Klinka et al, 1989).  Reported to occur on 
“porous” soils (Stewart, 1994).  Western 
redcedar will grow in soils with a wide 
range of textures from rocky slopes with 
very limited soil development to deep 
alluvial soils (FEIS, 2001). 
 

Nutrient Status: 
Cedar is often found growing in sites where 
nutrient-rich seepage occurs.  Prefers 
nutrient-rich floodplains where it can reach 
enormous proportions (Klinka et al, 1989).  
Deficiencies in nutrients (N & P) restricts 
western redcedar growth (Cade-Menun et al, 
2000 a & b).  Arbuscular mycorrhiza play an 
important role in nutrient (nitrogen) uptake 
by western redcedar (Chang and Handley, 
2000).  There was no difference in growth 
response of western redcedar between 
chemical and organic fertilizer treatments 
(Prescott and Brown, 1998).  Western 
redcedar seedlings did not respond to 
improved nutrients and planting treatments 
while western hemlock and Sitka spruce did 
(Messier, 1993). 
 

Soil Reaction and Salinity: 
Western redcedar is damaged by salt spray 
and is reported to be sensitive to 
atmospheric pollution (FEIS, 2001).  It can 
tolerate both acidic and alkaline soils (FEIS, 
2001) 
 

Moisture Regime Preferences: 
Western redcedar occurs most commonly on 
wet to moist floodplains, river terraces and 
lower slopes where nutrient laden seepage 
occurs (Douglas et al, 1998 – 2001).  
Western redcedar prefers moist sites 
(Stewart, 1994).  It is most productive on 
fresh to moist sites (Klinka et al, 1989).  
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Reported to be a dominant or co-dominant 
tree of low elevation moist sites (FEIS, 
2001).  It is a riparian dominant species on 
toe-slope seepage sites (FEIS, 2001). 
 

Shade Tolerance: 
Western redcedar is reported to be more 
shade tolerant than yellow cedar (Pojar and 
MacKinnon, 1994).  It is described as a 
shade tolerant / intolerant species depending 
on the conditions of the site (Klinka et al, 
1989).  Western redcedar responded with 
increased growth to increases in light levels 
(Coates and Burton, 1999).  Western 
redcedar is considered to be very shade and 
exposure tolerant but is not specifically 
adapted to an understory environment 
(Wang et al, 1994).  Seed germination is 
enhanced by light suggesting western 
redcedar is adapted to establishment in 
openings in the forest (Li et al, 1994). 
 

Mowing / Grazing Tolerance: 
Cattle and sheep browse western redcedar 
more readily than other conifers and can 
impede reproductive success.  Seeds were 
not readily taken by field mice in laboratory 
trials (FEIS, 2001). 
 

Disease and Pest Tolerance: 
Western redcedar may be killed by 
defoliation by western hemlock looper 
(Alfaro et al, 1999).  Western redcedar 
showed the lowest infection rate of 5 major 
conifer species when inoculated with the 
nematode, Bursaphelenchus xylophilus 
(Forge and Sutherland, 1996).  Damage to 
seed of western redcedar can be caused by 
the gall midge (Mayetiola thujae) (FEIS, 
2001).  The wood is noted for its resistance 
to rot, although western redcedar trees are 
attacked by root butt rot and trunk rot with 
Poria asiatiaa and P. albipellucida being 
the most important coastal species and Poria 
asiatoa and Phellinus weiri occurring in the 
interior areas (FEIS, 2001).  The leaf blight 
Didymascella thujina can damage nursery 
crops as well as natural regeneration (FEIS, 
2001). 
 

Response to Fire: 

Considered to be fire sensitive (Long et al, 
1998).  Western redcedar fire resistance is 
rated as low to moderate.  The shallow root 
system, thin bark and low sweeping 
branches with highly flammable foliage 
make western redcedar susceptible to fires.  
However, it may survive fire due to its large 
size.  The seepage zones and wet sites where 
western redcedar occurs tend to be resistant 
to fire (FEIS, 2001). 
 

Restoration Considerations 
 

Successional Status: 
Western redcedar is consisered one of the 
most shade tolerant of our trees (FEIS, 
2001).  Tolerance to shade is reflected in 
chlorophyll and tree biomass.  Heavy shade 
increases the chlorophyll concentration in 
western redcedar (Kahn et al, 2000).  
Western redcedar supported the richest 
diversity of bryophytes of three conifers 
(Picea sitchensis, Tsuga heterophylla and 
Thuja plicata) assessed on Haida Gwaii 
(Queen Charlotte Islands) (Peck et al, 1995).  
Western redcedar is a climax species and 
will reproduce itself under a canopy of older 
western redcedar trees.  It can be found, 
however in all seral stages but tends to be 
most often found in climax or near climax 
stands (FEIS, 2001). 
 

Erosion Control and Soil Building: 
Erosion control potential of western 
redcedar is rated as medium (FEIS, 2001).  
Western red cedar has shallow root systems 
when growing in wet areas and may be 
prone to wind-throw.  The roots of western 
redcedar can help to prevent erosion along 
stream channels.  It produces large amounts 
of leaf litter that contributes to increasing 
organic matter in the soil. 
 

Wildlife / Riparian Use: 
Western redcedar is an important food of 
black-tailed deer throughout the year while 
elk use it during the fall, winter and spring.  
Black bears have been reported to remove 
the bark of western redcedar and feed on the 
sapwood (FEIS, 2001).  Deer represent a 
serious impediment to establishment of 
western redcedar seedlings and repellents 
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are sometimes used (Wagner and Nolte, 
2001).  In a study of natural terpene 
defensive strategies, western redcedar that 
has evolved without significant browsing 
pressure had lower concentrations of 
terpenes (Vourc et al, 2001).  High 
concentrations of calcium and low 
concentrations of nitrogen and phosphorus 
occur in the foliage of western redcedar 
(FEIS, 2001).  Mountain caribou prefer old 
western redcedar stands in the early winter 
and spring (Apps et al, 2001).  Western 
redcedar as well as other conifers tend to 
remain in the Queets River channel longer 
than the more common riparian hardwoods 
(Hyatt and Naiman, 2001).  Western 
redcedar was most easily broken of 5 
species tested after immersion in water as 
part of habitat restoration projects (Bilby et 
al, 1999).  Millipedes preferentially exclude 
western redcedar from their diet but when it 
is the only litter available they eat more 
western redcedar litter than the litter of other 
species (Carcamo et al, 2000).  Spotted owls 
use both living and dead, but mainly living, 
western redcedar for nesting (Hershey et al, 
1998).  Western redcedar snags may remain 
standing for over 270 years while logs on 
the ground may continue to function as 
habitat for over 1200 years (Daniels et al, 
1997).  Western redcedar was the most 
heavily damaged tree by bears (69%) 
compared to western hemlock (0.5%) and 
amabilis fir (0%) even though the western 
redcedar only represented 13.6% of the 
stand composition (Sullivan, 1993). 
 

Ethnobotany: 
Western redcedar was known as the Tree of 
Life because of its importance in northwest 
native culture (Stewart, 1994).  It was used 
in technology and material culture by the 
Wet’Suwet’en people of northwestern 
British Columbia (Gottesfeld, 1995).  
Almost all parts of western redcedar tree 
were used by first peoples.  The foliage wa 
used as a green dye while the roots were 
used to produce a brown colour.  The leaves 
and twigs were used for bedding and 
padding where the insecticidal properties of 
the oils may have contributed to reducing 

unwanted pests (Turner et al, 1990).  The 
trunks of western redcedar trees were used 
for boats, including the large ocean-going 
boats of the Haida.  Roots were used for 
baskets and nets while rope and clothing 
was made from the bark.  Bark was also 
used as a roofing and siding material for pit 
houses.  Carved poles and the massive house 
structures common in coastal communities 
were made from western redcedar.  Western 
redcedar decoctions were used following 
childbirth while decoctions made from the 
cones were used for leprosy (Turner et al, 
1990). 
 

Availability: 
Western redcedar is commonly available at 
commercial nurseries either as an 
ornamental or as forestry seedlings. 
 

Establishment: 
Western redcedar is easily propagated from 
seed or cuttings or by layering.  Young 
seedlings transplant well (Kruckeberg, 
1992).  The use of rooting the hormone IBA 
did not increase rooting efficiency of 
softwood (85%) or hardwood (96%) cuttings 
of the western redcedar variety ‘Green 
Giant’ (Griffin et al, 1998).  Light improved 
germination of western redcedar seed 
regardless of any stratification treatments 
(Li et al, 1994).  Western redcedar flowers 
from April to June with the cones ripening 
from August to September.  Peak seed 
release occurs 4 to 6 weeks after cone 
ripening (Young and Young, 1992). 
 

Commercial Value: 
Western redcedar is a very important 
commercial species.  Although the wood is 
relatively low strength, it is decay resistant 
and is used for many outdoor applications 
including shingles, shakes, exterior siding, 
porches and decks, fences, utility poles, 
boats, crates and boxes (FEIS, 2001).  The 
oils from western redcedar leaves are made 
into a variety of products including 
perfumes, insecticides, veterinary soaps, 
medicinal preparations, shoe polishes and 
deodorants (FEIS, 2001).  It is used in floral 
arrangements. 
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Current Status for Restoration: 

Western redcedar is suggested as the species 
of choice for revegetation of coastal sites 
with a risk of high brush growth.  Container 
grown seedlings do better than bare root 
stock while seeding can be successful on 
sites with a bare mineral soil seedbed (FEIS, 
2001).  It may not do well where deer 
browsing pressure is severe. 
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Tsuga heterophylla (Raf.) Sarg. 
Western Hemlock 

 
 

 

        Drawing by kind permission of Dr. T.C. Brayshaw 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 from and Hulten (1968)

 

Ecological Setting Grows, with redcedar in moist coastal areas where growing 
season fog and precipitation provides ample moisture. 

Soil Texture Does best on moderately coarse textured soils where there 
is ample moisture.  Does not do well on heavy clays. 

Nutrients Can persist on sites where there are limited nutrients.  
Adapted to growing on acidic, nutrient poor sites. 

Soil Reaction / 
Salinity 

Germinates and grows on acidic organic substrates.  Less 
salt tolerant than Sitka spruce. 

Moisture Regime Prefers sites where there is ample summer  moisture.  
Does not do well with saturated roots. 

Shade Tolerance One of the most shade tolerant conifers. 

Successional 
Status 

Late seral or climax species that will invade freshly 
disturbed sites. 

Erosion Control Shallow root system helps control surface erosion. 

Wildlife / Riparian Browsed by Roosevelt elk and black-tailed deer.  Birds and 
small mammals eat seeds.  Old forest used by wildlife. 

Availability Readily available from forest nurseries. 

Establishment Easily established from nursery grown one year old plugs. 
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Tsuga heterophylla (Raf.) Sarg. 
= Tsuga mertensiana (Gordon) Carriere 
= Abies heterophylla Raf. 
Common name(s) 

western hemlock, Pacific hemlock, west 
coast hemlock (Tesky, 1992), Alaska pine, 
pruche de l’ouest (Earle, 2001a), British 
Columbia hemlock (Forestry Branch, 
1950). 

 
Distribution and Origin:  

Western hemlock is a native of western 
North America growing in the wetter 
climatic regions from the Kenai Peninsula in 
Alaska to Sonoma County in California 
along the coast (Tesky, 1992).  In the 
interior it is found as far north as the Parsnip 
River (56oN) and south into the humid 
interior valleys of Idaho and Montana 
(Brayshaw, 1996b). 
 

Growth Form and Reproduction:  
Western hemlock grows to form a large tree 
with a narrow columnar form with slender 
branches and drooping branchlets 
(Brayshaw, 1996b).  The record western 
hemlock in British Columbia is 75.6 m tall 
and is located along the Tahsish River.  The 
hemlock with the largest girth is 9.54 m in 
circumference and is located in the Norvan 
Creek drainage (CDC, 2001).  Although 
young western hemlock trees can be 
reproduced by layering or from cuttings, 
reproduction by seed is the dominant form 
for mature trees.  Mature (25 to 30 year old) 
western hemlock trees produce abundant 
viable seed that translates into abundant 
seedlings on substrates ranging from rotten 
logs, natural forest duff to bare mineral soil.  
The ability of western hemlock to germinate 
and grow on rotting logs provides an 
advantage over other conifers in the growth 
of this species in coastal forests (Earle, 
2001a).  Most seedling mortality occurs 
within the first few years (Tesky, 1992).  
Male and female cones are borne on 
different branches of the same tree.  Male 
(pollen bearing) cones occur in the axils of 
the previous year’s shoots while the female 
cones are borne at the ends of the previous 
year’s shoots (USDA, 1948).  Young and 

Young (1992) report that western hemlock 
flowers between April and June and that 
cones ripen between August and October 
with fall and winter seed dispersal.  The 
winged seeds of western hemlock are light 
and can be carried by the wind over a 
kilometer (1,150 m) under the right 
conditions (Tesky, 1992). 
 

Ecological Setting:  
Western hemlock is found in cool temperate 
and cool mesothermal climates at relatively 
low elevations.  It prefers areas that are cool 
and moist and decreases in abundance with 
increasing elevation and continentality 
(Klinka et al, 1989).  Tesky (1992) reports 
that western hemlock grows best in areas 
where the climate is mild and humid with 
fog and rain occurring during the growing 
season.  In drier areas, western hemlock is 
found on north facing slopes and in areas of 
moisture seepage (Tesky, 1992). 
 

Tolerances and Preferences 
 

Soil Texture: 
Western hemlock is found on sites with a 
wide variety of soil textures, although heavy 
clay soils restrict height growth (Tesky, 
1992), presumably due to restricted poor soil 
aeration.  Where climatic conditions provide 
ample growing season moisture, western 
hemlock grows well on coarse soils.  It does 
not do well on sites where the water table is 
within 20 cm of the soil surface (Tesky, 
1992).  Differences in soil texture and 
lithology cannot account for differences in 
successional pathways associated with 
western hemlock establishment (Fastie, 
1995). 
 

Nutrient Status: 
Western hemlock is most productive on 
nutrient-medium sites.  It commonly occurs 
on nitrogen-poor water-shedding or water-
receiving sites.  On nitrogen-rich sites the 
occurrence of western hemlock is associated 
with acidic organic substrates (Klinka et al, 
1989).  The role of micro-organisms in the 
release, movement and acquisition of 
nutrients is particularly important in forest 
where western hemlock grows (Harvey et al, 
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1994).  The addition of nitrogen and 
phosphorus was found to replace 
deficiencies found in regenerating 
hemlock/amabalis fir stands on northern 
Vancouver Island suggesting the need for 
these nutrients in regenerating stands (Cade-
Menun et al, 2000).  The highest 
productivity of western hemlock stands has 
not been found to be consistently correlated 
with the highest levels of nutrient 
availability as there appears to be an upper 
threshold where productivity is not 
enhanced with improved nutrient availability 
(Kayahara et al, 1995).  Deficiencies in 
boron and zinc result in distorted growth of 
western hemlock.  The deficiencies were 
found to be correlated with low levels of 
magnesium and calcium (Carter et al, 1986).  
Western hemlock survives easily deficiency 
treatments indicating that it is tolerant of 
very low nutrient supplies.  It grows best on 
subhygric, submesotrophic sites and its 
growth is restricted on richer sites (Krajina 
and Brooke, 1970). 
 

Soil Reaction and Salinity: 
Western hemlock typically regenerates on 
rotting logs and stumps and other acidic 
substrates (Klinka et al, 1989).  Western 
hemlock and western redcedar are less 
tolerant of salt spray than Sitka spruce 
(Cordes, 1973).  The occurrence of western 
hemlock in areas of high rainfall and thus 
heavy soil leaching suggests that this species 
is not adapted to growth in saline soils. 
 

Moisture Regime Preferences: 
Western hemlock grows best in moist, 
humid areas where fog and/or precipitation 
occur during the growing season.  In drier 
climate areas, western hemlock is found on 
north facing slopes and riparian areas.  On 
sites that are too wet for western hemlock, 
western redcedar replaces the hemlock 
(Tesky, 1992). 
 

Shade Tolerance: 
Western hemlock is less shade tolerant than 
western redcedar while it is more shade 
tolerant than Douglas fir (Carter and Klinka, 
1992).  Seedlings and young saplings 

showed a similar ranking of shade tolerance, 
with western redcedar > western hemlock > 
subalpine fir > white X Sitka spruce > 
lodgepole pine > aspen > cottonwood > 
paper birch (Kobe and Coates, 1997).  Tesky 
(1992) ranks western hemlock as having 
greater shade tolerance than any other 
conifers except Pacific silver fir and Pacific 
yew. 
 

Mowing / Grazing Tolerance: 
As with other conifers, western hemlock 
will be killed if cut below the lowest branch.  
Roosevelt elk and black-tailed deer browse 
western hemlock foliage.  Snowshoe hares 
and rabbits eat the growing tips of hemlock 
seedlings (Tesky, 1992). 
 

Disease and Pest Tolerance: 
Western hemlock is subjected to attack by a 
wide variety of insects and pathogenic 
organisms.  Fungal organisms that infect 
western hemlock include Armillaria mellea, 
Heterobasidion annosum, Phaeolus 
schweinitzii, Laetiporus sulphureus, 
Inenotus tomentosus, Poria subacida, 
Phillinus weiri, and Echinodontium 
tinctorium (Tesky, 1992).  Western hemlock 
looper (Lambdina fiscellaria lugubrosa) is 
one of the worst pests of western hemlock in 
the Pacific Northwest (Alfaro 1999).  The 
conifer sawfly (Neodiprion abietis complex) 
causes defoliation of western hemlock 
(Turnquist, 1996) while the ambrosia beetle 
(Gnathotrichus retusus) attacks western 
hemlock logs and stumps (Lui and McLean, 
1993).  A study of seed and cone insect pests 
found that western hemlock cones and seeds 
were suffered only minimal losses (Miller 
and Ruth, 1989). 
 

Response to Fire: 
Fire is not a dominant feature of stands 
occupied by western hemlock.  Fire return 
intervals of from 150 to 400 years in cool 
coastal forests are common while shorter 
intervals are reported for drier locations 
(Tesky, 1992).  Western hemlock is not 
considered to be fire resistant.  The thin 
bark, shallow roots and flammable foliage 
make is susceptible to fire (Tesky, 1992). 
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Restoration Considerations 

 
Successional Status: 

Western hemlock is a climax species in the 
Coastal Western Hemlock and the Interior 
Cedar Hemlock biogeoclimatic zones.  On 
the Coast, western hemlock requires a 
minimum of 165 cm of precipitation 
annually to function as a climax species 
while in the Interior, with the generally 
cooler climatic conditions, only 56 cm of 
annual precipitation are required (Krajina 
and Brooke, 1970).  Western hemlock often 
colonizes bare mineral soils on small 
disturbances such as windthrow hummocks 
or small landslide scars.  Western hemlock 
can establish as an understory species under 
an established canopy and responds well to 
release when the canopy is removed.  
Western hemlock can grow efficiently in full 
sunlight, suggesting some of the attributes of 
a seral species (Tesky, 1992). 
 

Erosion Control and Soil Building: 
Western hemlock has a shallow root system 
that opens the tree to windthrow (Tesky, 
1992).  Western hemlock exploits rotting 
logs for germination and growth, assisting in 
the breakdown of this organic matter (Earle, 
2001a).  Litter from western hemlock 
contributes to organic matter accumulation 
on the forest floor.  Leaves from western 
hemlock are shed during periods of stress 
(Tesky, 1992). 
 

Wildlife / Riparian Use: 
Western hemlock is used as a winter forage 
by black-tailed deer while Roosevelt elk 
browse on western hemlock throughout the 
year.  Western hemlock provides a preferred 
forage for Roosevelt elk in the winter and 
spring while it is used in the summer but not 
as heavily as amabilis fir (Nyberg and Janz, 
1990).  In a study of bear damage on young 
forest trees, western hemlock sustained little 
damage while western redcedar was heavily 
and amabilis fir sustained no damage 
(Sullivan, 1993).  Old growth western 
hemlock stands are used for cover by white-
tailed deer when snow depths exceed 40 cm 
(Pauley et al, 1993).  Western hemlock was 

not damaged as heavily as Sitka spruce by 
porcupines (Eglitis and Hennon, 1997).  
Seeds of western hemlock are eaten by red 
crossbills in Alaska (Holimon et al, 1998) as 
well as a variety of other birds (Beese and 
Bryant, 1999).  Live, fire scarred, western 
hemlock trees with broken tops and a basal 
diameter of about 100 cm are used as nest 
sites by northern spotted owls (Hershey et 
al, 1998).  Western hemlock forests provide 
habitat for northern flying squirrels, 
Townsend’s chipmunks, Douglas’ squirrels 
(Carey, 2000) as well as woodland caribou 
Rominger et al, 2000) and a variety of other 
wildlife species. 
 

Ethnobotany: 
Western hemlock bark has a high tannin 
content and was used as a tanning agent, 
pigment and a cleansing solution by native 
people (Earle, 2001).  The wood was used 
for carving into spoons, combs and wedges 
as well as large feast bowls by the Haida 
(Earle, 2001).  The wood was also used for 
roasting spits, dipnet poles, spear shafts, 
mallets, digging sticks and elderberry-
picking hooks (Turner, 1998).  Branches of 
western hemlock were used as bedding 
material and as a substrate for collection of 
herring spawn (Earle, 2001).  Haida black 
cod hooks were often made of western 
hemlock with barbs of iron or bone (Turner, 
1998).  The cambium of western hemlock 
was collected in the summer and either eaten 
without storage or stored and eaten in the 
winter (Turner, 1995).  The bark was 
pounded and boiled in saltwater to make a 
pigment for spears and paddles.  Fishnets 
were coloured with pigment from western 
hemlock to make them hard for the fish to 
see (Turner, 1998).  Western hemlock 
boughs were used by the Thompson people 
for ritual scrubbing and as a disinfectant 
(Turner et al, 1990). 
 

Availability: 
Western hemlock is widely grown in forest 
nurseries for reforestation projects.  Seed is 
readily available from commercial seed 
suppliers while container grown one year 
old trees can be readily obtained from forest 
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nurseries.  Larger stock can often be 
purchased from landscaping nurseries. 
 

Establishment: 
Western hemlock is easily established from 
container grown seedlings.  Western 
hemlock was first cultivated in 1851 (USDA 
1974).  A pre-chilling treatment for 21 to 90 
days is recommended for western hemlock 
(Young and Young, 1992).  Shade can 
improve the growth of young western 
hemlock seedlings.  Hot sun should be 
avoided (Young and Young, 1992).  There 
are an average of about 300,000 cleaned 
western hemlock seeds per pound with a 
range from 220,000 to 508,000 seeds per 
pound (USDA, 1948).  Seed should be sown 
in the spring and the young plants given 50 
percent shade (USDA, 1948).  Layering can 
be used to propagate western hemlock 
(USDA, 1948). 
 

Commercial Value: 
Western hemlock provides one third of the 
timber harvested in coastal British 
Columbia.  The wood is widely used for 
building and is superior for pulp and paper 
production.  It has been planted for forestry 
purposes in Europe, Britain and Ireland  
(Earle, 2001). Kruckeberg (1996) 
recommends the use of western hemlock for 
gardening.  Many forms of hemlock have 
been developed for horticulture (USDA 
1974).  Western hemlock is recommended 
for use in woodland gardens in the Pacific 
Northwest (Pettinger and Costanzo, 2002).  
Western hemlock is the state tree of 
Washington (Earle, 2001).  Western 
hemlock wood is sold as lumber, railroad 
ties, shingles, and pulpwood (USDA, 1948). 
 

Current Status for Restoration: 
Western hemlock has been widely planted 
on harvested forest land in the Pacific 
Northwest.  It has been used for reclamation 
at a coastal copper mine (Polster, 1995; 
Polster et al, 2001). 
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Restoration Species Manual 
for the Pacific Northwest 

List of Candidate Species 
(nomenclature follows Brayshaw, 1996 and Douglas et al. 1989 – 94) 

PTERIDOPHYTES 

Dryopteridaceae (Fern)  

    Polystichum 
Polystichum munitum (Kaulf.) K.B. Presl 
= Sword fern 

GYMNOSPERMS 

Cupressaceae (Cedar/Juniper)  

    Juniperus 
Juniperus communis L. 
 = Common juniper 

    Thuja 
Thuja plicata Donn ex D. Don in Lamb. 
 = Western redcedar 
 

Pinaceae (Pine) 

    Abies 
Abies grandis (Dougl. ex D. Don in Lamb.) Lindl. 
 = Grand fir 
Abies lasiocarpa (Hook.) Nutt. 
 = Subalpine fir 

    Larix 
Larix occidentalis Nutt. 
 = Western larch 

    Picea 
Picea engelmannii Parry ex Engelm. 
 = Engelmann spruce 
Picea glauca (Moench) Voss 
 = White spruce 
Picea sitchensis (Bong.) Carr. 
 = Sitka spruce 

    Pinus 
Pinus contorta Dougl. ex Loud. 
 = Lodgepole / shore pine 
Pinus monticola Dougl. ex D. Don 
 = Western white pine 
Pinus ponderosa Dougl. ex P.& C. Lawson 
 = Ponderosa or Yellow pine 

    Pseudotsuga 
Pseudotsuga menziesii (Mirb.) Franco 
 = Douglas fir 
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    Tsuga 
Tsuga heterophylla (Raf.) Sarg. 
 = Western hemlock 

DICOTYLEDONS 

Aceraceae (Maple) 

    Acer 
Acer circinatum Pursh 
 = Vine maple 
Acer glabrum Torr. var. douglasii (Hook.) Dippel 
 = Douglas or Rocky Mountain maple 
Acer macrophyllum Pursh 
 = Bigleaf maple 

Araliaceae  (Ginseng) 

    Oplopanax 

Oplopanax horridus (Smith) Miq. 
 = Devil’s-club 

Asteraceae (Sunflower) 

    Achillea 
Achillea millefolium L. 
 = Yarrow 

    Anaphalis 
Anaphalis margaritacea (L.) Benth. & Hook. f. ex C.B. Clarke 
 = Pearly everlasting 

    Balsamorhiza 
Balsamorhiza sagittata (Pursh) Nutt. 

 = Arrow-leaved balsamroot 

    Matricaria 
Matricaria discoides DC. 
 = Pineapple weed 

    Solidago 
Solidago multiradiata Ait. 

= Northern goldenrod 

Berberidaceae (Oregon-grape) 

    Mahonia 
Mahonia aquifolium (Pursh) Nutt. 
 = Tall Oregon-grape 

Betulaceae (Birch / Alder) 

    Alnus 
Alnus crispa (Ait.) Pursh 
 = Sitka / green alder 
Alnus rubra Bong. 
 = Red alder 
Alnus tenuifolia Nutt. 
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 = Mountain alder 

    Betula 
Betula glandulosa Michx. 
 = Scrub, bog, dwarf or bog glandular birch 
Betula papyrifera Marsh. 
 = Paper, white or canoe birch 

    Corylus 
Corylus cornuta Marsh. 
 = Beaked or California hazelnut 

Caprifoliaceae (Honeysuckle) 

    Linnaea 
Linnaea borealis L. 
 = Twinflower 

    Lonicera 
Lonicera ciliosa (Pursh) DC. 
 = Orange honeysuckle 
Lonicera involucrata (Richards.) Banks ex Spreng. 
 = Black twinberry 

    Sambucus 
Sambucus cerulea Raf. 
 = Blue elderberry 
Sambucus racemosa L. ssp. pubens (Michx.) House 
 = Black, coastal red or eastern red elderberry 

    Symphoricarpos 
 Symphoricarpos albus (L.) Blake 

 = Common snowberry 

    Viburnum 
Viburnum edule (Michx.) Raf. 
 = Highbush cranberry 

Chenopodiaceae (Goosefoot) 

    Salicornia 
Salicornia virginica L. 
 = Perennial glasswort 

Cornaceae (Dogwood) 

    Cornus 
Cornus stolonifera Michx. 
 = Red-osier dogwood 

Elaeagnaceae (Oleaster) 

    Eleagnus 
Eleagnus comutata Bernh.ex Rydb. 
 = Silverberry or Wolf-willow 

    Shepherdia 
Shepherdia canadensis (L.) Nutt. 
 = Soopolallie, Soapberry or Canadian Buffalo-berry 
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Ericaceae (Heather) 

    Arbutus 
Arbutus menziesii Pursh 
 = Arbutus or Madrone or Pacific Madrone 

    Arctostaphylos 
Arctostaphylos uva-ursi (L.) Spreng.Michx. 
 = Kinnikinnick 

    Gaultheria 
Gaultheria shallon Pursh 
 = Salal 

    Rhododendron 
Rhododendron albiflorum Hooker 
 = White flowered rhododendron 
Rhododendron macrophyllum D. Don ex G. Don 
 = Pacific rhododendron 

    Vaccinium 
Vaccinium membranaceum Dougl. ex Hook. 
 = Black huckleberry 
Vaccinium ovalifolium Sm. 
 = Oval-leaved blueberry 
Vaccinium parvifolium Sm. in Rees 
 = Red huclkeberry 

Fabaceae (Pea) 

    Astragalus 
Astragalus cicer L. 
 = Cicer milk-vetch 
Astragalus alpinus L. 
 = Alpine milk-vetch 
Astragalus americanus (Hook.) M.E. Jones 
 = American milk-vetch 
Astragalus canadensis L. 
 = Canada milk-vetch 
Astragalus miser Dougl. ex Hook. 
 = Timber milk-vetch 
Astragalus robbinsii (Oakes) A. Gray 
 = Robbin’s milk-vetch 

    Hedysarum 
Hedysarum alpinum L. 
 = Alpine hedysarum 
Hedysarum boreale Nutt. 
 = Northern hedysarum 
Hedysarum sulphurescens Rydb. 
 = Yellow hedysarum 

    Lathyrus 
Lathyrus ochroleucus Hook. 
 = Creamy peavine 

    Lotus 
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Lotus corniculatus L. 
 = Birds-foot trefoil 

    Lupinus 
Lupinus arcticus S. Wats. 
 = Arctic lupine 
Lupinus polyphyllus Greene 
 = Large-leaved lupine 
Lupinus sericeus Pursh 
 = Silky lupine 

    Medicago 
Medicago sativa L. 
 = Alfalfa 

    Melilotus 
Melilotus alba Desr. in Lam. 
 = White sweet clover 
Melilotus officinalis (L.) Lam. 
 = Yellow sweet clover 

    Onobrychis 
Onobrychis viciifolia Scop. 
 = Sainfoin 

    Oxytropis 
Oxytropis deflexa (Pall.) DC. 
 = Pendent-pod locoweed 
Oxytropis podocarpa A. Gray 
 = Stalked-pod locoweed 
Oxytropis sericea Nutt. 
 = Silky locoweed 

    Trifolium 
Trifolium hybridum L. 
 = Alsike clover 
Trifolium pratense L. 
 = Red clover 
Trifolium repens L. 
 = White clover 

    Vicia 
Vicia americana Muhl. ex Willd. 
 = American vetch 

Fagaceae (Beech (Oak)) 

    Quercus 
Quercus garryana Douglas ex Hooker 
 = Garry oak 

Grossulariaceae (Current) 

    Ribes 
Ribes bracteosum Douglas ex Hooker 
 = Stink current 
Ribes cereum Douglas 
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 = Squaw current 
Ribes hudsonianum Richardson in Franklin 
 = Northern black current 
Ribes lacustre (Persoon) Poiret in Lamarck 
 = Black swamp gooseberry 
Ribes sanguineum Pursh 
 = Red-flowered current 

Hydrangeaceae (Hydrangea) 

    Philadelphus 
Philadelphus lewisii Pursh 
 = Mock-orange 

Lamiaceae (Mint) 

    Mentha 
Mentha arvensis L. 
 = Field mint 

Malvaceae (Mallow) 

    Iliamna 
Iliamna rivularis (Dougl. ex Hook.) Greene 
 = Mountain hollyhock 

Nymphaeaceae (Water-lily) 

    Nuphar 
Nuphar polysepalum Engelm. 
 = Yellow pond-lily 

Onagraceae (Primrose) 

    Epilobium 
Epilobium angustifolium L.  
 = Fireweed 

Rhamnaceae (Buckthorn) 

    Ceanothus 
Ceanothus sanguineus Pursh 
 = Redstem ceanothus 
Ceanothus velutinus Dougl. ex Hook. 
 = Snowbush 

    Rhamnus 
Rhamnus alnifolia L’Her. 
 = Alder-leaved buckthorn 
Rhamnus pursiana DC. 
 = Cascara 

Roseaceae (Rose) 

    Amelanchier 
Amelanchier alnifolia Nuttall 
 = Saskatoon 

    Crataegus 
Crataegus douglasii Lindl. 
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 = Black hawthorn 

    Dryas 
Dryas drummondii Ricahrds. in Hook. 
 = Yellow mountain-avens 

    Holodiscus 
Holodiscus discolor (Pursh) Maxim. 
 = Oceanspray 

    Oemleria 
Oemleria cerasifomis (T.& G. ex Hook. & Arn.) Landon 
 = Indian-plum 

    Physocarpus 
Physocarpus capitatus (Pursh) Kuntze 
 = Pacific ninebark 
Physocarpus malvaceus (Greene) Kuntze 
 = Mallow ninebark 

    Potentilla 
Potentilla fruticosa L. 
 = Shrubby cinquefoil 

    Prunus 
Prunus emarginata (Dougl.) Walp. 
 = Bitter cherry 
Prunus pensylvanica L.f. 
 = Pin or bird cherry 
Prunus virginiana L. 
 = Choke cherry 

    Purshia 
Purshia tridentata (Pursh) DC. 
 = Antelope-brush 

    Rosa 
Rosa acicularis Lindl. 
 = Prickly rose 
Rosa gymnocarpa Nutt. in T.& G. 
 = Baldhip rose 
Rosa nutkana Presl 
 = Nootka rose 

    Rubus 
Rubus idaeus L. 
 = Raspberry 
Rubus parviflorus Nutt. 
 = Thimbleberry 
Rubus spectabilis Pursh 
 = Salmonberry 

    Sorbus 
Sorbus scopulina Greene 
 = Western mountain-ash 
Sorbus sitchensis Roemer 
 = Sitka mountain-ash 
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    Spiraea 
Spiraea betulifolia Pallas 
 = Flat-topped spirea 

Salicaceae (Willow) 

    Populus 
Populus balsamifera L. 
 = Balsam poplar / Cottonwood 
Populus tremuloides Michx. 
 = Trembling aspen 

    Salix 
Salix alaxensis (Andersson) Colville 
 = Alaska willow 
Salix barclayi Andersson 
 = Barclay willow 
Salix bebbiana Sargent 
 = Bebb’s willow 
Salix commutata Bebb 
 = Variable willow 
Salix discolor Muhlenberg 
 = Pussy willow 
Salix drummondiana Barratt in Hooker 
 = Drummond’s willow 
Salix exigua Nuttall 
 = Sandbar willow 
Salix glauca L. 
 = Glaucous willow 
Salix hookeriana Barratt in Hooker 
 = Hooker’s willow 
Salix lucida Muhlenberg 
 = Pacific willow 
Salix prolixa Andersson 
 = Mackenzie or Yellow willow 
Salix scouleriana Barratt in Hooker 
 = Scouler’s willow 
Salix sitchensis Sanson in Bongard 
 = Sitka willow 

Scrophulariaceae (Figwort) 

    Penstemon 
Penstamon davidsonii Greene 
 = Davidson’s penstemon 

MONOCOTYLEDONS 

Cyperaceae (Sedge) 

    Carex 
Carex albonigra Mack. in Rydb. 
 = Two-toned sedge 
Carex aquatilis Wahlenb. 
 = Water sedge 
Carex aurea Nutt. 
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 = Golden sedge 
Carex bebbii (Bailey) Fern. 
 = Bebb's sedge 
Carex capillaris L. 
 = Hair sedge 
Carex concinna R.Br. 
 = Low northern sedge 
Carex lenticularis Michx. 
 = Lens-fruited sedge 
Carex media R. Br. in Richards. 
 = Scandinavian sedge 
Carex mertensii Prescott in Bong. 
 = Merten's sedge 
Carex obnupta Bailey 
 = Slough sedge 
Carex praticola Rydb. 
 = Meadow sedge 
Carex rossii W. Boott in Hook. 
 = Ross' sedge 
Carex sitchensis Prescott in Bong. 
 = Sitka sedge 

    Eriophorum 
Eriophorum angustifolium Honck. 
 = Narrow-leaved cottongrass 

    Scirpus 
Scirpus acutus Muhl. in Bigel. 
 = Hard-stemmed bulrush 
Scirpus microcarpus Pesl 
 = Small-flowered bulrush 
Scirpus validus Vahl 
 = Soft-stemmed bulrush 

Juncaceae (Rush) 

    Juncus 
Juncus effusus L. 
 = Common rush 

    Luzula 
Luzula parviflora (Ehrh.) Desv. 
 = Small-flowered woodrush 
Luzula spicata (L.) DC. 
 = Spiked woodrush 

Liliaceae (Lily) 

    Camassia 
Camassia leichtlinii (Baker) S.Wats. 
 = Great camas 

Poaceae (Grass) 

    Agropyron/Elymus/Leymus complex 
Agropyron cristatum (L.) Gaertn. 
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 = Crested wheatgrass 
Agropyron desertorum (Fisch.) Schult. 
 = Agropyron sibiricum (Willd.) Beauv. 
 = Desert wheatgrass 
Agropyron fragile Roth 
 = Agropyron sibiricum (Willd.) Beauv. 
 = Siberian wheatgrass 
Elymus alaskanus (Scribn, & Merr.) A. Love ssp. latiglumis (Scribn. & J.G. Smith) A. 

Love 
= Agropyron caninum var. latiglume (Scribn. & J.G. Smith) Pease & Moore 
= Alaskan wildrye 

Elymus canadensis L. 
 = Canada wildrye 
Elymus elongatus (Host) Runemark ssp. ponticus (Podp.) Meld. 
 = Agropyron elongatum (Host.) Beauv. 
 = Tall wheatgrass 
Elymus elymoides (Raf.) Swezey 
 = Sitanion hystrix (Nutt.) J.G. Smith 
 = Squirreltail grass 
Elymus glaucus Buckl. 
 = Blue wildrye 
Elymus hirsutus J.S. Presl in C.B. Presl 
 = Hairy wildrye 
Elymus hispidus (Opiz) Meld. 
 = Intermediate wheatgrass 
 = Agropyron intermedium (Host.) Beauv. 
  = Intermediate wheatgrass 
 = Agropyron trichophorum Richt. 
  = Pubescent wheatgrass 
Elymus lanceolatus (Scribn. and J.G. Smith) Gould 
 = Agropyron riparium Scribn. and J.G. Smith 
 = Streambank wheatgrass 
Elymus smithii (Rydb.) Gould 
 = Agropyron smithii Rydb. 
 = Western wheatgrass 
Elymus spicata (Pursh) Gould 
 = Agropyron spicatum (Pursh) Scribn. and J.G. Smith 
 = Bluebunch wheatgrass 
Elymus trachycaulus (Link) Gould in Shinners 
 = Agropyron trachycaulum (Link) Malte 
 = Slender wheatgrass 
Leymus cinereus (Scribn. & Merr.) A. Love 
 = Elymus cinereus Scribn. & Merr. 
 = Giant wildrye 
Leymus innovatus (Beal) Pilger 
 = Elymus innovatus Beal 
 = Fuzzy-spiked wildrye 
Leymus mollis (Trin. in Spreng.) Pilger 
 = Elymus mollis Trin. in Spreng. 
 = Dune wildrye 

    Agrostis 
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Agrostis aequivalis (Trin.) Trin. 
 = Alaska bentgrass 
Agrostis capillaris L. 
 = Agrostis tenuis Sibth. non Vasey 
 = Colonial bentgrass 
Agrostis exarata Trin. 
 = Spike bentgrass 
Agrostis gigantea Roth 
 = Agrostis alba auct. non L. 
 = Redtop 
Agrostis humilis Vasey 
 = Alpine bentgrass 
Agrostis scabra Willd. 
 = Hair bentgrass 
Agrostis stolonifera L. 
 = Agrostis palustris Huds. 
 = Agrostis alba auct. non L. 
 = Creeping bentgrass 

    Alopecurus 
Alopecurus aequalis Sobol. 
 = Little meadow-foxtail 
Alopecurus geniculatus L. 
 = Water meadow-foxtail 
Alopecurus pratensis L. 
 = Meadow-foxtail 

    Ammophila 
Ammophila arenaria (L.) Link 
 = European beachgrass 

    Arctagrostis 
Arctagrostis latifolia (R.Br.) 
 = Polargrass 

    Arrhenatherum 
Arrhenatherum elatius (L.) Beauv. ex Presl & Presl 
 = Tall oatgrass 

    Beckmannia 
Beckmannia syzigachne (Steud.) Fern. ssp. baicalensis (Kuznez.) Koyama & Kawano 
 = American sloughgrass 

    Bromus 
Bromus carcinatus Hook. & Arn. 
 = California brome 
 = Bromus marginatus Nees. in Steud. 
  = Mountain brome 
Bromus commutatus Schrad. 
 = Meadow brome 
Bromus inermis Leys. 
 ssp. inermis 
  = Smooth brome 
 ssp. pumpellianus (Scribn.) Wagnon 
  = Pumpelly brome 
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Bromus richardsonii Link 
 = Richardson's brome 
Bromus sitchensis 
 = Alaska brome 

    Calamagrostis 
Calamagrostis canadensis (Michx.) Beauv. 
 = Canada reedgrass 
Calamagrostis purpurascens R.Br. in Richards. 
 = Purple reedgrass 
Calamagrostis rubescens Buckl. 
 = Pinegrass 
Calamagrostis stricta (Timm) Koel. 
 = Calamagrostis inexpansa (A.Gray) C.W. Greene 
 = Calamagrostis neglecta auct. non (Ehrh.) Gaertn. 
 = Slimstem reedgrass 

    Cinna 
Cinna latifolia (Trevir. ex Gopp.) Griseb. in Ledeb. 
 = Nodding wood-reed 

    Dactylis 
Dactylis glomerata L. 
 = Orchardgrass 

    Danthonia 
Danthonia californica Boland. 
 = California oatgrass 
Danthonia intermedia Vasey 
 = Timber oatgrass 
Danthonia spicata (L.) Beauv. ex Roem. & Schult. 
 = Poverty oatgrass 

    Deschampsia 
Deschampsia cespitosa (L.) Beauv. 
 = Tufted hairgrass 

    Distichlis 
Distichlis spicata (L.) Greene 
 = Alkali saltgrass 

    Festuca 
Festuca altaica Trin. in Ledeb. 
 = Altai or Northern rough fescue 
Festuca arundinacea Schreb. 
 = Tall fescue 
Festuca brachyphylla Schult. and Schult. fil. 
 Alpine fescue 
Festuca campestris Rydb. 
 = Festuca scabrella Torr. in Hook. var. major Vasey 
 = Rough fescue 
Festuca filiformis Pourr. 
 = Festuca ovina L. var. capillata (Lam.) Alefield 
 = Hair fescue ( = sheep fescue) 
Festuca pratensis Hudson 
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 = Meadow fescue 
Festuca rubra L. sens. lat. 
 = (creeping) Red fescue 
Festuca saximontana Rydb. 
 = Rocky Mountain fescue 
Festuca trachyphylla (Hack.) Kraj. 
 = Festuca ovina L. var. duriuscula auct. non L. 
 = Hard fescue 

    Hierochloe 
Hierochloe odorata (L.) Beauv. 
 = Common sweetgrass 

    Hordeum 
Hordeum jubatum L. 
 = Foxtail barley 

    Koeleria 
Koeleria macrantha (Ledeb.) J.A. Schultes f. 
 = Koeleria cristata Pers. 
 = Junegrass 

    Lolium 
Lolium multiflorum Lam. 
 = Italian ryegrass 
Lolium perenne L. 
 = Perennial ryegrass 

    Melica 
Melica subulata (Griseb. in Ledeb.) Scribn. 
 = Alaska oniongrass 

    Muhlenbergia 
Muhlenbergia richardsonis (Trin.) Rydb. 
 = Mat muhly 

    Oryzopsis 
Oryzopsis pungens (Torr.) A.S. Hitchc. 
 = Short-awned ricegrass 

    Panicum 
Panicum capillare L. 
 = Common witchgrass 

    Phalaris 
 Phalaris arundinacea L. 

 = Reed canarygrass 

    Phleum 
 Phleum alpinum L. 

 = Alpine timothy 
Phleum pratense L. 
 = Common timothy 

    Poa 
Poa alpina L. 
 = Alpine bluegrass 
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Poa arctica R.Br. 
 = Arctic bluegrass 
Poa compressa L. 
 = Canada bluegrass 
Poa cusickii Vasey 
 = Cusick's or skyline bluegrass 
Poa glauca Vahl. 
 Glaucous bluegrass 
Poa palustris L. 
 = Fowl bluegrass 
Poa pratensis L. 
 = Kentucky bluegrass 
Poa secunda J.S. Presl in C.B. Presl 
 = Poa ampla Merr. 
  = Big bluegrass 
 = Sandberg or Nevada bluegrass 

    Puccinellia 
Puccinellia distans (Jacq.) Parl. 
 Weeping or European alkaligrass 

    Sporobolus 
Sporobolus cryptandrus (Torr.) A. Gray 
 = Sand dropseed 

    Stipa 
Stipa comata Trin. & Rupr. 
 = Needle-and-thread grass 

    Trisetum 
Trisetum spicatum (L.) Richt. 
 = Spike trisetum 

Typhaceae (Cattail) 

    Typha 
 Typha latifolia L. 

 = Common cattail 



Appendix 2 Page 100 

 
2003 Canadian Land Reclamation Paper 

 
 

Soil Bioengineering for Slope Stabilization and Site Restoration 1 

 
By 

 
David F. Polster 

 
Soil bioengineering is the use of living plant materials to construct structures that perform some 
engineering function.  Often, soil bioengineering is used to treat sites where surface stability and 
erosion problems arise.  Techniques such as wattle fences and modified brush layers form small 
retaining walls that can be used to support failing slopes or to reduce slope angles and allow other 
vegetation to be established.  Live pole drains act like “French” drains to provide a preferred flow 
path for soil moisture and thus drain sites where excess soil moisture is causing instability.  Sites 
where moisture sensitive surface soils are sliding can be treated with live smiles, a wattle fence 
shaped in a catenary curve that serves to suspend the flowing mud on the slope.  Live gully 
breaks can be used to control seasonal flows in gullies and thus reduce the erosive force of the 
water while live bank protection can be used to bolster eroding stream banks.  Live palisades can 
be used to restore bank stabilizing riparian vegetation where land clearing has removed the 
natural riparian cover.  Live gravel bar staking can be used to initiate the successional processes 
that operate on gravel bars to eventually make them productive alluvial forests.  Techniques such 
as live shade and live staking can be used in the enhancement of damaged riparian ecosystems.  
Soil bioengineering treatments can be applied to a wide variety of degraded sites.  These 
treatments use natural components of pioneering plant communities and thus integrate well with 
ecological restoration principles.  Examples of the use of soil bioengineering use in restoration 
projects are provided from the author’s experience. 
 
1 Paper presented Sudbury 2003: Mining and the Environment III, May 25 – 28, 2003, Laurentian University, Sudbury, Ontario, 

Canada 
 
 
INTRODUCTION 
 
Soil bioengineering can provide an effective 
means of treating sites where steep slopes 
and soil instability are resulting in 
revegetation problems.  Soil bioengineering 
is the use of living plant materials to 
perform some engineering function, from 
simple erosion control with grass and 
legume seeding or more complex slope 
stabilization with willows and other plants 
(Schiechtl, 1980).  The Restoration Species 
Manual (Polster, 2001) gives an indication 
of the species that can be used in 
conjunction with soil bioengineering 
treatments.  Soil bioeng-ineering techniques 
can be used to revegetate steep slopes, to 
treat seepage zones and to control surface 
erosion (Gray and Leiser, 1982).  Soil 

bioengineering can also be used in 
construction to provide soil reinforcement 
and as living retaining walls (wattle fences) 
and live reinforced earth walls. 
 
Soil bioengineering techniques fit well with 
ecological restoration and the successional 
reclamation model developed by Polster, 
(1989).  Successional reclamation seeks to 
reintegrate the disturbed site into the natural 
successional processes that would serve to 
vegetate the site eventually.  By 
investigating how natural revegetation 
systems stabilize natural disturbances 
(Polster and Bell, 1980; Straker, 1996), 
systems designed to stabilize anthropogenic 
disturbances can be developed.  Pioneering 
species such as those that are found on 
naturally disturbed sites are used to 
construct soil bioengineering structures.  
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Characteristics of these species such as the 
ability to root from cuttings, continued 
growth following burial and the ability to 
grow under harsh conditions all serve to 
make these plants useful for soil 
bioengineering. 
 
PLANT MATERIALS FOR SOIL 
BIOENGINEERING 
 
Pioneering woody species are of particular 
importance in the development of 
bioengineering systems.  This group of 
plants represents the successional bridge 
between the herbaceous initial colonizers 
(seeded grasses and legumes) of a disturbed 
site and later seral types and thus plays a key 
role in successional advancement of the site.  
Pioneering woody species perform 
important functions in the natural restoration 
of damaged sites such as stabilization, 
erosion protection and as wildlife browse.  
Pioneering woody species are often 
associated with rhyzobia, that fix nitrogen, 
and thus serve to improve the nutritional 
status of a site (Binkley et al. 1982). 
 
Stem cuttings of many species can be used 
for bioengineering although willows and 
cottonwood are most effective.  Cuttings 
should be collected while the plant is 
dormant.  Cutting woody vegetation in the 
fall and winter results in the maximum 
amount of growth.  Carbohydrate reserves 
are at their highest level in the plants at this 
time of year.  This allows the cutting to 
provide fresh growth in the spring without 
the benefit of further photosynthesis.  
Cutting woody plant stems in the fall and 
winter allows all of this stored energy to be 
expended in the growth of new roots and 
shoots during the spring and early summer. 
 
New roots and shoots on the cuttings 
develop either from buds that develop in the 
axils of the leaves (axillary buds), or from 

other tissues in a process termed 
dedifferentiation.  Buds arising from these 
are termed "adventitious" buds (Hartmann 
and Kester, 1975).  Axillary buds result in 
the growth of new shoots and roots from 
sites where there were leaves on the plant in 
the past.  Adventitious buds result in the 
growth of new shoots and roots from either 
axillary locations or from other areas on the 
plant such as the cut end of the cutting.  In 
some species, such as willows, which are 
very easy to root and widely used for soil 
bioengineering, preformed (latent) bud 
initials are formed as the stem develops 
initially.  These species have a variety of 
adaptations, which allow them to function 
well in bioengineering systems.  The 
presence of preformed bud initials is one 
such adaptation, and allows these plants to 
regrow effectively from cuttings and after 
being buried. 
 
Cuttings, which are collected from healthy, 
moderately rapidly growing parent plants, 
will perform better than those collected from 
decadent, senescent stems although the tips 
of stems should be avoided.  Marchant and 
Sherlock (1984) report that cutting material 
with a low nitrogen / high carbohydrate 
reserve will root better than exceptionally 
vigorous, "sappy" wood.  Local logging sites 
power lines, pipelines, railroad and road 
rights-of-way often provide ideal sites for 
the collection of cuttings as these areas are 
often maintained in an early seral state.  
Permission from the landowner must be 
obtained prior to collecting cuttings from 
any site.  In the case of Crown Land, local 
Ministry of Forests officers can provide 
advise on appropriate locations for the 
collection of cuttings.  Care must be taken in 
the collection of cuttings to avoid 
environmentally sensitive sites such as 
stream banks or areas of heavy ungulate use. 
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Direct planting of root cuttings may be used 
for the establishment some species.  
Although the collection and use of root 
cuttings is significantly more difficult than 
using stem cuttings, there are cases (e.g. 
aspen) where root cuttings provide the best 
results and stem cuttings are not effective.  
As with stem cuttings, healthy, moderately 
rapidly growing roots that are one half to 
one centimetre in diameter will work best.  
These should be collected during the 
dormant period of the parent plant when the 
parent plant has stored food reserves 
contained in the roots.  Collections should 
be made well before any flushing of the 
parent plant in the spring.  Collection of root 
cuttings during clearing operations can 
provide an efficient means of collecting 
large quantities of suitable roots.  Root 
cuttings should be 5 to 15 cm long and at 
least 0.25 cm in diameter.  Root cuttings 
must be planted with the proximal end (end 
towards the parent plant) up, or horizontally.  
Root cuttings should be planted 2.5 to 7.5 
cm deep.  Root cuttings should be kept 
moist and planted at the restoration site as 
soon as weather conditions allow. 
 
 
SOIL BIOENGINEERING SYSTEMS 
FOR WATER MANAGEMENT 
 
Live Pole Drains 
 
Live pole drains (Figure 1) are constructed 
of bundles of living cuttings and are used to 
provide stability to sites where excess soil 
moisture results in soil instabilities.  The 
bundles of cuttings are placed in shallow 
trenches in such a manner that they intersect 
and collect the moisture.  The bundles are 
then lightly buried with local materials, 
taking care to avoid over-burial.  Careful 
trimming of the cuttings is not required, 
although the bundles should be as tight as 
possible and twigs with leaf buds should be 

removed.  The plants used to form the 
bundles sprout and grow, with the moisture 
continuing to drain from the lower end.  The 
growth from the live pole drains forms the 
initial cover on the seepage site, allowing 
other species to invade.  As with other 
bioengineering systems, live pole drains 
must be designed to suit the specific 
conditions of the site. 
 
A variety of different shapes can be used for 
the drains depending on the site conditions.  
A "Y" pattern of the drains can be used to 
collect moisture from a diffuse seepage zone 
while a linear pattern can be used where a 
discrete seepage site exists.  The objective in 
design of the drains is to collect all of the 
moisture and to get it to drain away as 
quickly as possible. 

 
Figure 1.  Live pole drains can be used to 

stabilize slumping soils.  This view shows 
the layout of live pole drains in a slump 
with the covering soils removed for clarity.  
The section shows a typical covering.  
Some twigs from the bundles should be 
left above ground. 

 
Live Silt Fences 
 
Live silt fences (Figure 2) are used to reduce 
sediment movement on low gradient 
streams.  Where live gully breaks can be 
used on very steep gullies and seasonal 
streams, and live bank protection can be 
used on larger streams and rivers, live silt 
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fences are used on smaller streams with 
lower gradients.  The live silt fences are 
simply rows of cuttings stuck into the 
streambed to slow water velocities and cause 
sediments to be deposited.  The rows of 
cuttings trap floating debris that further 
slows water velocities.  Once the cuttings 
grow, the water flows between the stems of 
the growing cuttings, creating a brushy, 
swampy area characteristic of natural 
seepage areas and small streams. 

 
Figure 2.  Live silt fences can be used to 

provide a willow coppice in small streams 
and ditches.  They act by slowing the 
velocity of the water and allowing 
sediments to settle out.  The cuttings can 
be either in single rows (as shown) or 
multiple rows in each band. 

 
Live Bank Protection 
 
Live bank protection (Figure 3) can be used 
to stabilize stream banks that may have 
become destabilized by debris torrents or 
other disturbances.  Live bank protection 
can be very useful in stabilizing roadside 
ditches and culvert inlets and outfalls. 
 
Live bank protection structures are typically 
located on the bends of streams with the 
upstream ends located at the tangent point 
between opposing curves.  The ends should 
be tucked well into the bank to avoid 
"catching" the flow and causing more 
erosion.  The structures are backfilled with 
local materials, taking care to avoid large 
cobbles and boulders that will tend to be dry 
in the summer.  The growth of the live bank 

protection structures provides a cover of 
riparian vegetation along the streams. 
 

 
Figure 3.  Live bank protection can be used 

to control erosion on the outside of curves.  
The backfill has been removed in these 
drawings for clarity.  Typically, the 
undercut bank would be re-sloped to 
backfill be structures.  

 
Live Gully Breaks 
 
Live gully breaks (Figure 4) are used in 
gullies to control water flow and the 
initiation of debris torrenting.  Where gully 
torrents originate from minor collapses of 
gully sidewalls, live gully breaks can assist 
in reducing the potential for torrents to 
initiate.  The live gully breaks must be 
established high in the channel where 
torrents are initiated.  Live gully breaks can 
be helpful in the revegetation and 
stabilization of gullies that have already 
experienced debris torrents by providing 
sites where materials may be trapped and 
where vegetation can become established.  
As with any bioengineering system, live 
gully breaks will strengthen with age. 
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Figure 4.  Live gully breaks act to slow the 

velocity of water movement down a gully 
and thus to trap sediments. 

 
Live Staking 
 
Live staking (Figure 5) is perhaps the 
simplest form of bioengineering.  Live 
staking is simply the use of living cuttings to 
stabilize slumping materials or to "pin" sods 
to a slope.  Live staking is particularly 
useful in flowing silty materials where the 
growth of the roots will serve to bind the 
unstable materials and prevent further flows. 
 
The cuttings used in live staking should be 
inserted into the soil so that at least ¾ of the 
length of the cutting is underground.  On 
drier sites, 7/8 of the cutting should be 
inserted.  The cuttings should be a minimum 
of 40 cm long and at least 2 cm in diameter 
at the tip.  Cuttings need not be planted 
vertically (as shown) but can be slipped into 
the soil diagonally, as long as the cutting 
will remain moist over most of its length.  
Cuttings should be planted with the distal 
(top) end up.  The spacing between cuttings 
will vary depending on the materials, but 
can be as little as 10 cm.  On flowing silts, 
spacing of about 20 cm work well. 

 
Figure 5.  Live staking is a simple method of 

establishing pioneering woody vegetation.  
It can be effectively used on "flowing" silts 
and to establish riparian vegetation along 
streams. 

 
 
BIOENGINEERING SYSTEMS FOR 

STEEP SLOPES 
 
Wattle Fences 
 
Wattle fences (Figure 6) are short retaining 
walls built of living cuttings.  The living 
cuttings used to make the walls sprout and 
grow, further strengthening the structure.  
Wattle fences are used where site moisture 
conditions will allow the living cuttings on 
the face of the fence to sprout and grow.  
Sites where fine textured soils can provide 
ample summer moisture or where seepage of 
groundwater provides moisture are suitable 
for wattle fence installations. 
 

 
Figure 6.  Wattle fences are short retaining 

walls constructed of living cuttings.  They 
are used to provide slopes, which will 
support plant growth where 
oversteepened slopes are preventing 
plant establishment.  The section shows 
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the effects of steeper slopes on wattle 
fence spacing. 

 
Modified Brush Layers 
 
Modified brush layers (Figure 7) are a brush 
layer (see below) supported on a short, small 
(2 m in length) log or board.  The use of a 
log or board for support of the brush layer 
provides the added advantage that the small 
terrace that is created can serve to "catch" 
rolling rocks rather than allowing them to 
roll down the slope, gathering speed and 
damaging vegetation.  Although the log or 
board will eventually rot, the cuttings will, 
by that time, have grown to the point where 
they are stabilizing the slope.  The cuttings 
that are used in the brush layer will grow 
into a wall of plants that will serve to trap 
rocks and soil and prevent movement of 
materials down the slope.  Modified brush 
layers can be used on sites that would be too 
dry for effective wattle fence growth but 
where some form of additional support is 
needed for stabilization of the slopes. 
 

 
Figure 7.  Modified brush layers can be built 

with either a log or a board for support.  
They should be staggered across a slope 
so that material rolling down the slope 
doesn't have a chance to get going before 
it is caught.  The detail shows a modified 
brush layer prior to backfilling, while the 
section shows the normal backfill which 
creates a bit of a bench. 

 

Brush Layers in a Cut 
 
Brush layers in a cut (Figure 8) are 
horizontal rows of cuttings (50 to 100 cm 
long) buried in the cut (in-situ materials) 
slope.  Brush layers are constructed by 
digging a bench across the slope and placing 
the cuttings in a layer on the bench with the 
tips sticking out with at least seven-eighths 
of the cutting underground.  Brush layers in 
a cut are built from the bottom of the slope 
so that the second bench excavation can be 
used to backfill the first and so on up the 
slope.  Brush layers in cuts add little to the 
stability of the cut as no significant bench is 
created by the brush layer as in a modified 
brush layer and the cuttings are not deep 
enough to provide substantial mechanical 
stability as in brush layer in fill.  The wall of 
plant materials can act to control movement 
of materials from the slopes and can assist in 
maintenance of a rod where falling materials 
are a problem.  Modified brush layers (see 
above) are easier to build and provide more 
immediate stabilization than brush layers in 
a cut. 
 

 
Figure 8.  Brush layers in a cut can provide 

a row of living plant materials and assist in 
preventing movement of surface materials. 

 
BIOENGINEERING SYSTEMS FOR 
SOIL REINFORCEMENT 
 
Brush Layers in Fill 
 
Brush layers in fill (Figure 9) are also 
horizontal rows of cuttings buried in a fill 
such as a pulled back road.  Brush layers in 
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fills are particularly useful where new roads 
are being built or where roads are being 
deactivated.  In either case, brush layers can 
be used to strengthen the fill material.  In 
some cases, fill materials must be placed on 
steep (1.5 : 1 or greater) angles due to the 
geometry of the site.  In these cases, cuttings 
(1.5 to 5 m long) can be inserted into the 
fills as they are constructed.  These increase 
the shear resistance of the soil and can assist 
in preventing circular failures. 

 
Figure 9.  Brush layers in fill can act to 

reinforce the fill material.  Full length 
cuttings can be used and can be expected 
to root along their entire length. 

 
 
Live Reinforced Earth Walls 
 
Live reinforced earth walls (LaREWs) are a 
combination of wattle fences and brush 
layers that can be used to treat overhanging 
cuts and other slope cavities.  Where piping 
has caused the cavity, live pole drains can be 
used in combination with LaREWs to treat 
the slope.  Figure 10 shows the typical 
design for LaREWs. 

 
 
Live Staking of Sods 
 
Establishment of a healthy grass and legume 
cover in cut and fill slopes is a requirement 
of road construction under the Forest 
Practices Code.  However, in some cases, 
the cover that is established may tend to 
"peel" off of the slope.  In these cases, live 
staking (see above) can be used to hold the 
sod in place and to provide a diversity of 
rooting depths.  This will prevent the 
development of a slip surface below the sod.  
The length of the cuttings used in live 
staking of sods will vary depending on the 
depth of rooting.  However, lengths of 40 to 
50 cm should be considered as a minimum.  
Live staking of sods can provide an effective 
solution to slipping turf mats. 
 
 
Conclusions 
 
Bioengineering can be an effective tool for 
the treatment of landslides and unstable 
slopes.  Treatments are relatively 
inexpensive and can provide significant 
benefits in terms of reduced maintenance, 
reduced erosion and enhanced stability.  As 
living systems, bioengineering systems need 
little or no maintenance and continue to 
strengthen over the years.  Bioengineering 
can provide a useful bridge between 
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traditional engineering treatments and 
normal seeding work.  Bioengineering can 
be a useful addition in the reclamation of 
forest sites. 
 

References 
 
Binkley, D., K. Cormack Jr. and R.L. 

Fredriksen. 1982. Nitrogen 
Accretion and Availability in some 
Snowbush Ecosystems. For. Sci. 
28(4):720-724. 

 
Gray, D.H. and A.T. Leiser. 1982. 

Biotechnical Slope Protection and 
Erosion Control. Van Nostrand 
Reinhold Company Inc. 
Scarborough, Ontario, 271 pp. 

 
Hartmann, H.T. and D.E. Kester. 1975. 

Plant Propagation: Principles and 
Practices. (3rd ed.) Prentice-Hall 
Inc. Englewood Cliffs, New Jersey. 

 
Polster, D.F. 1989. Successional reclamation 

in Western Canada:  New light on 
an old subject.  Paper presented at 
the Canadian Land Reclamation 
Association and American Society 
for Surface Mining and Reclamation 
conference, Calgary, Alberta, 
August 27-30, 1989. 

 
Polster, D.F. 2001. Restoration species 

manual for the Pacific Northwest. 
paper presented at the 2001 annual 
meeting of the Canadian Land 
Reclamation Association. Halifax, 
Nova Scotia. August 26 - 29, 
2001. 

 
Polster, D.F. and M.A.M. Bell. 1980. 

Vegetation of talus slopes on the 
Liard Plateau, British Columbia. 
Phytocoenologia 8(1) 1-12. 

 

Schiechtl, H. M. (Trans. N.K. Horstmann, 
1980). Bioengineering for Land 
Reclamation and Conservation. 
University of Alberta Press. 
Edmonton. Alberta. 404 pp. 

 
Straker, J. 1996. Regeneration on Natural 

Landslides. Paper presented at the 
Coastal Forest Sites Rehabilitation 
Workshop. B.C. Forestry 
Continuing Studies Network. 
Nanaimo, B.C. October 31 - 
November 1, 1996. 

 
 



Appendix 4 Page 108 

 
References 

Restoration Species Manual 
for the Pacific Northwest 

 
References 

 
Abouguendia, Z.M. and R.E. Redmann. 1979. Germination and early growth of four 

conifers on acidic and alkaline substrates. Forest Science 25(2):358-360. 
 
Adams, D.L., R.T. Graham, D.L. Wenny and D. Mohamed. 1991. Effects of fall planting 

on survival and growth of three coniferous species of container seedlings in 
northern Idaho. Tree Planters’ Notes. 42(2): 52-55. 

 
Adams, S.N., D.A. Dickson and I.S. Comforth. 1972. Some effects of soil water tables on 

the growth of Sitka spruce in Northern Ireland. Forestry. 45(2): 129-133. 
 
Alexander, E.B. and R. Burt. 1996. Soil development on moraines of Mendenhall 

Glacier, southeast Alaska. 1. The moraines and soil morphology. Geoderma 72(1-
2): 1-17. 

 
Alfaro, R.I., S. Taylor, G.Brown and E. Wegwitz. 1999. Tree mortality caused by 

western hemlock looper in landscapes of central British Columbia. Forest 
Ecology and Management. 124(2-3): 285-291. 

 
Allen, G.S. and J.N. Owens. 1972. The life history of the Douglas-fir. Information 

Canada. Environment Canada, Forestry Service. Ottawa. 139 pp. 
 
Allen, R.B. and R.K. Peet. 1990. Gradient analysis of forests of the Sangre de Cristo 

Range, Colorado. Canadian Journal of Botany. 68(1): 193-211. 
 
Alm, A.A., K.R. Cudworth, S.K Dickinson and O.J. Olson. 1985. Reclamation of iron 

mine waste in Minnesota with trees and shrubs. Northern Journal of Applied 
Forestry. 2(2): 47-50. 

 
Apps, C.D., B.N McLellan, T.A. Kinly and J.P. Flaa. 2001. Scale dependent habitat 

selection by mountain caribou, Columbia Mountains, British Columbia. Journal of 
Wildlife Management. 65(1): 65-77. 

 
Bai, YuGuang, D. Thompson, K. Boersma and Y.G. Bai. 2000. Early establishment of 

Douglas fir and ponderosa pine in grassland seedbeds. Journal of Range 
Management. 53(5) 511-517. 

 
Baker, W.L. 1988. Size-class structure of contiguous riparian woodlands along a Rocky 

Mountain river. Physical Geography. 9(1): 1-14. 
 



Appendix 4 Page 109 

 
References 

Banerjee, S.M, K. Creasey and D.D. Gertzen. 2001. Native woody plant seed collection 
guide for British Columbia. Ministry of Forests. Tree Improvement Branch. 
Victoria, B.C. 146 pp. 

 
Baranyay, J.A., R.J. Bouchier, G.P. Thomas. 1962. Supplement to lectures on Forest 

Pathology. Canadian Forestry Service. Northern Forest Research Centre. 
Environment Canada. Forestry Service. Edmonton, Alberta. 98 pp. 

 
Bassman, J.H., R.A. Black and Z.Q. Wang. 1989. Effects of container type and watering 

regime on early growth of western larch seedlings. Tree Planters’ Notes. 40(3): 
13-15. 

 
Bauer, A.M. 1970. A Guide to Site Development and Rehabilitation of Pits and Quarries. 

Industrial Mineral Report 33. Ontario Department of Mines. Toronto Ontario. 
 
Beckett, P.J., J. Negusanti, J. Skousen (ed.), J. Sencindiver (ed.) and D. Samuel. 1990.  

Using land reclamation practices to improve tree conditions in the Sudbury 
smelting area. Proceedings of the 1990 Mining and Reclamation Conference and 
Exhibition (Vol. 1). West Virginia University, Morgantown, USA. 307-320. 

 
Beese, W.J. and A.A. Bryant. 1999. Effects of alternative sylvicultural systems on 

vegetation and bird communities in coastal montane forests of British Columbia, 
Canada. Forest Ecology and Management. 115(2-3): 231-242. 

 
Biggins, D.E., D.B. Johnson and M.R. Jackson. 1985. Effects of rock structures and 

condensation traps of shrub establishment. Reclamation and Revegetation 
Research. 4(1): 63-71. 

 
Bilby, R.E., J.T. Heffner, B.R. Fransen, J.W. Ward and P.A. Bisson. Effects of 

immersion in water on deterioration of wood from five species of trees used for 
habitat enhancement projects. North American Journal of Fisheries Management. 
19(3): 687-695. 

 
Binkley, D. and P. Sollins. 1990. Factors determining differences in soil pH in adjacent 

conifer and alder-conifer stands. Soil Science Society of America Journal. 54(5): 
1427-1433. 

 
Bjarnason, H., Holdgate, M.W. (ed.) and Woodman, M.J. 1978. Erosion, tree growth and 

land regeneration in Iceland. The breakdown and restoration of ecosystems. 
Plenum Press, New York, USA. 241-248. 

 
Bowers, N.A. 1942. Cone-bearing Trees of the Pacific Coast. McGraw-Hill Book 

Company, Inc. New York. 169 pp. 
 
Braatne, Jeff H. and Stewart B. Rood. 1998. Strategies for promoting natural recruitment 

and restoration of riparian cottonwoods and willows. Paper presented at 



Appendix 4 Page 110 

 
References 

Ecosystem Restoration: Turning the Tide. Society for Ecological Restoration 
Northwest Chapter Conference and Annual Meeting. Tacoma, Washington. 

 
Brand, D.G., P. Kehoe and M. Connors. 1986. Coniferous afforestation leads to soil 

acidification in central Ontario. Canadian Journal of Forest Research. 16(6): 
1389-1391. 

 
Brayshaw, T.C. 1996a. Catkin-bearing Plants of British Columbia. Royal British 

Columbia Museum. Victoria, B.C. 213 pp. 
 
Brayshaw, T.C. 1996b. Trees and Shrubs of British Columbia. Royal British Columbia 

Museum and UBC Press. Victoria, B.C., Canada. 374 pp. 
 
Broad, K.F. and J.W.L. Zehetmayr. 1981. Tree planting on man-made sites in Wales. 

Forestry Commission, Edinburgh, UK. 50 pp. 
 
Brockley, R.P. 1992. Effects of fertilization on the nutrition and growth of a slow-

growing Engelmann spruce plantation in south central British Columbia. 
Canadian Journal of Forest Reasearch. 22(11): 1617-1622. 

 
Brooks. J.E. and J.H. Borden. 1992. Development of a resistance index for Sitka spruce 

against the white pine weevil Pissodes strobi Peck. FRDA Report No. 180. 
Research Branch, B.C. Ministry of Forests. Victoria, B.C. 18 pp. 

 
Buhler, M.L. and S.H. Anderson. 2001. Ruffed grouse (Bonasa umbellus) drumming log 

and habitat use in Grand Teton National Park, Wyoming. Western North 
American Naturalist. 61(2):236-240. 

 
Bull, E.L. 1987. Ecology of pileated woodpecker in northeastern Oregon (USA). Journal 

of Wildlife Management. 51(2): 472-481. 
 
Bull, E.L., M.G. Henjun and R.S. Rohweder. 1989. Nesting and foraging habitat of Great 

Gray Owls. Journal of Raptor Research. 22(4): 107-115. 
 
Bull, E.L., A.L. Wright and M.G. Henjun. 1990. Nesting and diet of Long-eared Owls in 

conifer forests. Condor 91(4): 908-912. 
 
Bull, E.L., A.L. Wright and M.G. Henjun. 1991. Nesting habitat of Flammulated Owls in 

Oregon (USA). Journal of Raptor Research. 24(3): 52-55. 
 
Cade-Menun, B.J., S.M. Berch, C.M. Preston and L.M. Lavkulich. 2000a. Phosphorus 

forms and related soil chemistry of Podzolic soils on northern Vancouver Island. 
1. A comparison of two forest types. Canadian Journal of Forest Research. 
30(11): 1714-1725. 

 



Appendix 4 Page 111 

 
References 

Cade-Menun, B.J., S.M. Berch, C.M. Preston and L.M. Lavkulich. 2000b. Phosphorus 
forms and related soil chemistry of Podzolic soils on northern Vancouver Island. 
2. The effects of clear-cutting and burning. Canadian Journal of Forest Research. 
30(11): 1726-1741. 

 
Camp, A.E. 1999. Age structure and species composition changes resulting from altered 

disturbance regimes on the eastern slope of the Cascades Range, Washington. 
Journal of Sustainable Forestry. 9(3-4): 39-67. 

 
Caramo, H.A., T.A. Abe, C.E. Prescott, F.B. Holl, and C.P. Chanway. 2000. Canadian 

Journal of Forest Research. 30(5): 817-826. 
 
Carey, A.B., 2000. Effects of new forest management strategies on squirrel populations. 

Ecological Applications. 10(1): 248-257. 
 
Carreira, J.A., A.F. Harrison, L.J. Sheppard and C. Woods. Reduced soil P availability in 

a Sitka spruce (Picea sitchensis (Bong.) Carr.) plantation induced by applied acid-
mist: significance in forest decline. Forest Ecology and Management. 92(1-3): 
153-166. 

 
Carter, R.E., A.M. Scagel and K. Klinka. 1986. Nutritional aspects of distorted growth in 

immature forest stands of southwestern coastal British Columbia. Canadian 
Journal of Forest Research. 16(1): 36-41. 

 
Carter, R.E. and K. Klinka. 1992. Variations in shade tolerance of Douglas fir, western 

hemlock and western redcedar in coastal British Columbia. Forest Ecology and 
Management. 55(1-4): 87-105. 

 
Carter, R.V. and M.V. Abrahams. 2000. The infection of pyrola (Pyrola asarifolia; 

Pyrolaceae) by spruce cone rust (Chrysomyza pirolata; Uredinales): 
Morphological correlates in the host and consequences for spore dispersal. 
Ecoscience. 7(3): 357-364. 

 
Chang, S.X. and L.L. Handley. 2000. Site history affects soil and plant 15N natural 

abundances (delta 15N) in forests of northern Vancouver Island, British Columbia. 
Functional Ecology. 14(3): 273-280. 

 
Chen, H.Y.H., K. Klinka and G.J. Kayahara. 1996. Effects of light on growth, crown 

architecture, and specific leaf area for naturally established Pinus contorta var. 
latifolia and Pseudotsuga menziesii var. glauca saplings. Canadian Journal of 
Forest Research. 26(7) 1149-1157. 

 
Chen, H.Y.H. and K. Klinka. 1998. Survival, growth and allometry of planted Larix 

occidentalis seedlings in relation to light availability. Forest Ecology and 
Management. 106(2-3): 169-179. 

 



Appendix 4 Page 112 

 
References 

Chen, Z., T.E. Kolb and K.M. Clancy. 2001. Mechanisms of Douglas-fir resistance to 
western spruce budworm defoliation: Bud burst phenology, photosynthetic 
compensation and growth rate. Tree Physiology. 21(16): 1159-1169. 

 
Chen, H.T.H, K. Klinka, J. Fons and P.V. Krestov. 1998. Characterization of nutrient 

regimes in some continental subalpine boreal forest soils. Canadian Journal of 
Soil Science. 78(3): 467-475. 

 
Christophersen, K.A. and J.P. Howe. 1979. High-value panelling from dead western 

white pine. Forest Products Journal. 29(6): 40-45. 
 
Clark, M.B. 1969. Direct seeding experiments in the southern Interior Region of British 

Columbia. Research Note No. 49. B.C. Forest Service. Victoria, B.C. 10 pp. 
 
Clark, M.B. and A. McLean. 1975. Growth of lodgepole pine seedlings in competition 

with different densities of grass. British Columbia Forest Service Research Note 
No. 70. 10 pp. 

 
Coates, K.D. and P.J. Burton. 1999. Growth of planted tree seedlings in response to 

ambient light levels in northwestern interior cedar-hemlock forests of British 
Columbia. Canadian Journal of Forest Research. 29(9): 1374-1382. 

 
Conservation Data Centre of B.C. (CDC). 2001.  British Columbia Register of Big Trees. 

http://www.env.gov.bc.ca/rib/wis/cdc/trees.htm  
 
Copes, D.L. and N.L. Mandel. 2000. Effects of IBA and NAA treatments on rooting 

Douglas-fir stem cuttings. New Forests. 20(3): 249-257. 
 
Cordes, L.D. 1973. An ecological study of the Sitka Spruce forest on the west coast of 

Vancouver Island. Dissertation Abstracts International. 34(6): 2493. 
 
Coupé, R., C.A. Ray, A. Comeau, M.V. Ketcheson and R.M. Annas. 1982. A guide to 

some common plants of the Skeena area, British Columbia. Land Management 
Handbook Number 4.  Research Branch. Ministry of Forests. Province of British 
Columbia. 215 pp. 

 
Crampton, C.B., 1966. Soils, forests, and pastures in South Wales. Forestry. 39(2): 171-

188. 
 
Crouch, G.L. 1968. Clipping of woody plants by mountain beaver. Journal of 

Mammalogy. 49(1): 151-152. 
 
Cruickshank, M.G., D.J. Morrison and Z.K. Punja. 1997. The incidence of Armillaria 

species in precommercial thinning stumps and spread of Armillaria ostoyae to 
adjacent Douglas-fir trees. Canadian Journal of Forest Research. 27(4): 481-490. 

 

http://www.env.gov.bc.ca/rib/wis/cdc/trees.htm


Appendix 4 Page 113 

 
References 

Cui, M. and W.K. Smith. Photosynthesis, water relations and mortality in Abies 
lasiocarpa seedlings during natural establishment. Tree Physiology. 8(1): 37-46. 

 
Cummings, S.G. 2001. Forest type and wildfire in the Alberta boreal mixedwood: What 

do fires burn? Ecological Applications. 11(1): 97-110. 
 
Daniels, L.D., J. Dorby, K. Klinka and M.C. Feller. 1997. Determining the year of death 

of logs and snags of Thuja plicata in southwestern British Columbia. Canadian 
Journal of Forest Research. 27(7): 1132-1141. 

 
Danielson, R.M. and S. Visser. 1990. The mycorrhizal and nodulation status of container 

grown trees and shrubs reared in commercial nurseries. Canadian Journal of 
Forest Research. 20(5) 609-614. 

 
Davidson, W.H. 1977. Performance of ponderosa pine on bituminous mine spoils in 

Pennsylvania. USDA Forest Service Research Paper No. NE-358. Northeastern 
Forest Experimental Station. 6 pp. 

 
Davidson, W.H., E.A. Sowa and D.H. Graves. 1982. Conifers growing on minespoils 

respond to fertilization. Proceedings, 1982 Symposium on Surface Mining, 
Hydrology, Sedimentology and Reclamation. 115-118. University of Kentucky, 
Lexington, Kentucky, USA. 

 
Davis, M.R. and M.H. Lang. 1991. Increase in nutrient availability in topsoils under 

conifers in the South Island high country. New Zealand Journal of Forestry 
Science. 21(2-3): 165-179. 

 
Dearnley, T.C. and J.G. Ducket. 1999. Juniper in the Lake District National Park. A 

review of condition and regeneration. Watsonia. 22(3): 261-267. 
 
del Moral, R. and R.G. Cates. 1971. Allelopathic potential of the dominant vegetation of 

western Washington. Ecology. 52(6): 103-107. 
 
Douglas, G.W., G.B. Straley and D. Meidinger. 1989-94. Vascular Plants of British 

Columbia. Parts 1-4. Research Branch. Ministry of Forests. Province of British 
Columbia. Victoria, B.C. 

 
Douglas, G.W., G.B. Straley, D. Meidinger and J. Pojar. 1998 – 2002. Illustrated Flora of 

British Columbia. Vols. 1-7. British Columbia Ministry of Environment, Lands 
and Parks and British Columbia Ministry of Forests. Victoria, B.C. 

 
Downes, A. and J. Whelan. 1992. A study of the impact of the European wild rabbit 

(Oryctolagus cuniculus L.), on young tree plantations. Irish Forestry. 49(1-2): 40-
54. 

 



Appendix 4 Page 114 

 
References 

Dragsted, J. 1979. Salt stress in Norway spruce, Sitka spruce and birch. Meddelelser. 
Skovbrugsinstituttet, Denmark, 2 – Forsking. No. 7. 53 pp. 

 
Dupuis, L.A., F.L. Bunnell and P.A. Friele. 2000. Determinants of the tailed frog’s range 

in British Columbia, Canada. Northwest Science. 74(2): 109-115. 
 
Dykstra, P.R., M.P. Curran and J.D. Lousier. 2000. Tree growth on rehabilitated skid 

trails in southeast British Columbia. Forest Ecology and Management. 133(1-2): 
145-156. 

 
duMerle, P., S. Brunet and J.F. Cornic. 1992. Polyphagous potentialities of 

Choristoneura murinana (Hb)(Lep., Tortricidae): A “monophagous” folivore 
extending its host range. Journal of Applied Entomology 113(1): 18-40. 

 
Earle, C. J. 2001. Pseudotsuga menziesii (Mirbel) Franco 1950. from Gymnosperms 

Database. http://www.conifers.org/pi/ps/menziesii.htm  
 
Earle, C. J. 2001a.Tsuga heterophylla (Rafinesque) Sargent 1898. from Gymnosperms 

Database. http://www.conifers.org/pi/ts/heterophylla.htm  
 
Eastham, A.M. and M.J. Jull. 1999. Factors affecting natural regeneration of Abies 

lasiocarpa and Picea engelmannii in a subalpine silvicultural systems trial. 
Canadian Journal of Forest Research. 29(12): 1847-1855. 

 
Edland, T. and G.O. Evans. 1998. The genus Typhlodormus (Acadi: Mesotigmata) in 

Norway. European Journal of Entomology. 95(2): 275-295. 
 
Eglitis, A. and P.E. Hennon. 1997. Porcupine feeding damage in pre-commercially 

thinned conifer stands of central southeast Alaska. Western Journal of Applied 
Forestry. 12(4): 115-121. 

 
Entry, J.A., N.E. Martin, R.G. Kelsey and K. Cromack Jr. 1992. Chemical constituents in 

root bark of five species of western conifer saplings and infection by Armillaria 
ostoyae. Phytopathology. 82(4): 393-397. 

 
Espinosa, B.M.A. and D.A. Perry. 1987. Distribution and increment of biomass in 

adjacent young Douglas-fir stands with different early growth rates. Canadian 
Journal of Forest Research. 17(7): 722-730. 

 
Everett, R., J. Lehmkuhl, R. Schellhaas, P. Ohlson, D. Keenum, H. Riesterer and D. 

Spurbeck. 1999. Snag dynamics in a chronosequence of 26 wildfires on the east 
slope of the Cascade Range in Washington State, USA. International Journal of 
Wildland Fire. 9(4): 223-234. 

 
Fager, R. 1988. Population effects of habitat change: a quantitative assessment. Journal of 

Wildlife Management. 52(1): 41-46. 

http://www.conifers.org/pi/ps/menziesii.htm
http://www.conifers.org/pi/ts/heterophylla.htm


Appendix 4 Page 115 

 
References 

 
Fairbairn, W.A. and S.A. Neustein. Study of response of certain coniferous species to 

light intensity. Forestry. 43(1): 57-71. 
 
Fastie, C.L. 1995. Causes and ecosystem consequences of multiple pathways of primary 

succession at Glacier Bay, Alaska, Ecology 76(6): 1899-1916. 
 
Favorite, J. 2002. USDA Natural Resources Conservation Service. Vine Maple. 

http://plants.usda.gov/cgi_bin/topics.cgi?earl=fact_sheet.cgi  
 
FEIS. 2001 & 2002. U.S. Department of Agriculture, Forest Service, Rocky Mountain 

Research Station, Fire Sciences Laboratory (2001, May). Fire Effects Information 
System, [Online]. Available: http://www.fs.fed.us/database/feis/plants/. 

 
Ferguson, D.E. 1999. Effects of pocket gophers, bracken fern, and western coneflower on 

planted conifers in northern Idaho: An update and two more species. New Forests. 
18(3): 199-217 

 
Forestry Branch. 1950. Native Trees of Canada. Department of Resources and 

Development Canada. King’s Printer and Controller of Stationery. Ottawa. 293 
pp. 

 
Forge, T.A. and J.R. Sutherland. 1996. Distribution and reproduction of Bursaphelenchus 

xylophilus populations in wood and bark of western North American conifers. 
Fundamental and Applied Nematology. 19(4): 341-347. 

 
Francardi, V. and M. Covassi. 1992. Biological and ecological notes on Planococcus 

vovae (Nasonov) (Homoptera Pseudococcidae) living on Juniperus spp. in 
Tuscany. Redia. 75(1): 1-20. 

 
Fule, P.Z., W.W. Covington and M.M. Moore. 1997. Determining reference conditions 

for ecosystem management of southwestern ponderosa pine forests. Ecological 
Applications. 7(3): 895-908. 

 
Fyles, J.W. and M.A.M. Bell. 1986. Vegetation colonizing river gravel bars in the Rocky 

Mountains of southeastern British Columbia. Northwest Science. 60(1): 8-14. 
 
Galloway, G. and J. Worrall. 1979. Cladoptosis: a reproductive strategy in black 

cottonwood? Can. J. For. Res. 9:122-125. 
 
Garcia, D. 1998. Interactions between juniper (Juniperus communis L.) and its fruit pest 

instects: Pest abundance, fruit characteristics and seed viability.Acta Oecologica 
19(6) 517-525. 

 

http://plants.usda.gov/cgi_bin/topics.cgi?earl=fact_sheet.cgi
http://www.fs.fed.us/database/feis/plants


Appendix 4 Page 116 

 
References 

Gardner, D.R. and L.F. James. 1999. Pine needle abortion in cattle: Analysis of 
isocupressic acid in North American gymnosperms. Phytochemical Analysis. 
10(3): 132-136. 

 
Gardner, D.R., K.E. Panter, L.F. James and B.L. Stegelmeier. Abortifacient effects of 

lodgepole pine (Pinus contorta and common juniper (Juniperus communis) on 
cattle. Veterinary and Human Toxicology. 40(5):260-263. 

 
Garison, M.T., J.A. Moore, T.M. Shaw and P.G. Mika. 2000. Foliar nutrient and tree 

growth response of mixed-conifer stands to three fertilization treatments in 
northeast Oregon and north central Washington. Forest Ecology and Management 
132(2-3) 183-198. 

 
Gende, S.M., M.F. Willson, B.H. Marston, M. Jacobson and W.P. Smith. 1998. Bald 

eagle nesting density and success in relation to distance from clearcut logging in 
southeast Alaska. Biological Conservation. 83(2): 121-126. 

 
Goodman, S.D., T.F. Koppe and R.J. Hutnik. 1977. Revegetation of strip-mine spoils 

with containerised tree seedlings. Fifth Symposium on Surface Mining and 
Reclamation. American Association of Surface Mining and Reclamation. 1977 
16-19. 

 
Gorman, E.V., P.M. Enriquez, C. Jung and L. Josephson. 1994. Arabinogalactan for 

hepatic drug delivery. Bioconjugate Chemistry. 5(6): 547-556. 
 
Gottesfeld, L.M.J. 1994. Wet’Suwet’en ethnobotany: Traditional plant uses. Journal of 

Ethnobotany. 14(2): 185-210. 
 
Gray, D.H. and A.T. Leiser. 1982. Biotechnical Slope Protection and Erosion Control. 

Van Nostrand Reinhold Company Inc. Scarborough, Ontario, 271 pp. (reprinted 
by Krieger Publishing Co. Malabar, Florida). 

 
Griffin, J.J., F.A. Blazich and T.G. Ranney. 1998. Propagation of Thuja ‘Green Giant’ by 

stem cuttings: Effect of growth stage, cutting type and IBA treatment. Journal of 
Environmental Horticulture. 16(4): 212-214. 

 
Griffiths, A.J.F. and F.R. Ganders. 1983. Wildflower Genetics A Field Guide for British 

Columbia and the Pacific Northwest. University of British Columbia. Flight 
Press. Vancouver, B.C. 215 pp. 

 
Griffiths, R.P., A.C. Chadwick, M. Robatzek, K. Schauer and K.A. Schaffroth. 1995. 

Association of ectomycorrhizal mats with Pacific yew and other understory trees 
in coniferous forests. Plant and Soil. 173(2): 343-347. 

 



Appendix 4 Page 117 

 
References 

Griffiths, R.P., J.E. Baham and B.A. Caldwell. 1994. Soil solution chemistry of 
ectomycorrhizal mats in forest soils. Soil Biology and Biochemistry. 26(3): 331-
337. 

 
Guppy, C.S. and J.H. Shepard. 2001. Butterflies of British Columbia. Royal British 

Columbia Museum. UBC Press. Vancouver, B.C. 414 pp. 
 
Habeck, R.J. 1992. Pinus ponderosa var. ponderosa. in FEIS, 2001. 
 
Habeck, R.J.. 1968. Forest succession in the Glacier Park Cedar – Hemlock forests. 

Ecology. 49(5): 872-880. 
 
Hadfield, J.S. and P.T. Flanagan. 2000. Dwarf mistletoe pruning may induce Douglas-fir 

beetle attacks. Western Journal of Applied Forestry. 15(1): 34-36. 
 
Hadley, E.B. 1969. Physiological ecology of Pinus ponderosa in southwestern North 

Dakota. American Midland Naturalist. 81(2): 289-314. 
 
Haeussler, S. D. Coates and J. Mather. 1990. Autecology of Common Plants in British 

Columbia: A Literature Review. FRDA Report 158. Ministry of Forests, Research 
Branch. Victoria, B.C. 

 
Hanley, T.A. and J. C. Barnard. 1999. Spatial variations in population dynamics of Sitka 

mice in floodplain forests. Journal of Mammalolgy. 80(3): 866-879. 
 
Hansen, O.B. and T.G. Leivsson. 1990. Germination and seedling growth in Abies 

lasiocarpa (Hook.) Nutt. as affected by provenance, seed pre-treatment, and 
temperature regime. Scandinavian Journal of Forest Research 5(3): 337-346. 

 
Hansen, W.W., 2002. Native Plants of the Northwest. http://www.nwplants.com 
 
Hardy BBT Limited. 1989. Manual of Plant Species Suitability for Reclamation in 

Alberta - 2nd Edition. Alberta Land Conservation and Reclamation Council 
Report No. RRTAC 89-4. Edmonton, Alberta.  

 
Harper, P.A. and A.S. Harestad. 1986. Vole damage to coniferous trees on Texada Island. 

Forestry Chronicle. 62(5): 429-432. 
 
Harvey, A.E., M.J. Larsen, M.F. Jurgensen and E.A. Jones. 1989. Nitrogenase activity 

associated with decayed wood of living northern Idaho conifers. Mycologia. 
81(5):765-771. 

 
Harvey, A.E., G.I. McDonald, M.F. Jurgensen, M.J. Larsen, J.R. Tonn, D.M. 

Baumgartner (ed.) and J.E. Lotan (ed.). 1994. Microbes: driving forces for long-
term ecological processes in the Inland Northwest’s cedar-hemlock-white pine 

http://www.nwplants.com/


Appendix 4 Page 118 

 
References 

forests. Interior cedar-hemlock-white pine forests: ecology and management. 
Symposium proceedings, The Redpath Hotel, Spokane, WA. March 2-4, 1993.  

 
Heilman, P.E. 1990. Growth of Douglas-fir and red alder on coal spoils in western 

Washington USA. Soil Science Society of America Journal. 54(2): 522-527. 
 
Hershey, K.T., E.C. Meslow and F.L. Ramsey. 1998. Characteristics of forests at spotted 

owl nest sites in the Pacific Northwest. Journal of Wildlife Management. 62(4): 
1398-1410. 

 
Hessl, A.E., P.J. Weisberg and W.L. Baker. 1996. Spatial variability of radial growth in 

the forest-tundra ecotone of Rocky Mountain National Park, Colorado. Bulletin of 
the Torrey Botanical Club. 123(3): 206-212. 

 
Higgins, S.S., R.A. Black, G.K. Redamaker and W.R. Bidlake. 1987. Gas exchange 

characteristics and water relations of Larix occidentalis. Canadian Journal of 
Forest Research. 17(11): 1364-1370. 

 
Hitchcock, C.L. and A. Conquest. 1973.  Flora of the Pacific Northwest an illustrated 

manual. University of Washington Press. Seattle, Washington. 730 pp. 
 
Hoff, C.C. 1957. A comparison of soil, climate and biota of conifer and aspen 

communities in the central Rocky Mountains. American Midland Naturalist. 
58(1): 115-140. 

 
Holah, J.C., M.V. Wilson and E.M. Hansen. 1993. Effects of a native forest pathogen, 

Phillinus weirii, on Douglas-fir forest composition in western Oregon. Canadian 
Journal of Forest Research. 23(12): 2473-2480. 

 
Holimon, W.C., C.W. Benkman and M.F. Willson. 1998. The importance of mature 

conifers to red crossbills in southeast Alaska. Forest Ecology and Management. 
102(2-3): 167-172. 

 
Horton, K.W. 1958. Rooting habits of Lodgepole Pine. Technical Note No. 67. Canadian 

Forestry Branch. 26 pp. 
 
Houle, G. and P. Babeux. 1994. Variations in rooting ability of cuttings and in seed 

characteristics of five populations of Juniperus communis var. depressa from 
subarctic Quebec. Canadian Journal of Botany. 72(4):493-498. 

 
Howard, J.L. 2001. Pinus ponderosa var. scopulorum. In FEIS, 2001. 
 
Hulten, E. 1968. Flora of Alaska and Neighboring Territories A manual of the Vascular 

Plants. Stanford University Press, Stanford, California. 1008 pp. 
 



Appendix 4 Page 119 

 
References 

Hunt, R.S. 2000. White pine blister rust, root disease, and bears. Western Journal of 
Applied Forestry. 15(1): 38-39. 

 
Huntsinger, L. 1996. Grazing in a California silvopastoral system: effects of defoliation 

season, intensity and frequency on deer brush, Ceanothus integerrimus Hook. & 
Arn. Agroforestry Systems. 34(1): 67-82. 

 
Hyatt, T.L. and R.J. Naiman. 2001. The residence time of large woody debris in the 

Queets River, Washington, USA. Ecological Applications. 11(1): 191-202. 
 
Joy, J.B. 2000. Characteristics of nest cavities and nest trees of the Red-breasted 

sapsucker in coastal montane forests. Journal of Field Ornithology. 71(3): 525-
530. 

 
Jumpponen, A. H. Vare, K.G. Mattson, R. Ohtonen and J.M. Trappe. 1999. 

Characterization of ‘safe sites’ for pioneers in primary succession on recently de-
glaciated terrain. Journal of Ecology. 87(1): 98-105. 

 
Kahn, S.R., R.Rose, D.L. Haase and T.E. Sabin. 2000. Effects of shade on morphology, 

chlorophyll concentration and chlorophyll flourescence of four Pacific Northwest 
conifer species. New Forests. 19(2): 171-186. 

 
Kapahi, B.K. and T.N. Srivastava. 1999. Taxo-ethnobotanical observations on the 

gymnosperms of Poonch District, India. Journal of Economic and Taxonomic 
Botany. 23(1): 155-160. 

 
Kayahara, G.J., R.E. Carter, and K. Klinka. 1995. Site index of western hemlock (Tsuga 

heterophylla) in relation to soil nutrient and chemical measures. Forest Ecology 
and Management. 74(1-3): 161-169. 

 
Kayahara, G.J., K. Klinka and A.C. Schroff. 1997. The relationship of site index to 

synoptic estimates of soil moisture and nutrients for western redcedar (Thuja 
plicata) in southern coastal British Columbia. Northwest Science. 71(3): 167-173. 

 
Kaye, J.P. and S.C. Hart. 1998. Ecological restoration alters nitrogen transformations in a 

ponderosa pine – bunchgrass ecosystem. Ecological Applications. 8(4): 1052-
1060. 

 
Keller, A.C. 1942. Acer glabrum and its Varieties. American Midland Naturalist. 27 (2) 

491-500. 
 
Kellner, A.M. E., C.P. Laroque, D.J. Smith and A.S. Harestad. 2000. Chronological 

dating of high-elevation dead and dying trees on northern Vancouver Island, 
British Columbia. Northwest Science. 74(3): 242-247. 

 



Appendix 4 Page 120 

 
References 

Kennedy, C.E. (ed.). 1993. Guidelines for Reclamation / Revegetation in the Yukon. 
Habitat Management Section, Fish and Wildlife Branch, Yukon Renewable 
Resources. Whitehorse, Yukon. 

 
Kingery, J.L., R.T. Graham and J.S. White. 1987. Damage to first-year conifers under 

three livestock grazing intensities in Idaho. Research Paper No. INT-376. USDA 
Forest Service. Intermountain Research Station. 8 pp. 

 
Klinka, K., M.C. Feller and L.E. Lowe. 1981. Characteristics of the Most Productive 

Ecosystems for Growth of Pseudotsuga menziesii var. menziesii in Southwestern 
British Columbia. Supplement to Land Management Report Number 6. B.C. 
Ministry of Forests. Victoria, B.C. 

 
Klinka, K., V.J. Krajina, A. Ceska and A.M. Scagel. 1989. Indicator Plants of Coastal 

British Columbia. Univ. of B.C. Press. Vancouver, B.C. 
 
Kobe, R.K and D.K. Coates. 1997. Models of sapling mortality as a function of growth to 

characterize inter-specific variation in shade tolerance of eight tree species of 
northwestern British Columbia. Canadian Journal of Forest Research. 27(2): 227-
236. 

 
Krajina, V.J. and R.C. Brooke (eds.).1970. Ecology of Western North America. 

Department of Botany, University of British Columbia. Vol. 2, No. 1 & 2. 
Mitchell Press Ltd. Vancouver, B.C. 

 
Kreisel, K.J. and S.J. Stein. 1999. Bird use of burned and unburned coniferous forests 

during winter. Wilson Bulletin. 111(2): 243-250. 
 
Kroh, G.C., J.D. White, S.K. Heath and J.E. Pinder III. 2000. Colonization of a volcanic 

mudflow by an upper montane coniferous forest at Lassen Volcanic National 
Park, California. American Midland Naturalist. 143(1): 126-140. 

 
Kruckeberg, A.R. 1996. Gardening with Native Plants of the Pacific Northwest. 2nd ed. 

University of Washington Press. Seattle, Washington. (Greystone Books (Douglas 
& McIntyre). Vancouver, B.C.). 282 pp. 

 
Kuijt, Job. 1982. A Flora of Waterton Lakes National Park. University of Alberta Press. 

Edmonton, Alberta. 684 pp. 
 
Kulhavy, D.L., R.J. Chacko and A.D. Partridge. 1978. Some decay and disease fungi 

isolated from western white pine in northern Idaho. Plant Disease Reporter. 62(4): 
332-336. 

 
Lait, C.G., S.L. Bates, J.H. Bordon and A.R. Kermode. 2001. Protein reserve hydrolysis 

in Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) following feeding the the 
western conifer seed bug. Seed Science and Technology. 29()3): 609-617. 

 



Appendix 4 Page 121 

 
References 

Las Pilitas, 2001. Las Pilitas Nursery. Escondido and Santa Margarita, California. 
http://www.laspilitas.com  

 
Latham, J. 2000. Use of thicket stages of Scottish conifer plantations by red and roe deer 

in relation to openness. Forestry Oxford. 73(4): 403-406. 
 
Leaphart, C.D. and E.F. Wicker. 1966. Explanations of pole blight from responses of 

seedling grown in modified environments. Canadian Journal of Botany. 44(2): 
121-137. 

 
Lewis, K.J. and B.S. Lindgren. 1999. Influence of decay fungi on species composition 

and size class structure in mature Picea glauca X engelmannii and Abies 
lasiocarpa forests of central British Columbia. Forest Ecology and Management. 
123(2-3): 135-143. 

 
Lewisohn, D., E. Lewisohn, C. L. Bertagnolli and A. D. Patridge. 1994. Blue-stain fungi 

and their transport structures on Douglas-fir beetles. Canadian Journal of Forest 
Research. 24(11): 2275-2283. 

 
Li, X.J., P.J. Burton and C.L. Leadem. 1994. Interactive effects of light and stratification 

on the germination of some British Columbia conifers. Canadian Journal of 
Botany. 72(11): 1635-1646. 

 
Linnaea Nurseries Ltd. 2002. Wholesale catalogue, fall 2002 – spring 2003. Langley B.C. 

www.linnaeanurseries.com  
 
Livingston, R.L., J.E. Dewey, D.P. Beckman and L.E. Stipe. 2000. Distribution of the 

balsam woolly adelgid in Idaho. Western Journal of Applied Forestry. 15(4): 227-
231. 

 
Long, C.J., C. Whitlock, P.J. Bartein and S.H. Millspaugh. 1998. A 9000-year fire history 

from the Oregon coast range based on a high-resolution charcoal study. Canadian 
Journal of Forest Research. 28(5) 774-787. 

 
Looman, J. 1983. 111 Range and Forage Plants of the Canadian Prairies. Research 

Branch, Agriculture Canada. Publication 1751. Canadian Government Publishing 
Centre, Ottawa, Canada. 255 pp. 

 
Looman, J. and K.F. Best. 1979. Budd’s Flora of the Canadian Prairie Provinces. 

Research Branch, Agriculture Canada. Publication 1662. Canadian Government 
Publishing Centre. Hull, Quebec. 863 pp. 

 
Lui, Y.B. and J.A. McLean. 1993. Observations on the biology of the ambrosia beetle 

Gnathotrichus retusus (Leconte) (Coleoptera: Scolytidae). 
 

http://www.laspilitas.com/
http://www.linnaeanurseries.com/


Appendix 4 Page 122 

 
References 

Lyons, C.P. 1995. Trees Shrubs and Flowers to Know in British Columbia and 
Washington. Lone Pine Publishing. Vancouver, B.C. 375 pp. 

 
McClelland, B.R. and P.T. McClelland. 1999. Pileated woodpecker nest and roost trees in 

Montana:  Links with old-growth and forest health. Wildlife Society Bulletin 
27(3): 846-857. 

 
McClelland, B.R. and P.T. McClelland. 2000. Red-naped sapsucker nest trees in northern 

Rocky Mountain old-growth forest. Wilson Bulletin 112(1): 44-50. 
 
McCune, B. 1986. Root competition in a low-elevation grand fir (Abies grandis) forest in 

Montana (USA): A trenching experiment. Northwest Science 60(1): 52-54. 
 
McLeod, A.J. and E. Rapp. 1978. Reforestation in Alberta. Agriculture and Forestry 

Bulletin. University of Alberta 1(3): 8-13. 
 
MacKinnon, A., J. Pojar and R. Coupe. (eds.). 1992. Plants of Northern British 

Columbia. B.C. Ministry of Forests. Lone Pine Publishing. Edmonton, Alberta. 
352 pp. 

 
Maher, T.F. and R.F. Shepherd. 1992. Mortality and height growth losses of coniferous 

seedlings damaged by the black army cutworm. Canadian Journal of Forest 
Research. 22(9): 1364-1370. 

 
Mallet, K.I. and D.G. Maynard. 1998. Armillaria root disease, stand characteristics and 

soil properties in young lodgepole pine. Forest Ecology and Management. 105(1-
3): 37-44. 

 
Mandre, M. and K. Ots. 1999. Growth and biomass partitioning of 6 year old spruces 

under alkaline dust impact. Water, Air and Soil Pollution. 114(1-2): 13-25. 
 
Mason, R.R., D.W. Scott, M.D. Loewen and H.G. Paul. 1998. Recurrent outbreak of the 

Douglas-fir tussock moth in the Malheur National Forest: A case history. US 
Forest Service General Technical Report -  PNW. 0(402): 1-14. 

 
Mathiasen, R.L. 1998. Comparitive susceptibility of conifers to larch dwarf mistletoe in 

the Pacific Northwest. Forest Science. 44(4) 559-568. 
 
Mathiasen, R.L. 1999. Comparative susceptibility of subalpine firs to Douglas fir dwarf 

mistletoe. Canadian Journal of Plant Pathology. 21(1): 45-51. 
 
Matrai, K, V. Altbacker and I. Hahn. 1998. Seasonal diet of rabbits and their browsing 

effects on juniper in Bugac Juniper Forest (Hungary). Acta Theriologica 43(1): 
107-112. 

 



Appendix 4 Page 123 

 
References 

Megahan, W.F. 1974. Deep-rooted plants for erosion control on granitic road fills in the 
Idaho Batholith. USDA Forest Service Research Paper No. INT-161. 
Intermountain Forest and Range Experimental Station. 18 pp. 

 
Messier, C. 1993. Factors limiting early growth of western red cedar, western hemlock 

and Sitka spruce seedlings on ericaceous-dominated clearcut sites in coastal 
British Columbia. Forest Ecology and Management. 60(3-4): 181-206. 

 
Michelle, D. 2001. Acer glabrum in FEIS, 2002. 
 
Miller, E.A. and C.B. Halpern. 1998. Effects of environment and grazing disturbance on 

tree establishment in meadows of the central Cascade Range, Oregon, USA. 
Journal of Vegetation Science. 9(2): 265-282. 

 
Miller, G.E. and D.S. Ruth. 1989. The relative importance of cone and seed insect species 

on commercially important conifers in British Columbia. Proceedings of the 3rd 
Cone and Seed Insects Working Party Conference, Victoria, B.C. June 26-30, 
1988. pages 25-34. 

 
Minore, D. and H.G. Weatherly. 1994. Riparian trees shrubs and forest regeneration in 

the coastal mountains of Oregon. New Forests. 8(3): 249-263. 
 
Moffat, A.J. and C.J. Roberts. 1989. Experimental tree planting on a china clay spoil in 

Cornwall. Quarterly Journal of Forestry. 83(3): 149-156.. 
 
Monk, R.W. 1960. Growth and survival of some ornamental plants on salinized soils and 

substrates and the resistance of their protoplasm as related to salt tolerance. 
Abstract of thesis. Dissertation Abstracts 21(6): 1319. 

 
Monk, R.W. and H.H. Wiebe. 1961. Salt tolerance and protoplasmic salt hardiness of 

various woody and herbaceous ornamental plants. Plant Physiology. 36(4): 478-
482. 

 
Morrison, D.J, G.M Wallis and L.C. Weir. 1988. Control of Armillaria and Phellinus root 

disease; 20-year results from the Skimikin stump removal experiment. 
Information report No. BC-X-302. Canadian Forestry Service, Pacific Forestry 
Centre. Victoria, B.C. 16 pp. 

 
Mougeot, C. 1996. Natural Land Reclamation for Mineral Exploration Properties and 

Placer Mines in Yukon. Indian and Northern Affairs Canada, Yukon Region. 
Whitehorse, Yukon. 203 pp. 

 
Mueggler, W.F. 1965. Ecology of seral shrub communities in the Cedar- Hemlock Zone 

of Northern Idaho. Ecological Monographs. 35(2): 165-185. 
 



Appendix 4 Page 124 

 
References 

Myers, J.F. and G.E. Howe. 1990. Vegetative propagation of Rocky Mountain Douglas-
fir by stem cuttings. Tree planters’ Notes. 41(3): 3-6 

 
Navratil, S. and M.C. McLaughlin. 1979. Field survey techniques can detect SO pollution 

effects of white pine up to 120 km. Abstract only. Phytopathology. 69(8): 918. 
 
Norecol Environmental Consultants Ltd. 1984. Use of Native Plant Species in 

Reclamation of Wildlife Habitat at the Fording River Operations. unpublished 
report prepared for Cominco Ltd., Trail, B.C. 54 pp. 

 
Northup, R.R., R.A. Dahlgren and J.G. McColl. 1998. Pygmy forest: A positive 

feedback? Biogechemistry Dordrecht. 42(1-2): 189-220. 
 
Nosko, P and K.A. Kershaw. 1992. The influence of pH on the toxicity of a low 

concentration of aluminium to white spruce seedlings. Canadian Journal of 
Botany. 70(7): 1488-1492. 

 
Nyberg, J.B. and D.W. Janz. 1990(eds.)Deer and Elk Habitats in Coastal Forests of 

Southern British Columbia.  Ministry of Forests and Ministy of Environment. 
Ministry of Forests Research Branch. Victoria. 324 pp. 

 
O’Dea, M.E., J.C. Zasada and J.C. Tappeiner. 1995. Vine maple clone growth and 

reproduction in managed and unmanaged coastal Oregon Douglas-fir forests. 
Ecological Applications. 5(1): 63-73. 

 
Ogden, A.E. and M.G. Schmidt. 1997. Litterfall and soil characteristics in canopy gaps 

occupied by vine maple in a coastal western hemlock forest. Canadian Journal of 
Soil Science, 77(4): 703-711. 

 
O’Halloran, J., P.M. Walsh, P.S. Giller, T.C. Kelly, B. Duffy. 1999. An assessment of 

avian biodiversity and opportunities for enhancement in Ireland’s forests: 
preliminary results. Irish Forestry. 55(2): 2-14. 

 
O’Hara, K.L. 1995. Early height development and species stratification across five 

climax series in the eastern Washington cascade range. New Forests 9(1): 53-60. 
 
Oosterbaan, A. 1990. The growth of Picea and Abies species in East Flevoland. 

Nederlands Bosbouwtijdschrift. 62(3): 85-89. 
 
Oswald, B.P., K. Wellner, R. Boyce and L.F. Neuenschwander. 1999. Germination and 

initial growth of four coniferous species on varied duff depths in northern Idaho. 
Journal of Sustainable Forestry. 8(1): 11-21. 

 
Oswald, B.P and L F. Neuenschwander. 1995. Mortality of western larch seedlings in 

relation to seedbed characteristics at the dry end of its ecological range. Bulletin 
of the Torrey Botanical Club. 122(2): 101-108. 



Appendix 4 Page 125 

 
References 

 
Oswald, B.P., K. Wellner, R. Boyce, L.F. Neuenschwander. 1999. Germination and 

initial growth of four coniferous species on varied duff depths in northern Idaho. 
Journal of Sustainable Forestry. 8(1): 11-21. 

 
Page-Dumroese, D.S., A.E. Harvey, M.F. Jurgensen, M.P. Amaranthus and H. Krause. 

1998. Impacts of soil compaction and tree stump removal on soil properties and 
outplanted seedlings in northern Idaho, USA. Canadian Journal of Soil Science. 
78(1): 29-34. 

 
Page-Dumroese, D.S., A. Harvey, M.Jurgensen, R. Graham and W.C. Schmidt (eds); 

McDonald, K.J. 1995. Ectomycorrhizal relationships in western larch ecosystems. 
Ecology and management of Larix forests: a look ahead. Proceedings of an 
international symposium, Whitefish, Montana, USA. October 1-9, 1992. General 
Technical Report No. INT-GTR-319. pages 342-348. USDA Forest Service, 
Intermountain Research Station. Ogden, Utah.  

 
Palaniyandi, R., A. Leiser and J. Paul. 1979. Effect of de-icing salt (NaCl) on 4 conifer 

species. HortScience. 14(3): 409. 
 
Pan, W.L., R.A. Black, J.B. Harsh, J.H. Bassman, J.S. Boyle, R.J. Wright (ed.) and V.C. 

Baligar (ed.); Murrmann, R.P. 1991. Morphology, root conductivity, and mineral 
accumulation of Northwest US tree species in response to acid deposition in 
artificial soil. Plant-soil interactions at low pH. Proceedings of the second 
international symposium, 24-29 June 1990. Beckley, West Virginia, USA. 989-
997. Developments in Plant and Soil Sciences, Volume 45. Kluwer Academic 
Publishers. Dordrecht, Netherlands.  

 
Park, C.G., E.L. Bull, R.O. Tinnin, J.F. Shepherd and A.K. Blumton. 1999. Wildlife use 

of dwarf mistletoe brooms in Douglas-fir in northeast Oregon. Western Journal of 
Applied Forestry. 14(2): 100-105. 

 
Parker, A.J. 1988. Stand structure in subalpine forests of Yosemite National Park, 

Claifornia. Forest Science. 34(4):1047-1058. 
 
Parish, R., R. Coupé and D. Lloyd(eds.). 1996. Plants of Southern Interior British 

Columbia and the Inland Northwest. B.C. Ministry of Forests and Lone Pine 
Publishing. Vancouver, B.C. 461 pp. 

 
Pauley, G.R., J.M. Peek and P. Zager. 1993. Predicting white-tailed deer habitat use in 

northern Idaho. Journal of Wildlife Management 57(4): 904-913. 
 
Peck, J.E., W.S. Hong and B. McCune. 1995. Diversity of epiphytic bryophytes on three 

host tree species, Thermal Meadow, Hotsprings Island, Queen Charlotte Islands, 
Canada. Bryologist. 98(1): 123-128. 

 



Appendix 4 Page 126 

 
References 

Pekins, P.J., F.G. Lindzey and J.A. Gessaman. Physical characteristics of blue grouse 
winter use-trees and roost sites. Great Basin Naturalist. 51(3): 244-248. 

 
Peterson, E.B. and N.M. Peterson. 1992. Ecology, Management, and Use of Aspen and 

Balsam Poplar in the Prairie Provinces, Canada. For. Can., Northwest Reg., 
North, For. Cent., Special Report 1. Edmonton, Alberta 

 
Peterson, E.B. and N.M. Peterson. 1977. Revegetation Information Applicable to Mining 

Sites in Northern Canada. Indian and Northern Affairs. Environmental Studies 
No. 3. QS-8144-000-EE-A1. Ottawa. 

 
Pettinger, A. and B. Costanzo. 2002. Native Plants in the Coastal Garden. Whitecap 

Books. North Vancouver, B.C. Canada. 232 pp. 
 
Plants for a Future, 2002. Database search results. http://www.scs.leeds.ac.uk/cgi-

bin/pfaf/arr_html  
 
Pojar, J. and A. MacKinnon(eds.). 1994. Plants of Coastal British Columbia including 

Washington, Oregon and Alaska. B.C. Ministry of Forests. Lone Pine Publishing. 
Edmonton, Alberta. 527 pp. 

 
Pojar, J, R. Love, D. Meidinger and R. Scagel. 1982. Some Common Plants of the Sub-

boreal Spruce Zone. B.C. Ministry of Forests. Research Branch. Publication No. 
H28-81073. Victoria, B.C. 102 pp.s 

 
Polster, D.F. 1977. Plant Communities of the alpine and meadow areas of southeastern 

British Columbia. unpublished M.Sc. thesis. University of Victoria. Victoria B.C. 
160 pp 

 
Polster, D.F. 1987. Rogers Pass Project 1986: Environmental Supervision, Monitoring 

and Reclamation Program. unpublished report prepared for CP Rail, Special 
Projects. Calgary, Alberta 

 
Polster, D.F. 1995. Island Copper Mine Reclamation Strategy. unpublished report 

prepared for BHP Minerals, Island Copper Mine, Port Hardy, B.C. 
 
Polster, D.F. 1999. Introduction to Soil Bioengineering: Soil Bioengineering for Forest 

Land Reclamation and Slope Stabilization. Course materials for training 
professional and technical staff.  B.C. Ministry of Forests Resource Tenure and 
Engineering Branch. Polster Environmental Services, September, 1999. 

 
Polster, D.F., B. Welchman and C. Hanks. 2001. Revegetation Strategy at the Island 

Copper Mine. Paper presented at the B.C. Mine Reclamation Symposium. 
Campbell River, B.C. September 24-27, 2001. 

 

http://www.scs.leeds.ac.uk/cgi-bin/pfaf/arr_html
http://www.scs.leeds.ac.uk/cgi-bin/pfaf/arr_html


Appendix 4 Page 127 

 
References 

Poole, K.G., D.C. Heard and G. Mowat. 2000. Habitat use by woodland caribou near 
Takla Lake in central British Columbia. Canadian Journal of Zoology. 78(9): 
1552-1561. 

 
Pratt, J.E. 2000. Effect of inoculum density and borate concentration in a stump treatment 

trial against Heterobasidion annosum. Forest Pathology. 30(5): 277-283. 
 
Prescott, C.E. and S.M. Brown. 1998. Five-year growth response of western red cedar, 

western hemlock and amabilis fir to chemical and organic fertilizers. Canadian 
Journal of Forest Research. 28(9): 1328-1334. 

 
Radwan, M.A. and G.L. Crouch. 1974. Plant characteristics related to feeding preference 

by black-tailed deer. Journal of Wildlife Management. 38(1): 32-41. 
 
Raffa, K.F. and A.A. Berryman. 1987. Interacting selective pressures in conifer-bark 

beetle systems: A basis for reciprocal adaptations? American Naturalist 129(2): 
234-262. 

 
Redfern, D., R. Boswell and J. Proudfoot. 2000. Forest Condition 1999. Information Note 

No. 33. Forestry Commission, Edinburgh, UK. 6 pp. 
 
Reed, R.M. 1976. Coniferous forest habitat types of the Wind River Mountains, 

Wyoming. American Midland Naturalist. 95(1): 159-173. 
 
Renault, S., E. Paton, G. Nilsson, J.J. Zwiazek and M.D. MacKinnon. 1999. Responses of 

boreal plants to high salinity oil sands tailings water. Journal of Environmental 
Quality. 28(6): 1957-1962. 

 
Rettie, W.J., J.W. Sheard and F. Messier. 1997. Identification and description of forested 

vegetation communities available to woodland caribou: Relating wildlife habitat 
to forest cover data. Forest Ecology and Management. 93(3): 245-260. 

 
Rhoades, C.C. and D. Binkley. 1992. Spatial extent of impact of red alder on soil 

chemistry of adjacent conifer stands. Canadian Journal of Forest Research. 22(9): 
1434-1437. 

 
Ritch-Krc, E.M., S. Thomas, N.J. Turner, and G.H.N. Towers. 1996. Carrier herbal 

medicine: Traditional and contemporary plant use. Journal of 
Ethnopharmacology. 52(2) 85-94. 

 
Ritch-Krc, E.M., N.J. Turner, and G.H.N. Towers. 1996a. Carrier herbal medicine: an 

evaluation of anti-microbial and anti-cancer activity in some frequently used 
remedies. Journal of Ethnopharmacology. 52(2) 151-156. 

 



Appendix 4 Page 128 

 
References 

Robertson, I.C. Reproduction and developmental phenology of Ips perturbatus 
(Coleoptera: Scolytidae) inhabiting white spruce (Pinaceae). Canadian 
Entomologist. 132(4): 529-537. 

 
Roche, C.J.T. and A.J. Busacca. 1987. Soil - vegetation relationships in a subalpine 

grassland in northeastern Washington (USA). Northwest Science. 61(3): 139-147. 
 
Roe, N.A. and A. J. Kennedy. 1989. Moose and deer habitat use and diet on a reclaimed 

mine in west central Alberta.  Proceedings of the conference: Reclamation, a 
global perspective. pages 127-135. August 27-31, 1989. Calgary, Alberta, 
Canada. Alberta Land Conservation and Reclamation Council Report No. 
RRTAC 89-2. Edmonton, Alberta, Canada. 

 
Rominger, E.M. and J.L. Oldemeyer, 1989. Early-winter habitat of woodland caribou, 

Selkirk Mountains, British Columbia (Canada). Journal of Wildlife Management. 
53(1): 238-243. 

 
Rominger, E.M., C.T. Robbins and M.A. Evans. 2000. Autumn foraging dynamics of 

woodland caribou in experimentally manipulated habitats of northeastern 
Washington, USA. Journal of Wildlife Management. 64(1): 160-167. 

 
Ronnberg, J. G. Vollbrecht and I.M. Thomsen. 1999. Incidence of butt rot in a tree 

species experiment in northern Denmark. Scandinavian Journal of Forest 
Research. 14(3): 234-239. 

 
Rose, Robin, Caryn E.C. Chachulski and Diane L. Haase. 1998. Propagation of Pacific 

Northwest Native Plants. Oregon State University Press. Corvallis Oregon. 248 
pp. 

 
Rosen, E. 2000. Restoration of alvar vegetation on Oland Sweden. Applied Vegetation 

Science. 3(1): 65-72. 
 
Rousset, O. amd J. Lepart. 1999. Shrub facilitation of Quercus humils regeneration in 

succession on calcareous grasslands. Journal of Vegetation Science. 10(4): 493-
502. 

 
Roversi, P,F. and A. Binazzi. 1996. Life cycle of the Douglas-fir woolly aphid 

Gilletteella coweni (Gillette) in Central Italy (Homoptera Adelgidae). Redia. 
76(2): 241-245. 

 
Ruess, L. P. Sandbach, P. Cudlin, J. Dighton and A. Crossley. 1996. Acid deposition in a 

spruce forest soil: effects on nematodes, mycorrhizas and fungal biomass. 
Pedobiologia. 40(1): 51-66. 

 
Ruggiero, L.F., D.E. Pearson and S.E. Henry. 1998. Characteristics of American marten 

den sites in Wyoming. Journal of Wildlife Management. 62(2) 663-673. 



Appendix 4 Page 129 

 
References 

 
Russell Ecological Consultants. 1987. Evaluation of trees and shrubs for oil sands 

reclamation: field trial results. Forest Service. Alberta Forestry. Lands and 
Wildlife. Edmonton, Alberta, Canada. 42 pp. 

 
Sala, A., E.V. Carey and M. Callaway-Ragan. 2001. Dwarf mistletoe affects whole-tree 

water relations of Douglas fir and western larch primarily through changes in leaf 
to sapwood ratios. Oecologia – Berlin. 126(1):42-52. 

 
Sanchez de Medina, F., M.A. Gamex, I Jimenez, J. Jimenez, J.I. Osuna and A. Zarzuelo. 

1994. Hypoglycemic activity of Juniper “Berries”. Planta Medica 60(3): 197-200. 
 
Schiechtl, H. M. (Trans. N.K. Horstmann, 1980). Bioengineering for Land Reclamation 

and Conservation. University of Alberta Press. Edmonton. Alberta. 404 pp. 
 
Schlesinger, W.H., E.H. DeLucia and W.D. Billings. 1989. Nutrient use efficiency of 

woody plants on contrasting soils in the western Great Basin, Nevada. Ecology. 
70(1): 105-113. 

 
Schoennagel, T.L. and D.M. Waller. 1999. Understory responses to fire and artificial 

seeding in an eastern Cascades Abies grandis forest, USA.Canadian Journal of 
Forest Research. 29(9): 1393-1401. 

 
Schreiner, E.G., K.A. Krueger, P.J. Happe and D.B. Houston. 1996. Understory patch 

dynamics and ungulate herbivory in old-growth forests of Olympic National Park, 
Washington. Canadian Journal of Forest Research. 26(2): 255-265. 

 
Schmidt, W.C., R.C. Shearer and A.L. Roe. 1976. Ecology and silviculture of Western 

Larch forests. Intermountain Forest and Range Experimental Station, Ogden, Utah 
84401. USDA Forest Service Technical Bulletin No. 1520. 

 
Senyk, J. and D. Craigdallie. 1996. Effects of harvesting methods on soil properties and 

forest productivity on Interior British Columbia. Information Report No. BC-X-
365E. Canadian Forest Service, Pacific Forestry Centre. Victoria. B.C. 37 pp. 

 
Seidel, K.W. 1986. Tolerance of seedlings of ponderosa pine (Pinus ponderosa), Douglas 

fir (Pseudotsuga menziesii), grand fir (Abies grandis) and Engelmann spruce 
(Picea engelmannii) for high temperatures. Northwest Science. 60(1): 1-7. 

 
Shaw, D.C. 1998. Distribution of larval colonies of Lophocampa argentata Packard, the 

silver spotted tiger moth (Lepidoptera: Arctiidae), in an old growth Douglas-fir, 
Pseudotsuga menziesii / western hemlock, Tsuga heterophylla, forest canopy , 
Cascade Mountains, Washington State. Canadian Field Naturalist. 112(2): 250-
253. 

 



Appendix 4 Page 130 

 
References 

Sheppard, L.J., I.D. Leith, C.M.S. Smith and V. Kennedy. Effects of soil chemistry on the 
responses of potted Sitka spruce to acid mist in open-top chambers. Water, Air 
and Soil Pollution. 84(3-4): 347-366. 

 
Shinneman, D.J. and W.L. Baker. 1997. Nonequilibrium dynamics between catastrophic 

disturbances and old-growth forests in ponderosa pine landscapes of the Black 
Hills. Conservation Biology. 11(6): 1276-1288. 

 
Shipley, L.A., S. Blomquist and K. Danell. 1998. Diet choices made by free-ranging 

moose in northern Sweden in relation to plant distribution, chemistry and 
morphology. Canadian Journal of Zoology. 76(9): 1722-1733. 

 
Simard, S.W. and K.D. Hannam. 2000. Effects of thinning overstory paper birch on 

survival and growth of interior spruce in British Columbia: implications for 
reforestation policy and biodiversity. Forest Ecology and Management. 129(1-3): 
237-251. 

 
Singleton, J. 1976.  Food habits of wild ungulates in British Columbia: Bibliography and 

plant synopsis. B.C. Ministry of Environment, Terrestrial Studies Branch. 
Victoria, B.C. 

 
Sisam, J.W.B. and Whyte, R.O. 1944. Establishment of vegetation on coal tips and other 

spoil mounds. Nature. 154(1944): 506-508. 
 
Smith, J.K., R.D. Laven and P.N. Omi. 1993. Micro-plot sampling of fire behaviour on 

Populus tremuloides stands in north-central Colorado. International Journal of 
Wildland Fire. 3(2): 85-94. 

 
Stanlake, E.A., D.S. Eastman and M.G. Stanlake. 1978. Ungulate Use of Some Recently 

Reclaimed Strip Mines in Southeastern British Columbia. Fish and Wildlife 
Report No. R-1. Victoria, B.C. 

 
Stanley & Sons, 2002. Stanley & Sons Nursery, Inc. Boring, Oregon. 

http://www.stanleyandsons.com/ 
 
Stephenson, T.R., V. vanBallenberghe, J.M. Peek, V. Crichton (ed.), J.M. Peek (ed.) and 

A.R. Rodgers. 1998. Alces. 34(2): 479-494. 
 
Stewart, H. 1994. Cedar Tree of Life to the Northwest Coast Indians. Douglas & 

McIntyre and University of Washington Press. Vancouver, B.C. 192 pp. 
 
Stiff, C.M., D.L. Wenny and R.K. Dumroese. 1986. Induction of fascicular bud 

development in western white pine. Plant Propagator. 32(4): 14-15. 
 
Stoehr, M.U. 2000. Seed production of western larch in seed-tree systems in the southern 

interior of British Columbia. Forest Ecology and Management. 130(1-3): 7-15. 

http://www.stanleyandsons.com/


Appendix 4 Page 131 

 
References 

 
Stromberg, J.C. and D.T. Patten. 1991. Dynamics of spruce – fir forests on the Pinaleno 

Mountains, Graham County, Arizona (USA). Southwest Naturalist. 36(1): 37-48. 
 
Sullivan, T.P. 1993. Feeding damage by bears in managed forests of western hemlock - 

western redcedar in midcoastal British Columbia. Canadian Journal of Forest 
Research. 23(1): 49-54. 

 
Sullivan, T.P., W.T. Jackson, J. Pojar and A. Banner. 1986. Impact of feeding damage by 

porcupines on western hemlock – Sitka spruce forests of north-coastal British 
Columbia. Canadian Journal of Forest Research. 16(3): 642-647. 

 
Swift, K.I. and R.P. Brockley. 1994. Evaluating the nutrient status and fertilizer response 

potential of planted spruce in the interior of British Columbia. Canadian Journal 
of Forest Research. 24(3): 594-602. 

 
Takemoto, B.K. and A. Bytnerowicz. 1993. Effects of acidic fog on seedlings of Pinus 

ponderosa and Abies concolor; foliar injury, physiological and biochemical 
responses. Environmental Pollution. 79(3): 235-241. 

 
Tashe, N.C. 1998. The impact of vine maple on the biogeochemical nutrient cycle of 

conifer-dominated coastal forests in southwestern British Columbia. M.Sc. 
Thesis. Simon Fraser University. Burnaby, B.C. Canada. 109 pp. 

 
Tashe, N.C. and M.G. Schmidt. 2001. The impact of vine maple on site fertility of coastal 

temperate forests. Forest Ecology and Management. 147(2-3):263-279. 
 
Taylor, R.J. and G.W. Douglas. 1995. Mountain Plants of the Pacific Northwest. 

Mountain Press Publishing Company. Missoula, Montana. 437 pp. 
 
Tesky, J.L. 1992. Tsuga heterophylla in FEIS 2001. 
 
Thornburg, A.A. 1982. Plant Materials for Use on Surface-Mined Lands in the Arid and 

Semiarid Regions. U.S. Dept. of Agriculture, Soil Conservation Service, SCS-TP-
157, EPA-600/7-79-134. Washington, D.C. 

 
Townsend, A.M. and W.F. Kwolek, 1987. Relative susceptibility of thirteen pine species 

to sodium chloride spray. Journal of Arboriculture. 13(9): 225-228. 
 
Tunon, H., C. Olasdotter and L. Bohlin. 1995. Evaluation of anti-inflammatory activity of 

some Swedish medicinal plants: Inhibition of prostaglandin biosynthesis and 
PAF-induced exocytosis. Journal of Ethnopharmacology. 48(2):61-76. 

 
Turner, D.P. 1985. Successional relationships and a comparison of biological 

characteristics among six northwest conifers. Bulletin of the Torrey Botanical 
Club. 112(4): 421-428. 



Appendix 4 Page 132 

 
References 

 
Turner, N.J. 1979. Plants in British Columbia Indian Technology.  British Columbia 

Provincial Museum Handbook No. 38. British Columbia Provincial Museum. 
Victoria, B.C.  306 pp. 

 
Turner, N.J. 1995. Food plants of Coastal First Peoples. Royal British Columbia Museum 

Handbook. UBC Press. Vancouver, B.C. 164 pp. 
 
Turner, N.J. 1997. Food plants of Interior First Peoples. Royal British Columbia Museum 

Handbook. UBC Press. Vancouver, B.C. 215 pp. 
 
Turner, N.J. 1998. Plant Technology of First Peoples in British Columbia. UBC Press and 

Royal British Columbia Museum, Vancouver and Victoria B.C. 256 pp. 
 
Turner, N.J. and R.J. Hebda. 1990. Contemporaty use of bark for medicine by two 

Salishan native elders of southesat Vancouver Island, Canada. Journal of 
Ethnopharmacology 29(1): 59-72. 

 
Turner, N.J., L.C. Thompson, M.T. Thompson and A.Z. York. 1990. Thompson 

Ethnobotany Knowledge and usage of plants by the Thompson Indians of British 
Columbia. British Columbia Museum Memoir No. 3. Royal British Columbia 
Museum. Victoria, B.C. 335 pp. 

 
Turnquist, R. 1996. Conifer sawfly, Neodiprion abietis complex, infestation in the Pacific 

maritime terrestrial ecozone, south coastal British Columbia. Pest Report. Pacific 
Forestry Centre, Canadian Forest Service. No. 96-2, 2 pp. 

 
UBC Arboretum, 2002. Acer circinatum, Aceraceae. An Ethnobotany of the UBC 

Arboretum. http://www.botany.ubc.ca/arboretum/ 
 
UBC Arboretum, 2002. Acer glabrum Torr., Aceraceae – Maple Family 

http://www.botany.ubc.ca/arboretum/ 
 
U. of Alabama, 2002. Acer circinatum – Oregon Vine Maple. 

http://www.uah.edu/admin/Fac/grounds/OREGNVIN.htm  
 
Uchytil, R.J. 1989. Acer circinatum in FEIS 2002 
 
Uchytil, R.J. 1991a. Pseudotsuga menziesii var. glauca. in FEIS 2001 
 
Uchytil, R.J. 1991b. Pseudotsuga menziesii var. menziesii. in FEIS 2001 
 
Ulery, A.G. and R.C. Graham. 1992. Forest fire effects on soil color (sic) and texture. 

Soil Science Society of America Journal. 57(1): 135-140. 
 

http://www.botany.ubc.ca/arboretum/
http://www.botany.ubc.ca/arboretum/
http://www.uah.edu/admin/Fac/grounds/OREGNVIN.htm


Appendix 4 Page 133 

 
References 

USDA (United States Department of Agriculture). 1948. Woody-Plant Seed Manual. 
Forest Service Miscellaneous Publication 654. Government Printing Office. 
Washington, D.C. 416 pp. 

 
USDA (United States Department of Agriculture). 1974. Seeds of Woody Plants in the 

United States. USDA Agricultural Handbook. 450. Washington, D.C. 
 
USDA 2002. Plant Guide, Rocky Mountain Maple, Acer glabrum Torr. Natural 

Resources Conservation Service. http://plants.usda.gov  
 
Vance, N.C. and S.W. Running. 1985. Summer climate influences on Pinus ponderosa 

planted on mined lands in eastern Montana. Reclamation and Revegetation 
Research. 4(2): 129-143. 

 
Vourch, G., J.L. Martin, P. Duncan, J. Escarre and T.P. Clausen. 2001. Defensive 

adaptations of Thuja plicata to ungulate browsing: A comparative study between 
mainland and island populations. Oecologia Berlin. 126(1): 84-93. 

 
Wagner, K.K. and D.L. Nolte. 2001. Comparison of active ingredients and delivery 

systems in deer repellents. Wildlife Society Bulletin. 29(1): 322-330. 
 
Wang, G.G., H. Qian and K. Klinka. 1994. Growth of Thuja plicata seedlings along a 

light gradient. Canadian Journal of Botany. 72(12): 1749-1757. 
 
Wang, J.R., T. Letchford, P.G. Comeau and D. Coopersmith. 2000. Foliar response of 

understory Abies lasiocarpa to different degrees of release cutting in a Betula 
papyrifera and conifer mixed species stand. Scandinavian Journal of Forest 
Research. 15(6): 611-620. 

 
Wardman, C.W. and M.G. Schmidt. 1998. Growth and form of Douglas-fir adjacent to 

persistent vine maple gaps in southwestern British Columbia. Forest Ecology and 
Management, 106(2-3): 223-233. 

 
Warren, H.V. and C.H. Howatson. 1947. Biogeochemical prospecting for copper and 

zinc. Bulletin of the Geological Society of America. 58(9): 803-820. 
 
Wass, E.F. and J.P. Senyk. 1999. Tree growth for 15 years following stumping in interior 

British Columbia. Technology Transfer Note, Pacific Forestry Centre No. 13. 
Canadian Forest Service. Victoria, B.C. 4 pp. 

 
Watson, L.E., R.W. Parker and D.F. Polster. 1980. Manual of Species Suitability for 

Reclamation in Alberta. Alberta Land Conservation and Reclamation Council. 
#RRTAC 80-5. 2 vols. 541 pp. 

 

http://plants.usda.gov/


Appendix 4 Page 134 

 
References 

Wennstrom, A. and B. Eriksson. 1997. Dispersal patterns of the rust Gymnosporangium 
cornutum between hosts Juniperus communis and Sorbus aucuparia. Ecoscience. 
4(1) 117-119. 

 
Whitby, G.S. 1939. The effects of sulphur dioxide on vegetation. Chemical Industry. 

58(1939): 991-999). 
 
Wickman, B.E., K.W. Seidel and G.L.Starr. 1986. Natural regeneration 10 years after a 

Douglas-fir tussock moth outbreak in northeastern Oregon (USA). US Forest 
Service Research Paper PWN 0(370): 1-15. 

 
Wilde, S.A. and W.E. Patzer. 1940. The role of soil organic matter in reforestation. J. 

Amer. Soc. Agon. 32(1940): 551-562. 
 
Wildig, B.J., A. Hacking, R. Lovegrove, I. Williams, C. Fuller, R. Woods. B. Edwards. 

1996. Mynydd y Ffynnon – the source of a new Welsh upland vision for the 
restoration of upland ecosystems. Vegetation management in forestry, aenity and 
conservation areas: managing for multiple objectives, 19-20 March, 1996. 
University of York, York, UK Aspects of Applied Biology. No. 44. 425-430. 

 
Williams, F. 1987. Propagation of mature western white pine (Pinus monticola Dougl.) 

by cuttings. Canadian Journal of Forest Research. 17(4) 349-352. 
 
Williams, H., C. Messier and D.D. Kneeshaw. 1999. Effects of light availability and 

sapling size on the growth and crown morphology of understory Douglas fir and 
lodgepole pine. Canadian Journal of Forest Research. 29(2): 222-231. 

 
Willmo, O.C. and S.W. Schoen. 1980. Response of deer to secondary forest succession in 

southeast Alaska. Forest Science. 26(3): 448-462. 
 
Woodward, A., E.G. Schreiner, D.B. Houston and B.B. Moorhead. 1994. Ungulate-forest 

relationships in Olympic National Park: retrospective exclosure studies. 
Northwest Science. 68(2): 97-110. 

 
Wright, E.F., C.D. Canham and K.D. Coates. 2000. Effects of suppression on sapling 

growth for 11 tree species of northern, interior British Columbia. Canadian 
Journal of Forest Research. 30(10): 1571-1580. 

 
WSDOT, 2002. Washington State Vegetation Restoration Concepts; Native Vegetation 

Development. http://www.wsdot.wa.gov/eesc/case/design/roadside/vegecon.htm. 
 
Xu, Yi Jun, E. Roehrig and H. Foelster. 1997. Reaction of root systems of grand fir 

(Abies grandis Lindl.) and Norway spruce (Picea abies Karst.) to seasonal 
waterlogging. Forest Ecology and Management. 93(1-2): 9-19. 

 

http://www.wsdot.wa.gov/eesc/case/design/roadside/vegecon.htm


Appendix 4 Page 135 

 
References 

Younkin, W.E. 1974. Ecological studies of Arctagrostis latifolia (R.Br.) Griseb. and 
Calamagrostis canadensis (Michx.) Beauv. in relation to their colonization 
potential in disturbed areas, Tuktoyaktuk Region, N.W.T. unpublished PhD. 
Thesis. University of Alberta. Edmonton, Alberta. 

 
Young, J.A. and C.G. Young. 1992. Seeds of woody plants in North America. 

Dioscorides Press. Portland, Oregon. 407 pp. 
 
Young, V.A., G.B. Doll, G.A. Harris and J.P. Blaisdell. 1942. The influence of sheep 

grazing on coniferous reproduction and forage on cut-over western white pine 
areas in northern Idaho. Bulletin No. 37 (6). University of Idaho. 46 pp. 

 
Yu, Z., R.A. Dahlgren and R.R. Northup. Evolution of soil properties and plant 

communities along an extreme edaphic gradient. European Journal of Soil 
Biology. 35(1): 31-38. 

 
Zamora, R., J.A. Hodar and J.M. Gomez. 1999. Age structure of Juniperus communis L. 

in the Iberian peninsula: Conservation of remnant population in Mediterranean 
mountains. Biological Conservation. 87(2):215-220. 

 
Zhang, Q., R.I. Alfaro and R.J. Hebda. 1999. Dendroecological studies of tree growth, 

climate and spruce beetle outbreaks in Central British Columbia, Canada. Forest 
Ecology and Management. 121(3): 215-225. 

 
Zhong, J. and B.J. van der Kamp. 1999. Pathology of conifer seed and timing of 

germination in high-elevation subalpine fir and Engelmann spruce forests of the 
southern interior of British Columbia. Canadian Journal of Forest Research. 
29(2): 187-193. 

 
Ziemkiewicz, P.F., C.A. Dermott and H.P. Sims (eds.). 1979. Proceedings: Workshop on 

Native Shrubs in Reclamation, 22 November, 1978, Edmonton, Alberta.  Alberta 
Land Conservation and Reclamation Council Report #RRTAC 79-2. 

 
Zobel, D.B. and J.A. Antos. 1982. Adventitious rooting of eight conifer species into a 

volcanic tephra deposit.  Canadian Journal of Forest Research. 12(3): 717-719. 
 
 


	Restoration Species Manual 
	for the Pacific Northwest 
	 Table of Contents 
	     Page 
	Table 1 
	Persons Who Have Received Information on the 
	 Ecological Setting
	Growth Form and Reproduction 
	Tolerances and Preferences 
	Soil Texture: 

	Restoration Considerations 


	Western White Pine 
	    Calamagrostis 


