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1 INTRODUCTION

The term autecology refers to the ecology of an individual organism. Plant autecology is the study of the
ecological interactions between a plant species or population and its environment,

Resource managers require a basic understanding of the ecological characteristics of individual species
and how they respond to management treatments. This publication summarizes the autecological charac-
teristics of 35 vegetation species and provides information about how they respond to various silvicultural
treatments now in use on forest lands. !t contains valuable information for those who seek to manage
vegetation either to control competing vegetation or to enhance browse, forage, and cover to meet wildlife,
range, and other integrated resource management objectives.

Vegetation management is often carried out for silvicultural purposes. Many of the species described in
this report compete with conifers. However, these deciduous trees, shrubs, and herbaceous plants have
many important functions in natural ecosystems. These plants can act as forage and cover for wildlife and
livestock; anchor species for reclamation of disturbed sites, erosion control, and streambank stabilization:
ornamental and nurse crops; and crops in their own right. These values must be identified before silvicultural
treatments are applied.

Many of the vegetation species in this publication are of great value to wild animals and livestock for food,
cover, and/or nesting. On some areas, wildiife needs may require that certain vegetation species be left
untreated for the long-term benefit of animals. Removal of vegetation may reduce biodiversity.

information usedinthis reportwas gathered in an extensive search of ecological, silvicultural, and botanical
literature pertaining to the selected species. Most of the literature originates in western Canada or the westem
United States. Some English-language literature from western Europe and further abroad is included for
certain circumpolar species. For many of the species, there is little published information relevant to British
Columbia. Personal communications {(noted in text} and unpubiished reports (indicated by footnotes) have
therefore been used to supplement the kterature.

2 EXPLANATORY NOTES

This section outiines the format used to present information about each of the plant species and provides
some explanatory notes for each of the topics under discussion. The format is a modified version of the format
deveioped for the “Biological Flora of the British isles” series in the Journal of Ecology (see, e.g., Myerscough
1980} and subsequently adopted by the Canadian Fieid-Naturalist for its series “The Biological Flora of
Canada” (Hall et al. 1979).

2.1 Description

Thisintroductory paragraph gives a brief botanical description of the plantincluding its growth form or habit,
and stem, leaf, flower, and fruit characteristics. The description and accompanying figure are not sufficiently
detailed to enable the reader to identify the plant species. Readers seeking to identify plants are referred to
plant identification handbooks produced by the Ministry of Forests, or to references cited at the end of the
description.

2.1.1 Variatlon

A plant species is typically composed of a mosaic of populations, each of which differs in genetically-
based morphological or physiological characteristics. Populations with distinct or consistent morphologi-
cal variation may be designated as a subspecies (ssp.} or variety {var.}. Taylor and McBryde {1577} was
used as the standard reference for describing subspecies and varieties of the species in this publication.



2.2 Distribution and Abundance

This section and ils accompanying distribution maps outlines the geographical distribution in British
Columbiaof each plant species. It indicates the abundance of eachplant in biogeoclimatic zones and, in some
cases, subzones. Biogeoclimatic zones and subzones are categories of the B.C. Minisiry of Forests’
ecosystem classification system (Pojar 1983). Zones are large geographic areas having a broadly
homogeneous macroclimale and a characteristic combination of species. Zones are comprised of several
subzones. Subzones are climatically less variable and geographically more confined than zones. The
abbreviations used throughout the text to refer to bicgeoclimatic zones and subzones are listed in Tables 1
and 2, respectively.

information regarding the distribution of each species was obtained from published works (principally Hosie
1973: Hultén 1974; Krajina et al. 1982; Pojar et al. 1982; Angove and Bancroft 1983; and various Royal British
Columbia Museum handbooks); from herbarium records on file at the B.C. Provincial Museum; and from
discussions with vegetation researchers throughout the province.

TABLE 1. Abbreviations for biogeoclimatic zones

Abbreviation Blogeociimaltlc zone
AT Alpine Tundra Zone
BG Bunchgrass Zong
BWBS Boreal White and Black Spruce Zone
CDF Coastal Douglas-fir Zone
CWH Coastal Westarn Hemlock Zone
ESSF Engelmann Spruce — Subalpine Fir Zone
ICH interior Cedar — Hemlock Zonge
iDF interior Douglas-fir Zone
M5 Montane Spruce Zone
MH Mountain Hemlock Zone
PP Ponderosa Pine Zone
SwB Spruca — Willow — Birch Zone
SBS Sub-Boreal Spruce Zone
SBPS Sub-Boreal Pine — Spruce Zone

Sources: Pojar {editor) 1983 and Lloyd st al. 1990.

TABLE 2. Codes for bicgeociimaltic subzones

Relative precipitation regime Relative ar tamperature regime
Abbreviation Class Abbreviation Ciass
X Very dry h Hot
d Dry w Warm
m Moist m Mild
w Wet k Cool
v Very wet v Very cool

Source: Lloyd et al. 1980,

2.2.1 Altitudinal range

information about the altitudinal limits of plant species is scanty. The primary source of informationwas
Lyons {1952} for shrubs and herbs and Fowells (compiler, 1965) for tree species. Speciestend to have
the broadest altitudinal distribution in the centre of their range, and tend to become confined to low
elevations in the north and 1o higher elevations in the southern limits of their range.



2.3 Habitat

This section describes the ecological amplitude, or range of habitat conditions, which the plant species can
endure. Species with a wide ecological amplitude can tolerate a wide variety of environmental conditions,
while species with a narrow ecological amplitude are highly specialized for a particular ecological niche.

Because of the effects of competition from other plants, the observed ecological range of a species may
differ significantly from the range of habitats it is capable of occupying (Barbour et al. 1980). The abundance
or dominance of a species in a particular habitat does not necessarily indicate that the physical factors of that
habitat are optimal for the growth of the species. Many species apparently adapted to the ieast favourable
habitats will, in the absence of competition, grow far better in more favourable conditions and owe their
ecological distribution to iow competitive ability and high tolerance of extremes (Fitter and Hay 1981).

2.3.1 Climatic relations

This section describes the plants’ adaptations to temperature, humidity, rainfall, snow, and wind. This
section deals mainly with macroclimatic or regional climate conditions, but as Daubenmire (1974) points
out, microclimate is of more immediate concern in autecology since a plant responds to the environment
that envelops it. The local environment may be considerably modified from the macroclimate by local
topography and surrounding piant cover.

Detailed characterization of the climatic refations of individual plant species is lacking in the literature.
The comments in this section are largely subjective interpretations of the species’ geographic and
altitudinal distribution.

2.3.2 Site and soil conditions

Descriptive information about characteristic habitats is included in this category, along with details
about landforms, parent materials, siopes, soil texture, and other soil profile characteristics.

2.3.3 Nutrient relations

This section describes the nutrient requirements of each plant species. There are large differences,
both between and within a species, in the ability of a plant to absorb and use mineral nutrients. Optimum
pH levels aiso differ betweenspecies thatinvade disturbed or young soils and those adapted to conditions
in relatively undisturbed coniferous forests.

Of the mineral nutrients, nitrogen is probably the most important to plants. Nitrogen is frequently
deficientin British Columbiaforest soils (Freyman and van Ryswyk 1969; Hoyles 1979) and can be a major
limitation to plant growth (Kramer and Kozlowski 1979). The nitrogen-fixing ability of alders can improve
soil nutrient conditions (Tarrant and Miller 1963) and allows these species to invade heavily disturbed
nitrogen-deficient soits.

Nitrogen fixation is just one effect of plants on the soil. Other impacts of piants on the soil are also
discussed. For example, the litter of deciduous plants frequently contains higher concentrations of
minerals and decays more rapidly than coniferous litter (Kramer and Kozlowski 1979). The rapid turnover
of nutrients in deciduous foliage enhances nutrient cycling in the ecosystem. in addition, because
deciduous litter has higher pH than coniferous litter it may reduce leaching losses from the soil in certain
situations {Valentine et al. (editors) 1978).

Nutrient classes that appear in the text are listed in Table 3.



TABLE 3. Ecological nutrient classes

Traphotope Description

Oligotrophic Very poor nutritional status; very small supply of available nutrients
Submesotrophic Poor nutriticnal status; low supply of available nutrients
Mesotraphic Madium nutritional status; medium supply of available nutrients
Permesotrophic Rich nutritional status; plentiful supply of available nutrients
Eutrophic Very rich nutritional status; abundant supply of nuttients
Hypereutrophic Saline nutritional status; excess salt accumulations

Source: Walts (editor) 1983,

2.3.4 Water relations

Moisture, more than any other single environmental factor, limits plant growth (Kozlowski 1972). This
section describes the range of moisture conditions in which the plant is typically found, its drought
tolerance, and its flood tolerance. The autecological importance of water is well documented in
Daubenmire (1974) and Kramer and Kozlowski (1979).

Soil water classas used in this publication are listed in Table 4.

TABLE 4. Ecological moisture regime classes

Hygrotope Description

Very xeric Soil moist for negligible time following precipitation {ppt.)

Xeric Soii moist for brief periods following ppt.

Subxetic Soit maist for short periods following ppt.

Submesic Water available for moderately short periods following ppt.

Mesic Soil may remain maist for significant, but sometimes short, portions of the growing season. Available soif
moisture reflects climatic inputs.

Subhygric Soil wet for significant part of the growing season, Some temporary seepage and possibly mottling ocour
betow 20 om.

Hygric Soil wet far most of growing season. Permanent seepage and mottiing occur, and possibly weak gleying.

Subhydric Water table at or near surface (<30 cm) most of the year. Gleyed or organic soils.

Source: Watts (editor) 1983.

2,3.5 Light relations

Light intensity, duration, and quality are key determinants of pfant vigour and also have regulatory
effects on various aspects of a plant’s life history {USDA 1974; Lavender 1981). This section describes
the shade tolerance of species, although, as Krajina et al. (1982) caution, generatizations about shade
tolerance that do not take into account ecosystem conditions and the different stages of aplant's life cycle
rarely provide meaningfu! information. In the shade, most species become suppressed and wane, and
few produce seeds; in full light they grow more rapidly, produce fuiler foliage, and usually produce
abundant seed (USDA 1974). Photopericd is instrumental in triggering many events in the piant's life
cycle, particularly the onset of winter dormancy, but day length also atfects the amount of photosynthesis
possible and thus directly affects plant growth rates {Lavender 1981).

The spectral quality of light in the shade differs from fulf suniight because shorter wavelengths are less
able to penetrate the overhead canopy than longer, near infra-red wavelengths. Differences in spectral
quality affect many plantfunctions {Lavender1981). Long-wave radiation can penetrate beneath iitterand
humus layers and inhibit the germination of buried seed {Kenady 1978}.
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2.3.6 Temperature relations

Discussion of temperature relations inciudes information about the optimal temperatures for plant
growth, the importance of temperature and thermopericd in triggering phenological events, and the
tolerance of the plant to heat and cold temperatures or frost. However, temperalure relations of most
selected species are poorly studied.

Both air and soil ternperatures are ecologically important. Air temparatures in British Columbia are
generally favourabie to piant growth during iate spring and summer, but soil temperatures at northern
iatitudes can severely restrict the potentiat for growth. Extremely high temperature at the soil surface can
damage young plants (Lavender 1981}, but such conditions are probably uncommon except in the
southern interior or on some south aspects.

Most species become dormant weltin advance of cold wintertemperatures, and once dormantthey are
resistantto low temperatures {see, e.g., Smithberg and Weiser 1968). Plants are most susceptible to frost
damage early in the growing season and during flowering and fruit set (Sharp 1974; USDA 1974).

2.4 Growth and Development

The vegetative growth of above- and below-ground plant parts is considered in this section. Both
morphological and physiological aspects of growth and development are significant, but technical aspects of
ptant physioclogy are beyond the scope of this report. In addition, there is little information on this subject for
the selected plants. Kramer and Kozlowski (1979) and Bidwell (1974) are good reference texts for basic
information about the physiology of plant growth and development.

The life form of a plant (whether it is a tree, a tal or low shrub, or a herbaceous plant} has a major effect
onits competitive abilities. Factors including iongevity, size and structure of stem and root systems, leaf form,
leaf area, and leaf longevity determine howwel the plant will compete for limited site resources with other plant
species (West and Tueller 1972).

Al of the species discussed in this publication are perennials with underground parts {e.g., roots, rhizomes)
that allow them to store reserves of energy through the dormant season, and permit rapid expansion of the
foliage in the spring {Grime 1979). Many of the trees and taller shrubs compete successfully because their
stature and long life span place them in the overstory, above smaller competitors. These species ofien have
the added advantage of rapid juvenile. height growth. Factors such as longevity, size and structure of stem
and root systems, leaf form, leaf area, and leaf longevity determine how well the piant wili compete for kmited
site resources with other plant species {West and Tueller 1972).

Many of the plants are also capable of lateral spread, by means of rhizomes, prostrate stems, or extensive
horizontal root systems. This ability to develop clonal colonies with a high density of shoots and rootsis a very
etfective means of occupying a site and pre-empting its resources {Grime 1979).

2.4.1 Phenology

Piant phenology refers to those periodic phenomena in the annual cycle of a ptant that are controlled
by climatic factors {Daubenmire 1974}. Phenological events can be both merphological and physiological
in nature and are controlled by predictable environmental factors such as photopenod, temperature,
summer drought, fall rains, and frost. in perennial plants, vegetative phenology includes such events as
bud break, leaf expansion, shoot growth, leaf senescence and leaf fall, bud set, and winter dormancy.
Reproductive or flowering phenology includes flowering times, fruit ripening, flower bud initiation, and
seed dispersal. Conard (1983} outlines important aspects of shrub phenology and the role that they can
play in forest vegetation management.

The timing of phenological events is an important part of a plant's competitive strategy (Grime 1979).
Forexample, some plants such as salmonberry take advantage of the mild coastal climate to leaf-out early
and gain a maximum vegetative advantage over associaled plant species {Barber 1976). Piants that rely
on sexual reproduction may time flowering events such that successful pofiination {Heinrich 1976} orearly
seedling establishment {e.q., Popu/us spp.} is ensured.
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2.5 Reproduction

The reproductive strategy of a plant is of fundamental importance in plant autecology and forest vegetation
management. This section describes reproductive strategies including how a plant establishesitself on a site,
how it increases in abundance following establishment, and how it persists through various stages of plant
succession and habitat afteration,

2.5.1 Seed production and dispersal

This section describes the age of sexual maturity, the frequency and size of seed crops, the nature of
the propagule {seed, fruit, or spore), and the method and efficiency of dispersal of each plant species.

Most species reviewedinthis guide beginto produce seed betweenthe ages of 2 and 10. Fruitand seed
production rates are strongly affected by plant vigour, climaticfactors, and biological agents. Mostspecies
disperse their seed from late summer to winter, although certain species have early-ripening seed.

windis an effective means of dispersalforlight, small seeds, fruit, or spores. Seeds of other species are
dispersed by gravity only. The seed of riparian species like willow and alder canbe carried great distances
by running water. Fleshy fruits are usually adapted for dispersai by birds and mammals (USDA 1974).

2.5.2 Seed viability and germination

Seed viability refers to both the germinative capacity of the seed and the iength of time it can remain
in a quiescent state before it loses its ability to germinate. The length of seed viability can vary from a few
daysto severaidecades or more. Many plants whose seeds remain viable for extended periods are known
as “seed bankers” {Grime 1979; Rowe 1983). Seed of these species accumulates in the forest floor until
environmental conditions become favourable for germination and subsequent plant growth.

The seeds of most North American plants are in a dormant state immediately following dispersal to
prevent them from germinating too late in the year. The most typical form of seed dommancy is broken
by several months of chilling (stratification) and the seeds germinate in the spring following dispersai
{USDA 1974). Seeds that become ripe early in the growing season are usually capable of germination
immediately following dispersal (see, e.g., Fowells {compiler} 1965; Zasada ef al. 1983).

Another form of seed dormancy is foundin seeds with a very hard seed coat. These seeds require acid
treatment or physical abrasion {scarification) to germinate. Seeds with seed coat dormancy are often
foundin species with fleshy fruit and some lose theirdormancy after they pass through the digestive tracts
of animals {Sharp 1974). Still other seeds may require exposure to high (fire-induced) temperatures to
overcome dormancy {Rowe 1983).

The requirements for successful seed germination are adequate moisture, favourable temperatures,
adequate gas exchange, and ~— for some species — light (USDA 1974). Most seeds will germinate on
a variety of moist seedbeds, but moist mineral soil is preferred by many species. Seed germination
requirements are normally much less critical than conditions required for successful seedling establish-
ment (Fowells {compiler} 1965; Barber 1976).

There is great variance among the plant species included in this report in the relative importance of
regeneration from seed. Some species like red alder reproduce almost entirely from seed, white for other
species kke trembling aspen, seedling production is an insignificant part of the reproductive strategy.
Certain species, like bigleaf mapie and oval-leaved blueberry, are “seediingbankers” (Grime 1979). Like
western hemlock and amabilis fir, they produce advanced regeneration which can persist beneath aforest
canopy for many years, but does not grow beyond the seedling stage until released fromoverstory shade.

2.5.3 Vegetative reproduction

All ofthe plants includedin this report reproduce vegetatively. Vegetative reproduction is the dominant
form of reproduction in some, but not all, of the species in this report. Methods of natural vegetative
reproduction include sprouting, suckering, layering, and rooting of stem or root fragments.
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Sprouting is the dominant form of vegetative reproduction. it refers to production of new shoots from
dormant or adventitious buds on stems or root collars. Suckering refers to the production of new shoots
fromlaterally spreading roots or rhizomes at some distance fromthe parent plant. Suckerstendto become
independent piants, and thus fead to the production of genetically identical colonies or clones (Gill and
Healy (compilers} 1974).

There is some disparity in the literature in the use of the terms “sprouting” and “suckering.” Many
authors use "suckering” to describe the production of shoots from roots only, and use “sprout” to refer to
rhizome shoots. The literature also includes a profusion of names for rhizome-like structures. Terms such
as “rootstock”, “underground stem”, “stolon”, and “runner” are variously used to describe prostrate
branching structures that occur at or slightly beneath the soil surface and produce roots along their length.

Layering is a form of vegetative reproduction that occurs when stems come in contact with the ground
surface and produce roots. Eventually a new plant can be formed.

Most perennial plants can be reproduced antificially from root or stem cuttings. The same situationcan
occur in nature when plants fragmented by disturbance become buried in a favourable rooting medium.

2,6 Pests

This section provides information about disease and insect pests.

2.7 Eifects on Crop Trees

Piant species growing in association with coniferous crop trees may have both negative and positive effects
on conifer growth. Competitive and beneficial effects are discussed separately in this section.

2.7.1 Competition

This section describes what is known about the importance of each plant as a competitor in different
regions of British Columbia, and the nature of its competitive interactions with coniferous crop trees.

The following list outiines some negative effects of competing vegetation on crop trees {Conard 1983,
1984).

1. Moisture competition. Competing vegetation normally results in a net loss of
moisture from a site.

Shading. Qvertopping vegetation reduces light available to crop trees.

3. Nutrient competition. Most perennial plants cause net depletion of nutrients in
the soii profile.

4. Reduced soil and air temperatures. Shading and insulation of the forest floor by
foliage and iitter can reduce crop tree growth.

5. Allelopathy. Some plants release chemicals which interfere with the growth and
deveiopment of crop trees.

6. Attraction of pests. Non-crop vegetation may provide shelter or suppiementary
food to rodents, browsing animals, or insect and diseases that damage conifer
stands.

7. Mechanical damage. Seedlings may be compressed under snow-pressed
vegetation or damaged by wind-whipping.

8. Fire hazard. Shrubs and herbaceous vegetation may provide fuels that increase
fire hazards.



2.7.2 Beneficial effects

This section describes the benefits of non-crop vegetation 1o crop irees. Benefils inciude:

1. Increased relative humidity and soil moisture. Evapotranspirative siresses to the
crop tree may be reduced through shading and transpiration by surrounding
vegetation, and by the muiching eftect of plant litter.

2. Reduced temperature exiremes. Shade from surrounding vegetation may
prevent damage from excessively high temperatures or frost.

3. Improved nutrient relations. Non-crop vegetation can act as a site improver
through nitrogen fixation or through deposition of rapidly-decomposing, nutrient-
rich litter.

4. Reduced pest damage. Non-crop vegetation may act as an alternative food
source, or discourage pests from entering conifer stands.

5. Reduced long-term competition. A cover of low-growing or short-lived ptants
may prevent the invasion of longer-lived, more aggressive competitors.

2.8 Response to Disturbance or Management

This section describes how cover, abundance, and plant vigour of each species may be affected by naturai
disturbance or management practices.

2.8.1 Forest canopy removal

information describing how the piant species responds to partial or complete overstory removal
through harvesting, thinning, or by naturat means is summarized in this section. Most of the selected
species respond favourably to the increased light resulting from canopy removal by developing a fuller
crown and increasing flower and fruit production, provided evapotranspirative stresses do not become
extreme. Some species increase rapidly in abundance through vegetative spread or seeding-in.

2.8.2 Fire

The response of each plant species to naturat or prescribed fire is discussed. Processes by which
vegetative recovery take place following fire are identified. The main processes are 1) sprouting or
suckering from residual plant pans (usually underground rhizomes) that have survived the fire, 2)
germination of seed buried in the forest floor, and 3) invasion by wind or animal dispersed seed and
spores. Rowe (1983} gives a good summary of the adaptations of plants to fire.

Where information is available, the response of plants to fires of different severities is described. Fire
severity is a function of weather, soil, and fuel conditions, and is defined by the amount of surface organic
material removed, and the depth of heat penetration into the soif (Miller 1977; Rowe 1983). The degree
of damage to, or stimulation of, underground organs and buried seed is usually directly related to the fire
severity.

2.8.3 Cutting and grazing

Manual cutting of woody species is carried out either as a silvicultural treatment or to simuiate the
effects of browsing animals in wildlife studies. The response of plants to cutting, browsing, or grazing
depends ontheir ability to reproduce by means of sprouts or suckers andis afunction of season, frequency
or severity of cut, height and angle of cutting, and the age of the plant (Gill and Healy (compilers) 1974,
Harrington 1984; Hoyer and Belz 1984). Light browsing or single cutting treatments will stimulate growth
of most sprouling or suckering species. Repeated cuttings, however, will eventually exhaust the
carbohydrate reserves of al but the most resistant planis.



2.8.4 Herblcides

This section summarizes reporis of herbicide applications to the selected species. The emphasis is
on chemicals registered for forestry use in British Columbia, and, where possible, on studies conducted
in British Columbia. No attemnpl was made to provide detailed descriptions of the conditions under which
the herbicides were applied. Because of the iarge number of variables affecting plant sensitivity and
herbicide efficacy (Newton and Knight 1981}, readers are advised to consult the referenced articles for
specific details.

Ptant injury from herbicides is provided with a descriptive rating. The percemt injury corresponding to
each descriptive rating is fisted in Table 5.

TABLE 5. Herbicide injury classes

Percentage Injury® Descriptive rating of Injury
90— 100 Very savere
60~ 90 Sevare
25—~ B0 Moderate
< 25 Light
0 No visible injury

* tnjury: The amount of reduction in live canapy or foliage as compared to that in untreated plants of the same species,
Source: Conard and Emmingham 1984c.

2.8.5 Soil disturbance

This section summarizes the plant's known or expected response to natural or man-caused soil
disturbance. It includes information pertaining to the plant's ability to colonize disturbed areas through
germination of buried or newly-deposited seed, or to regenerate from root and stem fragments,
Information is aiso provided on the effects of mechanical site preparation techniques used in silviculture
on individual plant species.

2.8.6 Fentllization

Nitrogen fertilizers applied to the selected plant species generally improve vigour, growth rates, and
fruit production (see, e.g., Freyman and van Ryswyk 1969; Neison 1974). However, the plants vary in
their ability to respond to additions of other essential elements (Neison 1974; Watt 1976).

Fentilizers applied to improve the growth of crop irees may cause the vigour and cover of competing
species to increase as well (Turner 1979). increased vigour and shading of overstory trees may parially
oftset this response (Stanek et al. 1979).

2.9 Wildlife and Range
2.9.1 Food

This section summarizes use of the plant for food by ungulates, other mammals, livestock, and birds
in British Columbia. The discussion of the piant as a food resource includes: its importance for wildiife
and livestock, the principal species that feed on it, the plant pars consumed, season of foraging, and the
piant’s ability to recover from foraging. Singleton {1976} provides a useful summary of literature on the
food habits of unguiates in the province. Information pertaining to food habits of other mammals as well
as birds is very scatiered inthe literature, and highly variable within British Columbia. Information provided
in this section should be supplemented with iocal knowledge of regional wildlife expents.



2.9.2 Other resources

This section describes the value of plants for uses other than food. The limited amount of information
in this section attests to the fimited availability of data in the literature. It aiso reflects the difficulty in
obtaining information that applies to specific plant species when wildiife tends to make use of vegetation
complexes rather than individual plant species. High wildlife use of a plant species can reflect its
abundance and availability, rather than its preferability over other species or compilexes of species.

All shrub species described have the potential to provide security and/or thermal cover to wildlife.
Coveris not necessarily plant species specific. More important is the maintenance of acceptable forage/
cover ratios during the planning and implementation of vegetation management prescriptions.

Information in this section should be supplemented with local knowledge of regional wildiife experts.



3 AUTECOLOGICAL CHARACTERISTICS
OF SELECTED PLANT SPECIES
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Acer circinatum Pursh Vine maple

DESCRIPTION

Vine maple is a deciduous, multi-stemmed shrub or, less commonly, smafl tree. It often grows in dense
thickets interspersed with large gaps. it normally has a shont, crooked trunk with arching imbs that support
a tow, broad, irregular crown. Plants reach 1-10 min height, 7-25 cm in diameter, and up to 10 min crown
width. Stemns are paie green to reddish brown and have many branches. Lateral buds are opposite, shiny,
brightred, and either single or multiple. There is no terminal bud. Leaves are almost circular with 7-9 sharply
toothed lobes. They are reddish when young, turning to bright green, then orange and scarletin the fall. Male
and female flowers occur on the same tree in loose, drooping, reddish-purple and white clusters. Fruits are
yellowish-brown winged samaras (Lyons 1952; Hosie 1973; UBC Bot. Garden 1976).

Variation: There are no varieties or subspecies of vine maple described in British Columbia {Taylor and
MacBryde 1977}.

DISTRIBUTION AND ABUNDANCE

Vine maple is an abundant species in the forested regions of the Pacific Northwest Coast. In British
Columbia, it is found as far north as Knight Inlet (51°N) on the mainland coast, as far inland as Marmning
Provincial Park, and along the Robertson and Salmon Rivers on Vancouver island. it also occurs in wetter
parts ot the Interior, including Wells Gray Provincial Park (Lyons 1952; Hosie 1973; UBC Bot. Garden 1976).
Vine maple grows in montane to submontane forests and is mainly found in the CDF, CWH, and IDF
biogeockmatic zones {Krajina et al. 1982). ltis an early seralto late climax species and most commonly grows
in the understory of Douglas-fir dominated forests (Bailey 1966; Stewart 1986).

Altitudinal Range: Vine maple grows from sea level to approximately 1000 m in coastat forests (Anderson
1969; UBC Bot. Garden 1976).

HABITAT

Climatic Relations: Vine maple occurs in rainy, subhumid to humid areas with warm, dry summers (Krajina
et al. 1982). Itgrowsin areas where total annual precipitation ranges from 66 1o 665 cm and where mean
annuat temperature ranges from 5to 11°C. i tolerates absolute minimum and maximum temperatures
of -30 and 41°C, respectively (UBC Bot. Garden 1976).

Site and Soif Conditions: Vine maple grows on a wide variety of soils and moisture regimes, but prefers rich,
moist, well-drained conditions (UBC Bot. Garden 1976). It is commonly found along streams, on river
terraces and fluvial fans, and in depressions {Kirkwood 1902; Lyons 1952; Hosie 1973).

Nutrient Relations: Vine maple occurs on medium to rich sites but is most common on moderately rich sites.
s nutritional requirements are high for calcium, magnesium, and nitrogen, and it efficiently returns
nutrients to the soil through litterfall (Krajina et a/. 1982). Triska and Sedell {1976} found that vine maple
leat litter decomposed faster than litter of bigleaf maple, red alder, or Douglas-fir, due to a lower lignin
content and higher nitrogen concentration. Vine mapie’s thin leaves also contribute to fast decomposition
(T. Lewis, pers. comm., July 1989). The heavy annual litterfail and rich nutrient content of vine maple’s
leaves suggest that it contributes relatively more to nutrient cycling than do other understory species
{Russeli 1973).

Water Relations: Vine maple grows on submesic to subhygric sites, butis most common on hygric hygrotopes.
ltis very resistant to flooding {Krajina et al. 1982). Vine maple is capable of rapidly depleting soil moisture
to a depth of 60 cm during July and August because of its extensive, vigorous root system and high
transpiration rate (Drew 1968).

Light Relations: Vine mapie is very shade tolerant {Krajina et al. 1982) but prefers Douglas-fir to hemlock or
cedar canopies because of the greater light penetration. Growth of vine maple is greatest in canapy
openings (Hosie 1973, UBC Bot. Garden 1976; Stewart 1986). Russell (1973) reports that vine maple
biomass and stemfrequency increase as overstory biomass decreases and light intensityincreases. Vine
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VINE MAPLE

maple exhibits two different growth strategies depending on light availability. itis shorl (1~-2mat 5 years)
and compact in full sun and taller {2-3 m at 5 years) when shaded by surrounding brush (Brand 1978).

Temperature Relations: Vine maple is generally anindicator of warm sites though it can tolerate temperatures
of -30°C. It does not grow in areas of frequent snowfall, which suggests that it does not lolerate heavy
snow accumulation (Krajina ef al. 1982).

GROWTH AND DEVELOPMENT

Vine maple exhibits a complex development cycle that has been studied in detail by Anderson (1967) and
Russell {1973) in the Oregon Coast Range. It has the ability to adjust its growth and development to survive
within the constraints of existing environmental conditions. Abundance of vine maple follows a bi-nodal
distribution through succession in Douglas-fir forests. It is abundant in early succession (e.g., following
clearcutting), reaches near extinction at the age of 40 years under dense coniferous canopies, and again
increases in abundance as the overstory approaches senescence and openings inthe canopy occur {Russell
1973). Longevity is generally 80 or 90 years (UBC Bot. Garden 1976); however, ages of up to 142 years have
been reported inthe central Oregon Coast Range (Anderson 1967). Anderson {1967) found that vine mapie
growing at high elevationsinthe Cregon Coast Range did not reach the old ages characteristic of low elevation
vine maple plants. He attributed the shorter life span at high elevations to ashorter growing season and more
severe environmental conditions.

Following disturbance, most vine maple plants develop vegetatively by sprouting or coppicing; very few
originate from seed. During early seral stages, plants produce up to 40 even-aged stems per clump (Russell
1973). Early growth rates are rapid as a result of the large supply of water and nutrients from the established
root system. Growth rates average 45-60 cm/year for about the first 6 years, after which they decline to
10-20 cm/year (B. D’Anjou, pers. comm., May 1989)."

Inclimax stands, vine mapie reproduces primarily by layering and sprouting. During this stage, plants often
produce only about 3 stems per clump and stems are less erect than those produced in earlier seral stages.
However, J. Zasada (pers. comm,, Sept. 1989) notes that 60-year-oid vine mapie stands can produce 40
stems per clump. The growth rate in climax stands decreases until it becomes almost zero. Russeil (1973)
reparted heights of only 3.3 m at 130 years. Clumps that originate by layering depend on the parent tree for
resources and therefore tendtc have low root biomass relative to above-ground biomass. Once aroot system
is formed, the parent stem dies back. Clumps that originate by layering are made up of uneven-aged stems.

Phenoiogy: Flowering occurs between March and June, when leaves appear or are about half grown. Fruit
ripens from September to October and seeds are dispersed from September to January (USDA 1974;
UBC Bot. Garden 1976).

REPRODUCTION

Seed Production and Dispersal: Seed crops are produced every year, but large crops occur sporadically
(Anderson 1969; USDA 1974). Dissemination of seed is primarily by wind. This tends to be ineffective
because little airmovement occursin the dense shrublayer inthe understory, and the species oftenoccurs
in creek bottoms where wind patterns make upslope movement of seed difficull.  Seed dissemination
is most successful where the overstory has been removed.

Seed Viability and Germination: Vine maple plants originating from seed are reporied to be very scarce
{Russell 1973), but Zasada {pers. comm., Sept. 1989} has found that in Oregon, single stems are not
uncommon and there is no evidence that they originated from “tip-layers”. Anderson (1867) described
seed germination as low (less than 5%;}, but more recent research in Oregon indicates that viability rates
are higher than 5% ({J. Zasada, pers. comm., Sept. 1989). In plots of known quality seed, a small amount
of germination accurs the first growing season after sowing, and if seeds are protected from rodents,
germination after 2 years is 50% or greater {J. Zasada, pers. comm., Sept. 1989). Predation is common
and all unprotected seeds can be consumed by rodents {Anderson 1967, J. Zasada, pers. comm., Sept.
1989). Germination occursinthe firstfew years after dispersal, but it is inhibited by the tough samara wall

! CRAFTS 1988
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VINE MAPLE

{Anderson 1987). Fall stratification is required for germination; for maximum rates, seeds require 30—60
days of moist warm conditions folowed by 90—180 days at 3°C {USDA 1974). Seeds can germinate
through a litter layer.? Seedlings are uncommeon under vine maple because of the dense understories of
shrubs or moss. Survival of germinants is favoured by partiat shade and a high proportion of organic
matter {Anderson 1967).

Vegetative Reproduction: Reproduction of vine maple is almost exclusively by vegetative means {layering,
coppicing, and rooting) (Anderson 1967; Russell 1973; UBC Bot. Garden 1976). Layering is the principal
means by which vine mapie invades unoccupied areas and reproduces. Layering results from stems
becoming too long and massive to remain erect, or from mechanical force {e.g., show} pushing the stems
to the ground (Russell 1973). On steep slopes, layering seldom occurs uphiil from the piant since
generally only 10% of the stems lean upslope. Anderson {1967) states that rooting occurs when shgots
arise from adventitious lateral buds on shallow roots but in Oregon no evidence has beenfound to suppornt
the idea of stem reproduction from roots {J. Zasada, pers. comm., Sept. 1989). Coppicing occurs when
shoots arise from dormant or adventitious buds on the base of the main stem. Adventitious buds arise
following damage by fire or logging (Anderson 1967).

PESTS

Vine maple is host to many defoiiators which individually inflict very litle damage. The most common
defoliators in British Columbia are western winter moth (Erannis vancouverensis), western tent caterpiflar
{Malacosoma pluviale), andredhumped caterpillar { Shizuraconcinna) {L. MacLauchlin, pers. comm., Feb. 1989).

The mostcommon pathogens are Nectaria coccinea(a stemcanker), Polyporus hirsutus (stemdecay), and
Polyporus versicolor (stem decay) {H. Merler, pers. comm., April 1989).

EFFECTS ON CROP TREES

Competition: Vine maple is a commeon shrub and a major competitor in Washington and Oregon. In British
Columbia, however, it does not occur extensively and it creates competition problems only in localized
areas {T. Lewis, pers. comm., May 1989). Vine maple is avery strong competitor with conifers and other
shrub species {Krajina ef al. 1982; Beese 1986). It may interfere with Douglas-fir establishment because
its initial growth is much faster (Krajina ef al. 1982) and its root system depletes soil moisture and exciudes
the roots of other species (Drew 1968; Russell 1973). Chan and Walstad (1987) found that Douglas-fir
sapling growth decreased as the amount of overtopping shrubs increased on a site dominated by vine
maple and saimonberry in the Oregon Coast Range. Krajina et al. (1982) suggest that control of vine
maple is necessary for up to 10 years untit conifers are free-growing, after which vine maple can be left
on the site for the beneficial effects of its leaves on the humus.

Allelopathy: Dense mats of fitter under vine mapie are believed to prevent other species from establishing
{Steen 1966). Strong inhibitory phenolic extracts have been found in vine maple foliage and litter (del
Moral and Cates 1971; Rice 1974; Tinnin and Kirkpatrick 1985). dei Moral and Cates {1971) suggest that
vine maple has an aliefopathic effect on Dougtas-fir and other shrubby species, and that westemn hemiock
and westemn redcedar may have allelopathic effects on vine maple.

Beneficial Effects: Leaf litter of vine maple is believed to provide a rich supply of nutrients to the site. A moder
humus form develops where vine maple litter is deposited {Krajina ef al. 1982).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Remaval: Vine mapleis present in mature forests and, althoughit declines initially, itincreases
substantiaily in height and cover following overstory removal {Brand 1978}. Vine maple re-establishes
its dominance over the course of succession (Bailey 1966; Keliman 1969; Gashwiler 1970). lis roots
usually survive the disturbance of logging and sprout socon after clearcutting, resulting in the same
distribution of plants in seral forests as in the original forest (Bailey and Pouilton 1968). In Qregon,
excavation of dense patches of vine maple after disturbance showed that the plants originate from stems

2 CRAFTS 1988.
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VINE MAPLE

buried during harvesting, not fromthe roots (J. Zasada, pers. comm., July 1989}. Vine maple rarely seeds-
in to logged areas.

Fire: Vine maple has low to moderate tolerance of fire {Anderson 1969; USDA 1981} and can be killed by

severe burns (Dymess 1973). The basal portion of the stem and roof system survives all bul the most
severe burns and dormant buds form and sprout vigorously {Reid et al. 1938; USDA 1981). Regeneration
of vine maple from seed is extremely uncommon on burned areas.

Severai studies show that it initially decreases in cover following burning. Steen (1966} found that 9 years
afler a medium severity burn, vine maple had 12% cover, while onthe unburned control, it had 18% cover.
Dymess {1973) found that 5 years after burning, vine mapie was absent from severely burned areas, had
2% cover onlightly bumed areas, had less than 1% cover on disturbed but unburned areas, and had 15%
cover on anundisturbed control. Schoonmaker and McKee (1988} studied a chronosequence of bumed
sites in the Oregon Cascades and concluded that vine maple takes 15 years to recover lo its pre-
disturbance cover following logging and medium intensity burning.

Cutting: Manual cuting or physical damage due to logging, crushing, or slashing results in prolific basal

sprouting of vine maple. Stems cut in both coastai British Columbia and the Oregon Coast Range have
sprouted 9 cmin heightinthe first year following cutting. Vine maple canrecover ils pre-treatment height
and crown volume 2 or 3 years afler cutting (Roberts 1977; Kelpas 1978).34

Herbicides: Vine maple is effectively controlied with glyphosate (Conard and Emmingham 1984a; Boateng

oo W

and Herring 1990}. 1t is very susceplible to injury from glyphosate during late summer and mid-fall after
growth has stopped.5 Vine maple was 100% controlied with glyphosate applied at 1.6 kga.i/haasa late
summer foliar spray at Lillooet Lake {B. D’Anjou, pers. comm., May 1989). Plants that are injured but not
killed continue to decline in vigour 2 years after herbicide application (Kelpsas 1978).5

Vine maple is partially tolerant of hexazinone and is reported to sufier only light injury from foliar
applications {Conard and Emmingham 1984a; Boateng and Herring 1990).

Applications of 2,4-D to cut surfaces have provided good control of vine maple in Oregon {Conard and
Emmingham 1984b).

Several herbicides not registered for forestry use in British Colurmbia effectively control vine maple. They
include:

1. Picloram: Foliar applications; early and late spring. Best control is obtained after
full leaf development and while plants are actively growing. {Stewart 1972,
1974a; Vander Born and Maik 1984}.

2. Picloram mixed with triclopyr (Conard and Emmingham 1984a; Boateng and
Herring 19903}.

3. 2,4-D amine mixed with triclopyr {(Conard and Emmingham 1984a; Boateng and
Herring 1990).

4, Triclopyr: Basal or cut surface treatment {Conard and Emmingham 1984b)}.
2,4-D amine: Cut surface treatment {Conard and Emmingham 1984b}.

Picioram mixed with 2,4-D amine: Cul surface treatmert {Conard and
Emmingham 1984b)

7. 2,4-D mixed with 2,4,5-T in diesel oil. Basal spray during dormant season
(Hetherington 1964).

MSMA,; early spring {Stewart 1972, 1974a).
MSMA mixed with 2,45-T {Stewart 1972, 1974a}.

CRAFTS 1988.
DAnjou 1988c.
Conard 1982.
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VNE MAPLE

Soil Disturbance: Vine maple seed rarely establishes on exposed mineral soi. Coppicing and rooting can be
expected following mechanical site preparation {Anderson 1969; UBC Bot. Garden 1976; Kelpsas 1978).
However, deep soil disturbance can eliminate vine maple {(Kelpsas 1978).

WILDLIFE

Food: Vine maple is a highly important winter forage for black-tailed deer {Nyberg et a/. 1986)7 and is a
common summer and fallforage for black-tailed deer (Rue 1978). Brown {1961} reported that black-taited
deer obtained 15% of its summer and fali diet from vine maple leaves and twigs in western Washington.
In British Columbia, vine mapie shoots are moderately important winter and spring forage tor Roosevelt
elk (Singleton 1976) and in the Oregon Coast Range they are the preferred forage of this animal (Bailey
1966). Inthe Oregon Coast Range, vine maple is also a preferred forage for mountain beaver {Bailey and
Poulton 1968; Crouch 1968; Chapman and Feldhamer {editors) 1983), which can climb several meters
to cut off small limbs (Harestad 1983). Mountain beaver has a very limited range in British Columbia, but
itisabundant inthe U.S. Pacitic Northwest. Browsing stimulates vigorous sprouting of vine maple (7. Lea,
pers. comm., Feb. 1989).

Other Resources: Vine maple communities are reported to provide excelient habitat for rabbits® and deer
{(Miller 1968) in the Oregon Goast Range.

7 Blower 1982,
B Newton and O'Delt 1973.
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Acer glabrum Torr. Douglas maple
(Rocky Mountain maple)

DESCRIPTION

Douglas maple is a deciduous small tree or shrub. it can reach 6-8 m in height and up to 30 cm in diameter
but most often occurs as a multi-stemmed shrub 1.5-2 mtall. Stems are red with opposite branching; leaves
are paimate with 3 to 5 toothed lobes, often reddish tinged. The imperfect flowers are small, greenish-yeliow
in drooping clusters. Male and female flowers can occur on separate trees. Fruit are paired, winged samaras,
wrinkled, green to red in colour bui becoming greyish brown with age {Viereck and Little 1972; Hosie 1973;
Hultén 1974},

Variation: The Douglas mapie of British Columbia is variety douglasii {(Taylor and MacBryde 1977). Studies
done inthe United States refer to the Rocky Mountain maple (Acer glabrum var, glabrurm) (Hultén 1974).

DISTRIBUTION AND ABUNDANCE

Douglas maple is found throughout most of British Columbia to approximately 56°N latitude. 1t is
uncommon on the outer Coast and absent from the Queen Charlotte Islands {Viereck and Litlle 1972; Krajina
et al. 1982). it is most abundant in the Interior of the province, especially in southern British Columbia, in the
IDF and drier ICH subzones.

Altitudinal Range: Although most commaon in interior valley bottomns, Douglas maple grows from sea levelto
over 1200 m {Lyons 1952). It is generally absent from subalpine elevations.

HABITAT

Climatic Relations: Within British Columbia, Douglas mapie does not tolerate climatic extremes. |t is absent
from areas of extremely wet coastal climate, from the boreal forest, from the semi-deserl areas of the
southern Interior, and from alpine and subalpine climates. Throughout central British Columbia, it prefers
areas of moist, warm mesoclimate (R. Coupe, pers. comm., Nov. 1984) and is characteristically found on
sunny south-facing slopes (Coupé et al. 1982).9¢

Site and Soil Conditions: In the mature forest of the SBS, northern ICH and drier CWH subzones, Douglas
maple is characteristically found on well-drained colluvium or on shallow soils.'*'213 [n the IDF and
southern ICH zones, and in seral communities throughout British Columbia, it occurs on a much wider
range of sites and soils (see, e.g., Mitchell and Green 1981). Along the coast, Douglas mapie is commaonly
found on rocky clifts, ledges, avalanche tracks, or on the border of openings such as meadows and bogs
{Viereck and Little 1972; Hosie 1973}. It is also abundamt on alluvial terraces of coastal river valieys
{J. Pojar, pers. comm., March 1985).

Nutrient Relations: Douglas maple is believed to have relatively high nutritionai requirements. Krajina et al.
{1982) state that it has high requirements for calcium, magnesium, nitrogen, potassium, and phosphorus,
while Mueggler {(1965) reports that it is associated with sites with high levels of potassium.

Water Relfations: Throughout the province, Douglas maple grows over a wide range of moisture conditions.
Inwet zones (CWH and ICH} it is most common on dry sites; while in drier zones such as the IDF it is most
common on moister sites (Angove and Bancroft 1983). Hs best growth occurs on moist coastal
bottorniands where it can become a medium-sized tree. Cline and Campbell {1976} studied the water
relations of Dougias maple in northern idaho where it was present on both moist, north aspects and dry,
south aspects. During August, when evapotranspirative stresses were much higher on the south aspect,
the south aspect mapie had maximum conductances which were almost twice as high as those on the
northaspect. The maple is apparently abie to compete on both sites by adjusting its totatieaf area, through

2 Coupé and Yee (editors) 1982,
10 Delong 1983.

11 Coupé and Yee {(editors) 1982
2 Yole ot al 1982,

¥ Delong 1983.
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DOUGLAS MAPLE

stomatatl control, and by shifting the water potential of its leaves on the south aspect to enable it 1o extract
moisture from the soil.

Light Relations: Krajina et al. {1982) classify Douglas maple as having moderate shade tolerance. It occurs
in relatively open forest and under full sunlight, but rarely in deep shade. It has been found at 4% of full
fight levels in the forests of southem Oregon {Emmingham 1972). Strong sunlight can be detrimentat to
young seedlings (Marchant and Sherlock 1984). Mueggler (1965) observed that itis atall spindly shrub
under a canopy, and a mare dense, compact shrub in open sunlight.

Temperature Relations: Frost resistance is high, especially in the interior (Krajina et al. 1982).

GROWTH AND DEVELOPMENT

There is no detailed information available on the morphological or physiological development of Douglas
maple. Development of the species into a single-stemmed tree appears to be most commonin the favourable
environments of coastal and southern British Columbia, while in the interior and on harsh coastal sites it is
usually a multi-sternmed shrub (Hosie 1973; USDA 1974). Seedlings will grow rapidly during the first growing
seasonif conditions are favourable (Marchant and Sherlock 1984). Maximum height growthis usually attained
within 30—40years of establishment (Mueggler 1965). Douglas maple has a wide-spreading root systemwith
a mixture of deep and lateral roots {Hosie 1973; Marchant and Sherlock 1984).

Phenology: Flowering occurs between April and June. Incoastal Alaska, flowering typicaily occursin May and
fruit matures in July and August, while in Montana and Idaho flowers open between mid-May and mid-
June and fruit ripening extends from mid-July into September. Seeds are dispersed beginning in
September and can remain on the stems until February or later (Viereck and Little 1972; USDA 1974,
Schmidt and Lotan 1980; Shaw 1984).

In Montana and ldaho, leaf emergence can begin in early April and is complete by {ate May. Leaves are
fully grown by mid-June at most locations. They begin to colour and die between late July and early
September, depending on weather conditions, and leaf fall extends from early September to mid-October
(Cline and Campbeil 1976; Schmidt and Lotan 1980).

REPRODUCTION

Seed Production and Dispersal: Douglas maple begins to produce seed from an early age (USDA 1974).
Crane et al. (1983) repori that seeds were produced by the fifth year foliowing a fire. Thereisa 1-to 3-year
interval between large seed crops (USDA 1974). The winged seeds are dispersed throughoutthe fali and
winter by wind (USDA 1974) and there are no reports of dispersal by animais.

Seed Viability and Germination: Douglas maple seeds remain viable for only a short period of time. Seeds
remaining on the stem may siowly lose their viabifity during dry, frosty periods (Marchant and Sherlock
1984). Under ideal conditions seed can be stored for up to 3 years. High germination percentages
(e.g., B5%) have been obtained under laboratory conditions. The seeds have embryo dormancy and
require approximately 180 days of chiling before they will germinate (Shaw 1984},

Vegetative Reproduction: Douglas maple sprouts readily from root crowns following disturbance (Cholewa
and Johnson 1983; Crane et al. 1983), but does not appear to spread by rhizomes or root suckers.
Vigorous naturaf layering has been observed in the mountain maple (Acer spicaturm) of eastern North
America {(Hosier 1974).

PESTS

No information.

EFFECTS ON CROP TREES

Competition: Douglas maple is not considered to be a significant competitor with conifers over most of its
range (Krajina et al. 1982; R. Coupé and C. Delong, pers. comm., Nov. 1984). However, it is viewed as
a major competitor in the Kamloops Region (D. Lloyd, pers. comm., Nov. 1984). There are no studies of
its competitive ability, but it is usually not an aggressive colonizer of clearcuts and, because it has a
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relatively open crown, it does not cause serious competition for light. Competition with conifers for
moisture occurs in the dry climate of the IDF zone, and on dry sites in other subzones. Dougias mapie
competes with Douglas-fir and lodgepole pine in dry areas. Competition has caused moderate growih
losses but not mortality {T. Lewis, pers. comm., July 1989). Because of its apparent nutrient-demanding
status, it may also compete successfully with conifers for soil nutrients.

Beneficial Effects: Krajina et al. (1982) indicate that the litter of Douglas mapie has a beneficial effect on

humus, presumably because of the rapid decomposition recycling and of the high concentrations of nutri-
ents contained in maple foliage. it may be beneficial to leave maple to provide shade for Douglas-fir on
some harsh sites. However, the benefit of shade may be oftset by competition for moisture on these sites.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Successional studies inthe cedar-hemlock zone of northern idaho (Mueggler 1965;

Wittinger et al. 1977) indicate that the cover of Douglas maple increases skightly or not at all following
canopy removal, and begins to decline 25 years following canopy removal. The shrub becomes broader
and foliage becomes more dense following canopy removal. Eis (1981) showed a significant increase
in cover of Douglas maple 6 years following logging on moist Aralia — Dryoptens sites in the SBS zone
north of Prince George but did not indicate whether the increase was due to establishment of new
seedlings or anincrease in vigour of existing plants. Douglas maple cover and vigour were observed to
remain unchanged following canopy removal in the ICHmw subzone {J. Wright, pers. comm., July 1989).

Fire: Several authors report that Douglas maple sprouts readily from the root crown following fire and

increases in density by sprouting (Lyon 1966; Cholewa and Johnson 1983). Crane et a/. (1983) observed
that resprouting occurred the same year as the fire and, 5 years later, maple had increased 4 times over
its original post-fire cover. Stickney {1981), however, reports that Douglas maple survival was low and
percent cover remained well below preburn levels after 3 years. In western Montana, cover of Douglas
maple was 11% on an unburned site and less than 1% 5 years after a severe burn (Bradley 1984).
Differences in results among studies probably relate to fire severity.

Culting: Resprouting following cutting is similar to burning response (Marchant and Sherlock 1984). Manual

cutting results in vigorous sprouting in the ICHmMw subzone in the Salmon Arm Forest District. Sprouts
average 1-1.5 m/yearin height growth, but have been observed to grow as much as 2.5 mvyear {J. Wright,
pers. comm., July 1989}. Sprouts average 40—60 cmin height 1 year afier cutting on medium sites near
Penticton, B.C."* Three seasons after a 5.7 m tall stand of Douglas maple was cut to ground level in
northern idaho, clumps had recovered to 1.2—1.8 min height. Cut stems produced up 1o 10 sprouts each
{Miller 1885a).

Herbicides: Douglas maple is very susceptibie to foliar applications of glyphosate in the ICHmw and ICHvk

subzones near Salmon Arm and Revelstoke. An application rate of 2.1 kg a.i./ha has caused greater
mortality than a rate of 1.4 kg a.i./ha (J. Wright, pers. comm, July 1989).%® Minimal resprouting occurs
one year after treatment. M. Newlon {pers. comm., Dec. 1984) found that, in Oregon, glyphosate applied
inthefall at 1.7 kg a.i./ha provides good control of Douglas maple. Boyd et a/. {1985) documented 28 trials
involving application of glyphosate to Douglas maple in the U.S. Inland Northwest. Top-kill varied from
0 to 100% after two growing seasons and tended to be highest at application rates above the maximum
tegal rate for British Columbia. Miller (1985b) indicated that in the U.S. Inland Northwest, glyphosate
causes good top-kill of Douglas maple, but poor total plant kill.

Hexazinone tends to provide only partial control of Douglas maple. Mid-June broadcast applications of
hexazinone in the ICH zone near Smithers resulted in fair control 1 year after treatment regardless of
application rates (3 and 4.6 kg a.i.’ha) or methods {spot gun, and spear attachment pushed 2 cm into the
duff). Broadcast applications'® of 1.1, 2.2, or 4.3 kg a.i./ha in early May near Burns Lake, B.C., did not
cause significant injury to Douglas maple. On the same site, early May applications of both 4 and 8 mL

*4 Noble-Hearle 1989.

15
5 Newhouse 1988a.

Dyke 1987.
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of undiluted hexazinone at 2 m spacing resulted in about 30% injury to Douglas maple. At a spacing of
1.5 m, the injury was increased to 50%.""

M. Newton (pers. comm., Dec. 1984) found that, in Oregon, 2,4-D usually results in defoliation or top-kili
followed by sprouting. in the U.S. Inland Northwest, however, 2,4-D ester has tended to result in
unsatisfactory top-kill. Two years after treatment, top-kili for 10 triais ranged from 0 fo a maximum of only
35%. Top-kill tended to increase as the application rate increased from 0.8 1o 4.3 kg a.i./ha.

Soil Disturbance: Mechanical site preparation in the ICHmw subzone can reduce the abundance of Douglas
maple. The species appears to be capable of germinating on mineral soil or LFH layers less than 5 cm
thick (J. Wright, pers. comm., July 1989).

WILDLIFE

Food: Dougias mapie is a preferred browse species for ungulates (Asherin 1974; Cholewa and Johnson
1983). Itis important to deer especially inwinter (Harvey 1981).'8'° itis moderately important winter and
spring browse for elk, moose, and bighorn sheep (Singleton 1976).2° Browsing stimulates vigorous
resprouting. (T. Lea, pers. comm., Feb. 1989).

Other Resources: Douglas maple provides nesting sites for birds.
17 Taskey and Masterson 1986c.
18 Demarchi and Demarchi 1967.

13 Miles and Weikle (undated).
20 Balfour 1989.
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Acer macrophylium Pursh. Bigleaf maple
(broadleaf maple)

DESCRIPTION

Bigleaf maple is a large tree 15-25 m talt at maturity, with a broad, spreading crown. Twigs are stout with
opposite branching. Leaves are large (15-30 cm) and palmate with deep iobes. The yellowish-green flowers
are arranged in a raceme at the ends of the twigs. The fruit is a winged samara with paired, hairy seeds
{Hosie 1973).21

Variation: There are no varieties or subspecies of bigleaf mapie described in British Columbia (Taylor and
MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Bigleaf maple in British Columbia is confined to Vancouver island and the adjacent mainland coast as far
north as Sullivan Bay at approximately 50°N latitude (Hosie 1973; Krajina et a/. 1982). it penetrates inland
upthe Fraser Canyonto Lytton. 1t cccurs only inthe CDF, CWH, and subcontinental IDF biogeoclimatic zones,
and is most abundant on southeastern Vancouver Island and adjacent areas of the CDF zone.

Altitudinal Range: Bigleaf maple is alow-elevation species and rarely occurs above 300 m {Fowells {compiier)
1965), but it has been observed at elevations above 350 m on southeastern Vancouver island (Packee
1976).

HABITAT

Climatic Relations: Bigleat maple is confined to the warmest, mildest climate in British Columbia {Krajina et a/.
1882). The northern limit of the species is apparently defined by temperature, while insufficient moisture
and humidity may combine with temperature 1o limit its extension towards the Interior. Its best growth
occurs in a humid climate where mean annual temperatures are above 10°C and there is littke annual
variation in temperature (Fowells {compiler} 1965).

Site and Soil Conditions: Bigleaf maple is found on a variety of soils ranging from deep and loamy to shallow
and rocky. Best growth is on fluvial sites and at the base of colluvial slopes (Fowells (compiler) 1965;
Packee 1976), but it may also be found on morainal and marine soils, and often appears as pioneering
vegetation following landslides. Hosie (1973) reports that it occurs most often on coarse, gravelly soils.
Soils supporting good growth of bigleaf maple are usually Humo-Ferric Podzols, Sombric or Dystric
Brunisols, and Regosols (see, e.g., Klinka et a/. 1979; Klinka and Carter 1990).

Nutrient Refations: Best growth of bigleaf maple occurs in nutrient rich soits, and it has very high requirements
for calcium, magnesium, nitrates, potassium, and phosphorus (Krajina et al. 1982). Levels of nitrogen,
potassium and caicium in foliage, wood, bark, and fitter are high relative to other northwestern tree
species, while leveis of phosphorus and magnesium are relatively low (Minore 1979).

Water Relations: Bigleaf maple most often grows where soils are moist, and best growth is on sites with
abundant seepage or on fluvial sites along streambanks {Fowells {compiler) 1965; Hosie 1973; Packee
1976; Krajina et al. 1982). Minore (1979) classed bigleaf maple as intermediate relative to other Pacific
Coast tree species with respect to moisture requirements for optimum growth. Itstloodtolerance is rated
as very high by Krajina et al. {1982), who cbserve that it occurs on ficodplains.

Light Relations: In British Columbia, bigleaf maple is not normally found as an understory tree. Akhough
shade tolerance is low to moderate (Krajina et al. 1982}, it is the most shade tolerant deciduous tree in
south coastal British Columbia (Packee 1976}. Research in coastal Oregon (J. Tappeiner, pers. comm.,
Dec. 1984) indicates that tolerance seems to decrease with age, and best growth accurs where top light
is available (Fowells (compiler) 1965). In Western QOregon, Fried et af (1988} found that survival of
seedlings after 2 years was highly dependent on canopy density, and was highest in clearcuts and very
low under dense overstaries.

2* Brand 1984,
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BIGLEAF MAPLE

Temperature Relations: The geographic distribution of bigleaf maple suggests that frost resistance is ow, and
that the species cannot tolerate frozen soil conditions {Krajina et al. 1982).

GROWTH AND DEVELOPMENT

Bigleaf maple is characterized by rapid growth for the first 40-60 years ot its life. Maturity is reached al
between 150 and 300 years of age and mature trees reportedly average about 15 min height and 45 cmin
diameter (Fowelis (compiler) 1965), but trees may be more than 30 mtall and as much as 2.5 min diameter.
Under low light conditions, bigleaf maple develops a narrow crown and a long limb-free bole. Under open
grown conditions its crown is broad and rounded (Hosie 1973). The tree has a wide-spreading root system
(Packee 1976). This species is most often seenincutovers as a multi-stemmed ciump arising from a cut stump
rather than as an individual of seed origin.Z2 Sprouts and seediings of bigleaf maple have quite different
juvenile growth characteristics (M. Newton, pers. comm., Dec. 1984). Sprouts can grow 2—4 m in height in
the first growing season. Their height growth is controlled by the number of sprouts and the size of the original
stump. There can be 50 to 60 sprouts per stump. Within 30 to 40 years the clump can cover an area as large
as 100 m? (Lauterbach and Warren 1982).2324 In contrast, early seediing growth is much slower than sprout
growth because the seedling does not have an established root system and large carbohydrate reserves.
Under ideal conditions, nursery seedlings grow very rapidly. They can attain 2 m in height in one growing
season, but this size is seldom attained under natural conditions (J. Zasada, pers. comm., Sept. 1989).
Seedlings established under acanopy of other species may have extremely slow rates of growth until released
by removal of the overstory {J. Tappeiner, pers. comm., Dec. 1984). In western Oregon, Fried et al. (1988)
observed that 8- to 10-year-old seediings under mature Douglas-fir were only 25 cm tall. Suppressed trees
are extremely persistent and can die back and resprout repeatedly under overmature conifer stands
{M. Newton, pers. comm., Dec. 1984}.

Phenology: Flowers and leaves emerge simultaneously from the same bud during April. Pollination occurs
2—4 weeks following bud burst. Fruits ripen between late August and October and are dispersed from
October through January (Fowells (compiler) 1965; Hosie 1973; USDA 1974). Ina western Oregon study,
the peak period of leaf abscission was Oclober 2-23. Abscission occurred rapidly following the first frost
and was hastened by heavy rains {Campbell and Franklin 1979).

REPRODUCTION

" Seed Production and Dispersal: Bigleaf maple first begins to produce flowers at about 10 years of age.
Pollination of the flowers is by insects. Seed crops are produced every year and can be copious. Open
grown trees begin to produce seed earlier in life and have larger seed crops than those growing in the
shade. Seeds are dispersed throughout the fall and winter. Dispersal is primarily by wind, but small
mammais and some birds may aiso be involved. The seed is one of the heaviest of northwestern tree
species, but the large wings aid in effective dispersal (Fowells (compiler) 1965; Minore 1979).

Seed Viability and Germination: Little research has beendone onthe regeneration of bigleaf mapie from seed.
tn Oregon, Fried et al. (1988) found that all bigleaf maple seeds not taken by predators either germinated
within 1 year of dispersal or decayed. Germination apparently occurs on both mineral and organic
seedbeds and survival depends onthe presence of adequate moisture (Packee 1976). First-year survival
rates of bigleaf maple seedlings have been reported to be significantly greater in clearcuts (77%} thanin
young {15%)}, old (29%), or pole-sized {50%) stands (Fried et al. 1988). Bigleaf maple seedlingsin Oregon
were significantly more abundant, taller, and older in small forest openings than in adjacent sites under
a dense forest canopy (Sabhasri and Ferret 1960}.

The window for the most successful establishment of bigleaf maple seedlings appears to begin after
canopy thinning and end before forbs and shrubs invade {Fried et al. 1988).

22 prand 1984,
23 1bid.
24 Robents 1980.
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Vegetative Reproduction: Bigleat maple sprouts vigorously from dormant buds at the base of the stem
following top kill or cutting of the parent tree {Fowells {compiler} 1965).25-2 }t does not produce suckers
from rhizomes or roots and there are no reports of natural layering.

Reproductive Strategy: Researchers in Oregon, studying the establishment of bigleaf maple hypothesize that
it is a “seedling banker” (Grime 1979). This regenerative strategy involves a bank of persistent seedlings
that establish themselves under young coniferous or mixed stands, then persist in a stunted or etiolated
condition until a disturbance occurs thatcreates conditions favourable for more rapid growth {J. Tappeiner,
pers. comm., Dec. 1984). Seedlings of bigleaf maple are rarely found in Oregon clearcuts. Fried et a/.
(1988} found fewerthan 20 one-year-okd seedlings on a 16-haclearcut and suggested that these probably
originated from seedfall before clearcutting. There is some uncertainty whether this failure to become
established is due to environmental conditions or whether deer browse of young seedlings is so severe
that seedlings only hecome established at later stages of standdevelopment when deer are less abundant
{Fried et al. 1988).

PESTS

Principal diseases and insect pests are described by Fowells (compiler, 1965); Packee (1976); and Furniss
and Carolin (1977). Minore {1979) rates bigleaf maple as being particularly resistant to laminated root rot
{ Phelfinus weirip.

EFFECTS ON CROP TREES

Competition: Bigleaf maple is considered to be a very serious competitor with Douglas-fir on some of the most
productive growing sites in British Columbia. !t does not aggressively seed-in to clearcut sites, thus the
primary source of competition is from plants already established on the site, especially those trees cut
during logging. Bigleaf maple sprouts easily outgrow British Columbia conifers and because asingle plant
has the capacity to establish cover over a large area, the potential stocking by desired species can be
greatly reduced.?’ No other individual of any plant species provides as much competition to Douglas-fir
as a single sprouted stump of bigleaf maple (M. Newton, pers. comm., Dec. 1984). [ts large leaves
produce a deep shade that does not allow shade-intolerant species such as Douglas-ir to becoms
established (Krajina et al. 1982) and the heavy ieaf fall smothers young seedlings (Packee 1976).
Although bigleaf maple is often outgrown in height by conifers (Fowells {compiler) 1965}, this does not
occur until relatively late in the rotation.

Beneficial Effects: Aithough bigleaf maple absorbs and retains large quantities of nutrients, its litter is believed
to be valuable in supplying a rich supply of nutrients to a site. Fried (1985} suggests that the rapid cycling
rates of bigleaf maple litter could benefit surrounding Dougias-fir trees by making bases more readily
available to the tree roots instead of holding themin the forestfloor. The muil humus which develops where
mapie litier is deposited is apparently beneficial to westem redcedar {Krajina et al. 1982).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Plants already established on the site can be expected to respond to canopy
removal with vigorous growth. Cut stumps sprout to produce a wide-crowned multi-stemmed shrub.
Rapid seeding-in of cutover areas is not observed in coastal Oregon (Fried et al. 1988: D. Minore and J.
Tappeiner, pers. comm., Dec. 1984). In acoastal British Columbia study (Muelter-Dombois 1965), spread
of bigleaf maple tended to be confined to moist, nutrient-rich sites similar to those where the maple is
normally found in mature forest.

25 Brand 1984,
28 Papd! and D'Anjou 1984,
27 Brand 1984,
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Fire: Buming produces top-kill of bigleaf maple followed by rapid sprouting from dormant basalbuds. Sprouts

cangrow 3—4 mperyear (Kelpsas 1978; B.M. Geisler pers. comm.,, Jan. 1985). A severe prescribedburn
completely eliminated bigleaf maple for at least five growing seasons on a site in the western Cascades
of Oregon. Light burning produced no significant difference incovertfrom prebum conditions (Dyrness 1973).

Cutting: Manual cutting of bigleaf maple plants or coppices promotes rapid, vigorous sprouting. When

sprouted maple clumps were manually cut back with axes, the coppices grew almost immediately.?® Five-
year-old bigieaf maple coppices cut with a machete in early September on southern Vancouver Island
vigorously resprouted; there were 45 sprouts per stump 3 years after cutting.?® Bigleaf maple cut during
three different seasons averaged six sprouts per cut stem with the least sprout production occurring on
the iate summer cuttings.3®

Manuat cutting can significantly reduce the crown volume of bigleaf maple for at least 1 year.?” However,
CRAFTS™ found that clumps regained more than half of their original crown volume during the first year
after cutting. Crown volume has recovered within 3 years of cutting.®

in Oregon, bigleaf maple has regained about 75% of its original height during the first year after cutting.3¢
in the CDF zone on southern Vancouver island, bigleal maple vigorously sprouted back to its original
height 1-1.5 years after cutting (R. Muller, pers. comm., July 1989). Wagner (1984) found that manual
cutting in March or April controlled bigleaf maple more effectively than it did red alder, vine maple,
salmonberry, or elderberry.

Herbicides: Broadcast applications of most avaitabie herbicides will cause top-kill but roots are seldom killed

because littie chemical is transported downwards. The plant quickly responds by producing sprouts
(Sund and Finnis 1978; Lauterbach and Warren 1982).

Bigieaf maple has been controlied with foliar glyphosate applications in British Columbia, Washington,
and Oregon {Conard and Emmingham 1984b; Boateng and Herring 1990).353% Complete spray coverage
of the foliage of coppices seems to be essential to provide total kill of resprouts on stumps.3” Substantially
less resprouting occurs if glyphosate is applied to the cut surfaces of the sprout stems immediately after
summer and fall cutting (Conard and Emmingham 1984b).3

In British Columbia, 2,4-D has been inefiective at controlling bigleaf maple {Boateng and Herring 1990},
Similarly, aenal applications of 2,4-D in winter, spring, or summer in Washington and Oregon do not
control bigleaf maple {Conard and Emmingham 1984a). However, application of undiluted 2,4-D amine
to cut surfaces in summer or late summer causes moderate injury in Washington and Oregon (Conard
and Emmingham 1984b}.

Also, in Washington and Oregon, spring broadcast applications of amitrole have resulted in no control of
bigleaf maple, and summer applications in moderate control (Conard and Emmingham 1984b).

Soil Disturbance: Large crawler tractors and backhoes were used to uproot sturmps of bigleat maple on

Vancouver Island. Stump sprouting was minimal and sprouts were of very low vigour {B.M. Geisler, pers.
comm., March 1985).

Pendl and D'Anjou 1984,
Boateng and Ackerman 1968.
Roberts 1980.

CRAFTS 1988

CRAFTS 1987,

CRAFTS 1988,

CRAFTS 1887.

Boateng and Ackerman 1988,
CRAFTS 1987.

Boateng and Ackerman 1988,
CRAFTS 1987,

28



BIGLEAF MAPLE

WILDLIFE

Food: Young shoots are browsed by elk®® (Devereux 1988; A. Harcombe, pers. comm., Feb. 1989) and
seedlings and saplings are favoured by black-tailed deer. Seeds are eaten by many smali mammals and
some birds (Fowells (compiler} 1965}. Fried et al. {1988} reports that rodents can clip bigleaf maple
seedling roots and pull entire seedlings down into burrows. Bigleaf maple can make a moderate
contribution to the diet of mountain beaver, a mammat that has a very limited range in British Columbia
but is abundant in the U.S. Pacific Northwest.

Other Resources: Bigleaf maple is an impartant cavity nesting tree for hairy woodpeckers in southern British
Columbia*® anditis a roosting site for pileated woodpeckers in Oregon {Mellen 1987). It provides daytime
perches for bald eagles on the southern coast of British Columbia and in northwest Washington. The blunt
top and stout branches allow eagles to perch high in the tree {Staimaster and Newman 1979; T. Lewis,
pers. comm., July 1989). Hollow maples are preferred den sites for racoons (Banfield 1974). Miller (1968)
observed that biack-tailed deer in Oregon use bigieaf maple communities for bed sites, especially in
October.

39 Smith at af. (undated).
40 Koral and Wallis 1983.
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Alnus incana (L.) Moench Mountain alder
spp. tenuifolia (Nutt.) Breit. (thin-leaved alder, speckled alder)
(A. tenuifolia)

DESCRIPTION

Mountain alder is a deciduous small tree or coarse, multi-stemmed shrub up to 15 m tall. it looks similar
to green and Sitka alder but is often taller and straighter. Stems have smooth greyish-yellow bark and twigs
have ciub-shaped, stalked buds. Leaves are thin, oval, and non-sticky, with teeth of two sizes. Separate male
and female catkins are produced on the same twig. Fruits are small nutiets with tiny wings, and are borne in
cones {Hosie 1973; Brayshaw 1978; Furlow 1979; C. Delong, pers. comm., Nov, 1984},

Variation: Mountain alder is very closely related to the speckled alder (A. incana ssp. rugosa or A. rugosa) of
the Prairie Provinces and eastern Canada, and to the grey alder {A. incana ssp. incana) of Europe. Several
varieties of this subspecies have been described, but they are poorly distinguished because the
morphological variation is continuous rather than discrete {Hosie 1973; Brayshaw 1978).

DISTRIBUTION AND ABUNDANCE

Mountain alder is found throughout British Columbia east of the Coast Mountain Range. It occurs widely
in all interior biogeociimatic zones but is only locally abundant (Hosie 1973; Taylor and MacBryde 1977;
Krajina et al. 1982; Angove and Bancroft 1983}.

Altitudinal Range: Mountain aider ranges from 100 m in Alaska to over 3 000 m in Colorado and Arizona
{Furlow 1979). in British Columbia, it ranges from Interior valley bottoms to high mountain elevations
{Lyons 1952) but does not extend as high as Sitka alder {J. Pojar, pers. comm., March 1985).

HABITAT

Climatic Relations: Mountain alder requires cool climatic conditions throughout its range (Furlow 1979). The
range of this species in British Columbia indicates that it is adapted to a wide variety of continental climatic
conditions and can tolerate a broad range of temperature and precipitation.

Site and Soif Conditions: Mountain alder is most often associated with alluvial or streambank habitats (Hultén
1974; Brayshaw 1978). In Great Britain, A. incanais known for its ability to thrive on very cold, heavy soils
{Hadfield 1968).

Nutrient Relations: The nutritional requirements of mountain alder are high. It is described as a calciphyte by
Krajina et al. {1982} and is usually found growing in moderately rich to rich habitats (Pojar et af. 1982;
R. Coupé, pers. comm., Nov. 1984). Wali (1969) found that near Prince George mountain alder is
restricted to a very narrow range of site conditions with high rates of available calcium, magnesium, and
nitrogen. Like other alders, mountainalder has the capacity o fix atmospheric nitrogen (Flescher et al. 1976).
It fixes higher rates of nitrogen than Sitka alder and can produce amounts similar to red alder (Binkley
1981). On fioodplain sites in Alaska, soil pH gradually decreased under a stand of mountain alder over
a period of 20 years and there was a marked increase in potassium, calcium, magnesium, manganese,
and phosphorus within 5 years of mountain alder establishment {van Cleve and Viereck 1972},

Water Relations: Throughout British Columbia, mountain alder is most common on wet sites (C. Delong,
R. Coupé, W.R. Mitchell, and D. Lloyd, pers. comm., Nov. 1984) and it seems to have higher moisture
requirements than A. viridis. Flood tolerance is high {(Krajina et a/, 1982}, but Knighton (1981} found that
growth and root development of speckled alder (A. incana ssp. rugosa), which is also abundant on
saturated soits, were severely reduced when water levels were at or above the root crown.

Light Relations: Mountain alder is shade tolerant {(Krajina et al. 1982) and is frequently found growing in the
shade of the understory. However, it is usually found where there is good exposure to sunlight {Lyons
1952). Sprouts may be more tolerant of shade than seediings (Healy and Gill 1974),

Temperature Relations: Mountain alder has a high tolerance of frost (Krajina et al. 1982).
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MOUNTAIN ALDER

GROWTH AND DEVELCPMENT

Under favourabie conditions, mountain alder can growto 25 cmin diameter and 15 min height {Hosie 1973,
Furlow 1979). At high elevations it otten becomes a scraggly, sprawling shrub (Lyons 1952). h frequently
forms pure dense clumps in wet pockets and along streams.

Mountain alder is much less aggressive, in terms of its growth rate and its ability to invade new territory,
than red alder and the European grey alder {(A. incana) {Krajina ef al. 1982).

Phenology: Male and female catkins of mountain alder expand before the leaves inspring. Flowering occurs
during March and Aprit in the northwestern U.S. and during May and June in the interior of Alaska. The
cones ripen in late fall with seedfall occurring immediately foliowing ripening. Leaves remain green until
they drop in fall (Lyons 1952; Viereck and Little 1972; USDA 1974, Brayshaw 1978},

REFRCDUCTION

Seed Production and Dispersai: Mountain alder produces abundant seed. The fruitis a small, single-seeded
nutlet with a narrow wing. Dispersal is by wind and water {Hosie 1973; USDA 1974).

Seed Viability and Germination: Seed viability canbe low: in some cases as many as 95% of seed produced
have been found to be empty. The seed requires no treatment or chilling to break germination and can
be expected to germinate immediately following dispersal if conditions are favourable {USDA 1974). In
eastern North America, speckled alder requires saturated soil for seed gemnination, and seed is the
primary source of new stands on freshly exposed, wet soil (Healy and Gill 1974).

Vegetative Reproduction: Like other alders, mountain alder can sprout from the root coilar or stump if
damaged. Both the European grey aider and the eastern speckied alder are reported to produce suckers
at some distance from the main stem {Hadfield 1968; Healy and Giil 1974). Sprouting from exposed roots
instreams has been noted, and submerged branches sometimes produce adventitious roots (Furlow 1979).
Layering has also been reported in some alders and could be possible in mountain alder considering its
sprawling branches and moist habitat. Cuttings of A. incanataken in Alaska could not be successtully
rooted (Holloway and Zasada 1979).

Although this species frequently occurs in thickets, itis not known whether such groups of plants represent
clones (Furlow 1979). Healy and Giil (1974} believe that in eastern North America, perpetuation and
spread of established akder stands probably result mostly from sprouting or other vegetative means.

PESTS

in British Columbia, common insect pests include the akder flea beetle (Alfica ambrens), the striped alder
sawtly (Hemichroa crocea), the western tent caterpiilar (Malacosoma californicurm), and the poplar-and-willow
borer (Cyrptorhynchus lapathi) {Gerber ef al. 1980).

EFFECTS ON CROP TREES

Competition; On wet sites, mountain alder often forms dense thickets that compete severely with conifers,
preventing germination or successful establishment of natural regeneration. Scattered individual trees
usually do not pose a significant threat to planted conifers. Walker and Chapin (1986} foundthatin Alaska,
mountain alder can inhibit growth of understory spruce seediings by shading and root competition. intheir
study, the eflect of competition outweighed the beneficial effects of nitrogen fixation. They also found that
mounlain alder inhibited seedling establishment because its dense litter layer prevented inial seedling
germenation and establishment.

Beneficial Effects: Animportamt beneticial effect of mountain alder is its ability to improve scil nitrogen status.
Alnus incana can fix between 43 and 360 kg/a of nitrogen annually {Binkley 1981). The beneficial effect
of nitrogen fixation onthe growth of associated conifers should be most evident on nitrogen-deficient sites
{Harrington and Deal 1982). Mountain alder may improve nutrient availability on forest sites {see, e.g.,
van Cleve and Viereck 1972).
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RESPONSE TO DISTURBANCE OR MANAGEMENT

Most published references dealing with the response of A. incanato disturbance or management refer to
spp. rugosa {e.g., Healy and Gill 1974).

Forest Canopy Hemoval: Mountain alder increases in abundance after harvesting, especially on wet sites
{Healy and Gill 1974;C. Delong and W.R. Mitchell, pers.comm., Nov. 1984), In Alaska, densityincreased
following summer and winter logging of an alluvial balsam poplar stand; increases were greatest on
winter-logged areas (Zasada ef a/. 1981). Another Alaska study showed that growth of mountain alder
significantly increased in response o overstory canopy removat, probably as a result of release from light
imitation {Walker and Chapin 1986).

Fire: Where alders are present but suppressed, fire will tend to favour the alder over competing species {Healy
and Gill 1974).

Cutting: Spring and winter cutting produces rapid sprout growth, while cutting in July and August produces
fewer, slower-growing sprouts. Alder retains its vigour and sprouts heavily when subjected o repeated
cutting at 4- to 5-year intervals {Healy and Gill 1974).

Herbicides: A broadcast application of glyphosate at 1.8 kg a.i./ha in early August in the SBSdw subzone in
the Cariboo was severely damaging to mountain alder 14 and 16 months after treatment.**

Soif Disturbance: Mechanical treatments that expose areas of wet mineral soil provide a suitable seedbed for
mountain alder. Sprouting from root crowns and stem bases of alders damaged during mechanicalt site
preparation can be expected. Inthe Cariboo Forest Region, trials using a V-plow or straight blade to rip
apartiarge areas of alder have been successfulinsetting back the alder sufficiently to establish a softwood
crop.+?

Fertilization: Laboratory experiments in Alaska showed that A. tenuifolia seedfings fertilized with NPK had
similar growth to unfertilized controls (Walker and Chapin 1986},

WILDLIFE

Food: Mountain alder has low importance for unguiates in British Columbia (T. Lea, pers. comm., Feb. 1989},
atthough smalt and large mammals wilt eat the twigs and foliage {Healy and Gill 1974). The catkins are
readily consumed by squirrels (Harestad 1983}. Snowshoe hare heavily browse mountain alderin Alaska
(Hansen and Flinders 1969; Walker e! al. 1986).

Other Resources: Mountain alder provides nesting sites for birds (Cannings et al. 1987).

41 George 1989,
42 Pemy 1983.
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Ainus rubra Bong. Red alder

DESCRIPTION

Red alder is a medium-sized deciduous tree up to 25 mtail. Stems have smooth grey bark and twigs are
reddish with club-shaped stalkedbuds. Leaves are ovai and doubly toothed with aninrolied margin. Separate
male and female catkins are produced on the same plants. The female catkins develop into small cones
containing small, winged nutiets {Brayshaw 1978},

Variation: No subspecies or geographic varieties are described in British Columbia (Taylor and MacBryde
1977).

DISTRIBUTION AND ABUNDANCE

Red alderis the most abundant hardwood occurring along the northwest Pacific Coast. In British Columbia
it is found along the entire fength of the coast, including Vancouver Isiand and the Queen Charlotte Isiands.
itis restricted to within 200 km of the coast and oniy occurs iniand of the Coast Mountains along major river
valleys such as the Fraser and Skeena (Fowelis {compiler} 1965). Red alderis abundant inthe CWH and CDF
biogeoclimatic zones and occurs at low elevations in the MH zone.

Altitudinal Range: Red alder primarily grows in low coastal valleys, ranging from sea level to approximately
1200 m {Fowelis (compiler) 1965).

HABITAT

Climatic Refations: Red alder grows in humid to perhumid coastal climates characterized by mild, wet winters
and warm, dry summers {Chester 1988}, with annual precipitation ranging from 400 to 5600 mm. Most
of the precipitation within its range occurs as rain during the winter. Red alder does not grow well on
exposed, windy sites (Harrington 1987). The range of red alder appears to be fimited, at northerniatitudes
and iniand, by low wintertemperatures (Fowells (compiler} 1965), butthe factors controllingits distribution
are not well understood. Harrington {1987) reports that annual summer precipitation below 150 mm may
imit distibution. Red alder growth slows with increasing elevation (Fergerson 1978), but plants
transported to Michigan, where the winters are quite severe, proved to be perfectly hardy (Furlow 1979).

Site and Soil Conditions: Red alder is found on awide variety of soils and substrates ranging from well-drained
graveis and sands to poorly drained clays or organic soils. The best stands are found on deep, well-
drained loams, sandy loams, or silt loams of alluvial origin {Fowells {compiler} 1965). Red alder has been
found to increase soil bulk density over time {Bormann and DeBell 1981). In the Oregon Coast Range,
stands on toe siopes had the highest site index values, but those on mid-slope positions tended to attain
the greatest basal area and density (Carlton 1988).

Nutrient Relations: Red alder has a major influence on the nutrient conditions of a site. 1t is well known for
its ability to increase soil nitrogen through its symbiotic association with nitrogen fixing organisms and for
its contributions to the organic matter content ot a soil {Tarrant and Miller 1963; Binkiey 1981; Bormann
and DeBell 1981). Nitrogen fixation varies with season, environment, tree vigour, stand composition, age,
density, and the inherent fertility of the site (DeBell et ai. 1983; Chester 1988). Maximum nitrogen fixation
occursin late spring and summerwhen trees are at their maximum growth levels (Tripp et al. 1979; Wheeler
et al. 1981). Maximum nitrogen fixation occurs when soil pH is between 4.5 and 7.0; nodule growth is
inhibited at pH levels below 4.5 and above 9.0 {Elliot and Taylor 1981; Wheeler et al. 1981; Knoulon and
Dawson 1983). Trees with the greatest ieaf mass fix the most nitrogen {Monaco et al. 1982; Bormann
and Gordon 1984).

Although nitrogen fixation per tree is higher for older trees than younger trees, young stands tend to be
very dense and so generally fix more total nitrogen than oider stands (Chester 1988}, Bormann and
Gordon (1984) found that per-tree nitrogen fixation decreased as stand density of red alder plantations
in northwestem Qregon increased. Total nitrogen fixation of stands increased from 50 kg/ha per year at
1000 stems per hectare to a maximum of 80 kg/ha per year at 5000 stems per hectare, then fell back to
50 kg/ha per year at 10 000 stems per hectare. Nitrogen fixation rates for the forest ficor and soil range
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between 35 and 80 kg/ha per year for pure red alder stands over a 40-year period (Chester 1988).
Measures of nitrogen in the total ecosystem biomass range from 85 to 210 kg/ha per year over a similar
time period.

Red alder affects soil nutrient status inother ways. As soil nitrogen increases in soils under an alder stand,
there is a drop in soil pH and a concurrent decrease in exchangeable calcium and magnesium. The
concentration of phosphorus and several other nutrients in foliage and leaf litter has been found to
decrease with stand age {Bormann and DeBell 1981; DeBell et al. 1983, 1984).

The relationships described above suggestthat the growth of red alder may be limited by the natural levels
of phosphorus, calcium, or magnesium in the soil (DeBell et al. 1984}, especially in light of its high
nutritional requirements for these nutrients (Krajina et al. 1982).

Water Relations: Red alder tolerates poorly drained soil conditions and survives prolonged periods of flooding
(Krajina et al. 1982). Among its associates, it is considered to be one of the most tolerant species of
shallow water tables (Minore 1979). Although red alder may grow slowly on poorly drained soils, it grows
faster than most conifers on these sites {Scott 1978). Based on growth during a combined flooding and
recovery period, red alder was judged to be more tolerant of short-term flooding than black cottonwood
{Harringlon 1387).

Although red alder growth is generally reduced as waterlogging increases, families have been identified
in which height is not reduced by a shallow water table. Genetic ditferences in growth response to soil
waterlogging indicate that genetic selection programs could be used to manage for enhanced growth of
red alder on wet sites (Hook ef al. 1987},

Despite its tolerance of a wide range of soil moisture conditions (Krajina et al. 1982), red alder is un-
common on droughty soils, areas of low precipitation, and steep south- or southwest-facing slopes where
it may be subjected to severe environmental stresses (Fowells (compiler) 1965). Moisture siress or
flooding can reduce nitrogen fixation {Heilman and Ekuanl 1982; Winship and Tjepkema 1984}. Young
red alder exhibits its best growth under well-irrigated conditions, and compared with Douglas-fir, red alder
is more adversely affected by low soil moisture (Chan et al. 1988).

Light Relations: Red alder has low shade tolerance (Krajina et al. 1982; Dukes et al. 1988) and does not occur
as an understory plant except on wet, productive sites where the mature forest has a very open canopy.*?
Although seedlings can survive in partial shade, establishment and subsequent growth are best in full
sunlight. Chan et al. (1988) found that diameter and height growth of red aider were significantly reduced
under low light levels {15% of normat suniight) compared with normal sunlight. As dense natural red alder
stands age, competition for fight results in high mortality (Chan et al. 1988).

Temperature Relations: Growth is slowed in continuously hot or cool environments, regardless of available
moisture (Newton 1978). Nitrogen fixation s inhibited at temperatures below 8°C or above 30°C and rates
steadily increase as temperature increases from 16 to 28°C (Winship and Tjepkema 1984, cited by
Chester 1988). Frost resistance of red aider is low (Krajina et al. 1982; Harrington 1987} and mortality
and stem damage can occur during heavy frost and ice conditions {Webster 1987, cited by Chester 1988).
Repeated frosts inlate April and early May caused extensive damage to newly planted red alder seedlings
inwestern Washington (Peeler and DeBell 1987). Older natural stands and plantations appear to be less
susceptible to frost and are better able to recover from it than are planted seediings.

GROWTH AND DEVELOPMENT

Red alder exhibits rapid early growth.** Of its associates, only black cottonwood and bigleaf maple sprouts
can grow as rapidly during the juvenile stage. Where moisture is adequate, a seedling can growto 1 mormore
in the first year. However, Haeussler {1987} found that seedling growth on clearcuts in the central coast of
Oregon was much slower, averaging only 2 cm after the first year and 12 cm after the second. Chester (1988)
described first-year height growth as averaging between 14 and 40 cm.

43 Brand 1984,
44 Harrington 1981,
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Maximum annual height growth occurs at a very early age. Red alder near Haney reached 9 min height
and 9.5 cm in diameter by age 9 (Kunzii 1985). It is possible for a seedling to be nearly 10 m tall by age 5.
Growth slows after the juvenile stage, with the decrease beginning much earlier on poor sites. Maximum
annual productivity occurs between the ages of 10 and 15 years (Zavitkovski and Stevens 1972). Red alder
is a short-lived tree, becoming decadent at 40 years and rarely living for more than 60 years.

In most situations, red alder grows as a single-stemmed tree; multi-stemmed shrubs are rare. Under low
light conditions the crown is narrow, but in fult light in the absence of competition, branches spread out from
near the base to produce a broad, rounded crown.

Growth and yield of red alder are described in detail in Briggs et al. {1978). Chester (1988) compared the
growth of red alder and conifers. On good sites, red alder trees are taller than Douglas-fir for the first 30 years
and taller than westem hemlock for the first 40 years. Red alder tree volume is greater than that of Douglas-
fir for at least 60 years and greater than that of western hemiock for the first 40 years. However, the early
mortality of red alder slands causes them to have significantly lower volume per hectare than coniferous
stands after age 40. Stand density management guidelines have been derived for red alder by Hibbs {1987).

When a 14-year-old stand of red alder in the Oregon Coast Range was thinned, diameter growth doubled
for the first 5 years after thinning.*> At the increased growth rate, a 30-cm diameter tree could be grown in
29 years.

Phenology: Red alder flowers between late February and early May depending on latitude and climate
(Kenady 1978). In coastal Alaska, flowering is in April and May {Viereck and Littie 1972). Cone ripening
takes place between August and September. Seed dispersal begins shortly after ripening and continues
through fall and winter {(Kenady 1978). Onthe south coast of British Columbia, seeds disperse between
November and February and germination occurs in May (A. McGee, pers. comm., Feb. 1989}

REPRODUCTION

Seed Production and Dispersal: Red aider begins to produce seed at about 6-8 years of age with optimum
production occurring at about age 25. it produces ample seed every year with bumper crops every 3—
5 years. Dissemination of seeds is primarily by wind. The narrowly winged nutlets can be carried great
distances, but they are notably more abundant close to their sources (Fowells (compiler) 1965; USDA
1974; Kenady 1978; Bums (compiler) 1983; Haeussler 1987; McGee 1988b).

Seed Viability and Germination. Red alder seed remains viable in storage for at least 3years. However, seed
probably remains viable for only 1 yearin the field on the south coast of British Columbia (A. McGee, pers.
comm., Feb. 1989) and in the Oregon Coast Range {Haeussler 1987). The short viability is likely due to
the lack of a hard seed coat and susceptibility to decay and predator consumption {Haeussler 1987).

There is very little difference in germination percentage between stratified and unstratified seed. Seed
germinates best after a period of water imbibition. Germination in nature is best on moist mineral soil in
full sunlight. Litter and organic debris create microenvironments too dry for seedling survival, especially
on south-facing slopes, xeric sites, and inland areas where summer drought is mostintense (Newton et al.
1968). Haeussler and Tappeiner (1988) observed that mineral soil is not required for alder germination
and survival in moist, humid environments, such as north-facing slopes. Infra-red light that penetrates
through thick layers of vegetation or surficial soil layers strongly inhibits seed germination. This prevents
seed from germinating until atter a disturbance, when it is exposed to full sunilight. Seeds can germinate
and seedlings can tolerate partiat shade for several years but full sun is required for normal development
(Fowells (compiler) 1965; Kenady 1978). Germination of seed on freshly exposed mineral soit is the
primary method of regeneration in red alder.

Exposure of mineral soil and spring rainfall patterns are the most important factors affecting seed
germination in the central Coast Range of Oregon. Seedling emergence on disturbed mineral seedbeds
in clearcuts ranged from 7 to 65% of viable seed sown and on disturbed forest seedbeds from 23 to 57%.
Emergence was limited by soil moisture in the clearcut but not in the undisturbed forest. Seedling
emergence generally averaged below 10% on undisturbed organic seedbeds (Haeussler 1987).

45 Hibbs and Kromack 1989.
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Seedlings that successfully germinate can suffer heavy mortality from herbivores and disease {e.g.,
damping-off fungi} in the spring, succumb to moisture stress in the summer, or be buried by leaf litter in
the fall {Haeussler 1987; Cariton 1588). First-year seedling survival is favoured by shade, which protects
seedlings from heat injury and drought, and by thin organic materials, which conserve moisture. During
a 2-year period, no seedlings survived on two harsh sites in the Oregon Coast Range, and survival was
only 3-30% on clearcuts and less than 2% in the forest on two coastal sites (Haeussler 1987), These
Oregon results should apply to the CDF zone in British Columbia.

Vegetative Reproduction: Red alder sprouts vigorously from the root collar or stump when young. Sprouting
declines with age, and stands less than 6 years old are the best choice for coppice regeneration {Chester
1988). Once alder reaches age 15, its capacity for vegetative reproduction is greatly diminished, and few
trees will produce sprouts that live for more than 2 years {DeBeil ef al. 1984). Red alder does not sucker
from the roots (Harrington 1984). Greenwood cuttings from young trees can be successfully rooted
{(Monaco et al. 1980}. Vegetative reproduction aliows recovery of individual damaged trees but is not a
means of population growth in this species.

PESTS

Red aider is exceptionally free from disease, decay, and insect attacks for the first 30—40 years {Fowells
{compiler) 1865; DeBel and Turpin 1983, cited by Chester 1988}, but as the tree gets older, pest problems
become increasingly common. Fomes igniarius induces white trunk rot in mature living trees (Carlton 1988).
Chester (1988) suggests that this may be the most serious disease affecting red alder utilization. Hypoxylon
fuscus induces white heart rot in older trees, and other fungi invade the dead and dying tissue.

Insect pests of red alder include flatheaded borers, bark beetles, sawflies, and tent caterpillars {DeBell and
Turpin 1983, cited by Chester 1988). Tent caterpiliars and sawflies are the insects that pose the greatest threat
to red alder management. Tent caterpillars rarely cause mortality but can severely defoliate trees and thereby
lead to growth reductions during prolonged infestations. Sawflies also defoliate red alder and are becoming
more prevalent as the amount of alder in the province increases. Gara and Jaeck {(1978) suggest that sawflies
may become the most threatening insect pest of red alder, Bark beetles are currently a minor pest of red alder,
but logging slash couid increase population levels.

For more detailed information onthe pests of red alder refer to Fowells {compiler, 1965}, Gerber etal. (1980),
ard Burns (compiler, 1983).

EFFECTS ON CROP TREES

Compelition: Red alder is a major competitor with young conifer plantations throughout its range in British
Columbia. Competition problems are prevalentwith Dougtas-fir, whichis boththe most frequently planted
coniter where alder occurs in the Vancouver Forest Region and is shade intolerant and therefore highly
susceptible to light competition. Alder also competes seriously with Sitka spruce in the Prince Rupert
Forest Region. Alder seedlings that establish in disturbed areas following logging form the primary source
of competition. Sprouts that develop from stems cut during logging are a lesser source of competition for
young conifers.

Most studies on the effect of alder competition on crop trees have involved Dougtas-fir. Alder competition
reduces height, diameter, and biomass of Douglas-fir {Cole 1984), and can cause significant mortality
{MillerandMurray 1978}. The extentof alder competition is refated to the amount of site disturbance which
influences the density of invading alder. !f alder is widely spaced, Douglas-fir can receive enough fight
to become established before a complete alder canopy develops. Newton ef al. (1968) concluded that
Dougtas-fir needs 3-8 years of free growth to remain above alder, regardiess of site qualiity.

The rapid juvenite growth of red alder gives it a competitive advantage over Douglas-fir, and competition
becomes more pronounced with time as the growth of alder outstrips that of Douglas-fir. Without chemical
or mechanical control, equal-aged alder usually overtops associated Douglas-fir for about the first
25 years {Milter and Murray 1978}. Red alder can establish this dominance very quickly. Cole and Newton
{1987) found that 1 year after planting of similarly sized alder and Douglas-fir, growth of alder exceeded
that of Douglas-fir and differences in height were accentuated over 5 years. Once Douglas-fir becomes
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suppressed under alder, its growth quickly slows and mortality often occurs within 5-7 years {Newton
et al. 1968).

incontrast to the above, the presence of 1100 red alder stems per hectare in a Douglas-fir plantation on
an average quality site in the Oregon Cascades had neither a negative nor a positive impact on the
cohifers. Delayingthe release of Douglas-fir from alderuntil age 7, instead of age 3, did not reduce growth
or mortality of the conifers through age 10. For alder densities lower than 1250 stems per hectare, alder
control can be delayed on poor to medium sites until 6 to 8 years after planting Dougias-fir (Murray and
Milier 1986).

Conitrol of competing alder has resulted in significant growth increases in Douglas-fir. One year after red
alder was controlled with herbicides, the volume of Douglas-fir trees was as much as 35% higher than
where alderwas untreated.* inthe Oregon Coast Range, 7-year-old planted Douglas-fir seedlings grew
significantly slower when overtopped by red aider and other hardwoods than when influenced by low
encroaching vegetation {Howard and Newton 1984).

Chan and Walstad {1987) found that Douglas-fir sapling size generaily decreased as the percentage of
visible sky decreased and the amount of overtopping vegetation, particularly red alder, increased. The
authors suggest that factors otherthanthe percentage of visible sky {i.e., ight), such as soil moisture, also
affected conifer growth. Shainsky (1988) conciuded that both moisture competition and light caused
growth losses of red alder and Douglas-fir seedlings. In 5-year-oid plantations, Cole and Newton (1986)
found that increasing densities of red alder negatively affected Douglas-fir growth by competing for light
and soil moisture. While light availability is the primary mechanism driving allocation of resources in
Dougtas-fir, resource allocation patterns and priorities in red alder are primarily driven by soil moisture
availability {(Chan et a/. 1988).

Afew studies have investigated competition between red alder and Sitka spruce. Overtopping red alder
reduced survival and growth of 6- and 8-year-old Sitka spruce trees near Haney, B.C. (Kunzli 1986). Five
years after control of 9 m tall red alder with herbicide on a productive floodplain site, Sitka spruce trees
were 2.15 m tall compared to 1 m tali on an untreated control. 47

Alder canopies that allow light to penetrate may suppress moderately shade-tolerant conifers like Silka
spruce, rather than kill them outright.*®* However, some 4-8-year-old alder stands aHow very little
penetration of light (B. D'Anjou, pers. comm., May 1989) and, as a resull, can lead to conifer mortaiity.

Red alder competition can seriously hinder natural regeneration of conifers. Studies of red alder
succession inthe Oregon Coast Range show that natural regeneration underred alderis very rare. Alder
stands often succeed to saimonberry or vine maple dominated communities rather than to conifers
{(Carlton 1988).49

Interactions between red alder and crop trees involve trade-offs between the negative effects of
competition and the beneficial effects of 50l fertility enhancement {Binkley 1984). For conifers to benefit
from nitrogen fixation, red alder could be regenerated after conifers are well established. Red alder can
successfully grow and fix nitrogenunder thinned Douglas-fir stands, butit suffers heavy mortality and only
minimal nitrogen fixation when grown under dense Dougias-fir stands (Helgerson et al. 1984). DeBell
et al. (1983, 1984) have shown that available nutrients decrease under a canopy of red alder.

Grass-seeding can be used to exclude red alder for the benefit of conifer seediings {McDonald 1986).
Klinger (1986} repored significant reductions in the cover of red alder 5 years after seeding of two
rhizomatous grass species.

Forinformation on competition between red alder and biack cottonwood, see Heilman and Stettler (1985},
Pezeshki and Oliver {1985}, and Pezeshki and Hinkiey (1988).

Dunsworth 1987,

Pollack and van Thienen 1986.
Brand 1984,

Hibbs and Cromack 1988,
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Allefopathy: del Moral and Cates {1971) found that extracts of red alder foliage and litter inhibited growth of
test plants in the laboratory, but there was no evidence that alielopathic interference was occurring under
field conditions.

Beneficial Effects: The primary beneficial effect of red aider onthe growth of crop trees is its ability to increase
the nitrogen content of fore st soils. Because nitrogen deficiency in the soilis the most common nutritional
factor limiting Douglas-fir growth in the Vancouver Forest Region {Atkinson and Hamiiton 1978}, there is
interest in growing alder to meetthis nitrogen requirement. Red alder interplanted with Douglas-fir ciearly
increased height and diameter growlh of the asseciated dominant conifers on a nitrogen-deficient site in
southwestern Washington {Miller and Murray 1978). The authors recommended that 50-100 uniformly
distributed alders per hectare be retained for nitrogen improvements. Miller and Murray {1979) suggest
that nitrogen-fixing plants shouid supply 20-50 kg/ha per year of available nitrogen {o the soil to be effec-
tive for silviculiural purposes. In a plantation on Vancouver island, Douglas-fir stem growth increased by
2.5times when growing in associationwith red alder, compared to that grownwithout alder (Binkley 1984).

Benefits of red alder should be expected to be greatest on soils that are deficient in total or available
nitrogen and low in organic matter and clay (Miller and Murray 1978; Binkley 1982a).5° Although red alder
often increases yields of Dougias-fir on nitrogen-deficient sites, it may decrease Douglas-tir yield on good
sites {Gholz et al. 1985). in addition to increasing soil nitrogen, red alder trees also increase soil organic
matier content by their root debris and nutrient-rich leaf litter, and they decrease soit bulk density (Tarrant
and Mitier 1963; Bormann and DeBell 1981; Binkley 1984). Chester {1988} discusses the advantages
of using red alder rather than nitrogen fertifizers to increase conifer yields.

Another potential beneticial effect of red alder in mixtures with coniters may be its ability fo reduce losses
from laminated root rot {Pheflinus weirii) in Douglas-fir (Nelson s! al. 1978). Overtopping red alder also
appears to reduce the frequency of attack of spruce weevil {Pissodes sirob) on Sitka spruce saplings
(Kunzli 1985). See Chester {1988} for a comprehensive discussion of the beneficial effects of red alder.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Red alder will rapidly invade clearcut areas especially if disturbance has created
areas of exposed mineral soit {(Hosie 1973; Kenady 1978). Removal of a forest canopy, by itsell, does
not generally cause an increase in seediing emergence. Germination rates are highest when both spring
soil moisture is adequate and light availability is increased by canopy removal {Haeussler 1987).

Red alder regeneration may be reduced by the removal of alder seed trees before harvest. Bancroft
et al.* suggest that the optimum period for removal of seed trees is 1 year prior to harvest. Advantages
to 1-year pre-harvest aider seed tree control include loss of viability of alder seed in the forest tloor within
1 year {usually) and inhibition of sprouting of cut alder stumps by overstory shade. Incomparisontotrees
that are cut down and removed, chemically girdied trees may take more than a year to die and may
produce viable cone crops before morlality oceurs.

Fire: Red alder is generally one of the first trees to become established on bumed-over areas (Hosie 1973},
Although red alder can sprout near the root coilar, seeding-in is the primary means of invasion following
afire. Red alder’s nitrogen tixing capabilities allow it fo establish quickly and grow on sites where burning
has created a nitrogen deficiency. Ash from the burn contains high leveis of many nutrienis required for
alder growth inciuding caiciumn, magnesium, phosphorus, and potassium. Severe burns in the CDF and
CWH zones on southern Vancouver Isiand have created minerai soil seedbeds and resulted in alder
invasion 1 or 2 years after burning. In contrast, light burns on these sites can reduce alder invasion if the
hydrophobic duff remains in place {R. Muller, pers. comm., July 1989).

Fire is rarely a damaging agent to established pure stands of red alder because of their exiremely low
tlammability; in fact, red alder has been planted to act as a firebreak to protect adjacent conifers {Fowells
(compiter} 1965).

50 Hibbs and Gromack 1989,
5' Bancrokt ef al 1988.
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Cutting: Red alder will sprout from the stem following cutting, but it is not considered a strong sprouter
compared with other species. Three years after cutting 7-year-old alder in February in the Washington
Cascades, the tallest stump sprouts ranged from 3.7 to 4.9 m in height (Murray and Miller 1986).
Coppicing experiments have shown the effects of tree age, cutting height, cutting angle, season of cut,
and repeated cuttings on the sprouting vigour of red alder{DeBell et a/. 1984; Harrington 1984; Hoyer and
Belz 1984; DeBell and Turpin 1988). The major findings of these studies are as foliows:

1. Sprouting vigour is greatest on trees aged 1—4 years. Vigour {alls off dramati-
cally after 15 years. Trees aged 15 years or older rarely have live sprouts
2 years after cutting.

2. The average number of sprouts per cut stem increases significantly as stump
height is increased (e.g., 5 sprouts on stumps below 10 cm; 9 on 70 cm stumps).
Sprouting is maximized on stumps taller than 10 cm and shorter than 60 cm.

3. Stumps with the cut surface facing south or west have the least moriality and are
most likely to sprout, presumably because of light interception. Level cuts may
have higher mortality and fewer sprouts than angled stumps, possibly because
water is slower to drain off, causing faster decay.

4. Stems cut in January have the lowest mortality; stems cut during the growing
season, especially in July or August, have the greatest monality {e.g., 75~95%).

5. Numbers and height of sprouts may be reduced by cuts in June and July.

6. Trees cut for the first time in January at age 2, and every second year for 8 years
thereatter, showed a significant reduction in sprouting vigour after every cut.

In British Columbia, D'Anjou and Pend! found that first year mortality increased from 20% following June
cutting to 75% following September cutting.3® The number of alder sprouts following cutting decreased
as cutlingwas carried out fromearly to late inthe growing season. Manual cutting in early spring effectivety
controlled red aider for at least 2 years in the CWH zone near Chilliwack.3® Cutting in mid-summer aiso
controlied alder; success was due to suppression of resprouts by shading of the stumps.

The cutting window for red alder in Washington and Oregon begins 5070 days before bud break and lasts
2-8 weeks, depending on climatic conditions. Below-normal precipitation in winter and early spring may
shorten the growth period because of resource limitations, and thereby shorten the cutting window.
Mortality rates are constant within the cutting window {DeBell and Turpin 1989).5° Aider has been ef-
fectively controlled by girdiing in every season. However, girdiing of alder in the CWH subzone in the
Queen Chariotte islands has only been effective on trees greater than 15 years oid and 15 cm dbh.
Younger trees tend to resprout (S. Craven, pers. comm., June 1989}. Girdles must be wide enough to
prevent bridging of the cambium, which is particularly prevalent in summer girdled trees.5¢ Girdled red
alder may take more than 1 year to die, during which time a seed crop may be proeduced. To ensure seed
control, Bancroft et a/.57 suggest girdling 2 to 3 years before harvest.

Herbicides: The response of red alder to foliar sprays of glyphosate has been variable, and ranges from
moderate to very severe (Conard and Emmingham 1984a, 1984b; Boateng and Herring 1980). The
variation is fargety an effect of the age and size of alder (R. Whitehead, pers. comm., May 1989). Results
from late August foliar sprays of gtyphosate in the Campbell River Forest District indicate that at least 5
L/ha of glyphosate are needed to kill large aider (up to 15 mtall) (J. McLarnon, pers. comm., July 1989).
Five years after a late summer foliar spray of 2.0 kg a.i./ha glyphosate on a productive Skeena floodpiain,
red alder cover and height was 2% and 2.8 m compared to 97% and 9.1 m on the control.3® Many

D'Anjou and Pendi 1989,

D'Anjou 198Be,

Belz 1999,

tbid.

B. Wilson, pers. comm., 1988, cited by Bancroft et al.
Ibid.

Polack and van Thienen 1986.
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treatments do not result in such effective long-lasting control. For example, control declined by the second
growing season after a September application of 2.0 kg a.i./ha glyphosate in the CWHvm subzone on
southern Vancouver Island.® Backpack spray applications of 2.0 kg a.i./ha glyphosate on various dates
on a site in the CWH zone showed that the August 12 application was the most effective, the September
3 application was next most effective, and the June 4 and July 9 applications were ineffective .50

Spring through fall cut surtace treatments with glyphosate or 2,4-D cause severe damage to red alder
{Conard and Emmingham 1984b). Hack and squirt with a 50% solution of glyphosate in water, applied
at 1 mL percut at 1.1 m height effectively controlied 50 cm dbh red alder on a highly productive floodplain
site.5! Red alder is very sensitive to 2,4-D applied by broadcast spray or tree injection (Stewart 1974a,
1974b; Conard and Emmingham 1984a, 1984b; Boateng and Herring 1990). Cut stump treatment with
2,4-D amine in the fall significantly controlled red alder sprouts.52 Thin-line treatment (application of
concentrated herbicide directly to the bark on the jower part of the stem) of smali red alder stems {diameter
less than 2 cm) using 2.4—4.6 mL per stem of either 2,4-D ester in diesel or triclopyr in diesel at various
dilution rates is very effective (Hibbs and Landgren 1987). May and June applications may be more
effective than earlier applications.

Conard and Emmingham (1884aj) rate red alder as very sensitive to triclopyr. Results from studies in
British Columbia generally support this finding, though in some instances triclopyr has been only partially
effective. For example, early and late spring applications of 3 kg a.i.’ha triclopyr ester in the CWH zone
near Chilliwack, resulted in only moderate control of red aider.8? High mortality resulted from broadcast
applications of triclopyr ester at 1.4 and 2.9 kg a.i/ha in mid-September in the Fraser Valley.®*

Limited information indicates that hexazinone is ineffective in controffing red alder {Boateng and Herring
1990), but this may be due to thick organic layers on areas where the herbicide has been applied.s5

Soil Disturbance: Red alder readily seeds-in to areas of exposed, moist mineral soil (Foweils (compiier) 1965)

such as that created by scarification. McGee {1988b) suggests that, given adequate rainfall, scarification
may expose buried alder seeds to the environmental conditions required for germination. A scarified site
inthe Vancouver Forest Region had a much higher cover of red alder than unscarified and burned sites.%
Dense stands of red alder are almost invariably associated with soil disturbances such as roads, landings,
and other forms of localized deep scarification (Newton et al. 1968; McGeough 1985; Alaback and Herman
1588).

Fertilization: Growth of young red aider may be substantially enhanced by applications of non-nitrogenous

tertilizers. Phosphorus fertilizers produced the greatest response, but alder aiso responded to appfica-
tions of calcium, magnesium, potassium, and sulphurin greenhouse and field studies (DeBell ef al. 1984).
Radwan (1987) found that the response of red alder seediings to pure and mixed applications of calcium,
magnesium, potassium, sulphur, cobalt, and molybdenum fertilizer varied according to soil type.
Phosphorus produced the greatest growth increase, but other fertilizers were also found to have potential
for increasing growth.

WILDLIFE
Food: Red alder is relatively important to wildlife in British Columbia. Deer and elk eat the foliage, buds, and

twigs.5” Red alder is moderately important browse for black-tailed deer, particularly in the summer and

fall (McTaggart-Cowan 1945; Brown 1961; Singleton 1976; Rue 1978; Harvey 1981; Leslie et al. 1984).

ZERLAR2BE
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Many small mammals and some birds forage on red alder. Alder catkins are readily consumed by squirrels
(Bantield 1974; Harestad 1983). Seeds are often eaten by deer mice in clearcuts and by shrews and red
backed voles in uncut alder stands in the Oregon Coast Range (Haeussler 1987). Alder leaves are
sometimes eaten by blue grouse (Zwickel and Bendelt 1972).

Mountain beaver, a common mammal in the U.S. Pacitic Northwest but not common in British Columbia,
makes high use of alder year-round {Crouch 1968). Mountain beaver can climb several metres up akder
trees to cut off small limbs {Harestad 1983)}.

Other Resources: Red alder contributes detritus to streams, which forms the basis of the food chain in many
small streams. It maintains stability ot streambanks and moderates stream temperatures, thereby
maintaining the quality of fish habitats.® Chester (1988) indicates that since ungulates require diverse
and varying habitats, red alder stands may provide important alternative habitats to second-growthforests
in low snowlall regions. Brown (1985b) suggests that shrub to pole-sized red alder stands are primary
breeding and feeding habitat for deer. Inaddition, pole-sized alder stands provide primary resting habitat
for deer. Female black-tailed deer use thick stands ot alder trees in November and December to avoid
pursuing bucks (Miller 1968). Red alder in riparian zones is used by beaver for building dams.®® Alder
trees are also commonly used by bald eagles for daytime perching (Stalmaster and Newman 1979), and
they are important cavity nesting trees for woodpeckers in southern British Columbia.”®

68 Bancrolt ot ai. 1988,
Hibbs and Cromack 1989,
70 Korol and Wallis 1983,



Ainus viridis ssp. sinuata
{Sitka alder)
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Distribution of A. viridis in British Columbia. Subspecies fruticosa (green alder) is dominant north and east

of the dashed line, while ssp. sinuata {Sitka aider) dominates to the south and west. There is a broad area
of introgression between the two species.
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Alnus viridis ssp. sinuata Sitka alder
(A. sinuata, A. sitchensis, A. crispa ssp. sinuata) (slide alder)

Alnus viridis ssp. fruticosa Green alder
(A. virides, A. crispa ssp. crispa)

These two alders are very similar, ahough their exacl taxonomic refationship and designation may be in
dispute. They are discussed together here to avoid repetition. Most of the available iterature applies to Sitka
alder. The information can probably be applied to green alder, as long as allowances are made forthe latter's
boreal habitat.

DESCRIPTION

Sitka and green alder are deciduous plants which grow either as tall shrubs or smalltrees. As atree, Sitka
alder has a slender trunk with an open crown and a shallow root system. On favourable sites, it can attain
a height of 12 m and a stem diameter of 20 cm (Hosie 1973}. Twigs are slender and reddish-brown and have
buds without stalks. Leaves are oval with toothed leaf margins. Male and female catkins are borne in small
clusters on the same twig and produce smal, wide-winged nutlets (Brayshaw 1978; Furlow 1979; Harrington
and Deal 1982).

Vanation: Green and Sitka alder are known by a variety of scientific names. They are closely related and
interbreed freely producing intermediate forms where their ranges overlap in northern British Columbia
(Brayshaw 1978).

DISTRIBUTION AND ABUNDANCE

In British Columbia, Sitka alder is found as far north as the Yukon border and south to the American border.
ftoccurs throughout the province except northeast of the Rocky Mountains where itis replaced by green alder.
There is no area of the province where one of the two subspecies cannot be found {Brayshaw 1978; Krajina
efal. 1982). Green aider is almost exclusively iimited to the BWBS and SWB biogeoclimatic zones, while Sitka
alder is found in every zone except the PP and BG (Krajina ef al. 1982; Angove and Bancroft 1983).

Altitudinal Range: Sitka alder is predominantly found at middie to higher forested elevations in British
Columbia. It hasbeen found from 100 to 1500 m on Vancouver Isiand (Binkley 1981), but Harrington and
Deal {1982} were unable to find any below 500 min Washington. Itis often found near the uppertimberline
in the mountains of British Columbia (Brayshaw 1978) and forms a subalpine to alpine scrub in the
northwest of the province (J. Pojar, pers. comm., March 1985}. Green alder is found from valley bottoms
to timberline elevations in northeastern British Columbia.

HABITAT

Climatic Relations: Both Sitka and green aider are cold climate species. While green alder is clearly adapted
to the harsh, boreal cimate, Sitka alder is found in cool, moist situations and shady aspects at both high
and low elevations withinits range {Mueggier 1965; Hosie 1973; Tiedemann and Kiock 1974). The springy
branches of Sitka alder allow it to tolerate heavy snow Joads and sustain only minor damage during
avalanches {Lyons 1952; Marchant and Sherlock 1984}.

Site and Soil Conditions: Sitka alder is a pioneer species and is able to colonize disturbed sites such as
clearcuts, roadcuts, and skid trails where the minerat soil has been exposed. It aiso occurs on avalanche
tracks, tatus stopes and fresh aliuvium, and behind retreating glaciers where it is one of the first species
toinvade. Sitka alderis also found in relatively stable environments within the forest and along streams.
ltoceurs on a wide variety of parent materials and soil textures {Johnson 1968; Mitchell 1968; Viereck and
Little 1972; Furlow 1979). Green alder is found on a simifar variety of habitats within its range {Brayshaw
1978; Krajina et al. 1982; Foote 1983), but it is most often associated with sandy, gravelly, or rocky soil
{Furlow 1979)}.

Nutrient Relations: The nutrient requirements of Sitka and green alder are high for calcium, magnesium,
phosphorus, and potassium {Krajina et al. 1982}, but growth is generally independent of the levels of
nitrogen available on a site {Harrington and Deai 1982). Both alders are efficient nitrogen fixers with
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reporied rates of nitrogen fixation ranging from 20 to 150 kg/ha per year {Crocker and Major 1955; Dalton
and Naylor 1975; Carpenter et al. 1979; Binkley 1981, 1982b; Heilman and Ekuan 1982). Both aiders
fix less nitrogen than mountain alder. Sitka alder, depending on age, produces approximately the same
as or Jess nitrogen than red alder (Binkley 1981, 1982b; Heilman and Ekuan 1982). The ability of Sitka
alder to fix nitrogen allows it to invade sterile mineral soil that has been recently exposed by glaciers or
avalanches and is very deficient in organic materiais (Viereck and Little 1972; Krajina ef al. 1982). Like
red alder, it increases the soil nitrogen tevel and builds up the organic matter content of young soils.
Binkley (1984) was able to demonstrate an increase in total and available nitrogen, and extractable
phosphorus, calkcium, and magnesium in the top 10 cm of mineral soil of a Sitka alder stand as compared
to a non-alder stand in the same area. An increase in soil carbon under Sitka alder stands was also
reported by Bollen et al. (1969) and Tarrant (1983). Both Sitka and green alder appear to have an
acidifying effect on soil. Crocker and Major {1955} observed that recently deglaciated soils undergreen
alder were reduced from a pH of 8.0 to pH 5.0 within 35-50 years. Mitcheil (1968) found very low soil pH
levels {as low as pH 3.3) under Sitka alder in Alaska.

Water Relations: Sitka alder prefers moist sites that are reasonably well drained but will grow on sites ranging
from submesic to subhygric or possibly hygric. Although Krajina et al. {1982) report that Sitka alder is
highly resistant to flooding damage, itis not abundant on very wet sites with a high watertable {Pojar st af.
1982; Angove and Bancroft 1983). Green alder has similar moisture requirements and flood resistance
to Sitka alder, and like Sitka alder it is described {Furlow 1979) as being adapted to somewhat drier
conditionsthan most alders while stilf being associated with some source of meisture. Cline and Campbell
{19786) describe Sitka alder in northem ldaho as being poorly adapted to drought. It is absent from
exposed, sunny sites because it lacks the physiological adaptations that are needed to prevent moisture
loss from the foliage.

Light Relations: The shade tolerance of Sitka and green alder is described as moderate by Krajina et al.
{1982). Both subspecies are able to grow as shrubs in the understory of taller tree species and are
abundant in seral forests {Johnson 1968; Foote 1983; Pojar et al. 1984) but thrive on overhead light and
are unabie to withstand the shading of a dense coniferous overstory (Viereck and Little 1972).

Temperature Relations: Both Sitka and green alder are very tolerant of frost. Krajina et al. (1982} note that
green alder is susceptible to frost damage i not covered by snow, but Foote (1983) reporis that in Alaska
it is abundant on sites with very cold soil temperatures where the frost level is only 30 cm below the soil
surface in mid-summer. Benecke {1970) found maximum nitrogen fixation of Sitka alder at soil
temperatures of 25°C and no nitrogen fixation at temperatures below 5°C.

GROWTH AND DEVELOPMENT

Growth rates of Sitka alder vary considerably with site quality, climate, tatitude, and elevation. Sitka alder
on mild coastal sites grows much faster and taller than that growing in the Interior. In westem Washington,
height growth of Sitka alder slows rapidly on poor sites, but on better sites at low elevations it can continue
to grow at a steady rate for at least 10 years. It takes approximately 3—4 years to reach 1 min height and can
reach 4 m by age 10 (Harrington and Deal 1982}. in central British Columbia near Vanderhoof, Sitka alder
typically reaches a mature height of only 3 m {C. DelLong, pers. comm,, Nov. 1984). Height growth is
decreased at higher elevations {Hultén 1974; Harrington and Deal 1982). For example, Sitka alder grew only
1 min 10 years on a high-elevation site in Washington. it frequently develops crooked, upward curving limbs
as aresult of snowpress at higher elevations {Lyons 1952).

Green alder grows similarly to Sitka akder, except it is smaller and slower to develop, rarely growing into
a small tree (Viereck and Little 1972; Brayshaw 1978). Three-year-old green alder seedlings reached a
maximum height of 47 cm in Alaska (Zasada et al. 1983).

Phenology: Male and female catkins emerge before orwith the leavesin spring. Flowering takes place in May
and Junein Alaska. Nitrogen fixation onthe south coastbegins in May, concurrently with leaf emergence,
and peaks in July. The cones ripen from mid-September to mid-November, depending on latitude and
elevation, and seed dispersal occurs immediately after that {Viereck and Little 1972; Brayshaw 1978;
Binkley 1981; Marchant and Sherfock 1984).
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REPRODUCTION

Seed Proguction and Dispersal: Sitka alder begins to produce seeds al about 6-8 years of age, with optimum
production occurring at about age 25. It produces ample seed every year and has bumper crops every
3-5 years. Seedcan be dispersed over long distances by wind or water (Fowells (compiler) 1965; USDA
1974; Kenady 1978; Burns {compiier) 1983).

Seed Viability and Germination: Zasada et af. (1983) found 40% viabie seed in a sample of green alder seed
from Alaska. There is no information on the viability of Sitka alder seed after storage. A lengthy period
of chilling is recommended for best germination {(Marchant and Sherlock 1984). The seed does not
tolerate drying out {(Zasada et al. 1983), and Sitka alder requires a moist mineral soil seedbed for
germination {Viereck and Little 1972}. Green alder germination begins eary in the spring following
dispersat and the majority of germination is compiete by the end of June {Zasada et a/. 1983). Germination
of green alder seeds has been found 10 be greatest on sites thal have been heavily bumed (Zasada et af.
1983). Germination from seed on disturbed habitais is the primary form of reproduction of both green and
Sitka alder.

Vegetative Reproduction: Both green and Sitka alder sprout from the stump if damaged orcut. Sproutingfrom
exposed roots in streams has also been noted in Sitka alder (Furiow 1979). Vegetative reproduction can
be important for the persistence and expansion of established colonies but is generally insignificant as
a means of reproduction of new plants and invasion of new areas.

PESTS

Gerber etal {1980} reportthatthe alderflea beetle {Aftica ambiens), the western tent caterpillar (Malacosoma
californicumy, and the poptar-and-willow borer (Chrytorhynchus lapathy) are common insect pests affecting
Sitka and green aider in British Columbia.

EFFECTS ON CROP TREES

Competition: The ow, bushy form and slow growth rate of Sitka alder make it a less serious brush problem
than red alder {Binkley 1981, 1982a; Harrington and Deal 1982). In coastal British Columbia, it has
minimal importance as a competitor compared with other vegetation complexes. However, in moist
Interior areas, Sitka or green alder are often well established in the understory prior to harvest and can
be a major competitor following harvesting (M. Tanner, pers. comm., Jan. 1985). They can form an
extensive canopy which may shade out conifer seedlings such as Douglas-fir (Harrington and Deal 1982).
Scattered aider plants are not a major obstacle to piantation establishment on cutblocks {C. DelLong, pers.
comm., Nov. 1984}, but they can form dense thickets. In areas with moderate to high snowfall, Sitka alder
may physicaily damage overtopped conifers as a result of snowpress.

Beneficial Effects: The major beneficial effect of these alders for crop trees relates to their ability to increase
the nitrogen content of forest soils. Viereck and Little {1972) indicate that alder acts as a nurse tree fo
Sitka spruce on sterile sites, improving soil conditions and adding organic matter and nitrogen {Crocker
and Major 1955). The growth characteristics of Sitka alder make it a more desirable species for
interplanting with conifers than red alder {Binkley 1981, 1982b; Harrington and Deal 1982). Sitka alder
appears to benefit Douglas-fir growth only on very nitrogen-deficient sites; Douglas-fir did not react
positively to Sitka alder on fertile sites {Binkley 1982a). Heilman {1983} reported an increase in the first
5 years of Dougtas-fir seedling growth on coal mine spoils planted with Sitka alder. Seedling growth
differences between the contro! and aider sites were not evident after more than 5 years. Harringlon and
Deal (1982) suggest that Douglas-fir should be established prior o interplanting with alder to ensure that
the conifer is not suppressed. The benefit of increased nitrogen availability may be outweighed by the
negative effects of fight competition, particularly for shade intolerant conifers such as Douglas-fir.

Sitka alder is also a valuable species for siope stabilization and erosion control on steep slopes {Marchant
and Sherlock 1984),
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RESPONSE TO DISTURBANCE OR MANAGEMENT
Forest Canopy Removal: Increases in Sitka alder after clearcutting have also been observed inthe SBS zone

near Vanderhoof and Fort St. James {J. Pojar, pers. comm., March 1985} and in the wetter ICH subzones
near Salmon Arm {J. Wright, pers. comm., July 1989). In north central British Columbia, invasion of Sitka
alder after clearcutting can be slow. Eis (1981) reported that alder cover increased slightly over the first
6 years after logging with the greatest cover levels {10%) occurring on alluvial sites. In mature lodgepole
pine forests of central Alberta, green alder had significantly lower cover 6—12 years following logging than
under the mature canopy {Corns and LaRoi 1976). This may be due in part to the increase in competition
from herbaceous plants after logging.

Fire: Sitka aider is often favoured by burning. Following a wildfire in northern Idaho, Sitka alder increased in

density by seeding-in and sprouting from surviving root crowns after initial seral vegetation had already
established (Stickney 1986). Mueggier {1965} found that broadcast burning in the cedar - hemlock zone
of northem !daho favoured Sitka alder establishment, especially on sites that had been repeatedly burned
over a 30-year period. Inthe SBS zone of the Prince Rupert Forest Region, Sitka alder is also abundant
in areas with a history of fraquent fires (Pojar et al. 1984}, These authors suggest that Sitka alder’s ability
to fix nitrogen makes it a favourable pioneer species on sites that have had much of the organic matter
removed as a result of severe fires.

Regeneration of green alder following a broadcast burn of black spruce in Interior Alaska was moderately
vigorous. Six years after burning, alders originating from seed were 152 cmtall, and those originatingfrom
sprouts were 195 cm tali (Zasada et al. 1987).

On some sites, established plants are relatively slow to recover from bumning. For example, in cool, wet
subzones of the Kamloops Forest Region, Sitka alder can take 57 years to recover from moderate to
severe broadcast burns (M. Tanner, pers. comm., Jan. 1985}.

Cutting: Nearly 100% of cut Sitka alder stems sprout after cutting {Marchant and Sheriock 1984}. Sprout

growth is usually moderate. First-year sprouts averaged 45-65 cm after cutting in various seasons at four
locations in the southern half of the province (Simard 1989; D. Barron, pers. comm., May 1989; J. Wright,
pers. comm., July 1989).7" in the wetter ICH subzones near Salmon Arm, Sitka alder sprout growth is
not affected by seasonof cutting {J. Wright, pers.comm., July 1989). Second-year sprout height averaged
125 cm after cutting in late July in the MSxk subzone {Simard 1989}. Observations near Penticton, B.C.,
indicate that sprout growth on poor sites can be substantially lower than on medium sites.”

One year after cutting near Grand Forks, Sitka alder produced 3-20 sprouts per plant. The growth and
number of Sitka alder sprouts has been found to be similar on clean-cut and shattered stumps (D. Barron,
pers. comm., May 1989).

Herbicides: Broadcast applications of glyphosate at 1.26 to 2.14 kg a.i./ha have effectively controlled Sitka

alder (B. Raymor and J. Wright, pers. comm., June 1989).7%7¢ September broadcast applications of
2-6 L haof glyphosate inthe ESSFwc2 variant near Biue River did not control Sitka alder.”s Poor success
was attributed to the late application date. Drought stress can also cause poor control of the species
{B. Raymer, pers. comm., June 1989; J. Wright, pers. comm., July 1989},

Application of 2,4-D amine to freshly cut Sitka alder stumps resulted in good control of sprouting the
following year. Most treated stumps were killed; those that were not killed sprouted with reduced vigour
compared with untreated stumps {S. Simard, pers. comm., 1990}.

Soif Disturbance: Both Sitka and green alder are adapted to seed-into areas of exposed mineral soil. These

alders often colonize sterile, recently disturbed soit such as avalanches, recently exposed glacial
deposits, and skid trails on logged sites {Johnson 1968; Viereck and Littie 1972; G. Lloyd, pers. comm.,

Noble-Hearle 1989.
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Jan. 1985). Sitka akder does not seed-in aggressively afler mechanical site preparation on wetter ICH
subzones near Salmon Arm (J. Wright, pers. comm., July 1989). Sprouting can be expected from roai
crowns and stem bases of alders damaged during mechanical site preparation. in the Cariboo Forest
Region, trials using V-plows or straight blades to rip apart large clumps of alder have apparently been
successful in setting back the alder sufficiently 1o establish a crop of conifers.™

Fertilization: Fertilization of green alder with nitrogen and phosphorus resulted in increased growth and
increased tannin, nitrogen, and phosphorus concentrations in twigs (Bryant et ai. 1987).

WILDLIFE

Food: Sitka and green aider have relatively low browse value for ungulates (Marchant and Sherlock 1984).
White-tailed deer feed on the feaves and twigs of Sitka aider, and mule deer have been reported 1o
consume small quantities of Sitka alder in the summer near Kamloops, B.C. (Willms ef al. 1980). The
tender young shoots are browsed by elk in British Columbia {Devereux 1988). Although Sitka alder is
considered high-quality moose browse {Peterson 1978}, it is rarely used in the province. Sitka alder is
a major food for snowshoe hares (Hansen and Flinders 1969). Squirrels readily consume catkins
{Harestad 1983) and birds eat cones, buds, and seeds {Healy and Gill 1974).

76 Pemry 1983
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Distribution of A. filix-fernina in British Columbia.
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Athyrium filix-femina (L.) Roth Lady fern

DESCRIPTION

Lady fern has erect to spreading deciduous fronds up to 2 mtall arising from a stout, erect, or ascending
rhizome clothed in brown scales. The frond has a succulent bipinnate blade that tapers at both ends, and a
short, scaly stem that is prone to breaking or bending (Taylor 1973a).

Variation: Lady fern is a vanable species of near world-wide distribution (Taylor 1973a}. There are many
geographicat varieties of the species: the Brtish Columbia version of this fern is described as ssp.
cyclosorum (Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Lady fern can be found throughout most of British Columbia and is ¢ne of the most common ferns in the
province (Taylor 1973a). It has not been collected from northeastern British Columbia except for a location
on the Liard River (A. Ceska, pers. comm., Nov. 1984}, it occursin all of the biogeoclimatic zones but is most
abundant in the wet CWH and ICH zones and the SBSvk subzone. itis rare indry areas of the southern and
central interior, inciuding the PP and BG zones and the driest subzones of the IDF and SBS {Angove and
Bancroft 1983).

Altitudinal Range: Lady fern occurs from sea level to subaipine and lower alpine elevations, to approximately
1200 m (Lyons 1952}.

HABITAT

Climatic Relations: The distribution of lady fern in the province and elsewhere indicates that it can tolerate a
broad range of temperatures, although itis uncommon inthe extremely cold borealzone. its absence from
the driest interior areas of the province suggests that it requires humid conditions during the growing
season.

Site and Soi Conditions: Lady fernis found on a vanety of moist to wet soils in forest and meadows, in fiparian
and floodplain habitats, and in rock crevices. ltis also able to colonize a wide range of open semi-natural
sites. Soils are often Gleysols or gleyed subgroups of other soils (Campbell and Frankiin 1982; Comeau
et al. 1982; Coupe et al. (compilers} 1982; Page 1982).

Nutrient Relations: \n British Columbia, lady fern wili grow on a wide range of nutrient regimes, but is most
common on medium to very rich sites. {see, e.g., Klinka 1977b; Pojar et al. 1982).77 Wali (1969} found
that in the SBS zone near Prince George, 1ady fern occurred on sites with slightly higher than average
levels of available nitrogen and a wide range of available calcium. According to Page {1982}, lady fern
avoids base-rich soils, except where these are overlain by acidic surface horizons.

Water Relations: Lady fem grows on moist to wet sites and is usually found on soils that have good drainage
but permanent moisture {Page 1982}. In climatically dry areas, it is restricted to hygric sites and
tioodplains, but in climatically wet areas it occupies a broader range of moisture regimes. in very wet
subzones of the Interior Wet Belt (e.g., |CHvk, ICHhwk, SBSvk, ESSFvc, and ESSFwk) it occurs on
submesic to hydric sites (Comeau et al. 1982).7%

Light Relations: Lady fern has the ability to tolerate deep shade, but its best growth cccurs in open woods or
meadows where abundant sunlight and adequate moisture are available simultaneously. In shaded
conditions, the lady fern blade is fairly flat, but with increasing light the pinnae (leafiets) become angled
downwards (Page 1982). This appears to be an adaptation enabling the plant to optimize lightinterception
in low light, and reduce evapotranspirative losses in full suniight. In a laboratory experiment (Zimmer
1976), lady fern grew continuously and showed no apparent difference in growth rate under a wide variety
of photoperiods. Wamm white light from fluorescenttubes produced better growth than namower spectrum
ght from mercury tubes.

77 Utzig e al. 1983,
78 Delong et al. 1984,
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Temperature Relations: The dormant buds require at least 30 days of chilling between November and
February for bud break to occur the following spring {Hiil 1976). The minimum temperature for vegetative
growth is near 5°C. Between 10 and 20°C, temperature does not significantly affect the rate of growth
{Zimmer 1976). Lady fem fronds appear 1o be very sensitive 1o frost.

GROWTH AND DEVELOPMENT

Fems have a well-developed vascular system with true roots, stems, and leaves; however, ferns have no
flowers, and their life cycle differs significantly from that of flowering plants {Keeton 1972). The germinating
spore developsinto a tiny cluster of undifferentiated celis known as a prothallus that bears male and/or female
reproductive organs. The prothalius depends on an adequate supply of moisture for growth because it has
no vascuiar system. Free waleris aiso essential during this stage of the fern’s life cycle 1o ensure fertiization
of the eggs by free-swimming sperm. The fertilized egg develops into the large, leafy spore-bearing plant
{sporophyte}. The iady fern sporophyte is a perenniai plant in which most or ail of the fronds die back each
fall and persistence is by means of afleshy underground rhizome. Most moderate-sized fem sporophytes take
from 1 to 5 years to reach maturity and produce spores {Page 1979). At maturity, the lady fern frond averages
between 30 and 150 cm in length and 10 and 30 cm in width, but can reach a height of 2 m.

Lady fem often exists in the forest underslory as small individual plants; however, when it is large and
vigorous it is most often found in nearly pure stands with minor herbaceous and shrub associates (Campbeli
and Franklin 1979; Page 1979). Schneller {1979} indicates that individual lady fern prothalli usuaily germinate
together in densely packed colonies. Young prothalli may considerably intiuence the germination of spores
and the development of other prothalfi in their vicinity through the secretion of hormonal substances.

Phenology: Page (1982) notes that most lady fernfronds emerge in a single spring flush, but Schneller (1979)
observes that the sporophyte cortinues to develop new leaves throughout the growing season. In Great
Britain, fady fern fronds reach matunty by about late July {(Page 1982). Although, spores generally
become mature towards the end of the growing season, variation in development of individuat fronds
ensures that spore dispersal is spread over a lengthy period. in Scotland, spore production of most
species begins in June and carries on untii late September (Page 1979). The onset of fall senescence
of lady fernfronds appears to be closely tiedto the date of the first frost (Page 1982). Inthe western Oregon
Cascades, this occurred in early October, and senescence proceeded at a fairly steady rate with only 25%
of the fronds remaining by early November {Campbell and Frankiin 1979).

REPROBUCTION

Spore Production and Dispersal: Most medium-sized forest ferns begin to produce spores at between 1 and
5 years of age, and production takes place regularly from year to year with little weather-induced
fluctuation. Habitat, through its influence on plant vigour, is probably the major controlling factor of spore
production {Page 1979). Lady fem reproduces more copiously than most other ferns {Frye 1934). s
spores are dispersed by gravity, wind, water, or animais. Fern spores are capable of travelling great
distances, but dispersal of spores is often limited by the absence of air currents in undisturbed forest
habitats. Airborne spores are often brought to earth during rainstorms {Page 1979).

Spore Viability and Germination: Fern spores in a dry, resting state are resistant to physical extremes. They
can withstand intense radiation and very low temperatures but are reportedly very sensitive to tempera-
tures above 55°C {(Kato 1963; Miller 1968). Lady fern spores remain viable for about 3 years in storage.
Spores that overwinter on the dead frond are oHen still viabte in spring, and spores in scil remain viable
for atleast 1 year {Schneller 1979). However, their viability and speed of germination deteriorate with age
{Page 1979). Spore germination rates ranged from 50 to 95% under experimental conditions (Schneiler
1979}.

Spores will generally not germinate until after a period of water imbibition {Page 1979). Lady fern spores
most often germinate in unexposed places on bare soil or occasionally on decaying wood {Schnelier
1979). They normally require fight for germination {Weinberg and Voeller 1969}, but hormones secreted
by nearby prothalii can stimulate germination in the dark {Schneller 1979). The great majority of spores
that land on the forest fioor do not germinate.
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Vegetative Reproduction: Vegetative reproduction in lady fern is achieved through division of the rhizome.
The rhizome occasionally branches and in old plants may develop into large clumps with numerous
closely packed crowns (Page 1982). However, unlike the bracken fern, lady fern does not form an
extensive, laterally spreading rhizome. Although the species often forms large, uniform stands, these are
populations of individual sporophytes rather than clonal colonies,

PESTS

Fems are extraordinarily free of the damaging effects of insects and microbial pathogens {Page 1979). The
annual shedding of fronds may serve as a proteciive mechanism against disease and insect infestations.

EFFECTS ON CROP TREES

Competition: Throughout most of its range, lady fern is not consideredto be a major threat to the establishment
of coniferous tree seedlings. However, because it is one of the largest herbaceous plants in British
Columbia and because it often occurs in dense, pure stands, it can be a serious local competitor wherever
it is abundant and vigorous. [t is extremely abundant and a serious silvicultural problem in the SBSvk
subzone east of Prince George (C. DelLong, pers. comm., Nov. 1984) and on hygric and wetter ecosystem
associations in heavy snowfall areas of the ICH and ESSF in southeastern British Columbia {D. Lioyd,
pers. comm., Nov. 1984}.

In the CWH zone, lady fern is a dominant herbaceous plant on floodplain sites and skunk cabbage
swamps, and it can be an important secondary competitor foliowing logging. However, Brand did not
consider it to be a significant competitor on 5 productive clearcut sites he studied in the CWH near
Vancouver.” Vigorous growth of lady fem can shade out and crowd out young seedlings. Shading by
lady fern dominated vegetation reduced spruce seedling growth in the SBS zone.?¢ Smothering and
mechanical damage caused by the shedding of fronds is considered to be of equal, if not greater,
importance than competition for light and space {D. Lloyd, pers. comm., Nov. 1984).

Beneficial Effects: No information.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Lady fern does not usuaily appear to increase significantly following logging; it
should probably be considered a serious potential competitor only if it is well established on a site prior
tocanopy removal. Inthe ICHwk and ICHvk subzones, lady fem has frequently been observedtoincrease
in density and vigour 2-3 years after logging (J. Wright, pers. comm., July 1989). Lady fern can be
expected to diminish in cover on those moist sites which are prone to drying out following logging. Eis
{(1981) did not report any increase in lady fern cover on 4 different site types 6 years following logging in
the SBS zone north of Prince George. Brand noted that on recent clearcuts in the CWH zone near
Vancouver, fady fern was initially found only on undisturbed patches, but it reappeared 3—4 years after
logging, once other vegetation was well established ®

Fire: Light to moderate burns often increase lady fern cover. Severe burns are usually not achieved on lady
fernsites. Lady fern exceeded its pre-bum cover within 4 years of burning a devil’s club site inthe SBSvk
subzone (E. Hamilton, pers.comm., July 1889). C. DelLong {pers. comm., June 1989) aiso found that lady
fern appeared to be stimulated by light burning on subhygric sites in the SBSvk subzone. Inthe ICHwk
and ICHvk subzones, burns tend to control lady fernfor 2-3 years, after which it recovers (J. Wright, pers.
comm., July 1989},

Lady fern showed a slight decrease in cover following logging and prescribed burning in successional
studies in Washington and northern idaho (Mueggler 1965; Dymess 1973).

Cutting: No information,

79 Brand 1984.
B0 Hamilton 1968,
81 Brand 1984.
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Herbicides: Broadcast applications of about 2.1 kg a.i./ha glyphosate between late July and early September

have generally provided a high degree of top-kill in lady fern.82.8384 Complete recovery of the plant often
occurs within two to three seasons of herbicide application (J. Wright, pers. comm., July 1989).85

Soil Disturbance: Mechanical site preparation has resulted in very successtul control of lady fern for at least

4 years after treatment {J. Wright, pers. comm., July 1989).

WILDLIFE

Food: Lady fern is moderately important winter food for deer, elk, moose, and caribou.% Fiddleheads and

82
83

a5
86
87

mature fronds are readily eaten by black bear, grizzly bear, and deer during spring and summer
(T. Hamilton, pers. comm., Jan. 1985).%7 Lioyd (1979) found that lady fern made up 8% of the spring and
early summer diet of black bear and grizzly bear near Knight Inlet, B.C. The plant is also sometimes used
by blue grouse {Zwickel and Bendeil 1972).

Herming and Fahiman 1984,
Puoilack and LePage 1988b.
Pollack and LePage 1988.
Reynolds et al, 1988,
Blower 1982,

Pojar and Banner 1984.



Betuia papyrifera
{paper birch}
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Betula papyrifera Marsh., Paper birch
(white birch, canoe birch)

DESCRIPTION

Paperbirch is a deciduous treeto 30 mtall, often mutti-stemmed. Bark colour varies but is characteri stically
white or cream, with conspicuous dark, horizontally elongated lenticels. it readily peeis in sheets. Twigs are
slender and pubescent or glandular, with fine, pointed buds. Leaves are variable in shape but generally ovate
with single or double serrations. Separate male and female catkins are pendulous when mature. Female
catkins release large quantities of small, wide-winged fruit (Hosie 1973; Brayshaw 1978).

Variation: Paper birch is probably the most variable tree species in Canada. Many geographic varieties have
been described, some of which are difficult to recognize. It also hybridizes extensively with other birch
species. Recognized varieties in British Columbia include: the common var. papyrifera, which occurs
across Canada and is found in the Interior of B.C.; var. commutata, the coastal form found in the Fraser
Valley, on southern Vancouver Island, and scattered along the coast; and var. subcordata, which results
fromthe crossing of paperbirch and water birch ( B. occidentalis) (Dugle 1966: Taylor andMacBryde 1977;
Brayshaw 1978). This discussion deals primarily with var. papyrifera.

DISTRIBUTION AND ABUNDANCE

Paper birch is one of the most widespread tree species in northern North America. It is found throughout
British Columbia but is sporadic on the outer coast, absent in the Queen Charlotte Islands, and only found on
the southeastern portion of Vancouver island {Calder and Taylor 1968; Brayshaw 1978}. Paper birch is
common in most low- to medium-elevation biogeoclimatic zones in the Interior. It is common in the BWBS,
SBS, IDF, and ICH zones, less common in the CWH, CDF, PP, and BG zones, and absent from the ESSF,
MH, and AT zones. It is most abundant in warm, moist Interior valleys.

Alftitudinal Range: Paper birch is found over a wide range of elevations but pri marily occurs at low to moderate
elevations. It does not occur in subalpine forests.

HABITAT .

Climatic Range: Paperbirchis adaptedto a wide range of climates from humid to boreal and can tolerate wide
variations in the pattems and amount of precipitation. It is tolerant of cold climates and grows to the
northern limit of tree growth (Foweils (compiler) 1965). Across its entire range, the climate is generally
characterized by short, cool summers and long, coldwinters with long periods of snow {Fowells (compiler)
1965). inBritish Columbia, paper birch is especially abundant in areas of transitional climate, lyinginthe
Coast/Interior ecotone or between the dry and wet belts of the interior. It apparently cannot compete well
in the perhumid climate of the outer British Columbia coast and is absent from most areas receiving
extremely heavy snowioads.

Site and Soil Conditions: Paper birch is found on awide variety of parent materials and on soil texiures ra nging
from gravelly sands to loams and organic soils. Itis most abundant on roling upland terrain or on alluvial
sites butis also found on open siopes, rock slides, bogs, and swamp margins. Best growth occurs onwel}-
drained sandy or silty soils; or on soils derived from limestone (Fowells {compiter) 1965; Hosie 1973;
Brayshaw 1978; Krajina et al. 1982; Marchant and Sherlock 1984).

Nutrient Relations: Paper birch is adapted to a wide range of nutritional conditions {Post et af. 1969). ltprefers
medium to rich sites but also occurs on sites that are nutrient poor or very rich {Klinka and Scagel 1984).
Krajina et al. (1982} describe the nutritional requirements of birch as moderate to fairly high, especially
for calcium and magnesium, although other sources report low requirements for calcium and phosphorus
and moderate requirements for sulphur and nitrogen (Watson et a/. 1980}. Birch appears to prefer nitrates
to ammonium as a nitrogen source since it grows much beiter where nitrates are readily available (Krajina
etal.1982)}. Paperbirch grows on soils ranging from acidic to highly calcareous (Fowells {compiler) 1965).
it has been observed growing on soils with a pH of 3.2—4.4 (Watson et al. 1980 Balsillie et a/. 1978, cited
by Marchant and Sherlack 1984).
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Water Relations: Paper birch is described by some as having a high tolerance to flooding and poorly drained
soils (Krajina et al. 1982; Marchant and Sherlock 1984). However, it has been found that flooding can
severely affect birch seediing growth and physiology, indicating that it may be intolerant of flooding, at
least in some situations (Tang and Kozlowski 1982; Norby and Kozlowski 1983). Birch seldom occurs on
very wet sites (Fowells {compiler) 1965). In British Columbia it is most often found on sites ranging from
subxeric or submesic to subhygric (Angove and Bancroft 1983; R. Coupé, pers. comm., Nov. 1985).
Growth is best where the soil is moist but well drained.

Light Relations: The shade tolerance of paper birch is low {Fowells (compiler) 1965; Hosie 1973; Krajina ef al.
1982). Paper birchis most abundant as an overstory tree in seraiforests and only survives one generation
because of its shade intolerance. It does not occur as an understory species and becomes restricied to
openings as the forest matures (Hosie 1973). Although germination is best in the shade, subsequent
seedling growth is favoured by full sunlight. Paper birch seediings grown in full suniight had larger roots
and a higher root:shoot ratio than seedlings grown in partial shade (Marquis 1966).

Temperature Relations: Paperbirchis very frost resistant and can easily tolerate frozen ground {Krajina et al.
1982). Seasonal growth oftenbegins while minimumtemperatures are below freezing (Fowells {compiler)
1965). In Alaska it grows in soils where the frost layer remains in the rooting zone throughout much of
the growing season (Foote 1983). Paper birch offen colonizes spoil piles which are subject to high
temperatures (Watson ef al. 1980}, and in British Columbia it seems to be able to tolerate very high
summer temperatures as long as sufficient moisture is available. Heninger and White (1374) found that
paper birch seedlings grew well over a wide range of soil temperatures but that total seedling biomass
was highest when seediings were grown between 19° and 30°C.

GROWTH AND DEVELOPMENT

Paperbirch does not exhibit the rapid early growth that characterizes other hardwood species such as black
cottonwood and red alder. Paper birch seedlings average 10 cm in height afler the first growing season
(Fowells {compiler) 1965) and can reach a maximum of 40 cm on favourabie sites in full sunlight {Marguis
1966). Grant and Thompson {1975) report that 3-year-old birch in British Columbia average 32 cmin height;
in Alaska, a maximum height of 25 cmin 3 years was reported (Zasada et al. 1983). Fowells (compiler, 1965)
reports that 4-year-old birch average 1 min height. Growth of sprouts is considerably more rapid than that
of seediings. Sprouts can grow up to 60 cminthe first year and are twice as tall as seedlings after 4 years.

Birch reaches a maximum height of 30—40 m and a diameter of 50-100 cm at the base. The tree has a
narrow, ovalcrownwhenit growsinthe forest, butin openings the crown spreads out from nearthe base. Many
trees develop a broad, multi-stemmed crown, particularly following disturbance. Paper birch is considered
a short-lived species. Trees mature and cease height growth at 6070 years and few live longer than 140
years. The tree has a deep, penetrating root system (Fowells (compiter} 1965; Hosie 1973; Ohmann et af.
1978: Marchant and Sherlock 1984).

Paper birch stands are characterized by a lack of birch in the smalier age classes {Foster 1984). Dense
stands are found in nature, but little ingress of birch occurs once the stands are established (Foster and King
1986). Paper birch does not reproduce well in established forests and therefore only penetrates later stages
of forest succession where gaps are created in the canopy following a disturbance such as blowdown (Hibbs
1982; Tang and Koziowski 1982).

Solomon and Leak (1968) have provided site index curves for New Hampshire paper birch stands.

Phenology: Paper birch begins flowering in mid-April in southern areas and flowers during May and June in
Alaska. Flowering takes place before the leaves expand. Height growth begins early in the growing
season while temperatures are still quite cool. Diameter growth starts after maximum temperatures reach
21°C. The seed normally ripens during August and September, with dispersal beginning immediately
after ripening and continuing through to the following January. However, seed dispersal as early as July 4
has been reportedin Alaska. Opening of the mature female catkins is stimulated by low humidity and frost
{Fowells (compiler) 1965; Zasada 1971; Viereck and Little 1972; Marchant and Sherlock 1984).
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REPRODUCTION

Seed Production and Dispersal: Paper birch trees begin bearing seed at about 15 years of age, with the
optimum seed-bearing age being 40 to 70 years. Paper birch trees produce good seed crops every
2—4 years. Seeds are winged nutlets that are dispersed by wind and water; they are often blown for long
distances oncrusted snow. Althoughthe seedis light andtravels easily, the majority of the seedfalis within
100 m of the parent tree (Bjorkbom et al. 1965; Fowells (compiler) 1965; Zasada 1971; USDA 1974;
Archibold 1980).

Seed Viability and Germination: The quality of paper birch seed is highly variable. {n heavy seed years a high
percentage of the seed is good (USDA 1974)., Seed viability averaged 17% {range 1—42%);) in
4 undisturbed Alaska stands. Anestimated 200—400 paper birch seeds were requiredto produce a single
1-year-old seedling (Zasada 1971}, Seed remains viable for up to 2 years but only if the moisture content
is low. Seeds rapidly degenerate in moist conditions (USDA 1974). Exposure to a period of low
temperatures significantly improves germination percentages {Nichols 1934). Germination normally
takes place the spring following seed dispersal. Seeds tendto germinate as soon astemperatures exceed
a threshold value following snowmelt, which allows them to take advantage of moisture from snowmelt
as well as from spring and early summer rains {Zasada e! al. 1983). Germination is best in the shade,
on areas where the mineral soif and organic layers are mixed, where ample moisture is available, and
where surface temperatures are moderate (Marquis 1966}. Humus is satisfactory for germination but not
as favourable as mineral soil or mixed soit and organic layers. Leaf litter is a poor medium for germination
because germinants die of desiccation if their roots do riot reach mineral soil {Tang and Kozlowski 1982).
Best initial growth was observed on organic seedbeds {Marquis et al. 1964).

Vegetative Reproduction: Paper birch will sprout from the root collar and stump following cutting or fire
{Fowells (compilery1965; Hyvarinen 1968; Klinka and Scagel 1984). Prolific sprouting will occur when
trees are young, but sprouting vigour decreases with age. Sprouting may occur at the base of standing
live trees that have been subjected to increased exposure by disturbance {Fowelis {(compiler) 1965).
Johansson {1985a) found that stumps cut in May—June sprouted less vigorously than those cut in other
seasons. His findings generally agree with earlier results (Bjorkbom et al. 1965; Nordfors 1923, cited by
Johanssen 1985a). No relationship has been found between stump height and number of shoots per
stump. Paper birch can be propagated by cuttings treated with a growth-promoting substance {Fowells
{compiler) 1965; Watson et al. 1980). Fragments are uniikely to root in nature. While vegetative
reproduction is important for the persistence of individual trees following disturbance, regeneration from
seed is the most important means of reproduction of the species {Lutz 1955).

PESTS

A large number of insect species attack paper birch at all stages of growth and over all parts of the tree
{Conklin 1969). Insect damage to paper birch is described in detail by Fowells {compiler) 1965 and Conklin
(1969).

The most important diseases affecting paper birch are usually associated with mechanically caused
wounds on low-vigourtrees and result in discoloration and decay of the wood (Shigo 1969). Adiseasetermed
*birchdieback” has beenthe subject of several studies ineastern North America. Trees die progressively from
the top downward, resulting in lowered vigour, reduced growth, and dieback of twigs and branches which may
uttimately lead to the death of the tree {Fowells (compiier} 1965; Hyvarinen 1968). A single tactor causing birch
dieback has riot been determined, but trees growing on thin soils with shallow rooting are most iikely to develop
this disease, inferring a possible climatic influence {Pomerieau and Lortie 1962).

EFFECTS ON CROP TREES

Competition: Paper birch is sometimes considered to be an aggressive pioneer species (Watson et /. 1980},
but it is not as seripus a competitor as aspen in the interior® and is too scattered on the coastto be a
significant competitor. However, it can be a serious local competitor where there are concentrations of
mature birch and where harvesting and silvicultural practices favour seeding-in. Crushing and smothering

88 Rovel 1983,
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beneath birch fitter can significantly decrease growth and cause a high rate of mortality among spruce
germinants. Gregory {1966} foundthat only an occasional white spruce canbecome naturally established
beneath birch stands in Alaska. Vigorous growth and abundance of birch can cause localized threats to
the survival and deveiopment of spruce seedlings in the Interior of British Columbia {Arlidge 1867). inthe
wetter ICH subzones of the Kamioops Forest Region, birch usually does not pose probiems for
regeneration establishment but may affect growth and survival several years after conifers are estab-
lished (Mather 1988).

Beneficial Effects: Birch has potential as a crop tree, but no beneficial effects of paper birch on conifer growth
are described in the literature. The deep rooting habit of the species, its relatively high demand for soil
nutrients, and the rapid turnover of deciduous foliage suggest that soil organic matter content and
associated levels of nutrients may be higher under birch than under a purely coniferous stand.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Following logging or disturbance, abundant seeding-in of paper birch wiil normaily
occur where seed trees are left standing and a suitable seed bed hasbeen created. However, most seed
is confined to within 100 m of standing trees {Archiboid 1980}, and felling birch seed trees would greatly
reduce the number of paper birch seedlings (Arlidge 1967).

The sprouting vigour of mature trees cut during logging is variable and may depend to some extent on
site conditions. Following canopy removal in the IDFmw and ICHmw subzones near Salmon Arm, height
growth of birch is initially siow {30 cm/yr}, but after 2 years the growfh rate rapidly increases (J. Wright,
pers. comm., July 1989). in Newfoundiand, paper birch height exceeded the height of natural baisam fir
by 73% on sites disturbed less than 10 years previously, but 20 years after disturbance paper birch was
only 23%taller than balsam fir (Richardson 1879). Monrtality of sprouts is usually high (Fowells {compiter)
1965).

Fire: Paper birch bark is thin and highly ftammabie, making this tree highly susceptible to fires of even
moderate intensity {Lutz 1955; Fowells {compiler) 1365). Sproutingis commonontrees damagedorkilled
by fire {Hosie 1973}, but sprouts are iess frequent on middle-aged and old trees thanin young stands {Lutz
1955). Burning causes top-kill of coppices and saplings, but rapid regrowth from basal sprouts occurs
foliowing buming. Paper birch thrives in an environment with a regular fire history, and regeneration is
frequently more commeon on burned areas than on unburned areas (Behrend and Patrick 1869). In the
Kamloops Forest Region, broadcast bumed sites have significantly less birch stems than mechanically
site-prepared areas.®® Birch mainly establishes on exposed mineral soil on burned sites and generally
does not seed-in on burned LFH fayers.

Cutting: Prolific sprouting from either the root coltar or the stump usually occurs when young, vigorous trees
are cutin the spring to stump heights of 15-30 cm {Fowells (compiler) 1965}. Birch coppices grow at 1.5—
2.5 mvyr following cutting in the ICHmw and {DFmw subzones near Satmon Arm. Coppicing occurs at alf
ages (J. Wright, pers. comm., June 1989}.

Notch girdiing or double-frill girdling of birch trees resulted in montality or serious damage to 97% of trees
4 years after treatment {Crombie 1965); 21% of the stems sprouted foliowing treatment. Single-frill
girdling was ineffective, and addition of 2,4,5-T to the girdled area reduced suckering but was not
considered necessary. P. Wadey (pers. comm., June 1383} found girdling to provide acceptable control
when applied in any season in the Fort St. John District in British Columbia.

Herbicides: Glyphosate has effectively controlled paper birch in British Columbia when applied as a foliar
spray, by hack-and-squirt or hypohatchet, and as a cut surface treatment. Information is unavailable on
the effect of application rate and season in controlling paper birch. Although birch is highly susceptible
1o foliar applications of glyphosate, birch coppices have beenobserved to be more resistant to glyphosate
than aspen or cottonwood. Birch of all ages is highly susceptible to cut surface treatments. For example,
hack-and-squirt with 50 and 100% concentrations of 3.5 kg a.i/ha glyphosate in late Oclober in the

89 Mather 1988,
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invermere Forest District resuited in 100% kil of birch. Mortality from hack-and-squirt occurs within 1 year
of treatment {D. Muliet and J. Wright, pers. comm., July 1989).% Glyphosate applied by hypohatchet at
a 20% solution and 2 mL per 7.5 cmdbh killed or seriously injured all paper birch trees in a New Brunswick
study {Wiie 1981}.

Broadcast applications of hexazinone at 2.2—4.3 kg a.i./ha in May ofien provide good to excellert control
of birch. Birch injury after 2 years is often about 50% at the lower application rate and 75—100% at the
higher rates. A thick organic layer impairs hexazinone effectiveness, and variations in organic matler
thickness over a site can lead to apparent inconsistencies in results, such as better control at lower
herbicide rates than at higher rates.

Spot applications of hexazinone in May or June have effectively controlled birch. Higher application rates
tend to be more effective than lower rates, but vanations in organic matter thickness can offset this trend.
Mid-June spot applications of 4 and 8 mL hexazinone per spot and six spots pertree 1o 40-year-old birch
near Fernie resulted in 39% defoliation at the higher rate after one season. This is typical of the degree
of control obtained on areas with thick organic layers.?!:92.93.84,95

Pure hexazinone or pure triclopyr applied by hypohatchet at 2 mL per 7.5 cm dbh seriously injured altpaper
birch trees in a New Brunswick study (Wile 1981}. In Maine, triclopyr (full or half strength) was eftective
in controlling paper birch using hack-and-squirt {Filauro 1982), and 2,4-D amine has caused moderate
to severe injuryto paper birch in British Columbia (Boateng and Herring 1990). Good controlof paperbirch
was achieved with a foliar spray of 2,4-D ester at 3 kg a.i./ha in the Vancouver Forest Region (M. Scoft,
pers. comm, Nov. 1984},

Soif Disturbance: Paper birch readily seeds-in to areas of mineral soil exposed during logging or mechanical

site preparation.”® Soil disturbance that exposes mineral soil or mixes mineral and organic soil layers
provides the best seedbed for germination of paper birch {Marquis et al. 1964; Marquis 1966; Horsley and
Abbott 1970). Seedling growth also appears to be best where mineral soil is exposed {Bjorkbom 1972}.
in Maine, stocking was 2 to 3 times greater on mechanically site-prepared areas than on winter- or
summer-logged areas that received no site preparation {Bjorkbom 1967)}. in the wetter ICH subzones of
the Kamioops Forest Region, birch, as well as cottonwood and willow, rapidly increases in cover on
exposed mineral soil created by mechanical site preparation. Up to 10 000 birch stems per hectare can
establish on lower elevation sites {J. Wright, pers. comm., July 1989}. On these sites, birch stocking is
higher after mechanical site preparation than after burning or logging with no site preparation. Birch can
attain 50-100% cover 5—10 years afler disturbance.?’ In the SBS subzone near McGregor, exposed
mineral soil resulting from scarnfication was rapidly covered with birch {and willow} which overtopped
pianted spruce trees after 13 years (MacKinnon and McMinn 1988).

Fertilization: Paper birch responds very favourably to fertilization treatments. Seedling response has been

favourable under both field and laboratory conditions (Safford 1982). Seedfing height and biomass have
been significantly increased with the addition of an NPK fertilizer {Bjorkbom 1973a, 1973b; Safford 1982;
Bryant et al. 1987)}. Bjorkbom (1973a) reported a 19-foldincrease in seedling height after NPK fertilization.
Seediings appear 1o be more responsive to applications of nitrogen than phosphorus or potassium;
application of phosphorus and potassiumwithout nitrogendid not significantly increase growth. Bjorkbom
{1973b} found that additions of potassium increased the potassium content of foliage but did not cause
any significant growth response. Schmitt et ai. (1981) found that direct applications of nitrogen and
phosphorus dramatically increased the uptake of these elements by paper birch and resulled in higher

Ladd 1989.

Teskey and Masterson 1985¢.
Teskey and Masterson 1986a,
Teskey and Masterson 1986d,
Teskey and Masterson 1986c.
Newhouse 1988a.

Perry 1983.

Mather {1988,
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concentrations of elements in live branches of fertilized trees compared with unfertilized trees {Schmitt
et al. 1981). Fertilization of paper birch stands following thinning increased the diameter growth of
remaining trees for a 10-year period (Safford and Czapowskyj 1986}.

WILDLIFE

Food: Paper birch is highly palatable (Peterson 1978) and is important food for wildlife in British Columbia.
it has mediumimportance to moose in all seasons {Singleton 1976) and is a moderately important winter
browse for mule deer, Rocky Mountain elk, caribou, and mountain goat %8

Paper birch is a favourite food of snowshoe hares (Banfield 1974), which eat bark, twigs, and leaves in
season {Woltt 1978). Buds, catkins, and new leaves are preferred foods of porcupines {Chapman and
Feldhamer {editors} 1983). Squirrels feed on flowers and leaf buds in the spring. Paper birch is also an
important food for beaver.

Paper birch sprouts vigorously following browsing (T. Lea, pers. comm., Feb. 1989). Repeated browsing
by moose retarded the height growth of paper birch but increased the density of stems and amount of
biomass in the 0—3 m height class (Risenhoover and Maass 1987). Miquelie (1983) investigated moose
feeding and foliage regrowth inthe boreai forest. Leaf regeneration was most prolific on plants defoliated
in June and early July; less leaf regeneration occurred on plants defoliated after August 1. Regrowth
leaves of paper birch were significantly smaller than primary leaves.

Other Resources: Many birds nest in paper birch in British Columbia, including woodpeckers, owis, hawks,
sapsuckers, flycatchers, and vireos {Cannings et al. 1987).%°

98 Plower 1982
99 Korol and Wailis 1883,
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Calamagrostis canadensis (Michx.) Beauv, Bluejoint
(marsh reed grass)

DESCRIPTION

Biuejoint is a perennial, tussock-forming grass with stems 60—120 cm tall and creeping rhizomes. The leaf
biades are elongate, slightly drooping, and fiat, 10-30 cm long and 48 mm wide. The inflorescence, or
seedhead, is a drooping panicle that varies from narrow and rather dense to loose and open and often has
a purplish tinge {Hubbard 1989; Hitchcock and Cronquist 1973},

Variation: Bluejoint is a widely distributed and exceedingly variable species (Hitchcock 1971} with various
subspecies and varieties recognized by different authors. Taylor and MacBryde {1977) have broken out
a separate species, C. scribneri (Scribner’s reed grass), to describe varieties found in the central and
northern Interior of British Columbia that have traditionally been considered pan of C. canadensis.
C. scribneriisincluded as part of C. canadensisin this discussion, and the name “bluejoint” is used to refer
to the entire compiex.

DISTRIBUTION AND ABUNDANCE

Bluejoint is found throughout British Columbia in every biogeoclimatic zone. itis more abundant and occurs
over a wider range of sites in the Interior than on the coast. it is most common in the northern haif of the
province and at higher elevations in the south (Hubbard 1969; Mclean 1979).

Altitudinal Range: Bluejoint is found from sea level to the alpine tundra zone.

HABITAT

Climatic Relations: Bluejoint is able to tolerate a very wide range of climates, as shown by its extremely broad
geographic distribution within westem North America. It seems to be particularly well adapted to a harsh
northern climate since it reaches its greatest abundance and best development in Alaska and northern
Canada (Mitchell 1974; Watson et al. 1980). it can tolerate very exposed conditions {Mitcheil 1978) and
is extremely winter hardy (Alaska Rural Development Council 1877)

Site and Soil Conditions: Throughout much of southern British Columbia, biuejoint is primarily a wetiand
species, occurring in swamps, marshes, wet meadows, and floodplains. In the SBS and particutarly in
the BWBS zone, itis common on both wetland and upland sites (Hubbard 1969; McLean 1979; Pojar et a.
1982). Bluejoint is found on both mineral and organic soils. In southeastern British Columbia, it occurs
mainly ongleyed ororganic soils (Comeau et al. 1982}, in northern British Columbia and Alberta, itis found
in openings on moist forest sites and along streambanks, and it commonly invades clearcuts and a wide
variety of disturbed soils {Blackmore and Corns 1979; Watson et al. 1980; Eis 1981).

Nutrient Relations: Bluejoint is thought to have moderate nutritional requirements (Alaska Rural Development
Council 1977). Comeau et a/. (1982) report that in British Columbia it is found on sites ranging from very
poor to very richin nutrients. In Alaska, it grows in moderately to strongly acidic soils ranging frompH 5.5
to 3.5 {Mitchell 1974).

Water Relations: Bluejoint is characteristically a species of wet to moist sites, but it can survive a wide range
of moisture regimes (Watson et al. 1980). Mueiler-Dombois and Sims (1966) grew bluejointunder arange
of moisture conditions inthe laboratory and concluded that its dominance onwet to moist sites in Manitoba
is attributable to its tolerance of, rather than preference for, such localities. It is very tolerant of flooding
and saturated soil conditions (Alaska Rural Development Council 1977). Bluejoint seedlings had the
lowe st drought tolerance of the three grass species tested by Mueller-Dombois and Sims (1966), butonce
the root system is established drought tolerance is apparently good.

Light Relations: Bluejoint is most abundant and reaches its best development on open sites, but it will also
tolerate partial shade (Watson et al. 1980). It appears to be adapted to grow very rapidly during the long
daylight regime of early to midsummer in northern iatitudes (Mitchell 1974).
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Temnperature Relations: The root system of bluejoint lolerates low soil temperatures (Younkin 1974, cited by
Watson et al. 1980}.

GROWTH AND DEVELOPMENT

Watson et al. (1980) reported that biuejoint establishes slowly, but in growth experiments by Sims and
Mueller-Dombois {1968} it produced a continuous, dense sod of roots after just 1 year. The sodwas 1-2cm
thick on a poor sandy soil and 4-8 cm thick on a loamy sand. The fine roots were intermingled with numerous
rhizomes (Mueller-Dombois and Sims 1966). On logged sites, bluejoint can form continuous sods within only
3 or 4 years (Frisque et al. 1978, cited by Eis 1981). Once established, biuejoint can grow quickly. Mitchell
(1974) reports that luxuriant stands in south central Alaska can grow to heights of over 150 cm in 6 weeks.
in trials in the northern boreal forest reported in Watson et al. {1980), biomass and cover of bluejoint equalied
or exceeded those of commercial grass species by the end of the first growing season. During the growing
season, dead leaves make up approximately 50% of the total above-ground biomass in a stand of biuejoint
{Sylvester and Wein 1981). The above-ground parts of bluejoint die back at the end of each growing season,
producing a thick organic muich.

Phenology: In south central Alaska, bluejoint completes its height growth by mid-July (Mitcheil 1974) and is
fully headed by mid-August (Mitcheil and Evans 1966).

REPRODUCTION

Seed Production and Dispersal: Like other grasses, bluejoint is adapted for wind poflination and seed
dispersal {Hitchcock 1971). The drooping panicle moves readily in the wind, and seeds are easily
windborne. Bluejoint rapidly seeds-in 1o disturbed sites (Watson et al. 1980; Rowe 1983). Seed is
produced annually, provided that environmental conditions are favourable, but seed yields are reportedly
low (Younkin 1974, cited by Watson et al. 1980).

Seed Viability and Germination: Younkin {1974, cited by Watson et al. 1980} reported a germination rate of
90% in seed from Inuvik, N.W.T. Germination occurred without cold stratification. Mueller-Dombois and
Sims (1966) also observed very high rates of germination after 3 days on both sandy and loamy sand soils
when the soils were wetted to field capacity. Germination apparently will not ecccur under droughty
conditions (Wein and MacLean 1973).

Vegetative Reproduction: Bluejoint is a rhizomatous grass species (McLean 1979), and once it has seeded-
in to an area, further spread is primarily by rhizomes (Wein and Bliss 1973; Watson et al. 1980).

PESTS

No references to insect or microbial pests were found in the literature.

EFFECTS ON CROP TREES

Competition: Bluejoint is a significant competitor with crop trees inthe BWBS, SBS, and ESSF biogeoclimatic
zones and provides relatively minor localized competition on wet sites in other zones. i is a particularly
important competitor in the boreal forest of the Prince George Forest Region where it is exiremely
abundantin clearcut areas. Root competition with young seedlings is considered to be the dominant mode
of competition. Bluejoint roots in the same zone as young iree seedlings and produces a very dense,
continuous sod (Sims and Muller-Dombois 1968). These authors showed that bluejoint reduced tree
growth the most on moist, loamy soils where the grass was most vigorous. On the driest sites, root
competition was minimized because young seedlings were able to get their roots below the shallow, poory
developed grass sod. Bluejoint can also shade out young seediings, and the heavy litter causes
snowpress and smothering (Arlidge 1967; Blackmore and Corns 1979; Eis 1981). Eis (1981} aiso noted
that thick sods of grass prevent natural regeneration by conifers. Conifer seeds falling into the grass are
suspended above the soil and the germinants desiccate as the grass dries out in spring. Bluejoint may
reduce seedling growth in northern {atitudes by preventing soils from warming up during the growing
season. Milchell {1974) notes that the thick layer of litter and muich that develops under a biuejoint cover
has a significant insulating effect on the soil.
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Beneficial Effects: The high percentage of ground cover and dense root sod of bluejoint provides good control
against surface soil erosion {Watson et al. 1980). Blackmore and Corns {1979) speculate that a light
growth of bluejoint on a scalped area of soil may be beneficial in reducing frost-heaving of seedling
conifers. No other beneficial effects of the species on tree growth are documented in the literature, but
it undoubtedly increases soil organic matter content, particularty on heavily disturbed sites. A cover of
bluejoint can also iimit invasion of farger brush species that may have a longer-lasting and more serious
impact on crop tree growth.

RESPONSE TQ DISTURBANCE AND MANAGEMENT

Forest Canopy Removal: Bluejoint is favoured by forest canopy removal. Bluejoint increased significantly on
three moist site types north of Prince George following clearcut logging (Eis 1981). Onthe aliuvium site
type itinvaded all areas not covered by shrubs, and thick continuous sods had formed by the third or fourth
year following logging. Inthe BWBSmw subzone near Fort St. John, biuejoint increased from 20% cover
and 40 cm maximum height before logging to 70-90% cover and 130 cm maximum height within 3 years
of clearcutting {P. Wadey, pers. comm., June 1983}. Biuejoint invaded after a 65-year-old lodgepole pine
stand was thinned in centra! Colorado {Crouch 1986).

Fire: Results from British Columbia, Aiberta, ldaho, and Minnesota indicate thaf bluejoint increases following
burning. in the SBS zone in central British Columbia, E. Hamilton {pers. comm., July 1989) found that
increases were greatest on wet sites. In central Idaho, bluejoint increased after lires onwet to moist sites.
Reproduction was both by wind-disseminated seed and sprouting from rhizomes {Crane and Fischer
1986}). Rhizomes survived a fire and cover increased by 400°% 12 years after burning in the arctic tundra
{Wein and Bliss 1973). Innorthern Minnesota (Ahlgren 1960}, bluejoint occurred widely the first year after
burning and did not appear to be affected by fire severity. Reproduction was primarily by rhizomes, but
some seedlings were established by windborne seed. Sylvester and Wein {1981) point out thal fire
spreads rapidly through stands of bluejoin because of the large volumes of fine, dry Jitter present. Live
ptant material is very resistant to burning but does not slow down the rate of fire spread.

Cutting and Grazing: Bluejoint is intolerant of heavy cutting (Mitchell and Evans 1966). Yields decreased by
up to 20% when the grass was cut two to fourtimes during the growing season and by 70% when cut seven
times (Corns and Schraa 1962).

Herbicides: Glyphosate has controiled biuejoint in British Columbia. An early August applicationof 1.5kga.i./
ha glyphosate near Fort St. John resulted in 98% kill of the species after one growing season, bulthe grass
reinvaded the following year {P. Wadey, pers. comm., June 1989}. Glyphosate applied in June, July, or
August as aloliar spray at 2.2 - 4.5 kg a.i./ha has provided goodto excellent control of bluejoint {Blackmore
and Corns 1979).1% Biackmore and Corns (1979) found that glyphosate applied in August at 2.2 kg a.i./
ha gave better control than the same rate applied in June.

Broadcast apptications of 1.1-6.5 kg a.i./ha liquid hexazinone have provided moderate 1o excelient control
of biuejoint in British Columbia (Boateng and Herring 1990).'%" For example, 2 years after May applica-
tions of 1.1-2.2 kg a.i./ha liquid hexazinone near Dawson Creek, biuejoint cover had decreased from
about 65 to 13%, and 2 years after application of 4.3 and 6.5 kg a.i./ha bluejoint cover had decreased from
about 65 to 3% cover.’? Hexazinone gridbails applied aerially at 4 kg a.i./ha in late May to a mesic
BWBSmw site near Dawson Creek resulted in exceflent controf of bluejoint 5 years after treatment. %
With increasing organic matter depths, control of bluejoint becomes less successful.'%4.1%5

Soil Disturbance: Bluejointaggressively invades disturbed sites. Invasionis by seed orthrough rhizomes from
adjacent areas {Watson ef al. 1980). North of Prince George, bluejoint invaded most heavily on moist to
wet compacted soils on roads, landings, and skid trails onthe alluvium site type (Eis 1981). Arlidge (1967)

100 Expent Commitiee on Weeds 1984,

0% Expert Commitiee on Weeds 1984-1968.
102 Taskey and Mastarson 1986b.

103 Herring 1988a.

104 Fahiman and Herring 1984,

105 Taskey and Masterson 1986b.
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found that within 2—3 years following scarification, bluejoint was a serious competitor on mounded
microsites within wet depressional areas. in the Peace region of British Columbia, L. Herring {pers.
comm., March 1985} has found that bluejoint spreads onto disturbed ground first by rhizome extension,
and atter that by seed. Heavy cultivation substantially controls established plants, but areas of newly
exposed soll are rapidly reinvaded by adjacent, undisturbed plants. Intense 30 cm deep cultivation inthe
BWBSmw subzone near Forl St. John controlled bluejoint for only one growing season (P. Wadey, pers.
comm,, June 1989).

Fertilization: Fertilization with nitrogen, phosphorus, and petassium caused major increases in preduction of
bluejoint in south central Alaska {Mitchell 1974; Laughiin ef al. 1982). In the Northwest Territories,
fertiization markedly stimulated flowering rates and increased vegetative growth (Hutchison and
Hetllebust 1978).

WILDLIFE AND RANGE

Food: Bluejoint generally has low imporlance to ungulates in British Columbia (T. Lea, pers. comm,, Feb.
1989). it also has low to moderate importance as a winter and spring food of Rocky Mountain elk in the
province {Singleton 1976}, but is commonly used by elk in winter in Colorado (Hobbs et al. 1981). Wolif
{1978) reponts that biuejoint is used by snowshoe hares from October to March in Alaska, but makes up
less than 2% of the diet. Bluejointis moderately palatable but not highly favoured by domestic livestock.
it withstands heavy grazing {MclLean 1979).
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Calamagrostis rubescens Buck. Pinegrass

DESCRIPTION

Pinegrass is a slender, tufted grass, with creeping rhizomes. It is 60—100 cm tall when flowering but only
30-50 cmin the more common vegetative state. The stems have a reddish tinge at the base and a ring of
hairs where the leaf meets the stem. The leaf blades are erect, fiat or somewhat rofled, and are rough to touch.
The inflorescence (seedhead) is a congested, narrow panicle 7-15 c¢m long, pale or with a purplish tinge
{Hitchcock 1971; McLean 1979; Angove and Bancroft 1983).

Variation: This species is found only in western North America, from southern British Columbia to California.
There are no varieties or subspecies described in British Columbia (Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Pinegrass is found throughout the central and southern Interior of British Columbia. It is absent from the
west side of the Coast Mountains and extends only as far north as Francois Lake and Fort St. James in the
Interior. Pinegrass is the most abundant grass in forested areas of the southem Interior. itis most dense and
widespread in the IDF biogeoclimatic zone where it dominates the understory. It is commonin most SBS and
MS subzones and also occurs at lower elevations in drier subzones of the ICH and ESSF zones and in moist
areas of the PP zone (Mclean 1979; Angove and Bancroft 1983). In the IDF zone, pinegrass often forms
nearly pure stands, while in the other zones it tends to grow in mixtures with other plant species.

Aftitudinal Range: Pinegrass ranges from the valley bottoms of the Interior to subalpine elevations, but is
absent from the lower elevations of the PP zone. Itis found between 600 and 1850 min the Similkameen
Valley (McLean 1970), while in the moister climate of northern idaho it is most abundant in the 850—
1000 m elevation band {Mueggter 1965).

HABITAT

Climatic Relations: The geographic distribution of pinegrass in British Columbia suggests that it favours a
continental climate with warm, dry summers and can tolerate moderately cold — but not extreme —winter
temperatures. ltis not presentin areas of high precipitation, and it is absent from the hottest, semi-desert
areas of the southem Interior. Tiedemann and Klock (1974) observed that it was most abundant on south
aspects in Washington, while Mueggler (1965) found no preference for aspect in northern Idaho.

Site and Soil Conditions: Pinegrass is found on a wide variety of well-drained sites. Ecosystemns in which
pinegrass is a characteristic dominant understory species have a wide variety of parent materials, siopes,
and soil characteristics, but soils are most often well-drained, loamy to coarse textured Luvisols and
Brunisols (see, e.g., Freyman and van Ryswyk 1969; McLean 1970; Mitchell and Green 1981).'% In the
ESSF zone of the Simitkameen Valley, pinegrass is virtually absent on shallow rocky soils and is sparse
on Podzolic soils (McLean 1970). Mueggler (1965) noted that pinegrass was frequently found on steeply
sloping sites in the cedar-hemlock zone of northern Idaho.

Nutrient Relations: in southern British Columbia, as well as inthe SBS zone, pinegrass occurs on sites ranging
from very poor to moderately rich (Mitchelland Green 1981; Pojar et al. 1982).'%7 Soils supporting a heavy
growth of pinegrass are frequently low in nitrogen, and increasing the levels of nitrogen, nitrogen and
sulphur, or phosphorus stimulates growth of pinegrass (Freyman and van Ryswyk 1969).

Water Relations: Throughout British Columbia, pinegrass tends to be associated with soiis that experience
at least moderate moisture deficits during the growing season. Pinegrassis tolerant of dehydration (Vogel
1985). The ecological moisture regime of sites with abundant pinegrass varies considerably depending
on climate. Inthe IDF zone where itis most abundant, pinegrass occupies a range of moisture conditions
from extremely xeric to hygric {Angove and Bancroft 1983). A growth chamber study showed that
pinegrass adjusted to increased water stress by partially {but not fuily) closing its stornata. The partially
closed stormata allowed entry of CO,, so that when pinegrass was under moisture stress, photosynthesis

106 Coupé and Yee {editors) 1982.
197 Utzig et al. 1983,

71



PINEGRASS

could continue at a decreased level (Voge! 1985). Nicholson {1989) found that pinegrass played a major
role in the water balance of a pinegrass-dominated clearcut in the IDF zone of south central British
Columbia. Pinegrass roots extended throughout the soil profile and transpiration removed most of the
soil water below 10 cm. Because of its extensive root system, pinegrass was found to be very responsive
to changes in weather, such as an increase in available moisture due to rain. The ability of pinegrass to
regrow following grazing in mid-summer depends on the availability of water in surface soil horizons
{Freyman and van Ryswyk 1969}.

Light Relations: Pinegrass is variously described as moderately shade tolerant (Crane et al. 1983) to very
shade intolerant {B. Mitchell, pers. comm., Nov. 1984}). Throughout its range in British Columbia,
pinegrass occurs inthe understory of fairly open forests of Douglas-fir and ponderosa and lodgepole pine,
but under these conditions it rarely flowers. Flowers and seeds are produced in open situations such as
burns and clearcut areas (MclLean 1979; Crane et al. 1983). The shade tolerance of pinegrass appears
to vary with elevation and accompanying moisture and temperature conditions. MclLean (1970) reports
that, between 600 and 900 m in the Similkameen Valley, pinegrass is present under Douglas-fir but
declines when stands are opened up. in the ESSF zone between 1350 and 1850 m, pinegrass cover
varies greatly with the amount of shade and is most abundant in stand openings on south aspects.

Temperature Relations: Pinegrass is fairy tolerant of frost and high air temperatures. During the growing
season on pinegrass-dominated sites in the IDF and MS zones, frosts are common and maximum air
temperatures of 33°C are not uncommon {Nicholson 1989; Simard 1989).

GROWTH AND DEVELOPMENT

In the understory of forest stands, pinegrass forms a loose, open turf connected by a system of creeping
rootstocks or rhizomes {Mcl.ean 1979}. Fine fibrous roots are produced at each node of the rhizome
{Hitchcock 1971). The rhizome and root system develops into a continuous dense sod, with very dense roots
inthe top 5 cmof soil but also extensive development throughout the soil profile. #t tends to be shallow indepth
(occurring in the top 5 cm of soil) and may establish itsel more slowly than the root system of a non-
rhizomatous grass species such as orchard grass (Clark and McLean 1975). Pinegrass stands remain fairly
stable over time i ground and overstory ¢onditions are not changed.

Phenology: Mclean and Tisdale {1960) coliected fiowers of pinegrass on July 16, early seed on August5, and
late seed on September 2 near Kamioops. The growth of pinegrass peaks in late spring (late May or early
June) (Nicholson 1989; Stoute and Brooke 1985). The leaves of pinegrass begin to die in July. Newlillers
are initiated each spring and some new tiller development occurs during fall (Stoute and Brooke, 1985;
Svejcar 1986). Vegetative growth of pinegrass is available for grazing in the Kamloops and Cariboo
Forest Regions between early May and late October (McLean et al. 1871).

REPRODUCTION

Seed Production and Dispersal: Pinegrass seldom produces seed except in openings inforests or onrecently
burned or logged areas (McLean 1979; Crane et al. 1983). Following a wildfire in western Montana,
pinegrass bloomed profusely the first post-fire growing season and inthe succeeding 3 years (Crane et al.
1983). Innorthern idaho, pinegrass produced seeds during the first decade following a wildfire (Stickney
1986). Seeds are produced in erect, spike-like panicles, and dispersal is primarily by wind as with other
grass species (Hitchcock 1971},

Seed Viability and Germination: ingermination studies carried out by McLean (1967), maximum germination
of pinegrass was 38%. Neither stratification nor scarification of the seed is necessary 10 induce
germination. The lack of a chilling requirement suggests that pinegrass may germinate whenever an
adequate supply of moisture is available, and that fali germination is a possibility (Grime 1979).

Vegetative Reproduction: The primary method by which pinegrass establishes and regenerates is through the
lateral extension of creeping rhizomes (MclLean 1979; Crane et al. 1983).

PESTS
No information.
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EFFECTS ON CROP TREES

Competition: The abundance and dominance of pinegrass in the south and central Interior of British Columbia,
particularly in the IDF zone, gives it major importance as a competitor with conifer seedlings. Several
studies have demonstrated significant increases in seedling growth following pinegrass removal. Three
growing seasons after a dual application of 2.5 L/ha of glyphosate in early spring and again in the fall in
the ICHdm subzone in the Nelson Forest Region, pinegrass was 70% controlied and there was no
regrowth. Lodgepole pine that was planted 2 weeks atter the spring herbicide application had 5 times
greater volume, 2 times greater diameter, and 20 cm greater height than trees on the untreated control.
Pine pianted on an area that only received the spring herbicide application {40% control of pinegrass) had
3 times greater volume, nearly 2 times greater diameter, and 20 cm greater height than trees on the
control. Alhough growth differences occurred, survival of planted trees was similar on the control and
areas with either 70 or 40% pinegrass control (D. Barron, pers. comm., May 1989).

in first-year pine plantations in southern Oregon, cattle under constant herding removed pinegrass with
an acceptable level of coniter damage (8%). Seven years of cattle grazing for one month a yearimproved
tree height by 31% (50%) and improved diameter growth by 35% (Krueger 1983). Seventeen years of
grazing for 1 month a year increased tree height by 50% and diameter by 56%.

Pinegrass competitionis usually most severe on droughty sites, and root competition for moisture appears
to be the dominant mode of competition. Competition for soif nutrients also occurs and the degree of
competition between pinegrass and tree seedlings may be influenced by soil fertility {Clark and McLean
1975). Shading and smothering by pinegrass are of relatively minor importance.

Several studies have demonstratedthat pinegrass competes with conifer seedlings for moisture. Inafield
study to determine the impact of vegetation and microclimate on survival and growih of planted Douglas-
fir seedlings on a pinegrass-dominated clearcut in the IDF zone of south central British Columbia,
Nicholson (1989) found that the risk of seedling death increased and growth was reduced in the presence
of pinegrass. Removal of pinegrass and other non-crop vegetation reduced the moisture stress on
seedlings and increased soil temperatures early in spring when Douglas-fir root growih occurs. Complete
removal of pinegrass benefited seedlings more than partial removai. On a pinegrass-dominated site,
Petersen and Maxwell (1987) found that needtes of ponderosa pine seediings were under high water
stress when surrounding pinegrass cover was high and low water stress when there was negligible
surrounding vegetation. Soil water content decreased in direct proportion to increasing amounts of
pinegrass-dominated vegetation. A 4-year study in northwestem Montana by Petersen (1988) showed
that ponderosa pine saplings had 4-5 times greater weight of foliage, above-ground wood tissue, and
roots when grown in the absence of pinegrass than when grown with pinegrass. Ponderosa pine
populations growing with pinegrass had many small individuals and relatively few larger ones, while pine
growing at low densities of pinegrass had a less skewed distribution. This suggests that decreasing the
density of pinegrass will increase the mean size of young pines.

Tree seediings that have not yet established a good interlocking root system compete poorly with grass
foravailable moisture.'® Thus, seedlings that are established priorto grass invasion have a good chance
of survival, whereas those established simultaneously with, or later than, the grass will grow poorly. An
experiment by Clark and McLean (1975) suggests that pinegrass provides less competition to kedgepole
pine than orchard grass (a commonly seeded, non-rhizomatous, forage species) because pinegrass is
slower to develop its root system.

Beneficial Effects: There are several possible beneficial effects of pinegrass growing in association with
coniterous trees. The rhizomatous growth habit and the dense network of fine roots provide excellent
control of surface soil erosion. A cover of grass incorporates valuable, nutrient-rich organic matter into
surtace soil layers.’® Pinegrass wili take up nutrients that might otherwise be leached to below the
seedling rooting zone following fertilization. By retuming and recycling added nutrients, pinegrass may
have a positive effect on site productivity (T. Whynot, pers. comm., Feb. 1989). Pinegrass can also

108 Clark 1975.
109 Carr (undated).
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exclude invasion of more competitive species. Clark suggested that a cover of pinegrass may help to
reduce or prevent overstocking of lodgepole pine.*?

RESPONSE TO DISTURBANCE AND MANAGEMENT

Forest Canopy Removal: Under forest stands, pinegrass occurs as a loose, openturf connected by creeping
rhizomes. Increased light conditions {(and disturbance) due to canopy removal often causes a dramatic
increase in pinegrass and development of a continuous grass sod. Pinegrass cover averaged 45% under
forest canopies and 65% on non-site-prepared clearcuts on submesic | DFdk sites in the Kamloops Forest
Region.''! Complete canopy removal in Douglas-fir forests in western Montana improved soil water and
fight availability and increased photosynthesis of pinegrass. n contrast, thinning Douglas-fir to 4.3 by
4.3 m spacing did not improve light availability or water stress and did not increase the coverof pinegrass.
Thinning of dense ponderosa pine produced over a 40% increase in pinegrass cover in eastern
Washington where spacings were greater than 5.5 m. No increase occurred atter spacingto 4 by 4 m.
In the Similkameen Valley, pinegrass decreases in abundance following logging at lower elevations in
open Douglas-firfescue ecosystems, but it increases in abundance foilowing canopy removal above
1200 min the Douglas-fir—pinegrasstype and inthe subalpine firforest (McLean 1870; McLean etal. 1971).
This difference in response according 1o elevation may refiect the relative moisture and temperature
stresses that the plant experiences foilowing canopy removai.

Fire: Pinegrass survives fire well and sprouts profusely following this disturbance {Tiedmann and Klock 1876}.
It is common for pinegrass to produce seed for the initial years following fire. The roots of pinegrass are
most dense within the upper 5 cm of soil, thus any fire which penetrates the duff layer can be expected
to do extensive damage {(McLean 1979). However, severe fires that burn roots and rhizomes still only
provide short-term losses to pinegrass.

Light to moderate severity fires create a favourable environment for pinegrass development (Stickney
1986). Such fires provide poor control of pinegrass; cover of the grass rapidly increases after burning.
Moderate severity burning under an immature ponderosa pine stand in the IDFxh subzone resuited in
significant increase in pinegrass cover and seed production (J. Miles, pers. comm., July 1989). Inwestern
Montana, pinegrass increased steadily in abundance for the first S years following a fire, then maintained
a cover well above preburn levels for at least 10 years (Stickney 1981). Inthe cedar~hemlock forests of
northern Idaho, pinegrass was most abundant on sites that had received repeated burns over a period
of 30 years (Mueggler 1965).

Cutting and Grazing: Environmental conditions, especially summer rainfall, affect the response of pinegrass
to grazing or clipping, and year to year fluctuations in growth due to environmentai availability can exceed
effects of grazing {Stout et al. 1981). Grazing and clipping will control pinegrass, but the benefits of these
treatments to conifer seedlings are probably outweighed by the effort required {R. Tucker, pers. comm.,
June 1989).

Stout et al. (1981) clipped pinegrass throughout the summer at three levels of intensity for 4 consecutive
years. Clipping to 15 cm did not significantly affect stand vigour, but the 5-cm and 10-cm clipping
treatments produced a steady decline in plant yield. The largest decrease in production occurred after
the first year of treatment. Atter pinegrass growth is complete, herbage removal during July causes the
greatest damage to the plant (Stout and Brooke 1985). Freyman and van Ryswyk (1969) found that
pinegrass failed to regrow when clipped in mid-July due to depletion of surface water supplies. Research
in Montana (Vogel 1985) indicates that pinegrass can withstand more severe clipping or grazing on
clearcuts than under thinned or undisturbed forest canopies.

Clipping for several consecutive years tends to cause longer lasting controt than a single treatment. Hall
et al. {1987) predicted that clipping for 4 consecutive years to a stubbie height of 5 cm would require a
recovery period of 20 years after clipping ceased. Stout and Brooke {1987) compared the effects of
clipping versus grazing on pinegrass yield and tiller production. Grazing and clipping were found to have

110 Clark 1975.
111 Mather 1986,
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similar effects on pinegrass yield after 1 year. However, grazing invoived the removal of plant parts or
the pulling-up of entire tiliers with roots and tended to stimulate new tiller production whereas clipping did
not. Clumps of pinegrass are easily pulled out by heavy grazing, and they are often partially replaced by
other piant species (McLean 1979).

Herbicides: Broadcast glyphosate applications in a variety of subzones {(e.g., IDFdk, MSxk, ICHdmM) have
provided good control of pinegrass for 2-3 years {D. Barron, B. ivanco, R. Gray, S. Simard, and R. Tucker,
pers. comm., April 1989}. Information on the degree of control after more than three seasons is
unavailable. Several trials clearly indicate that glyphosate is effective not only when applied in the aclive
growing season {May and June} but also when applied in August. Summer applications may result in
better kill than spring applications as herbicide translocation is slower and root kill is more complete.

Hexazinone successfully controls pinegrass. Hexazinone applied at 2.2 kg/ha provided goodto excellent
control of pinegrass for two growing seasons (Dimock et a/. 1983)}. in the IDFdk subzone near Lillooet,
June appiications of 5 L/ha hexazinone to dense pinegrass provided 85% control in the first growing
season. An application rate of 10 L/ha provided complete control {B. Bancroft, pers. comm., Aprii 1989).

Other chemicals, all unregistered in British Columbia, have been tested for controlling pinegrass with
mixed results (see Stewart and Beebe 1974; Dimock et al. 1983). Stewart and Beebe (1874} found that
the mulch of dead grass present after spraying may have aided survival of planted conifers by conserving
soil moisture and reducing high surface soil temperatures.

Soil Disturbance: Light to medium soil disturbance favours pinegrass. Lightly disturbed areas can be
completely grown overwithin one season. Anchorchaindrag scarificationincrease the cover of pinegrass
significantly on some British Columbia clearcuts.''? Patch scarifiers, such as the Leno, provide light to
medium disturbance through exposure of mineral soil on patches about 50 x 100 cm in size. Pinegrass
cover is reduced for about 2 years on these sites. Patch scarification was less effective than herbicides
in controlling competition by pinegrass and seeded grasses in central Washington (Stewart and Beebe
1974},

Severe mechanical disturbance wili destroy the roots of pinegrass which occur in the top 5 cm of soil.
Pinegrass growth is retarded and the species is often controlled for 34 years by severe disturbance.
However, even the most severe disturbance such as cutting and removing sods or 100% ripping resuit
in complete reinvasion after 4 or 5 years (B. lvanco, pers. comm., May 1989). Soil compaction caused
by logging machinery caninhibit pinegrass invasion for 10 or more years, but itis also severely detrimental
to conifer seedlings.

Fertilization: Freyman and van Ryswyk {1969) tested response of pinegrass to 100-200 kg/ha of ammonium
nitrate, phosphorus, potassium, and sulphur. Nitrogen significantly increased growth and yield of
pinegrass on all sites. Nitrogen combined with low levels of sulphur produced the greatest vigour, but high
rates of sulphur caused some mortality of pinegrass. Phosphorus at 200 kg/ha, in combination with other
nutrients, increased yields significantly. Fertilizer response was low when applied in mid-July because
soil moisture was not adequate to permit absorption of nitrogen. T. Whynot {pers. comm., Feb. 1989}
observed the effects of 50-150 kg/ha nitrogen fertilization 6 years afler it was applied to a forest stand
inthe MS zone in the British Columbia Okanagan. Visual estimates indicated a pronounced increase in
pinegrass vigour and abundance underthe heavier appiication rates. Nuirient uptake of grass is favoured
at the expense of coniters.'’® Thus, applications of fertilizer may have a detrimental effect on planted
conifers because of the increased competition they face from vigorous pinegrass.

WILDUFE AND RANGE

Food: Pinegrass is highly valuable forage for Rocky Mountain ek in the westemn Uniled States and Canada
from March untif August and is valuable forage the rest of the year (Kufeld 1973}. Pinegrass is aiso
important early spring forage for mule deer (H. Armleder, pers. comm., 1989) and forage for cattle in the
Interior of British Columbia.

2 Glark 1975.
113 bid.
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Cornus sericea L. Red-osier dogwood
(C. stolonifera)

DESCRIPTION

Red-osier dogwood is an erect or spreading deciduous shrub, 2-5 m tall, often bearing prostrate rooting
{stoloniferous) branches. The stems are oppositely branched and have smooth bark that turns bright red
during the dormant season. Leaves are eliptic to ovate, untoothed with prominent, curving veins. The small
white flowers are found in a flat-topped terminat cluster. Fruits are a white to bluish drupe with a single nutiet
{Rickett 1944; Viereck and Little 1972; McLean 1979)}.

Variation: This taxonomically confusing shrubis found across northem North Amenrica. Itis sometimestreated
as a single species with several varieties, and sometimes treated as several distinct species (Fosherg
1942). According to Rickett (1944}, the shrub in British Columbia is taxonomically similar to the C. sericea
or C. stoionifera of eastern North America, where most of the literature on this species originates.

DISTRIBUTION AND ABUNDANCE

Red-osier dogwood is found throughout British Columbia, both on the Coast and in the Interior. It OCCUrs
in all biogeociimatic zones except the AT but is rare inthe MH zone. It is most abundant in broad river valieys.

Altitudinal Hange: Red-osier dogwood is primarily a low-elevation species, although it can occur near
timberiine {Lyons 1852). in the central Rocky Mountains it extends from 1370 to 3050 m in elevation
{Watson et al. 1980).

HABITAT

Climatic Relations: The distribution of red-osier dogwood in North America appears to be restricted by high
temperatures {Smithberg 1974}. In British Columbia, however, local site conditions rather than climatic
extremes appear most limiting to distribution. The cool and extremely wet climate of the outer north coast
seems lo be unfavourable to red-osier dogwood. In addition, although the species is found in northern
Canada to the edge of the arctic tundra {Smithberg 1974}, it does not appear to fare well in the high
mountain climate of British Columbia.

Site and Soil Conditions: Red-osier dogwood is a characteristic species of swamps, low meadows, and
riparian habitats; however itis also commonly found in open upland woods and forest margins (Smithberg
1974, Watson et al. 1980). Inthe dry Interior of British Columbia, it is restricted primarily to protected moist
sites {(McLean 1979). Red-osier dogwood is found on a wide range of soil textures and parent materials
{Smithberg 1974; Alaska Rural Development Council 1977), but in British Columbia it is most character-
istic of {and produces its best growth on) fluvial ecosystems with gleyed or regosolic soils (see, e.g.,
Haeussler et al. 1984; Pojar et a/. 1984).114

Nutrient Relations: Wilde (1946, cited by Smithberg 1974) described ideal soil fertility conditions for red-osier
dogwood as follows: pH 5.0-6.0; base exchange capacity 6.0 ME/100 g; total nitrogen 0.7%; nitrogen
17 kg/ha; phosphorus oxide {P,0,) 84 kg/ha; potassiumdioxide (K,0) 168 kg/ha; and replaceable calcium
1350 kg/ha. Red-osier dogwood is tolerant of alkaline soils and is found over a wide range of pH values,
but plants on poor soils tend to grow more slowly and produce less fruit {(Jewell and Brown 1929, cited
by Smithberg 1974). Inthe SBS zone near Prince George, C. sericeahas a narrow ampiitude with respect
fo soil nutrient conditions, and it occupies sites with relatively high rates of exchangeable calcium and
magnesium {Wali 1969}.

Water Relations: Throughout its range, red-osier dogwood is associated with moist to wet soil conditions
where it is not subject to significant moisture stress (Viereck and Little 1972; Smithberg 1974; McLean
1979). Conway {19489, cited by Smithberg 1974) states that red-osier dogwood is able 1o live with its roots
immersed inwater. its presence as an understory species onriver floodplains and in wetlands throughout
much of British Columbia certainly atiests to an abilty to tolerate flooding.

114 Coupé and Yee {editors) 1982,
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Light Relations: Rowe (1983) describes red-osier dogwood as semi-shade tolerant to shade tolerant, while
Smithberg (1974) states that it is suppressed in shade and thus is never a dominant understory plant. in
north central British Columbia, red-osier dogwood is a common understory shrub in relatively open mixed
forest and may dominate under aspen or black cottonwood {see, e.g., Haeussler of al. 1984; Pojar et al.
1984), but it rarely dispiays the vigour that it has at forest margins and in openings. Sheppard and Peilet
{1976) studied the effect of a range of light intensities on the growth of red-osier dogwood. Piants grown
in fuli sunwere dense and compact with many lateral branches and a high proportion of leaves, while those
grown in 27% of full light were open and sprawling with fewer branches and leaves. Shaded leaves were
larger, thinner, had less curl and less purpte fall colouration than those grown in full light. Flowering was
greatest at the higher light intensities. Above-ground biomass was greatest at 75% light, but the authors
speculated that some moisture stress may have occurred in the 100% light treatment, and that similar
stresses might not develop in the wet soils where the shrub is found in nature.

Temperalure Relations: The temperature relations of red-osier dogwood have been studied in great detail.
Soil temperature affects root and top growth, water usage, and nutrient relations (Bam and Peliett 1972).
Optimum root growth occurs between 12 and 26°C, while shoot growth peaks at soil temperatures ot 22—
29°C. Heavy root mortality occurs at 37°C. Soil temperature has a significant impact on the percentage
of phasphorus and potassium in above-ground tissues but no effect on percent nitrogen. Water use
increases with soil temperature. Cold hardiness of red-osier dogwood is triggered by low temperatures,
water stress, and short days (Chen and Li 1978; Bray and Brenner 1980). The degree of cold hardiness
increases steadily as winter progresses, and by the beginning of December most provenances c¢an
withstand temperatures from-90to -196°C. The date at which different provenances of dogwood become
acclimated is closely related to the minimum winter temperature and length of growing season in their
home territory {Smithberg and Weiser 1968). Once plants become fully dormant, temperatures ol 5-10°C
or lower are needed to maintain hardiness {Kobayashi et al. 1981).

GROWTH AND DEVELOPMENT

Under adequate environmental conditions, early growth of red-osier dogwood is rapid. An average plant
canbe 1 mtall and puton 1125 cmof branches by the end of the first growing season in the northeastem U.S.
{Smithberg and Weiser 1968). Because layering and suckering occur readily, the piantis usually shrubby with
many stems, but under intense grass competition, layering can be prevented and the species wilt remain
single-stemmed. The form of the plant is also greatly affected by fight conditions (see Light Relations}. Under
shady conditions the piant tends to grow into a tall scraggly shrub (Smithberg 1974). Red-osier dogwood
varies considerably in height al maturity. In Alaska and Alberta its height typically ranges from 1 to 3m{Viereck
and Little 1972; Watson et al. 1980), while at more southerly fatitudes, heights of 3 to 5 m are common (USDA
1974;McLean 1979). Heights of up to 9 m have been observed in British Columbia (B.M. Geisler, pers.comm.,
Jan. 1985},

Phenology: Red-osier dogwood flowers between May and June in the northeastern U.S. (Smithberg 1974),
and in June and July in Alaska (Viereck and Litlle 1972). Fruits ripenbetween July and September atboth
locations. Second flushes of bloom are common in late summer in northeastern U.S. VYegetative
phenological events were recorded in the Kimsquit valley on the central British Columbia coast during
1983 and 1984.*'% Flushing occurred during middle to late April and leaves were fully expanded by mid-
May. The first leaves began to turn colour in early August and by mid-September most leaves were
coloured. Most shrubs retained some teaves until mid-October.

REPRODUCTION

Seed Production and Dispersal: Red-osier dogwood typically bears its first fruit at 3—4 years of age, but yields
are light for the first few years {Smithberg 1974). Good seed crops are produced every 1-2 years (Watson
et al. 1980). The fruit are globular, white drupes with a single two-seeded stone or nutlet. Because the
seed is heavy and encased in a fieshy fruit, dispersal is primarily by birds and other animals (Smithberg
1974; USDA 1974), and seeds tend 1o be located in caches or dropping piles rather than randomly
distributed {Rowe 1983).

115 Hamilton 1984.
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Seed Viability and Germination: The seeds remain viable for 4-6 years in cold dry storage. The seeds have
a 60- to 90-day cold temperature requirement to break embryo dormancy and normally germinate the
following spring (USDA 1974; Shaw 1984). However, this is a seed-banking species, and seeds can
remain dormant for several years until conditions become favourable for germination {Smithberg 1974;
Rowe 1983). Germination of the stored seed is favoured by light fires of short duration that partially
remove the organic layer (Rowe 1983). Germination appears to be best when seeds are buried slightly
beneath the soil surface (Watson et a/. 1980).

Vegetative Reproguction: Red-osier dogwood develops into dense thickets through vegetative propagation.
His capable of producing stolons or prostrate above-ground sterns that root at the nodes and send up new
shoots. Smithberg {1974} indicates that this form of reproduction was observed most often on very moist
orwet sites. The stolons can extend as far as 3 m from the parent plant (B.M. Geisler, pers. comm., Jan.
1985). Cther forms of vegetative reproduction inciude layering of branches that come into cortact with
the soil; suckers that develop from dormant buds in the roots; and sprouts from old branches or stem
bases. Cuttings of red-osier dogwood root very successfully (Marchant and Sherock 1984).

PESTS

No information.

EFFECTS ON CROP TREES

Competition: Throughout British Columbia, red-osier dogwood can be a significant competitor with coniferous
trees on subhygric to hydric sites that have a well-established, diverse brush community. These sites are
often very productive for tree growth. Red-osier dogwood has an advantage of being established prior
to harvest and can form a dense thicket. There is no published information about the effect of red-osier
dogwood on the growth of crop trees,

Beneficial Effects: No information.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Limited data suggests that red-osier dogwood cover increases or remains the same
following logging. Eis’ study {1981) shows that 6 years foliowing canopy removal, C. sericea was still
present but had not become a dominant species on any of four different site types in the SBS zone north
ot Prince George. Harcombe et a/. (1983} indicate that removal of the tree canopy will enhance red-osier
dogwood, especially near wetier areas. Red-osier dogwood rapidly increased following juvenile spacing
in the ICHmw subzone near Salmon Arm (J. Wright, pers. comm., July 1989).

Fire: Red-osier dogwood often occurs on sites that are 100 wet to burn. Rowe (1983) indicates that light fires
stimuiate germination of stored seed of red-osier dogwood. The shrub appears to increase in abundance
after burning moist SBS sites (Hamilton 1988) or ICH sites.1®

Cutting: Clipping produced a slight increase in total twig production of red-osier dogwood, but under heavy
browsing its growth is retarded (Aldous 1952). Red-osier dogwood sprouted 60 cm in 1 year following
manual cutting on a moderately productive site near Penticton.?"’

Herbicides: Red-osier dogwood is tolerant of August and September foliar applications of glyphosate, even
when the herbicide is applied at the current maximum legal rate of 2.14 kg a.i./ha {Boateng and Herring
1990).718.119.120 When plants are partially injured, they can recover in 2-3 years {J. Wright, pers. comm,
July 1989). Pollack'?* foundthat red-osier dogwood increasedin cover after late August foliar applications
0f1.0,1.5, and 2.0 kg a.i./ha glyphosate on an ailuvial floodplain site inthe ICHme subzone near Hazehon.

6 Kotcheson et al. 1985.
17 Noble-Heare 1989.
3 Herring 1984c¢.

118 Ladd 1989,

120 Dyke 1987,

121 Pollack 1988,
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Spot or broadcast applications of hexazinone have caused only light injury to red-osier dogwood in British
Columbia {Boateng and Herring 1990). Canopy cover and height of red-osier dogwood were equai to or
greater than pre-treatment levels 3 years after a mid-April application of 2 and 4 kg a.i./ha hexazinone in
the CWH zone near Chilliwack.’2 Red-osier dogwood was unaffected by hexazinone gndbails aerially
applied al a rate of 4.0 kg a.i./ha in late May near Dawson Creek.*® Spraying with 2,4-D or paraquat prior
to vegetative maturity caused tip-dieback, damaged foliage, and delayed spring budbreak and growth in
Oregon {Crabtree and Fuchigami 1979). The efiect of the herbicides was reduced when plants were
sprayed following vegetative maturity. The authors recommended that the species be sprayed prior 1o
the onset of vegetative maturity for maximum effectiveness.

Soit Disturbance: Soil disturbance tends to increase the cover of red-osier dogweood. Buried siem fragments
of red-osier dogwood root readily without any speciai treatment in moist or wet soil. Plant parts are
especially prone 1o rooting when they are cut during the dormant season (Smithberg 1974). Plants
damaged during mechanical site preparation can be expected to sprout or sucker from roots and stem
bases. Exposure of mineral soil may stimulate germination of buried seed.

WILDLIFE

Food: Red-osier dogwood is a very important food for British Columbia wildlife, particularly deer, moose, and
birds (McLean 1979). The fruit and new shoots are the most frequently used part of the pfant.'* Red-
osier dogwood is important winter browse for moose, Roosevelt elk, and mountain goat and is moderately
important for Rocky Mountain elk, caribou, and coastal and interior deer. Hatter (1948, cited by Peterson
1978) listed red-osier dogwood as one of the most palatable food plants for moose in central British
Columbia. Moose browse on the twigs in the winter (Ritcey 1988) and leaves and new shoots in the
summer {Harestad 1983}.

Red-osier dogwood provides forage for bear, beaver, snowshoe hare, and many other mammals
(Smithberg 1974; Harvey 1981).25 The berries are consumedby black and grizzly bears (Hamitton 1987)
and 93 bird species are known to feed on the fruit.

Red-osier dogwood sprouts and increases indensity following browsing (T. Lea, pers. comm., Feb. 1989).
Other Resources: Red-osier dogwood provides nesting sites for many species of birds.
122 D*Anjou 1988d.
123 Herring 1988b.

124 B.C. Min. Environ. {undated}.
125 Blower 1982.

B0



Corylus cornuta
(beaked hazelnut)

5cm

55°N
a W

130%W ~3 120w

BRITISH COLUMBIA

55N Miles

s

o100 200 300
Kilometires

200

Distribution of C. cornuta in British Columbia.

82



Corylus cornuta Marsh. Beaked hazelnut
(hazelnut, beaked filbert)

DESCRIPTION

Beaked hazelnut is a deciduous, multi-stemmed shrub upto 4 mtall. The shrub can be densely clumped
or widely spreading. Twigs are brown to orange, with hairy buds. Leaves are soft and hairy, nearty round,
and have sharply toothed margins. Flowers are inconspicuous with protruding stigmas. The fruit is a round
nut enclosed in a hairy husk with a pronounced beak (Tappeiner and John 1973; Brayshaw 1978).

Variation: There are two varieties of C. cornutain British Columbia. Corylus cornuta var. cornutaonly ocours
east of the Coast Mouniains. It is replaced on the Lower Mainiand and Vancouver Island by var.
californica, a taller, clumped shrub with darker twigs and broader leaves. Introgression between the two
varieties occurs in southern British Columbia (Taylor and MacBryde 1977; Brayshaw 1978).

DISTRIBUTION AND ABUNDANCE

Beaked hazelnut is found in major valieys throughout southern British Columbia and on southeastemn
Vancouver Isiand. itsdistribution extends north to Prince George and McBride following the Fraser River, and
there are poputations in the Peace River valley and in the Coast/interior transition in the Skeena and Nass
valleys. itis found primarily inthe ICH biogeoclimatic zone and drier CWH subzones, but also occursto some
extent in the IDF, southern SBS, and BWBS. Beaked hazelnut has a discontinuous distribution throughout
its range in British Columbia andtends to be abundant only inlocalized areas. Itis absent from subalpine areas
and from the driest valleys of the southern interior.

Aftitudinal Range: Beaked hazeinut is found primarily at low elevations. it ranges from sea level to 800 mon
the south coast, to 1200 m at Revelstoke (Lyons 1952}, and to approximately 750 min the Skeena Valley
(Haeussler et al. 1985).

HABITAT

Climatic Relations: The range of C. cornutain North America implies that this species is not well adapted to
high summer temperatures nor to the extreme northern boreal climate (Stearns 1974). in Biitish
Columbia, beaked hazeinut tends to be found in rainshadow areas on the coast, in subcontinental or
coastfinterior transitional climates, and in moist, but not wet, climatic areas of the southern interior. This
distribution suggests that it is not adapted to a climate characterized by heavy rainfall, heavy snowfall, or
drought. The var. californica apparently favours a mild, equable climate, while var. cornutais adapted to
more continental conditions.

Site and Soil Conditions: Throughout most of North America, beaked hazeinut is found in open woods,
thickets, pastures, and clearings. It favours well-aerated, loamy soils over organic or gleysolic soils, and
does poorly on heavy clay soils or excessively coarse sandy soils (Stearns 1974). Lyons (1952) states
that beaked hazelnut is equally at home on exposed rocky sites and in shady glades. Beaked hazelnut
is abundant and vigorous on fluvial parent materials in the Skeena—Nass area (Haeussler ef al. 1985) and
is common on open floodplain sites in Oregon {Hawk and Zobel 1974).

Nutrient Relations: Ecosystem associations in which beaked hazelnut is a dominant understory species tend
to be moderately rich to very rich in nutrients (see, e.g., Haeussler et al 1985).'% Tappeiner and John
{1973} estimated the nutrientconcentrations andtotal nutrient content of C. cornutaunderstoriesin northem
Minnesota pine stands. Comparedto the overstory, hazelnut appeared to be rich in calcium, phosphorus,
and magnesium. It contained from 2 to 22% of the nutrients in above-ground vegetation, even though it
was only 5% of the above-ground biomass.

Water Helations: Beaked hazeinut favours well-drained moist sites and it does not grow well on wet, poorly
aerated sites (Stearns 1974). Krajina et al. (1982) report that the species grows on mesic to hygric sites,
and has a high tolerance of flooding.

126 Utzig ot af. 1978,
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Light Relations: Stearns (1974) indicates that beaked hazelnut requires 30% or more of fult sunlight for best
growth and will not germinate or grow weilin dense shade. In British Columbia, hazelnut occurs primarily
in the understory of open deciduous or mixed stands or in forest openings (Haeussler et al. 1985).

Temperature Relations: Krajina et af. (1982) indicate that frost resistance of hazelnut is probably high, but that
it grows in habitats that afford some protection from frost. The var. cornutaundoubtedly has a higher frost
resistance than var. californica.

GROWTH AND DEVELOPMENT

Hsuing (1951, cited by Stearns 1974) has conducted an in-depth study of the growth of seedlings and
clones of C. cornuta in Minnesota. Most of the following information was taken from Hsuing’s study and it
probably applies well to the growth of beaked hazeinut in the interior of British Columbia. Variety californica
is known to have a different pattern of growth. It is a talier shrub, reaching 4 m or more at maturity, and does
not expand by suckering (Brayshaw 1978; M. Newton, pers. comm., Dec. 1984).

Following germination from seed, hazelnut produces a deeply penetrating taproot. If growing conditions
are favourable, a vigorous system of tap and lateral roots will develop. When the seedling is 7 to 12 years
old, it starts to develop underground stems. The lateral roots and underground stems occur in the uppermost
20 cm of the soil, often at the boundary between humus and mineral soil. Tappeiner and John (1973) found
that hazelnut has a relatively large proportion of its biomass (31-39%) underground.

Young plants grown from seed sprout from dormant buds only after damage to the main stem. Once the
plant is well established, the rate of sprouting increases. Vigorous stems canreach heights of 60 cmor greater
in 2 years. In Manitoba, untreated hazelnut grew from 1.2to 1.6 mtallin & growing seasons (Waldron 1959).
Individual branches can live for more than 18 years and the plant itself survives indefinitely. At 15-20 years
the average height is 2.5 m, but as the stem becomes overmature, growth declines. Decadent stems often
grow only a few centimetres per year.

The rate of spread of clones is slow but increases with age. A 6-year-old clone had 1-2 shoots and was
2 cmindiameter atthe base. By 38 years of age it had 25 shoots and was 250 cmin diameter. Shoots become
more vigorous as the clone expands with time.

Phenoiogy: Male and female flowers are formed late in the summer on 1-year-old twigs and emerge before
the leaves the following spring. Leaves emerge during March and April in the northeastern U.S. (Stearns
1974). In Oregon, male catkins were fully expanded but unopened by March 17 (Stewart 1974b). Fruils
ripen during August and Septermber in British Columbia (Brayshaw 1978). Stewart (1974a, 1974bj) repors
the following sequence of vegetative development for hazeinut in coastal Oregon: vegetative buds were
swelling but closed on March 17; by June 16, three-quarters of the leaves were fully developed, and by
August 11 ali vegetative growth had ceased.

REPRODUCTION

Seed Production and Dispersal: Male and female flowers are produced on the same plant but are borne
separately. Fenilized fernale flowers develop into round, hard-shelled nuts (USDA 1974). Production of
flowers depends on weather, site, and light conditions. Late frosts can kill flowers and dry weather can
affect fertilization (Hsuing 1951, cited by Stearns 1974). Production of fruit increases with stem age,
peaking at 10-11 years and ceasing when twigs are approximately 18 years old. There can be large
fluctuations in fruit production from year to year, and good crops occur approximately once in 5 years.
Production rates vary from about 100 to 32 000 nuts per hectare with as many as 6 to 8 nuts per branch
ingood seed years (Stearns 1974). Dispersal of the heavy seeds is primarily by birds and smallmammals
such as squirreis and chipmunks.

Seed Viability and Germination: The seeds have poor viability in storage and must remain moist. Two 1o &
months of chilling are required before germination can take place (USDA 1974). Germination rates are
quite poor, averaging 30—60% in laboratory tests. Best germination occurs when nuts are covered to
prevent drying out {Stearns 1974). Hsuing {1951, cited by Stearns 1974) obtained 30% germination in
an upland soil, 56% on a black spruce—tamarack site, and 0% in a wet swamp in Minnesota. Survival of
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seeds is low because many nuts are destroyed by predators (Stearns 1974). Although few nuts actually
produce seediings, in good seed years regeneration by seedis animportant method for hazelnut to invade
new areas.

Vegetative Reproduction: Vegetative reproduction from underground stems is by far the most important
means by which hazeinut colonizes a site (Ahigren 1960; Buckman 1964). Horizontal stems radiate
outward from the parent plant just beneath the litter layer. Rooting occurs along the length of the
underground stem, and aenal shoots arise at scattered locations to produce new plants (Tappeiner and
John 1973; Brayshaw 1978). In many areas of North America the ciones of C. cornuta var. cornuta
become larger and iarger until they eventuaily grow together, forming a continuous shrub layer (Buckman
1964; Tappeiner 1971). Corylus cornuta var. californica apparently does not produce large clones but
tends to remain as a compact shrub or small tree (Brayshaw 1978). Other methods of vegetative
reproduction common to both vaneties of hazelnut include vigorous resprouting of cut stems, fayering of
aerial branches buried in soil, and artificial rooting of cuttings (USDA 1974).

PESTS
No information.

EFFECTS ON CROP TREES

Competition: in British Columbia, hazeinut is not considered to be a major brush species because it tends to
be abundant in valley bottom areas that are removed from forest production either by land alienation or
domination by non-commercial hardwood species (R. Coupé and W.R. Mitchell, pers. comm., Nov. 1984).
Many of these valley bottom sites where hazelnut occurs are highly productive and could be considered
for conversion to coniferous species.

In other areas of North America, hazeinut is a very aggressive competitor and a major deterrent o
successful regeneration of upland conifers. Dense aerial stems of hazelnut inhibit the establishment of
natural regeneration of conifers and other shrub species (Tappeiner 1979). The primary impact of
hazelnut on conifers is believed to be shading, caused by its aggressive growth and densely layered
canopy which allows Iittle light to penetrate (Waldron 1959; Buckman 1964). Available light may only be
2-7% of full sunfight beneath a dense canopy of hazeinut {Stearns 1974). The extensive and shallow root
system can also cause severe competition for moisture in upper soil layers (Steams 1974). Tappeiner
and John (1973} also indicate that dense shrub layers of hazelnut tie up a significant component of total
site nutrients in their above-ground biomass.

Beneticial Effects: Although hazelnut biomass may tie up a significant quantity of nutrients, these nutrients are
recycled through the ecosystem, where they can become availabie to coniferous trees. Tappeiner and
Alm (1972) showed that in jack pine stands with hazeinut present in the understory, fotal macronutrients
present in the litter were nearly double the amount present in pure pine fitter.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: The increased light reaching the forest floorafter logging of spruce, or after mortality
of decadent aspen, results in rapid expansion of established hazelnut colonies (Hsuing 1951, cited by
Waldron 1959). Reduction of overhead competition increases stem vigour and stimulates both fruit and
vegetative growth (Stearns 1974).

Fire: Inmost situations, hazelnut responds vigorously to fire. Above-ground parts are immediately kilied, even
after a light spring fire, but the shrub responds by sprouting proiificatly from stem bases and sending up
new aenal shoots. The original stand is replaced in stature and number of stems in only a few years
(Ahlgren 1960; Buckman 1964; Wright 1972). Destruction of hazelnut from burning of underground stems
and roots is unfikely under all but the most extreme conditions of fuel and weather {(Johnston and
Woodward 1985).

Repeated spring burning, done when the soil is moist, simply increases the number of stems present. The
establishment of continuous colonies of hazeinutin some areas of British Columbia is probably the result
of recurrent fires over a lengthy period of time. However, a series of mid-summer burns can cause
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hazelnut to decline in vigour and abundance by consuming the protective layer of humus and exhausting
stored food reserves. I a stand of beaked hazelnut is in the early stages of development with scattered
clones rather than a continuous canopy, the plant can be controlled with as few as two summer bums
(Buckman 1964; Tappeiner 1979).

Cutting and Browsing: Heavy browsing by deer can stimulate hazeinut to produce basal sprouts or suckers
{Steams 1974). A clipping experiment by Aidous (1852) produced simitar results. Total twig production
was increased for 3 years under heavy clipping but thereafter began to decline. Light clipping had little
impact on growth. in Quebec, hazelnut stem density increased by 37-56% in an area winter browsed by
moose for 5 years but remained constant where there was no browsing. Four years of browsing resuited
in 3—4 times more browse than in the undisturbed area (Bedard et al. 1978).

Herbicides: Conard and Emmingham (1984a, 1984b) report that glyphosate applied in the spring, late
summer, or fall causes severe or very severe injury to beaked hazelnut in Washington and Oregon. A
summary of the limited number of trials from British Columbia indicates that glyphosate causes moderate
injury to hazelnut {Boateng and Herring 1990). Onthe coast of British Columbia, a late summer broadcast
application of 1.7 kg a.i./ha glyphosate reduced hazelnut cover by 90% and completely killed nearly half
of the samples (B. D’Anjou, pers. comm., June 1989).

Winter or summer applications of 2,4-D produce heavy top-kill in hazeinut, but sprouting can be vigorous
{Sutton 1958; Waldron 1959; Ahigren 1360; Tappeiner 1979; Conard and Emmingham 1984a). Waldron
(1959} found that resprouting was delayed for 2 years following a mid-summer foliage spray. Six years
later there were 67-85% as many stems as on the control and stems were 30—-60 cm shorter. Stewart
(1974a) suggests that an early foliar spray may be the most successful application time for controiling
resprouting in Oregon. On the other hand, Tappeiner (1979} found that Minnesola hazelnut was more
tolerant in June that in July or August.

Some studies indicate that broadcast applications of hexazinone produce light injury to hazeinut in British
Columbia (Boateng and Herring 1990). In western Washington and Oregon, summer applications of
amitrole are reporied to cause moderate injury to hazelnut (Conard and Emmingham 1984a).

Perala (1971) found that picioram was much more etfeclive than 2,4-D or a 2,4-D/2,4,5-T mixture in
reducing resprouting of hazelnut in Minnesota. Average recovery after 2 years was lessthan 10%. Aerial
spraying was less successful than backpack spraying. Conifers were damaged by most applications and
the site was invaded by grasses and sedges.

Soil Disturbance: Disk site preparation of a hazeinut brushfield in mid-summer turned up the underground
stems and set growth back for several years {(Eyre and Zehngraff 1948, cited by Chmann 1982). Aslong
as underground stems are not destroyed or removed during mechanical site preparation, hazelnut will
sprout back and the number of aerial stems will be increased in the long run (Stearns 1974).

WILDUFE

Food: In some locations, hazelnut is a preferred winter browse species for moose, mule deer, and white-tailed
deer. However, the major part of the plant that is used is the fruil.'?” Hazeinuts are valued by many small
rodents, particularly squirrels and chipmunks (Stearns 1874), which can consume tremendous quantities
of the nuts (Stearns 1974; USDA 1974). Hazelnuts are also animportant food of snowshoe hares {de Vos
1964; Hansen and Flinders 1969; Banfield 1974} where the range of the plant and animal coincide. The
nuts, as well as the buds and catkins, are also consumed by some birds (Stearns 1974).

127 B.C. Min. Environ. {undated).
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Epilobium angustifolium L. Fireweed
(Chamaensgrion angustifolium)

DESCRIPTION

Fireweedis atall herbaceous perennial that forms extensive colonies through a spreading system of fleshy
roots or “pseudorhizomes.” The root system gives rise to erect, usually unbranched annual shoots 1-3 mtall.
The untoothed, finear to lanceolate leaves are arranged spirally around the stem. Each stem has a large,
showy terminal ciuster of pink to purple flowers. The fruit is a narrow capsule up to 10 ¢m long that releases
farge numbers of plumed seeds (Mosquin 1966; Myerscough 1980}.

Variation: Epilobium angustifoium is a completely circumpolar species with two recognized subspecies
{Myerscough 1980} which both occur in British Columbia. The ssp. angustifoiumis found in the northern
boreal forests and at high elevations; ssp. circumvagurm occurs at lower elevations in south and centra!
British Columbia. The latter subspecies has targer leaves and is generally taller and coarser than ssp.
angustifolium. There is considerable intergradation where these two subspecies overlap (Mosquin 1966;
Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Fireweed is found throughout British Columbia and occurs in ail biogeoclimatic zones wherever moisture
is sufficient (McLean 1979). Fireweed is extremely common and abundant throughout the central and
northern Interior, but it is less abundant on the outer coast (J. Pojar, pers. comm., Oct. 1984) and in the dry
southern interior (Angove and Bancroft 1983).

Aftitudinal Range: In British Columbia, fireweed ranges from sea leve! to high alpine meadows. It has been
found at elevations as high as 4000 m in the mountains of western North America (Mosquin 1966).

HABITAT

Climatic Relations: The exiremely broad range of this species indicates that it can tolerate a wide range of
climatic extremes. In northern climates the species appears to be confined to warm, sunny locales and
south-facing slopes; towardsthe central portionofits range, including British Columbia, it occurs on awide
range of slopes and aspects; at the southern end of its distribution, in hot, dry climates, it favours cool,
moist, shaded locales and high aipine and subalpine habitats (Myerscough 1980). Mosguin {1966)
indicates that at the northern limits of the range of fireweed in Canada, the plants are frequently sterile.

Site and Soif Conditions: Fireweedtolerates a wide variety of site and soil conditions. It occurs at all elevations
and on all slopes and aspects. It is most common on disturbed sites such as burned, mechanically site-
prepared, and logged areas (Dyrness 1965; McLean 1979), and it also invades roadcuts, recently
deglacialedterrain, and mine wastes (Watson et al. 1980). Fireweed also occurs in mature, usually seral,
forests inthe Interior of British Columbia. (see, e.g., Pojar et al. 1984) and is common in undisturbed alpine
and subalpine meadows (Mosquin 1966). It occurs on both organic and mineral soils and on most kinds
of parent malerial. Itis found on awide range of soil textures but is most common on sandy loam to loamy
soils (Myerscough 1980).

Nutrient Relations: Fireweed can tolerate a wide range of pH values {pH 3-9) and nutriem concentrations
{Myerscough and Whitehead 1967; van Andel 1976; van Andel et al. 1978; Myerscough 1980). It is
frequently reported to be a nitrogen-demanding species or at least an indicator of nitrogen-rich habitats
{Buesgen and Muench 1929, cited by Taylor 1932; Tamm 1956). However, experiments by van Andel
{(1976) suggest that, while the plant has great adaptability 1o high leveis of nitrogen, potassium,
phosphorus, and calcium, it does not appear to depend on them. These results from Europe correspond
with observations and experimental results from westem and northern Canada. Fireweed is frequently
an invader of bare tiil and nitrogen-poor mining wastes, as well as sites with a post-fire “nutrient flush”
(Watson et al. 1980). In the SBS zone north of Prince George, fireweed has been found on sites with an
extremely wide range of available calcium (Wali 1969). Plants growing where the mineral nutrient supply
is low may not produce flowers (van Andel and Vera 1977).
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Water Relations: Myerscough {1980} reports that fireweed occurs most commeniy on soils that are at least
freely drained. This author notes that it occasionally occurs in waterlogged mires, but Etherington (1983,
1984) reports that fireweed is intolerant of waterlogged conditions. Over much of British Columbia it
tolerates a wide range of moisture conditions (Pojar et al. 1982; Angove and Bancroft 1983), but on the
coast and in the wetter ICH and ESSF zones in the southern interior, fireweed is most vigorous and
abundant on mesic and subhygric hygrotopes. Towards the northern limits of ils range it may become
tess tolerant of excessive moisture and may be restricted to weli-drained soils only (Myerscough 1980).
Although fireweed tolerates rather dry sites, it does not germinate in droughty conditions (Watson et al.
1980).

Light Relations: As a plant associated with the pioneering stages of succession and most often seen on open
ground, fireweed is presumably somewhat light-demanding (Watson et al. 1980). Flower buds form
earlier in unshaded colonies than in shaded ones, and in deep shade the plant does not flower
(Myerscough 1980). Plants have roughly equivalent growth rates in intermediate shade and ful sun, but
in deep shade growth rates are much reduced and seedlings are etiolated {Myerscough and Whitehead
1967).

Temperature Relations: The range of this species suggests that it is adapted to survive and grow under a
variety of temperature regimes. Under experimental conditions, roots initiated growth at 4.5°C, while
shoot growth occurred only at higher temperatures (Myerscough 1980). Emergent shoots tolerate some
frost in spring but may later show minor tissue damage.

GROWTH AND DEVELOPMENT

Under favourable environmental conditions, fireweed seedlings grow at a comparatively rapid rate for the
first 5 weeks from seed. Seedlings that germinate in late summer or early fall occasionally overwinter as a
small rosette of evergreen leaves, but spring germinants may reach a mature height and produce flowers
during their first year of growth (Myerscough 1980).

The seedling quickly develops an extensive root system. Shoot buds are produced along the length of the
root system, giving rise to a colony of plants. These shoots expand late in the growing season and overwinter
just beneath the soil surface (Myerscough 1980). In the spring, they emerge from the soil to form the erect
annual shoots. Aerial shoots normally exceed 1 min height at maturity, but height growth seems to be strongly
correlated to environmental conditions. Best growth is generally observed on mesic and subhygric sites under
full light conditions. Plant heights greater than 2 m are commonly attained. Van Andel (1975) observed up
to 120 shoots per square metre and a maximum biomass of emergent shoots of 600-300 g/m?,

Myerscough (1980) states that the fieshy underground roots of fireweed are most abundant at 5-20 cm
below the soil surface and can penetrate deeperthan 40 cm, but this does not appear to be the case in southern
British Columbia, where McLean {1969) found most roots located between 1.5 and 5 cm beneath the soil
surface. Pseudorhizomes can be in the mineral soil in the SBS and ESSF zones {E. Hamilton, pers. comm.,
July 1989). Lateral spread of a colony of fireweed averaged 1 m/yr in one direction {van Andel 1975). There
is no information about how large a colony can become, but field populations have a longevity of several
decades, and the roots can live for over 20 years (Moss 1936; van Andel 1975).

In many areas of the province, succession is too rapid for pioneer conditions favourable to fireweed 10
persist for as long as 20 years. In dry CWH subzones, for example, fireweed appears 1o reach its peak
dominance in the second or third growing season following disturbance. Stands become noticeably less pure
5 years after disturbance and subsequent in-growth of shrubs and trees is rapid.'® Fireweed tends to attain
higher densities and persist longer on sites in the Interior compared to the coast of British Columbia (T. Lewis,
pers.comm., May 1989). Once aforest canopy develops, fireweed generally dies out, butit can persist at low
densities and vigour in the understory of open stands in the interior (Mosquin 1966; Pojar et al. 1984).

Phenology: Roots begin growing before shoot buds below the su rface begin to elongate. Aerial shoots begin
to emerge between late March and early June at mid-latitudes, but most emerge in May. Leaves are full
grown approximately 1 month iater and maximum biomass is reached between the middle of June and
the end of August. Inthe SBS zone near Prince George, B.C., fireweed reached halfits maximum percent

128 Brand 1984,
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cover by the beginning of June and was ifully developed by mid-July or earlier. lts development was faster
thanthat of lady fern orthimbleberry {DeLong 1988}. Atmid to high elevations, fireweed communities may
not reach their maximum height until mid-summer {Douglas 1972). Aerial shoots begin to wither in late
July or early August and all have died back by late September or early October (Myerscough 1980;
Schmidt and Lotan 1980).

The flowering season extends from June to September because the inflorescence begins to flower at the
base and continues to elongate during the summer, producing blossoms at the tip of the plant long after
the basal fruits have ripened and released their seed (Clark 1576). In the intermountain U.S., seed
ripening begins in late July {Schmidt and Lotan 1980j). Seeds are released throughout the late summer
until after the aerial shoots have withered in autumn,

REPRODUCTION

Seed Production and Dispersal: The piants can flower in their first year of growth from seed. Production of
seeds is usually copious in temperate environments. There are an estimated 250-500 seeds in each
capsule, and estimates of seed production for each live stem range from 20 000 to 80 000 or higher. The
plumed seeds are dispersed by the wind and are very slow to settle {Salisbury 1961; Mosguin 1966;
Myerscough and Whitehead 1966; Myerscough 1980). Seeds often reach high altitudes and commonly
are dispersed in the order of 100-300 km{Solbreck and Andersson 1987). Fireweed accounted for 683%
of the seed obtained in seed traps 1 year after fire at a northem Saskatchewan site {Archibold 1980}. This
represented 5.66 million seeds per hectare. Atthe northern fimits of its range, fireweed may not produce
ripe seeds regularly (Mosquin 1966; Myerscough 1980; Fredskild 1984).

Seed Viability and Germination: Seeds are capable of germinating immediately on release, but best germi-
nation rates oflen occur approximately 3 months after dispersal {Myerscough 1980}. Mostfireweed seeds
germinate within a year of dispersal {Granstrom 1987), but germination can continue at reduced rates for
up to 18 months {Myerscough 1980}. Seeds most often germinate in late summer or early autumn
following summer fires, or the following spring.

Seeds must be at or near the soil surface to germinate successfully. Onthe south coast of British Columbia
and in the SBS zone, fireweed emerged from mineral soil and from depths of iess than 5 mm in the forest
floor {(McGee 1988b; E. Hamillon, pers. comm., July 1989). Germination is most successful on moist,
open sites with few initial plant competitors {van Andel and Rozema 1974). However, Granstrom {1987)
noted that fireweed germinates freely in closed vegetation. Inthe iaboratory, germination of fireweed was
greater under either 50 or 80% shade levels than under no shade (McGee 1988b}. Seed germination may
be reduced by leachates from conifer leaves and fitter {Jobidan 1986}.

Germination is stimuiated by light, a chilling period, and treatment of the seed in dilute acid {(Myerscough
1980}. Optimum temperatures for germination are between 15 and 30°C. Fireweed seed does not
germinate under dry soil conditions {Myerscough and Whitehead 1966). Oberbauer and Miller {(1982)
found that no germination occurred when soil water potentials were below -3 bars. increased nutrient
availability may improve germination in laboratory experiments {Myerscough and Whitehead 1966).
However, field experiments have not shown improved germination following nitrogen fertilization of
established communities due to competition for water in these populations {van Andel and Rozema 1974)}.

Archibold (1980} found viable buried seed in soil cores taken immediately following a fire in northern
Saskatchewan. He speculates that seed banking may account for the rapid invasion of fireweed on
burned sites. Inthe SBS zone some fireweed seeds seem to work their way down through the soil to a
depth where they can survive a bum {E. Hamilton, pers. comm., July 1989}.

Vegetative Reproduction: Fireweed relies on large quantities of seed to colonize disturbed areas, but once
it arrives on a site, expansion of the population is accomplished by vegetative reproduction. New shoots
arise each year from buds located at the base of old stems, and on the horizontally spreading root system
2-8 cmbelow the soil surface. The root system is perennial and with each year it spreads further outward
from the original seedling. New piants are created when they become detached from the parent plant
through death of oid roots or through disturbance. In an established colony of fireweed, vegetative repro-
duction occurs much more exiensively than does reproduction by seed (Moss 1936; Myerscough 1980).
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PESTS

Myerscough {1980} provides acomprehensive list of the manyinsects and diseases found on E. angustifofum
in Britain.

EFFECTS ON CROP TREES

Competition: Fireweed is considered to be a species of fow competitive ability because it is a pioneer of
recently disturbed sites and will notinvade sites with previously established vegelative cover (Mosquin 1966;
Watson et al. 1980}, However, in the early stages of stand development it can be animporntant competitor.

Fireweed is of more concern in the Interior than on the coast because it is ubiquitous there, it often
dominates sites for a decade or longer, and it may overtop slow-growing seedlings for 10 or more years
following establishment. Onthe south coast, fireweed can be outgrown by mare competitive woody brush
within 1-3 years.'%®

Fireweed cover establishes early in the growing season. Delong {1988} found that fireweed had reached
30% of its maximum by May 26, and 90% of its maximum by July 12. In comparisen, thimblebery had
attained only 2% of its maximum on May 26 and 68% on July 12. However, afthough fireweed is at its
maximum level for a greater proportion of the growing seasonthanthimbiebermy, its namow-leaved, single
stalks do not create the extreme degree of light competition caused by the multi-layered, continuous
canopy of well-developed thimbieberry plants.

Dense cover of fireweed may cause substantial reductions in the amount of fight received by overtopped
conifer seedlings. Light levels of less than 5% of full sunilight have been recorded under dense patches
of fireweed {Comeau 1988}.

Throughout British Columbia, fireweed can injure young seedlings through snowpress (J. Pollack, pers.
comm., Jan. 1985).'¥ Douglas-fir and western larch are particularly susceptible because young
seedlings are flexible and spindly (D. Lioyd, pers. comm., Nov. 1984). However, widespread snowpress
damage has also been observed in Engelmann spruce seedlings on mesic and subhygric sites in the
ESSF zone. Reduced fight levels beneath dense fireweed canopies results in the development of long
spindly conifer stems which are more susceptible o snowpress damage. Physical damage due to
fireweed appears to be greatest on wetter hygrotopes in subzones where rainfait and snowfall is high.

Competition between fireweed and conifers for moisture and nutrients has not been demonstrated in
British Columbia. However, fireweed grows vigorously and may tie up nutrients. This may limit availability
of nutrients, such as nitrogen and phosphorus, to other plants {van Andel and Nelissen 1979).

Beneficial Effects: A cover of fireweed may delay deveiopment of shrubby vegetation on cleared or burned
areas {see, e.g., Stickney 1981}, thus allowing planted conifers to gain dominance of a site. Fireweed's
extensive root system heips to bind soil and reduce erosion {Watson ef al. 1980). invasion by fireweed
undoubtedly increases the organic matter content of severely burned or otherwise disturbed sites.
Nutrients are stored by fireweed and become available to conifers in subsequent years as the fireweed
declines. This nutrient storage is particularly important on poor sites {T. Lewis, pers. comm., May 1989},

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Fireweed aggressively colonizes logged areas {Mosguin 1966). Colonization is
achieved primarily by seeding-in, but where fireweed aiready exists prior to canopy removal, it is able to
expand by means of its spreading root system {McLean 1979; Myerscough 1980; Rowe 1983). The
degree of ground disturbance caused by logging or site preparation influences the amount of fireweed
invasion. inthe ESSF zones in the southern interior, virtually all summer-logged or site-prepared areas
kecome dominated by fireweed immediately after disturbance. On the other hand, sites logged in the
winter, when deep snow prevents disturbance of the ground vegetation and soil, often remain covered
with the ericaceous vegetation that typically dominates the understory of Engelmann spruce—subalpine
fir forests {J. Mather, pers. observ.}.

129 Brand 1984.
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in Eis” study {1981} of four site types in the SBS zone north of Prince George, fireweed was absent from
alt sites prior to logging. He observed that fireweed’s “first few seeds arrive in the fall of the first year
following winter logging and germinate in the spring of the second year. Its presence is most noticeabie
during the third year after logging and . . . it appears in great numbers during the fourth year.” Six years
after logging, fireweed accounted for more than 60% ofthe herbaceous ground cover on the Cornus-Moss
site and 50% on the Dryopteris-Aralia site, but it was less than 20% of the cover on the Devil's club site
and was not a significant competitor on the Alluvium site. This study demonstrates that fireweed is able
to exploit a vacant niche rapidly, but is unable to compete where vegetation is already well established.
The Cornus—Moss type had alow diversity and cover of vegetation immediately after logging and fireweed
readily became dominant. In contrast, shrubs and herbs were already well established on the Alluvium
site and fireweed was unable to move in. Maximum cover of fireweed is usually achieved within 3-5 years
of harvesting {isaac 1940).

Fire: Fireweed is well known in western North America for its ability to invade recently burned areas {Mosquin
1966; Dyrness 1973; Watson et al. 1980; Cholewa and Johnson 1983; Foster 1986; Stickney 1986). its
light seeds rapidly colonize vacant ground created by burning. Following fire it can form dense, uniform
stands over vast areas. Cover, density, and production of fireweed are usually greatest on areas that
suffer the most intense burns {Ahigren 1960; Mueggler 1965; Morris 1970). Vegetative reproduction is
also a prominent means of fireweed invasion and expansion following buming (J. Zasada, pers. comm.,
Sept. 1989}.

Fireweed cover generally increases to a maximurm within a few years of burning and may then either
decline or remain static (Keitman 1969; Miller and Miller 1974; Tiedmann and Klock 197&; Bartos and
Mueggler 1981; Stickney 1986)}. In a burned western hemiock-Douglas-fir site in the western Cascades
in Oregon, fireweed cover averaged 11% after 2 years, 33% after 5 years, 23% after 10 years, 17% after
15 years, and 3% after 20 years (Stickney 1986}. Burned sites in the ICH and ESSF zones in the Interior
of British Columbia commenly develop much higher fireweed covers; however, overall trends in fireweed
development appear to be similar. The longevity of fireweed dominance in seral communities depends
on the rate of development of other herb and shrub species (Stickney 1986).

Mclean {1969) classified fireweed as moderately susceptible to fire because most of its fibrous roots are
located within the upper 5 cm of the mineral soil surface. In some cases, fireweed rapidly loses vigour
and will not survive under regimes of frequent burning {Myerscough 1980}; however, it has a very low
flammability and can suppressfire in early successional vegetation types where it is abundant. The plant
acts as a heat sink because of its high moisture content, and because there is little standing dead fuel
{Sylvester and Wein 1981).

Cutting and Grazing. There are no published reports describing the response of fireweed to manuat cutting.
Impact is expected to be short-lived and minimal uniess cutting is repeated within a short period of time.
Vigorous fireweed that was cut with hoes in late June on two rich mesic sites in the ICH zone near
Clearwaler was 10-85 cm in height after 60 days (J. Mather, pers. cbsery.}. However, in the McBride
Forest District, fireweed-cut in early June did not recover at all after 40 days {D. Salayka, pers. comm.,
July 1989). Fireweed does not survive continued grazing {Myerscough 1980). One year after sheep
grazing near Clearwater, fireweed had lost a tremendous amount of vigour and frequency. Plants on
grazed plots were only half as tall as plants on the undisturbed control. Sheep can consume a large
volume of tireweed before plantation damage occurs (G. Elien, pers. comm., July 1989). Cattle will graze
fireweed throughout the growing season, particularly when plants are in flower {(McLean 1979).

Herbicides: Glyphosate severely injures fireweed, but the plant is not effectively killed and reductions incover
are not long-fasting. Broadcast applications of 1.4-2.1 kg a.i./ha in August and September have typically
reduced fireweed cover by 60to 100%. Pretreatment coveris aimost always regained after 2 or 3 growing
seasons. Initial regrowth may be stunted or deformed, but by the time the original cover is regained, piants
tend to be healthy and vigorous with many thick, branched stalks {D. Barron, pers. comm., May 1989;
B. Raymer, pers. comm., June 1989; J. Wright, pers. comm., July 1989).131.132133.134 Naar Grand Forks,

131 Dyke 1987.

132 Noble-Hearle 1989.

133 Ladd 1989.

134 Simard 1988, 93
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D. Barron (pers. comm., May 1989) found significant differences in fireweed control between spring and
fall applications of glyphosate. Spring applications resulted in complete recovery of fireweed after 1 year,
while fall applications gave good control for at least 3 years.

Broadcast applications of hexazinone have resulted in poor to excellent control of fireweed after one
growing season. Rates of about 1 kg a.i./ha of undiluted fiquid hexazinone have tended to cause little
damage (less than 20% defoliation). Rates of about 2 kg a.i./ha have aiso tended to give unsatisfaclory
control, though in Saskatchewan,'® an application rate of 2.2 kg a.i/ha caused 82% defoliation after one
growing season. Rates of 3—4.3 kg a.i.’ha often result in good control; best control is achieved at the
highest application rates. '3

Spot applications of hexazinone have resulted in vanabie control of fireweed. Best control has tended
to result from a rate of 8 mL per spot and 2-m spacing.'®® Information is lacking on the length of control
provided by spot or broadcast applications of hexazinone; however, fireweed has completely recovered
two seasons after low rates of application.'®® Hexazinone is ineffective on sites with deep organic matter.
Humus depths greater than about 8 cm have greatly reduced the effectiveness of the herbicide.

Laboratory experiments have been carried out to investigate the impact of severai other herbicides on
fireweed. Soil-acting compounds which were found to kill fireweed include: bromacil, cyanazine,
ethofusemate, lenucil, oxadiazon, oxyfiuorien, propachlor, and simazine. Foiiar applications of 2,4-D
amine, mecoprop, trichlopyr ester, paraquat, and pentschior + chlorophan have been found to give
effective contro! of fireweed {Turner and Richardson 1879; Bailey and Hoogland 1984).

Soil Disturbance: Fireweed rapidly seeds-in to exposed mineral soil (Watson et al. 1980). It also reproduces
vegetatively from plant parts that have become detached from the parent plant during disturbance.
Fireweed tends to reach higher densities on disturbed sites in the Interior than on the coast.

Severe mechanical disturbance involving complete removat ol the forest floor and compaction reduces
the height and density of fireweed but is likely to be detrimental to conifer regeneration. In the Gaspé
Region of Quebec, Mosguin (1966) observed that fireweed was growing poorly on exposed subsoil but
had very good vigour on adjacent sidecast mounds of humus and topsoil.

Fertilization: Fireweed may increase in abundance where fertilizers are used in silviculture (Reinikainen 1964,
cited by Myerscough 1980). Germination is improved on fertilized sites lacking vegetation (Myerscough
and Whitehead 1967), but when plant cover is well established on a site, fertilization may not increase
germination of fireweed {van Andel and Rozema 1974).

Other: Areas seeded to grass can have lower cover and frequency of fireweed than unseeded areas
{Hernandez 1973, cited by Watson et al. 1980; Crane ef al. 1983).

WILDLIFE AND RANGE

Food: Fireweed has low to moderate importance for many wildlife species in British Columbia. Browsing is
seldom heavy or extensive. However, this plant can be an important browse for deer in the province
{Singleton 1976; Rue 1978; Willms et al. 1980; Harvey 1981). it has moderate to low importance in
summer and fall for moose {Singleton 1976; Harestad 1983) and Roosevelt elk.'4%:'4" Fireweed is often
grazed by elk in Montana (McLean 1979). Simpson and Woods (1987) found that caribou use fireweed
in the spring near Revelstoke. Wolif (1978) observed that fireweed shoots made up 11% of snowshoe
hares’ diet in May but accounted for less than 3% of their diet the rest of the year.

Cattle will graze fireweed throughout the growing season, parlicularly when plants are in flower. Sheep
can also be used to control fireweed (MclLean 1979).

135 Taskey and Masterson 1984b.

136 Fahlman and Herring 1985,

137 Toskey and Masterson 1984a,c; 1985h,c,d; 1986b,c.
138 Teskey and Masterson 1986h.

139 Teskey and Masterson 1985a.

140 Smith et al. {undated).

141 Balfour 1989.
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FIREWEED

Other Resources: The flowers are noted for their nectar production and are sought out by hummingbirds,
bees, hutterflies, and other insects. The fireweed complex provides habitat for many small mammais
including deer mice, Oregon and Townsend voles, shrews, and chipmunks {T. Sullivan, pers. comm.,
April 1989).
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Gaultheria shallon Pursh. Salal

DESCRIPTION

Salal is an erect to nearly prostrate evergreen shrub, loosely to densely branched, and up to 2.5 m tall,
sometimes forming impenetrable thickets. It has an extensive root system with spreading rhizome-like
structures. The leaves are thick, leathery, and ovate, often with finely toothed margins. The pinkish, bell-
shaped flowers are bome in terminal and subterminal, one-sided racemes. The fruitis a round, hairy, purplish-
black, berry-like capsule {Szczawinski 1962; UBC Bot. Garden 1970).

Variation: No subspecies or varieties of salal are described in British Columbia {Taylor and MacBryde 1977).
The presence of aititudinal ecotypes is possibie but not probable, and the species apparently does not
hybridize {Pojar 1974},

DISTRIBUTION AND ABUNDANCE

Salal occurs along the entire length of the B.C. coast in the CWH and CDF biogeoclimatic zones, seldom
penetrating far inland. A single isolated population of the species is recorded from the Kootenay Lake area,
but otherwise all records are from west of the Coast Mountains {Szczawinski 1962). Itis extremely abundant
in south coastal British Columbia but becomes less important on the mainland and inner islands of the north
coast where it is rarely found at any distance from the shoreline.

Altitudinal Range: Salal is primarily a low-elevation species, becoming more restricted in elevation with
increasing latitude. On the south coast it ranges from sea level to approximately 800 m (Lyons 1952}, but
on the north coast it rarely occurs above 100-200 m elevation.

HABITAT

Climatic Relations: The restricted range of salal suggests that it requires a humid to perhumid coastal climate
with mild temperatures, little snow, and unfrozen soils in winter. InBritish Columbia, salalis most vigorous
and abundant on Vancouver Island and adjacent coastal areas.

Site and Soil Conditions: Salal is adominant understory plant in lowland coniferous coastalforests and is very
abundant in open, shoreline habitats such as bluffs and rocky knolis {Calder and Taylor 1968). It grows
on a wide variety of mineral and organic substrates inciuding shallow rocky soils, sand dunes, glacial tili,
and peat. Soils supporting salal are most often Podzols, frequently with deep mor humus forms, but salal
s also found on Brunisolic, Folisolic, and organic soils (see, e.g., Klinka et a/. 1979).142

On poor, shallow soils the plants often exhibit a low mat-forming habit, while on better deeper soils they
become vigorous upright shrubs (UBC Bot. Garden 1970; M. Newton, pers. comm., Dec. 1984). Best
growth in cultivation occurs on moist sandy or peaty soil. Salal frequently grows on decaying wood,
particularly old stumps, and in extremely humid environments it can be found as an epiphyteonliving trees
{UBC Bot. Garden 1870).

Nutrient Relations: Salal can survive and grow under a wide range of nutrient conditions {Sabhasri 1961).
Throughout its range, it is noted for its abundance on nutrient-poor sites {see, e.g., Klinka 19773)143.144
Its abundance on these sites reflects a tolerance for nutrient-poor conditions but should not be construed
as a preference for alow-nutrient environment. Infact, salal shows a definite growth response to additions
of macronutrients, particularly of nitrogen {Sabhasri 1961: UBC Bot. Garden 1870}. Hdoes not grow well
in limy soils (UBC Bot. Garden 1970).

Water Relations: Salal will survive and grow under a variety of soil moisture conditions but growth is most
vigorous in moist conditions and the plant has poor vigour on shailow, droughty soils {Sabhasri 1961; Alien
1969; UBC Bot. Garden 1970; McMinn et al. 1976). in the Vancouver Forest Region, salal is found on
soil moisture regimes ranging from very xeric to hygric sites. However, it tends to occur on the wetter sites
inthe driest CDF subzones, and it is most abundant on the driest sites in wet subzones of the CWH {Klinka
1877b).

142 Banner etal 1983.
142 Yola et al. 1982,
144 Banner ot &/ 1583, 97
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Light Relations: Salal grows wellin partial shade butis uncommon and has very low vigour under dense forest
canopies. Increasing lightintensity by reducing overstory shade increases the vigour and growth rate of
salal (Sabhasr 1961; Stanek et al 1979; Koch 1983), butinrmost cases best growthisinlight shade rather
than in full sunfight (UBC Bot. Garden 1970; USDA 1974; Koch 1983). This may reflect evaporative
stresses rather than anintolerance of sunlight (Koch 1983). Sabhasri {1961) reports that germination and
survival of salal seedlings is not affected by low lightintensities, but Schopmeyer (1974) found that partiai
shade is needed to successfully establish salal seed.

Although these field observations indicate that salal is at ieast a moderately shade tolerant species,
Sabhasri’s (1961) laboratory research suggests that the photosynthetic and respiration characteristics of
salai are similar to those of plant species classed as shade intolerant. Actively growing piants are very
sensitive to light conditions and significantly increased in photosynthetic activity and seedling growth with
increased fightintensities up to the maximum level tested (400 ft-candles). At low lightintensities (100 ft-
candles) respiration appears greater than photosynthesis. Maximum growth occurs under red light.

Messier ef al.'* found dramatic differences in salal leaf morphology under different light intensities. At
1.8% full sunfight (80% canopy cover), leaves were almost 3 times larger in area than they were in a
clearing. However, in deep shade (0.3% full suniight) leaves were similar in size to those in the clearing.
Leaves growing in 0.3% full sunlight were less than haff the weight and about half the thickness of those
inthe clearing.

Temperature Relations: The geographic range of salal suggests that it may be sensitive to frost. This
suggestion is supported by Sabhasri’'s (1961) observation that a shori peried of freezing temperature in
the middle of May killed nearly ali germinants.

GROWTH AND DEVELOPMENT

In nature, early growth of salal seediings is very slow (M. Newton, pers. comm,, Dec. 1984). Once
established, the plant adds considerable biomass each growing season, but actual heightincrementis slower
than for many other shrub species. Vigorous salal may grow to a height of over 2.5 m {Szczawinski 1962},
but most plants average 60—120 c¢m in height {Clark 1976). The average new shoot increment during a
growing season in western Washington was 5 cm (Sabhasri 1961).

Leaves of salal normally live for 2—4 years and occasionally last as long as 6 years. Twigs survive for
16 years or more but only bear leaves during the first few years (Koch 1983). Individual plants survive for an
indefinite period because of continued resprouting.

The root systemof salalis very extensive. Plants expand outward by means of rhizome-like root structures.
Shoots consisting entirely of new growth were found up to 2 m from the parent plant (Koch 1983).

The total weight of new leaves added to a site in western Washington during the growing season averaged
900 kg/ha, while the total weight of salal biomass was approximately 36 000 kg/ha. Tota! root biomass
exceeded the weight of above-ground parts (Sabhasri 1961).

Phenology: Phenological development of salalis highly variable (Stewart 1974a). In Washington, vegetative
buds burstin early April. Most rapid vegetative growth occurred from late April onward, peaking in early
June (Sabhasri 1961).

Flowering can occur any time between March and July (USDA 1974) but commonly occurs during May
and June in Alaska (Viereck and Little 1972). Near Vancouver, flowering took place between June 12 and
July 4 in 1971 {Pojar 1974}, while in western Washington, fruit set began by the third week of June
(Sabhasri 1961). Fruits ripen between August and October and remain on the stem urtif December
{USDA 1974).

REPRODUCTION

Seed Production and Dispersal: Pollination of salalflowers is by insects, primarily bumbiebees and flies (Pojar
1974). Thefruitis amany-seeded capsule with afleshy outer calyx that forms a pseudo-berry. Fruits have

145 Messior ot al. 1989,
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an average of 126 seeds each. Heavy crops of fruit are produced on a regular basis, but fruiting was not
observed by Koch {1983) under canopies with greater than 30.3% closure. Dispersal of the seeds is by
birds and mammals that feed on the sweet fruit (Sabhasri 1961; USDA 1974).

Seed Viability and Germination: The fruits of salal are persisternt and seeds remaining on the piant are viable
for a considerable time following ripening. In cold, dry storage, the seed wili remain viable for several
years, but viability diminishes more rapidly under most natural conditions. The seeds do not appearto
require chilling to induce germination. Schopmeyer (1974) reported that moist, acid conditions under
partiat shade are neededforthe successful propagation of salal from seed. A germination rate of 27-35%
has been obtained from fresh seed under lighted conditions (Sabhasri 1961; USDA 1974}. Germination
rates of about 60% were obtained in a British Columbia nursery (C. Messier, pers. comm., July 1989).

Even though large quantities of seed are produced and numerous germinants may appear, very few
seediings survive due 1o limitations of dispersal, seedbed conditions, and sensitivity to environmentai
extremes. Best germination was observed on decaying wood, but survival and seediing development on
this seedbed was poor. In Oregon, salal is reported to germinate well both in clearcuts and under mature
Douglas-fir stands, but establishment is most successful in the understory of young Douglas-fir stands.
Seedling production is insignificant as a means of reproduction on most sites where salal is already
established (Sabhasri1961; Stewart 1978;Koch 1983; McGee 1988a; Nuszdorier and Nuszdorfer 1988).

Vegetative Reproduction: Once salalis presentonasite, further expansion is aimost exciusively by vegetative
means (Sabhasii 1961; Koch 1983; McGee 1988a) including layering and sprouting or suckering from
roots and stem bases. Vegetative resprouting was an important mechanism for re-establishment of salal
on the southern coast of British Columbia {McGee 1988b}. Cuttings made from roots or stems readily form
new roots and sprouts {Sabhasri 1961; Pojar 1974; Stewart 1574b; USDA 1974).

PESTS

Of the numerous diseases known to occur on satal, the most commeon and serious is the leaf spot fungus
{Mycosphaerella gaultheriae). The grey weevil also causes severe leaf damage to saial in southem British
Columbia (UBC Bot. Garden 1970}.

EFFECTS ON CROP TREES

Competition: Salal is a common and often serious competitor with coniferous tree species in low-elevation
coastal British Columbia. Barker et a/.'* suggest that the understory of 100 000 ha of cedar—hemlock
forests in coastal British Columbia is dominated by salal. Over most of its range, salal is a competitor
primarily on mesic and drier ecosystems, but it may occasionally become abundant on moister and richer
ecosystems. Salal is capabie of gaining nearly complete occupancy of a site and, unlike most other brush
species, is refatively insensitive to nutrient or wafer levels {Sabhasri 1961}. Competition is most severe
during the early stages of stand development {Long 1977) but may continue through the rotation,
particutarly if the canopy is open enough to allow a weli-developed understory of salal to persist {Stanek
et al. 1979)

Several studies have shown that salai can be successfully controlied with herbicides, buming, or
mechanical treatments, and that conifers typically show a positive response to salal eradication by the
second year after treatrment. Two years after a herbicide application, the average diameter of Douglas-
fir seediings was 37% larger where salal was removed than on an untreated control.'¥” On eastemn
Vancouver Island, reduction of salal cover by moderate and severe burns increased Douglas-fir height
growth by about 40% whilte light burns increased height growth by only 12.5% (Vibanek 1985).

Salal is believed to provide serious competition for moisture on dry sites {(Sabhasri 1961; Stanek et al.
1979). Price et al. (1986) showed that salal removal in the COF zone increased Douglas-fir growth
because of the higher soil water potential. However, salal is uniikely to compete with seedlings for water
inthe wetter CWH zone where soil water deficits are rare. During a typicat summer drought, mechanical

146 Barker ot al 1987.
147 Wellman and Harrison 1987,
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removal of salal provided Douglas-fir with 14% more water than on adjacent areas without salai removal,
and it increased conifer growth {Kelliher 1985). Douglas-fir stem diameter growth and colour were
enhanced in the second growing season foilowing salal eradication in the CWHdm subzone on southern
Vancouver Isiand. The improved performance of Douglas-fir is tikely due to greater soil moisture
availability (B. D’'Anjou, pers. comm., July 1989). Dunsworth obtained a 56% increase in stand volume
in a 12-year-old Douglas-fir stand on eastem Vancouver Island 3 years following salal cover removal.’*8
He attributed some of the growth increase to lower moisture stress. Removal of salal had no significant
impact on a 25-year-old Douglas-fir stand.

Salal can have an impact on the nutrient budget of conifers {Germain 1985; G. Weetman, pers. comm.,
Nov. 1984). Barker and Weetman'® found that 2 years after salal eradication on northern Vancouver
istand there was a modest increase in nitrogen and phosphorus uptake in Sitka spruce, western hemlock,
and western redcedar, and a modest increase in hemlock and cedar height growth (spruce growth
response was not measured}. The authors considered that effects of salal removal on nutrients are likely
fo be gradual, and that nutrient-stressed trees may respond particuiarly slowly to salal eradication.

Dense salal can lower soil temperatures and thereby reduce conifer growth by reducing root growth and
mycorrizal infection (Parke et af. 1983) or by reducing the activity of the microflora. Onnorthern Vancouver
Island, however, temperature ditferences under different salal covers were smalt and may not be
biologically significant.*>0

Alfelopathy: A western Washington study {del Moral and Cates 1971) found no evidence of allelopathic

chemicals in extracts of saial foliage and litter. Further research on the possibility of salai alielopathy is
under way in British Columbia {L. Montigne, pers. comm., Feb. 1989}.

Beneficial Effects: Sabhasri (1961) could not demonstrate any negative impact of salal on Douglas-fir growth

inhistest plots inwestern Washington. infact, control plots had significantly better growth thanthose plots
where salal was manually removed. He noted that salal roots could make an important contribution to
the organic matter content of the soil, and speculated that the loss of organic matter and associated
nutrients caused by removal of the salal may have contributed to the poor growth of the seedlings.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Severa! studies indicate that salal biomass is inversely related to overstory cover,
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and saial will increase in cover, vigour, and height when the overslory cover is either reduced or totally
removed {Sabhasri 1961; Long and Turner 1975; Long 1977, Stanek et al. 1979; Black et al. 1980; Koch
1983; Gholz et al. 1985; Vales and Bunnell 1986, cited by Vales 1986). However, salal does not grow
as rapidly as many other shrub species, and may take many years to become dominant above ground
following clearcutting. Saial establishes itself relatively quickly below ground {C. Messier, pers. comm.,
July 1989}.

Re-invasion of salal after logging occurs from rhizomes that were present inthe undisturbed forest. Salal
can only dominate clearcuts i it is not shaded out by the developing overstory.'>* Salal cover and height
were measured under four coniferous stand densities.'*? Very open stands had 85% salal cover, open
stands 75%, closed stands 45%, and very closed stands 1%. Dillerences in cover were caused by
differences in light intensity. Salal height decreased with decreasing stand closure (increasing light}. D.
Harrison {pers. comm., May 1989) has also observed that overstory removal on northern Vancouver
Islandtends to increase cover and lead to reduced height of salal. Spacing on southem Vancouver Island
in the CDF and CWH zones caused salal to increase in height after 1-2 years {R. Muller, pars. comm,
July 1989). Messier et a.'* report that thinning practices that reduce the overstory canopy to below 80%
may create conditions favourable for safal growth.

Dunsworth 1986.

Barker and Weetman 1986,
Messier and Kimmins 1988,
Messier et al 1989.
Messier and Kimmins 1988,
Messier ef al. 1989.
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Fire: Light fires tend to increase salal cover above pre-burn levels. Fire stimulates resprouting from roots and
stem bases (Sabhasri 1961). in the Fraser Valley, saial cover increased from iess than 10% before
burning to 35-50% after 3—4 years and 85% after 9 years {Lafferty 1980}. Similar results have been
obtained on northern Vancouver Isiand (C. Messier, pers. comm., July 1989).

However, even on lightly or moderately burned areas, above-ground pans of salal can be slow to recover
to pre-burn levels {G. Dunsmore, pers. comm., Dec. 1984; B.M. Geisler, pers. comm,, Jan. 1985}. For
example, moderate severity burns led to salal covers of 3% after 2 years, 1% after 5 years, 10% after 20
years, and 18% after 30 years {Schoonmaker and McKee 1988}, Despite slow above-ground recovery,
the below-ground environment is usually fully occupied by salal within 8 years of burning in cedar—
hernlock sites in the CWH zone.'>*

Severe burns can reduce salal cover only if fire penetrates sufficiently deep to kill the roots. High severity
burns ondry sites on eastern Vancouver Island have decreased salal cover by 80% compared to adjacent
unburned areas. In contrast, low and moderate severity bums have decreased cover by only 40%
comparedtounburned areas {Vihanek 1985). Inthe CDF and CWH zones on southerm Vancouver Isiand,
severe burns have reduced sprouting of salal, while light burns have resulted in more intense sprouting
{R. Mulier, pers. comm, July 1989).

Cutting: Manual or mechanical cutting of salal can be expected to stimulate sprouting; the response may be
similar to that following burning.

Herbicides: Conard and Emmingham {1984 a} report that glyphosate causes light damage to salal. Salalwas
not damaged by glyphosate applied in September at 2 kg a.i./ha in the CWHwm subzone on Vancouver
istand.'>s Moderate damage occurred 1 year after giyphosate was applied at 4 kg a.i./ha by backpack
sprayer inlate summerin the drier CWH subzone on eastern Vancouver island (B. D’Anjou, pers. comm.,
July 1989).

Results from hexazinone applications are inconsistent. it is often described as ineffective at controliing
salal (Newton and Knight 198 1; Boateng and Herring 1990). However, an Aprii ground application of 2
kg a.i./ha granular hexazinone for site preparation resuited in good contro] of salal near Chifliwack. Two
years after herbicide application, salal biomass on the treated areas was about half that on the control. 156
A backpack appiication of 4 kg a.i./ha hexazinone in February-March on southern Vancouver Isiand in
a dry CWH subzone caused a 45% reduction in salal cover.

Conard and Emmingham {1984a) report that spring and summer applications of amitrole caused no
visible injury to salal and that 2,4-D caused light damage.

Triclopyr ester {Garlon®) has been more successful than other herbicides in controlling salal.

Triclopyr ester in diesel applied at 4 kg a.i./ha using backpack sprayers reduced salal cover by 78%.%57
Garnion® in diesel provided at least three seasons of salal control in a Douglas-fir—salal ecosystem on the
east coast of Vancouver Island near Nanaimo.'3® Application of 4 kg a.i./ha triclopyr ester in diesel oil at
100 L/ha in eany spring or {ate summer reduced salal cover by 60—-90% in the dry CWH subzone on
Vancouver island. Salal cover was reduced by only 40% when 100 L/ha mineral oil were used as the
carrier instead of diesel oil. Reducing the concentration of chermical by using 150 L/ha diesel instead of
100 L/ha had no effect on results. Although above-ground parts of salai were well controtled, living root
dry weight was 89% of that in an untreated control, indicating that roots continue to survive despite good
foliar control {B. D’Anjou, pers. comm., July 1989).

Soil Disturbance: Any form of soil disturbance that causes mechanical damage to salat but does not physically
remove it from the site can be expected to stimulate resprouting. Pieces of stems and roots that are
detached from the parent plant and buried in soil wilt root and form new plants {Sabhrasi 1961). Backhoe

154 Massier and Kimmins 1988,
155 Reynolds st a/ 1988

156 Waliman and Harrison 1987
157 Barker 1988,

158 Dunsworth 1986.
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site preparation {i.e., mixing organic and mineral soil layers) on a mesic CWHwh site in the Queen
Charlotte Islands initially reduced salal cover, but within 3 years it was rapidly invading (S. Craven, pers.
comm., June 1888}. Heavy scarification inthe CDF and CWH zones on Vancouver Island has resuited
in very slow re-invasion of salal {(R. Muller, pers. comm., July 1989).

Fertifization: Salal responds to applications of fertilizer, particularly nitrogen, with increased above- and
below-ground growth and vigour (Sabhrasi 1961; UBC Bot. Garden 1970). However, whiie Osmocote®
substantially increased hemlock growth, it had no effect on salal 2 growing seasons after it was applied
to western hemlock seedlings at the time of planting in the CWH zone on northem Vancouver Island
(Nuszdorfer and Nuszdorfer 1388). In forest stands, applications of fertilizer that result in an increase in
the density of the tree canopy may cause a decline in vigour and cover of the salal understory (Long and
Tumer 1875; Stanek et al. 1979).

WILDLIFE

Food: Satal is an important wildlife food in British Columbia. H is valuable to biack-tailed deer year-round but
is particularly important in winter {McTaggart-Cowan 1945; Brown 1961; Jones 1975; Singleton 1976;
Rue 1978; Harvey 1981; Nyberg et al. 1986; Chambers 1988).'% Stems, ieaves, blossoms, and fruit are
consumed. Salal has been described as one of the 10 most important foods of black-tailed deer and has
made up about 10% of its total diet {Brown 1961; Jones 1875). Salal is an important winter and spnng
browse for Roosevelt elk {Bailey 1966; Singleton 1976).'60.161 it has made up 36—47% of the February
diet of Rooseveit elk.'8? Salal sprouts well after unguiate browsing (T. Lea, pers. comm., Feb. 1989},

Salal is browsed by some small mammals and birds. its leaves and twigs are fairly important foods for
mountain beaver {Banfieid 1874}, aithoughthis mammal has very limited distribution in British Columbia.
King {1969) found that leaves and buds were important to ruffed grouse from March to !ate May at a
Vancouver island site and Zwickei and Bendell (1872} noted that incubating female biue grouse also
consume salal.

Animals that consume salal berries play an important role in seed dispersal (Halverson {compiler) 1986).
The berries are commonly eaten by grouse and other birds (Viereck and Littie 1972). Adult blue grouse
have shown strong selection for sala! berries even when the plant has been available only in relatively
minor amounts (King and Bendel 1982). The berries are an important food for blue grouse chicks from
May to September on northem Vancouver istand. Sala! berries have made up 19% of the early August
diet and 45% of the late August diet of juveniie ruffed grouse on Vancouver Island {King 1969). Other
animais eating the fruit include black bear, biack-tailed deer, and red squirrel (USDA 1874).

Other Resources: Mountain beaver often use salal for the central portion of their nests {Martin 1971, cited by
Chapman and Feldhamer (editors) 1983}.

159 Blower 1982,

160 {hid.

167 Smith et al. (undated).
162 fhid,
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Lonicera Involucrata (Richards.) Banks Black twinberry
(twinberry, honeysuckle)

DESCRIPTION

Black twinberry is a siraggling to ascending deciduous shrub 1-3 m tall. Stems have opposite branching
and are four-sided when young. The leaves are elfiptic to oblong, and untoothed. The yellow, tubular flowers
occur in pairs above conspicuous green or purpie bracts. The “twin” fruits are black to reddish round berries
with few seeds (Viereck and Little 1972; Hultén 19743,

Variation: There are several forms of L. involucrata. The form occurring in British Columbia is the typical var.
involucrata {UBC Bot. Garden 1979).

DISTRIBUTION AND ABUNDANCE

Black twinberry occurs throughout British Columbia to approximately 57°N latitude. 1 is common on the
coast and in the Interior and is found in all forested biogeoclimatic zones, but it is absent from northern
subzones of the BWBS. 1t is also present in the Peace River valley and scattered in specialized habitats in
the Stikine—Iskut drainage, butit is apparently absent fromthe Fort Neison and Liard River areas inthe extreme
north of the province (A. Ceska, pers. comm., Nov. 1984). Aswell, it is commonin lowland areas of the Queen
Charlotte Islands {UBC Bot. Garden 1979},

Altitudinal Range: Black twinberry is present from sea level to at least 1525 m in British Columbia {UBC Bot.
Garden 1979).

HABITAT

Climatic Relations: The distribution of black twinberry suggests that it tolerates a wide range of climatic
extremes but is not adapted to the extremely short growing season and harsh winter temperatures found
in northern British Columbia and at high elevations. invarious parts of its range, however, black twinberry
appears to be prevalent in frost pockets or areas of cold air drainage (R. Coupé and A. Ceska, pers.
comm., Nov. 1984).

Site and Soil Conditions: Black twinberry is a species of swamps, riparian habitats, alluviat soils, and moist
woods (Lyons 1952; Viereck and Little 1972; Marchant and Sherlock 1984).

Nutrient Relations: Clark {1976) observes that biack twinberry favours rich soil. Ecosystem associations in
which black twinberry appears as a characteristic understory species typically have a mediumto very rich
nutrient status (Comeau et al. 1982; Pojar et al. 1982).182

Water Relations: Black twinberry is described as being a species of moist or wet soils {Lyons 1952; Viereck
and Littie 1972; Marchant and Sherlock 1984). In climatically humid areas such as the Interior Wet Belt
it occurs on submesic to subhydric hygrotopes, whereas in climatically drier areas it tends to be restricted
to hygric and subhydric sites {Comeau et al. 1982; Angove and Bancroft 1983),1%4

Light Relations: Black twinberry will tolerate semi-shade (Marchant and Sheriock 1984) but is most vigorous
in open situations where sufficient moisture is availabie.

Temperature Relations: No information.

GROWTH AND DEVELOPMENT

Phenology: Black twinberry breaks bud in April in the Kimsquit Valley on the centrai British Columbia coast, 165
and between early and late May on the east slope of the U.S. Rocky Mountains {Schmidt and Lotan 1980).
in the Rockies, leaves are fully grown by mid-June, and leaf-fali occurs between late August and late
September. In contrast, at Kimsquit some leaves are fully expanded by mid-April. In early August, the
first leaves begin to turn yellow and most shrubs retain some leaves until October.

83 Delong ot al 1984.
64 |bid.
65 Hamilton 1984,
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BLACK TWINBERRY

Flowering begins after the leaves open. In the Rocky Mountains, flowering occurs between late May and
early July (Schmidt and Lotan 1980). On the British Columbia coast flowering can begin in April'% and
some plants can cortinue to flower untii the end of August even as the fruits ripen (Clark 1976). Fruits
ripen from mid-July to late August at iow elevations in coastal British Columbia {Marchant and Sherlock
1984)*7 and throughout July only in the eastem Rockies (Schmidt and Lotan 1980).

REPRODUCTION

Seed Production and Dispersal: Eachfruit has fourto five seeds. Dispersalis primarily by birds and mammais
(USDA 1974; UBC Bot. Gardens 1979); cedar waxwings are especially fond of the berries (Marchant and
Sherlock 1984).

Seed Viability and Germination: Air-dried seeds can be stored for up to 15 years at 1-3°C without loss of
viability, and for several years at warmer temperatures (USDA 1974; Marchant and Sherlock 1984). The
lengthy period of viability suggests that biack twinberry may be a seed banker; seeds remain buried inthe
forest floor untit conditions become conducive to germination. The seeds have some embryo dormancy
and require a chilling period of 45—60 days for satisfactory germination to occur. A scarification treatment
of the seed coat aiso improves germination. High germination percentages (56—80%) have been obtained
under artificiat conditions {USDA 1974; Marchant and Sherlock 1984},

Vegetative Reproduction: Several Loniceraspecies suckerfrom a spreading root system (Jackson 1974), but
there are no reports of this for L. involucrata. Artificial cuttings taken during the dormant season rooted
well when a rooting hormone was applied (Marchant and Sherlock 1984).

PESTS

Marchant and Sherlock {1984) repont that young plants are susceptible to leaf miner and that a leaf-
deforming fungus which slows growtih is prevalent in the southern Interior. The following diseases have been
identified on L. involucrata in the wild in British Columbia: Kabatia lonicerae var. involucrata (leaf spot),
Microsphaera peniciliata (powdery mildew), M. aini, Leptophaeria dumetorum, and Ophiobolus minor (UBC
Bot. Garden 1979).

EFFECTS ON CROP TREES

Biack twinberry is a competitor of moderate, but not major, importance throughout most of its range in the
province. [tis primarily found as a component of a complex, vigorous brush community on moist productive
ecosystems in many biogeoclimatic zones (C. DelLong, R. Coupé, and D. Lloyd, pers. comm., Nov. 1984;
J. Poltack, pers. comm., Jan. 1985). Very little is known about its competitive ability or any negative or
beneficial effects that it may have on coniferous tree growth.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Eis' study (1981) in the SBS zone north of Prince George showed that biack
twinberry was present and numerous on both the Devil's Club and Alluvium site types prior to logging. Six
years after logging, black twinberry had become common onthe Aralia—Dryopteris site type, had greater
than 25% cover on the Devil's Club site type, and was the dominant species {40% cover} on the Alluvium
site type. Twinberry had produced a small quantity of seed and had almost reached a mature height on
the Aliuvium site by the end of the first season following logging. Shrubdensity increasedfor several years
following logging andwas 120 cm highwithin2.5 years. lttook the shrubs 7 years o reachthis same height
on the Devil's Club site type.

Fire: On boreal sites, severe burns often eliminate twinberry, but light burns stimulate vigorous resprouting
(Ahlgren 1960). In the oak fern community in serai SBSwk ecosystems, black twinberry was consistently
present after burning. In the Queen’'s Cup ecosystem, it was more commonly killed by burning and
resprouting and growth of the species was fairly slow. Black twinberry reached a maximum height of about
1.5 m after burning in the SBSwk subzone. Twinberry was 1.2 m tall within 2 years on burned SBSmk

185 Hamilton 1984.
167 ihid.
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BLACK TWINBERRY

Horsetail sites and after 7 years on burned SBSmk Devil's Club sites. Bumed sites in the SBSwk and
SBSmk subzones with the greatest cover of twinberry were in the Horsetail association. Re-establish-
ment from buried seeds did not occur during the first 10 years after burning in the SBSwk subzone
{Hamilton and Yearsley 1988).

Cutting: No information.

Herbicides: Broadcast applications of glyphosate applied from mid-July to the fall have caused very severe
injury to twinberry in British Columbia (J. Pollack, pers. comm., Jan. 1989; D. Barron, pers. comm., May
1989; Boateng and Herring 1990).18.'8? Broadcast applications of 1.5-2.1 kg a.i./ha have been effective.

Spot or broadcast applications of hexazinone have caused vanabie injury to twinberry in British Columbia
(Boateng and Herring 1990). A fall application of 3.6 kg a.i./ha hexazinone inthe SBS zone in the Prince
Rupert Forest Region resulted in moderate control of twinberry in the third growing season.'” Third-year
canopy cover and height of twinberry were near or greater than pre-treatment levels following several
methods of hexazinone application (granular and liquid; spot and broadcast; 2 and 4 kg a.i./ha) carried
out in mid-April in the CWH zone near Chilliwack.!”!

Soil Disturbance: Twinberry increased in cover after intense mechanical site preparation in the SBSmk2
variant in the Mackenzie Forest District {D. Greenley, pers. comm., May 1989).

WILDLIFE

Food: Black twinberry is not a common browse species in British Columbia {T. Lea, pers. comm., Feb. 1989}
but is a moderately important winter food for Roosevelt elk and moose.'’2 The berries are the most
common part of the plant eaten*”® and provide summer food for birds, biack bears, grizzly bear, and other
mammals on the coast {USDA 1974; UBC Bot. Garden 1979; Marchant and Sherlock 1984; National
Wildiite Foundation 1987; Lofroth 1988). However, it can be unpalatable to snowshoe hares in Alberta
{Keith et a/. 1984, cited by Carreker 1985).

168 Herring 1884a.

168 George 1989.

170 Newhouse 1988b.

17 DrAnjou 1988b.

172 Blower 1982,

173 B.C. Min. Environ. {undated).
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Menziesia ferruginea Sm. False azalea
(Rusty menziesia, Pacific menziesia)

DESCRIPTION

False azalea is an erect, spreading, deciduous shrub o 2 m tail with slender, widely forking, opposite
branches. Young twigs are finely pubescent and older branches are smooth or have loosely shedding bark.
Leaves are thin, oblong to obovate, up to 6 c¢m long, and slightly toothed along margins. Branches are
opposite, but jeaves appear to be arranged in whorls. Leaves sometimes have a distinct bluish colouration.
The smailt, yeliowish-red, bell-shaped tiowers are borne in smalt terminal clusters on shoots of the previous
year. The fruit is a thin-walied, reddish-brown ovoid capsule that spiits along four partitions at matunty. The
opened dry capsules often persist throughout the winter (Szczawinski 1962; Viereck and Little 1972).

Variation: Two subspecies offalse azalea are foundin British Columbia. Menziesia ferrugineassp. ferruginea
is found along the coast and inthe central interior, while ssp. glabelia is found in southeastern B.C. only.
Thelatter subspecies is differentiated from the former by its more rounded ieaves and greaterpubescence
{Szczawinski 1962; Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

False azalea occupies coastat and mountain areas throughout the moist regions of British Columbia. it
extends along the entire iength of the province on the west side of the Coast Mountains and is also present
inthe Interior Wet Beli. it is rare, however, in the interior Plateau and all of northern British Columbia east of
the Skeena Mountains (Szczawinski 1962; Hickman and Johnson 1969). False azalea is present in many
biogeoclimatic zones except the PP, BG, IDF, BWBS, and SWB, but it is abundant in only the CWH, MH, and
ESSF zones.

Altitudinal Range: Along the coast, false azalea is common from sea level to the alpine tundra, although it is
generally absentinthe CDF anddrier CWH zones of the south coast. East of the CoastMountains, ittends
to be found only at higher elevations, above approximately 300 m in the ICH and ESSF zones,

HABITAT

Climatic Relations: Faise azalea appears 1o require a fairly humid environment where only mineor climatic
moisture stresses are experienced during the growing season. This would explain why it occurs to sea
ievel along most of the coast but retreats to more moist mountainous areas infand and along the Strait
of Georgia. The dry central Interior of the province is described as “climatically unsuitable”tor M. ferruginea
by Hickman and Johnson {1963). These authors report that throughout western North America it becomes
dominant in areas ot high raintall or persisteni fog or mist. False azalea is also apparently unable to
tolerate the extremely cold boreal climate of northeastemn British Columbia. Evidence from other species
suggests that adequate snow cover may be a critical factor in protecting faise azalea from desiccation
(Bowers 1960b).

Site and Soil Conditions: Fatse azalea is well developed in mesic habitats but can occur on a wide variety ot
sites including shaillow rocky and deep wet soils (Hickman and Johnson 1969).'7# Soils on which false
azatea is typically found are predominantly Humo-Ferric or Ferro-Humic Podzols with a mor humus (see,
e.g., Pojar {editor) 1983; Haeussler et al. 1984).

Nutrient Relations: In British Columbia, ecosystem associations on which talse azalea is a significant
understory component often have very poor 1o medium nuirient staitus (see, e.g., Klinka 1877b),'7s but
it can occur over a wide range of nutrient regimes.'”® False azalea is typically found on sites with low pH
(Brooke et al. 1970; Haeussler et al. 1984)."77 In the cedar-hemiock forests of northern idaho, it is
associated with soiis iow in potassium and with a high organic matter content {Mueggler 1965).

174 Banner et al. 1984,
175 thid.

178 Banner ef al. 1983,
Y77 Lloyd {compiler} 1984,
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FALSE AZALEA

Water Relations: In moist climates, false azalea is most abundant on well- to moderately weli-drained soils
with a mare-or-less mesic moisture status {Hickman and Johnson 1969; Viereck and Little 1972; Kiinka
1977b). Invery wet climates, both in the Interior and onthe outer coast, false azaleacanbe very abundant
on xeric sites (Angove and Bancroff 1983).178-'7® The species is also abundant in poorly drained coastal
bogs (Hickman and Johnson 1969).*80

Light Relations: False azalea is a common species of deeply shaded climax western hemlock forests
{Szczawinski 1962; Viereck and Little 1972). Its ability to persist in these heavily shaded torest
understories in which light intensities are typically 5% of full light (P. Alaback, pers. comm., Dec. 1984)
indicates that it is very shade tolerant. However, the species usually displays its best vigour in the partially
shaded conditions of forest openings among the tree clumps characteristic of the mature subalpine forests
of the ESSF and MH zones {Brooke et al 1970; Caza, pers. observ., 1987}.

Temperature Helations: No information.

GROWTH AND DEVELOPMENT

False azalea can reach heights of 3 m at maturity {Viereck and Little 1972), but it is usually no more than
2 m tall {Clark 1976). The longevity of false azalea plants is not known, but other co-occurring ericaceous
species may live over 100 years and Alaback’s {1982) study indicates that plants survive at least 30 years in
northern forests.

Phenology: In Alaska, false azalea tlowers from late May through July. Leaves expand in early June at the
time flowers open; they begin to senesce in mid-August and September at high elevations inthe province
{C. Caza, pers. observ., 1987}. The capsule matures in July or August (Viereck and Little 1972).

REPRODUCTION

Seed Production and Dispersal: Numerous tiny seeds are produced in capsules, which open through natural
dehiscence at maturity {Szczawinski 1962). Seed is dispersed by gravity and wind.

Seed Viability and Germination: No information.

Vegetative Reproduction: False azalea sprouts from root crowns and adventitious stem buds after destruction
of above-ground stems (Miller 1977; Coates 1987}. The species also appears to be capable of layering
by torming roots from adventitious buds along stems {C. Caza, pers. observ., 1987}. Layering is an
effective means of growth and expansion at high elevations where heavy snow loads keep branches close
to the ground. False azalea does not spread by means of rhizomes (Miller 1977).

EFFECTS ON CROP TREES

Competition: There have been no reports of dense, pure populations of false azalea, and the shrub is rarely
the most abundant or aggressive member of shrub complexes (Miller 1977; Stickney 1980; Coates 1987).
Nevertheless, false azaleais a member ofthe ericaceous shrub complex thatis abundant onwell-drained,
usually more-or-less mesic sites along the coast of British Columbia and in moist mourtainous areas of
the interior. The compiex, common in the MH and ESSF zones, commonly includes Rhododendron
albiflorumand Vaccinium spp. In coastal British Columbia, the Vaccinium—-Menziesia shrub community
is rarely a specific target of vegetation management efforts because it is perceived as having much less
impact on the regeneration of conifers than the brush communities on productive low elevation sites. in
conirast, in some areas of the southem Interior, such as the ESSF zone in the Kamloops Forest Region,
the Rhododendron albiflorum—Vaccinium ssp.—-Menziesia ferruginea complex is considered a major
brush problem.

Although the compiex in which false azalea occurs is very abundant and often dominates logged sites,
researchon its eftects on the establishment and growth of crop trees is limited. Coates (1987) found that
regrowth of false azalea after manual cutting or mechanical scarification is slow, indicating that conifer

178 Banner et al. 1983.
178 Delong et al. 1584.
8¢ Banner et al. 1984.
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FALSE AZALEA

seedlings planted promptly after shrub reduction treatments are unlikely to be overtopped by the shrub.
This suggests that it is relatively easy 1o maintain controf of above-ground competition from false azalea.
On ESSF sites where false azalea and its associates are left untreated, Coates (1987) suggests thal
shading is the most imporiant mechanism of above-ground competition. Shading reduces light available
to conifer seedlings and also reduces soil temperature throughout the growing season.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: The response of false azaleato overstory removal depends onthe degree of ground
disturbance. Logging on snow causes little destruction to mature false azalea in subalpine fir~-Engeimann
spruce forests. Summer logging damages false azalea, at least in patches, and commonly results in very
slow recovery of the shrub and invasion of perenniai herbs including Epilobium angustifoliumand Valeriana
sitchensis. in the cedar-hemlock forests of northern idaho, there was no signiticant difference between
the cover and frequency of false azalea on logged and unlogged sites (Mueggler 1965). On the central
Oregon Coast, Alaback and Herman {1988} found that the percent cover of false azalea was greatest on
heavily thinned plots and least in the undisturbed forest. Biomass of false azalea in early successional
stands {up to 30 years) in southeastern Alaska was 3 times greater than the biomass in climax western
hemlock—Sitka spruce forest (Alaback 1382).

Fire: False azaiea is a fire-sensitive species (Stickney 1981). Milier (1977) speculates that it will sprout from
the root crown after a burn but will not produce suckers. Fire appears to have totally removed this species
from experimental plots in Washington and Oregon for up 1o 16 years (Morris 1970). Inthe ESSF zone
in British Columbia, burning provides very effective controlof false azaleafor at ieast 10 years even though
it is not completely killed (J. Wright, pers. comm., July 1989).'®" In westem Montana, Stickney (1981)
found that survival of false azalea was low and it was very slow to develop after fire, especially on areas
which had been severely burmed. On the other hand, Mueggler {1965) reporied no significant difference
in cover and frequency between burmed and unbumed areas in northern Idaho.

Cutting: False azalea does not respond vigorously to cutting. Stems cut in June on sites in the ESSFwc
subzone regrew 2—75 cm by August of the same year. Average regrowth was 30 cm, or about 19% of
the original height (C. Caza, pers. comm., July 1989). False azalea sprouted 40 cm in 1 year following
a manual cutting treatment in the Penticton Forest District.'8? After false azalea was cut in early July at
another ESSFwc site, new shoots averaged 1.3 cm in height by the end of the second growing season
{Coates 1987). This represents slower growth on this site than that of associated shrubs (Rhododendron
albiflorum, Vaccinium membranaceum, Vaccinium ovalifolium). Almost all new shools arose from buds
on existing stems rather than as sprouts or suckers fromthe soil. Height growth of false azalea was more
vigorous in the second year after cutting than in the first. By the end of the second growing season, the
lallest false azalea plant was 14.8 cmtall, or 13% of its pre-cut height. Mean crown area was 30% of the
pre-cut level. Twenty-six percent of the original stems had new shoots after the first growing season.
Stems with new shoots had an average of 5.6 shools per stem, twice as many as any of the associated
shrubs. A second cutting 1 year after the first did not affect regrowth vigour (Coates 1987).

Herbicides: False azalea was very susceptible to broadcast applications of 2.1 kg a.i./ha glyphosate applied
in the ESSF and ICH zones in September near Revelstoke, Salmon Arm, Blue River, and Penticton
(J. Wright, pers. comm., July 1989).'83.184 Control was efieclive for at least 2 years. Lower application
rates are reported to cause partial control and more vigorous resprouting. For example, Simard8®
reported that September applications of 0.7 and 1.4 kg a.i./ha glyphosate resulted in 70% contro! after 2
years, with vigorous sprouting 2 years after the lowest application rate. Inthe same study, application of
2.1 kg a.i./ha provided 90% control and only weak sprouting after 2 years.

81 Mather 1986.

182 Noble-Hearle 1989,
83 Dyke 1987

84 Simard 1988.
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FALSE AZALEA

Soil Disturbance: Inthe ESSFwc subzone near Clearwater, scarification that removed tops or upreoted entire
false azalea plants caused severe damage. Few new shoots were produced by surviving plants. Two
growing seasons afier treatment, there was no sign of new sprouts from the soil (Coates 1987).

WILDLIFE

Food: False azalea is seidom browsed and is generally considered unimportant to ungulates in British
Columbia. However, it can be a moderately important browse for Columbian black-tailed deer and
Roosevelt elk.'® Although it is considered relatively unpalatable to Sitka black-tailed deer, the over-
population of these ungulates onthe Queen Charlotte Islands has depleted the species in many places.'®”
in Alaska, false azalea was much more abundant outside deer enclosures than where deer were allowed
to feed (Hanley 1887).

166 Blower 1982.
187 Pojar and Banner 1984,
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Polystichum munitum (Kaulif.) Presl. Sword fern

DESCRIPTION

Sword fern is a large fern with stiff, erect fronds up to 1.8 mtall, rising from a stout, woody rhizome. The
biades are evergreen, linear to lanceolate, with numerous toothed, sharp-pointed pinnae. The pinnae have
a characteristic hilt-ike projection near the base (Taylor 1973a; Wagner 1979).

Variation: Size and frond shape vary widely, particularly in response to environmental conditions {Taylor
1973a). Atype of sword fern with a very narmow linear blade and closely crowded overlapping pinnae is
common in exposed locations. There is some disagreement as to whether this fem represents an
ecological form of P. munitum(lorma imbricans) produced in respanse to extreme environmental condi-
tions (Frye1934; Taylor1973a; Taylorand MacBryde 1977), orwhether itis adistinct taxon {Wagner 1979),

DISTRIBUTION AND ABUNDANCE

Sword fern is widespread and common west of the Coast Mountains along the entire length of British
Columbia, including the Queen Charlotte islands. It is also found in the moist forests of the west Kootenays.
inthe U.S., the species extends intand to northern Idaho and Montana {Wagner 1979). Sword fem is abundant
in the CDF and CWH biogecclimatic zones and uncommon in the MH and ICH zones

Altitudinal Range: Sword femis primarily a low elevation species in British Columbia. In southwestern British
Columbia it is rarely found at elevations above 900 m (Brooke et al. 1970}. On the north coast it is even
more restricled in elevation, rarely found more than 100 m above sea level.

HABITAT

Climatic Relations: The geographic and altitudinal range of this species suggests that it requires a humid
coastal climate with mi{d winters. R also occurs in areas of moist, relatively mild continental climate in
ldaho and Montana and adjacent areas of British Columbia, but in these areas it tends to favour the
shaded, moist northem aspects (Mueggler 1965). The evergreen frond of sword fern may be a limiting
tactor in its ability to survive in areas with cold winters.

Site and Soil Conditions: Sword fern will grow on awide variety of parent matenials including exposed bedrock,
but the most luxuriant growth is found on deep loamy soils, espeaciaily those developed on fluvial parent
materials (see, e.g., Klinka and Carter 1980).

Nutrient Relations: Sword fem grows best and is most abundant on fertile soiis (Taylor 1973a; McMinn e! a/.
1976). Ecosystem associations with this species as a characteristic understory species are usually
medium to very rich in nutrients (see e.g., Klinka 1977a).'% when abundant and vigorous, sword fern is
often considered to be an indicator of nutrient-rich sites.

Water Relations: Sword fern is characteristicaily found in moist or shaded locations, where drainage is good
but kittle moisture stress is encountered. inthe CDF zone of southem Vancouver island, where summer
moisture deficits are common, it is found only where seepage water augments the soil moisture supply
(McMinn et al. 1976). In wetter climates it is less restricted by soil moisture supply. Ecosystem
associations in which sword fern is abundant typically have a mesic to hygric moisture status (see e.g.,
Klinka 1977a).

Light Relations: Sword femn is apparently shade tolerant since it typically occurs in the understories of mature
forests and favours shady sites or north aspects (Mueggler 1965; Taylor 1973a). Inclearcut areasit often
prefers protected, shaded locations.'® This probably reflects sensitivity to high evapotranspirative losses
rather than intolerance of light itself. When plants of P. munitum are subjected to increased insolation
through removal of overstory shade, the fronds become dwarfed and more erect and the pinnae become
crisped (Frye 1934; Taylor 1973a; Wagner 1979).

Temperature Relations: The evergreen frond of sword fem is presumabily at least moderately resistant to frost.

188 Yole ot af 1982.
188 Brand 1084,
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SWORD FERN

GROWTH AND DEVELOPMENT

See Athyrium filix-femina for a simpiified explanation of the fern life cycle. The growth and development
of sword femnis probably quite similar to that of ady fern except that sword ferm fronds are evergreen and thus
persist for several years. At maturity the frond is 60—180 cmin length and approximately 25 cm wide (Taylor
1973a; Wagner 1979}.

Phenology: Stewart {(1976) reported that, in Oregon, sword fern fronds were partially unfurled on May 26. By
July 28, the fronds were mature and spores were nearing maturity.

REPRODUCTION

Spore Production and Dispersal: Most medium-sized forest ferns begin to produce spores at between 1 and
5 years of age and spore production takes place very regularly from year to year. The vigour of the plant,
as influenced by its habitat, is animportant determinant of plantfertility. Mostferns simiarin size to sword
fern produce tens of mitlions of spores on each frond. The tiny spores are ejected into the air when mature
and are carried away by gravity, wind, water, or animals. Evergreen ferns like Polystichum can retain
some spores on the fronds over winter for dissemination the foliowing spring. Fern spores are capable
of travelling thousands of miles, but in forests there may be a lack of air currents to carry them alofi.
Airborne spores are ofien brought to earth during rainstorms {Page 1979).

Spore Viability and Germination: Fern spores ina dry, resting state are resistant to physical extremes and can
withstand intense radiation and very low temperatures. They are reportedly very sensitive fo tempera-
tures above 55°C {Kato 1963; Miller 1968). Under ideal conditions, fern spores remain viable for 2—4
years, but their viability and the speed of germination deteriorates with age (Page 1979). Spores usually
germinate oniy afier being soaked in water. Like most fern spores, the spores of sword fern germinate
best when exposed to light, but sword fern is one of only a few fem species in which some germination
will occur in darkness (Weinberg and Voeller 1969).

Vegetative Reproduction: Vegetative reproduction of sword fern can occur through division of its perennial,
woody rhizome. The rhizome becomes somewhat branched with age (Wagner 1979) but is apparently
not creeping. Although the species often occurs in pure, uniform stands, these stands probably represent
popuiations of individual sporophytes rather than clones.

PESTS

No information.

EFFECTS ON CROP TREES

Competition: Sword fern is a dominant species of understory vegetation on some of the most productive
growing sites for Douglas-fir and other conifers in British Columbia (Wagner 1979; Klinka and Carter
1980). However, it is not considered a serious or major competitor on the Coast since it interferes
significantly with the regeneration and growth of conifers only in localized areas where it is extremely
abundant or vigorous {Stewart 1976; M. Scott, pers. comm., Nov. 1984).'% Reduction or efimination of
sword temn from conifer plantations may reduce competition for moisture and light and may reduce the
desirability of these plantations as habitat for tree-damaging mammals (Stewart 1976), but the magnitude
and exact nature of the competitive effect have not been studied.

Alfelopathy: delMoral and Cates {1971} studied the atlelopathic potential of sword feminwestern Washington;
they found no evidence of inhibitory chemicals under either laboratory or field conditions.

Beneficial Effects: No information.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removai; Limited evidence suggests that sword fem initially decreases in cover following
logging {M. Scott, pers. comm., Nov. 1984; B.M. Geisler, pers. comm., Jan. 1985}, but that it slowly

190 Brand 1964.
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recovers (Lafferty 1972). Following logging of moist, productive sites in the CWH zone near Vancouver,
sword fern, previously an important understory species, could only be found in shady spots under a
protective canopy of bigleaf mapile.'®’ In contrast, 17 years after thinning of a spruce—hemilock stand on
the central Oregon Coast, sword fern attained higher percent covers on heavily thinned blocks than on
lightly thinned blocks {Alaback and Herman 1988). It seems likely that sword fern, like lady fern, is able
to maintain its cover on sites where soils remain moist after logging, and that its cover is diminished on
exposed and drier sites where evapotranspiraiive stresses are severe. The fronds often become dwarfed
in size following exposure to dry air and strong light (Frye 1934; Wagner 1979).

Fire: Slashburning studies inthe CWH zone near Vancouver show that sword fern is capabie of surviving even
a severe fire (Lafferty 1972), but on some sites it may be absent for the first few years fotlowing a fire or
restricted to unburned patches only.'® In the western Cascades of Oregon, Schoonmaker and McGee
(1988) found that sword fem averaged 8% cover in undisturbed forests, 2% cover on 2-year-old burns,
10% coveron S-year-old burns, and 19% cover on 30-year-old burns. Morris {1970) found that sword fern
was equally abundant on burned and unbumed clearcut areas from the third to the sixteenth seasons
following burning in western Washington and Oregon.

Cutting: No information.

Herbicides: In western Washington and Oregon, glyphosate causes very severe injury when applied in late
summer and moderate injury when applied in the fall (Conard and Emmingham 1984a). In British
Columbia, glyphosate is reported to cause very severe injury to sword fem {Boateng and Herring 1990).
Sword fem was significantly controlied but not eliminated one growing season after an early September
broadcast application of 1.4 kg a.i./ha glyphosate near Campbell Riveron Vancouver Istand {J.McLamon,
pers. comm, May 1989}.

Broadcast applications of hexazinone have caused moderate injury to sword fern in British Columbia
(Boateng and Herring 1990). D'Anjou (pers. comm., June 1989) found a 45% decrease in swordfern cover
foliowing a 4 kg a.i./ha hexazinone application.

Apb#ications of 2,4-D in the winter or amitrole in the spring are reported to provide poor control of sword
fern in western Washington and Oregon (Conard and Emmingham 1984a).

InOregon, dicamba and bromacil effectively controlled sword fern when applied at any time between mid-
May and mid-July (Stewart 1976).

Soil Disturbance: No information.

WILDLIFE

Food: Extensive use of sword fernis generally limited to periods when animat populations reach high densities
(e.g., introduced Sitka deer onthe Queen Charlotte Islands) and preferred foods are limited in distribution
(Kiein 1965).

Sword fern is a moderately important food for black-tailed deer year-round (Singleton 1976}, Leslie et al.
(1984) found that sword fern made up 13% of the annual diet and 70% of the winter diet of this deer at
a site in Washington (Jones 1975).

Sword femis animportant winter food for mountain beaverin Oregon (Stewart 1976). In British Coiumbia,
mountain beaver has a very restricted range and therefore consumption of sword fern by this mammal
is limited to a small geographic area in the southwest of the province.

Black bears sometimes forage on this fern (Frye 1934; Pojar et al. 1984).

197 Brand 1984,
192 |bid.
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Populus balsamifera ssp. balsamifera
{balsam popiar)
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Distribution of P. balsamifera in British Columbia. The dashed line indicates the approximate boundary
between ssp. bafsamifera (balsam poplar} to the north and east, and ssp. trichocarpa (black cottonwood) to
the south and west. Specimens intermediate between the two subspecies are common where their ranges
overiap.
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Populus balsamifera L. ssp. balsamifera Balsam poplar

DESCRIPTION

Balsam poplar is a deciduous tree with a long straight trunk and an open crown, reaching 35 m in height
and 60-80 cm in diameter. The bark is grey and deeply furrowed. The twigs are stout with large, pointed,
resinous buds. Leaves are broadiy lanceolate to ovate and untoothed. The fluffy seeds are produced onlong
drooping catkins {Hosie 1973; Hultén 1974).

Variation: No geographic varieties of balsam poplar are described in British Columbia {Taylor and MacBryde
1977). Baisam poplar hybridizes extensively with the ¢losely related black cottonwood (P. balsamifera
ssp. irichocarpa} and may hybridize with P. tremuloides in some areas (Hosie 1973; Hultén 1974).

DISTRIBUTION AND ABUNDANCE

Balsam poplar is found across Cahada but is replaced by black cottorwood through most of British
Columbia. In this province, it is restricied to areas adjacent to or east of the Rocky Mountains in the Peace
River and Fort Nelson lowlands (Hultén 1974} and east of the Rocky Mountain Trench {Krajina et al. 1982}.
it extends westward in northern British Columbia to the Stikine Plateau, Balsam poplar is abundant in the
BWBS zone, less common in the SWB zone, and occurs sporadicaily in some eastern subzones of the SBS,
IDF, and ICH {Krajina et al. 1982).

Altitudinal Range: Balsam poplar grows from sea ievelin Alaska to 1650 m elevation in the Rocky Mountains
{Fowells (compiler) 1965). It is primarily a lowland species {(Hosie 1973; Zasada ef al. 1981).

HABITAT

Climatic Relations: Balsam poplar is primarily a species of boreal climates, athough it occurs in arctic to
temperate climates. The boreal climate is characterized by frozen ground and snow cover for 6 or more
months duration with the average temperatures below -3°C during the coldest month and rarely above
10°C in the warmest month (Krajina et al. 1982).

Site and Soil Conditions: Balsam poplar is most commonly found on moist upland and alluviat bottomland
sites. It exhibits its best growth on moist, rich, bottomlands with deep soil. Where balsam poplar occurs
together with black cottonwood, the cottonwood generally inhabits the alluvial sites, and balsam poplar
the uplands. Balsam poplar rarely grows on dry, exposed sites. Soils supporting baisam poplar vary
widely and include gravels, deep sands, clay loams, silts, silt loams, and shallow organic soils, but not
deep peats (Fowells {compiler) 1965; Hosle 1973; Brayshaw 1978; Zasada ef al. 1981).

Nutrient Relations: The nutrient requirements of balsam poplar are high; it does not tolerate acid mor humus
forms in which nutrients are slowly released. Balsam poplar requires a good supply of calcium and
magnesium and prefers nitrates to ammonium as a supply of nitregen (Krajina et al. 1882). inthe BWBS
zone of northeastern British Columbia, it is most abundant on river terraces described as having a rich
nutrient status.

Water Relations: An abundant suppiy of soil moisture is critical for good growth of balsam poplar {Fowells
{compiler) 1965}, butit does not tolerate brackish water. [t is most often found on sites with a subhygric
to hygric moisture status. Flood resistance of balsam poplar is possibly the highest among the trees
growing in British Columbia (Krajina et al. 1982).

Light Relations: Balsam poplar has very low shade tolerance (Krajina ef al. 1982). Best growth and devel-
opment occurs in full suntight; it will not grow in competition with other species unless it is in a dominant
position {Fowells {compiler) 1965). Growth of shaded balsam popiar seedlings was significantly lessthan
that of unshaded seedlings in a greenhouse experiment in Alaska {Walker and Chapin 1986).

Temperature Relations: The frostresistance of balsam poplar is very high; it can become establishedin areas
of permafrost {(Krajina et al. 1982). In the taiga of interior Alaska, balsam poplar grows on sites with low
soil temperature, where surficial soif fayers do not completely thaw until well into the growing season and
frosts are common well into June {Foote 1983).
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GROWTH AND DEVELOPMENT

Batsam poplar is characterized by rapid earty growth that allows it to establish and maintain dominance
above other vegetation. Rapid growth can be maimained for the first 40-50 years of life by which time it can
reach heights of 25 m and diameters of 45 cm. Mature trees in southemn Alaska average 35 min height and
66 cm in diameter {Foote 1983); however, trees in eastern North America are typically smaller {Fowells
{compiler) 1965; Hosie 1973}. Balsam popiaris refatively short-fived in southem parts of its range but can live
as long as 200 years in Alaska {Fowels {compiler} 1965; Foote 1983). it normally has a shallow root system
{Hosie 1973}, especially on wel soils or where permafrost is present at shallow depths.

On good sites, balsam poplar will outgrow aspen. The dominance of balsam poplar over aspen on some
newly formed aliuvial sites in Alaska may be more related to flood tolerance than to growth relations.

Phenology: Catkins flower between Aprit and June before the leaves appear. The seed matures very early,
from mid-May io mid-June when the leaves are about two-thirds grown. Seed dispersal occurs
immediately after the seeds are mature. Flowering and seed maturation times appear to be regular from
year 1o year within ecotypic ranges (Fowells {compiler} 1965; USDA 1974),

REPRODUCTION

Seed Production and Dispersal: Balsam poplar first flowers between 8 and 10 years of age {USDA 1974); it
subsequently produces a good seed crop every year {Lutz 1955). The seeds have downy plumes and
are readily distributed by wind {Fowells {compiler} 1965; Brayshaw 1978), but seed deposition is greatly
reduced af distances greater than 100-200 m from the seed source (Zasada et al. 1961).

Seed Viability and Germination: Balsam poplar seed remains viable for only a few days following dispersal
(Fowells (compiler) 1965}. The seeds will germinate overabroad range oftemperatures {J. Zasada, pers.
comm., Sept. 1989}, often immediately after arriving on a suitable seedbed (Lutz 1955}, Thus, most
germinants appear in mid-summer. In an Alaska study, more than 80% of totat germinants appeared
within 2 weeks of artificial seeding and seedlings cortinued to appear for 3—4 weeks (Zasada et al. 1983).

Young balsam poplar seedfings are extremely susceptible to drying, rain damage, and soil fungi. They
require atleast 1 month of abundant moisture to ensure survival {LJSDA 1974). Zasada et al. (1981) observed
no seedlings establishing on organic and gravel surfaces at an aliuvial site in Alaska following harvesting
of a balsam poplar oversiory, but regeneration by seed is very common on these river hotlom sites
{Zasada 1971). Lutz (1955) reports abundant balsam poplar seedlings wherever mineral soilis exposed
and a seed source is available. Walker ef al. {1986) found that, on an Alaskan floodpiain, a litter—forest
floor seedbed strongly inhibited germination and/or initial establishment of balsam poplar. Seedling
density was increased by 5- to 10-fold once the litter and forest floor were removed. On upland sites,
J. Zasada (pers. comm., Sept. 1989) found no germination except on severely burned microsites.

Vegetative Reproduction: Balsam poplar will regenerate vegetatively from root suckers as weil as from stump
sprouts and buried branch pieces {Lutz 1955; Zasada ef al. 1981). Stump sprouts originate from either
dormant buds or fromcallus tissue. Callus sprouts usually originate at the top of a cut stump, er formwhere
a stump has been damaged during logging. Most root suckers grow from roots of approximately 1 cmin
diameter that occur within the top 2 cm of the soil. Suckers also develop from exposed roots. Suckering
is significantly jess in gravelly soil than in siity soils and is greatest where the organic layer has been
removed, exposing mineral soil. Branch parts must be well buried in the soil to produce aerial shoots
{Zasada ef al. 1983). Sucker regeneration is probably more important than regeneration from seed for
balsam poplar in Alaska {Lutz 1955).

PESTS

Primary disease and insect pests of balsam poplar are discussed in Foweils {compiler, 1365).

EFFECTS ON CROP TREES

Competition: There are no quantitative data onthe effect of balsam poplar competition on conifers. Its growth
easily outstrips the growlh rates of young conifers, especially when it is of sucker origin. White spruce
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is the primary crop species occurring in association with balsam poplar, and many of the most productive
aluvial growing sites in the boreal forest are occupied by fairly pure stands of balsam poplar {Neiland and
Viereck 1977; Foote 1983).

Allelopathy: Balsam poplar has been shown to have an allelopathic effect on the germination and early growth
of green alder (Jobidan and Thibault 1981).

Beneficial Effects: There are no reports in the literature of beneficial effects of balsam poplar on the growth
of coniferous trees. It plays an important role in stabilizing river banks and maintaining river islands, and
it may be a valuable crop tree in northem British Columbia,

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Trees cut or damaged during logging will sprout from the stu mp or sucker from the
roots; seediing germination will likely occuron areas of exposed mineral soil {Lutz 1955; Zasada et al. 1981 ).
Removal of the overstory canopy from a site in Alaska resulted in very large increases in balsam poplar
growth {Waiker and Chapin 1986).

Fire: Of the tree species in the northern boreal forest, balsam poplar is perhaps the most resistant to
destruction by fire {Lutz 1955). Like aspen, balsam poplar is stimulated to produce root suckers following
fire. In Alberta, the majority of balsam poplar suckering occurred during the second season following
spring burning of a 15-year-oid stand (Bailey and Anderson 1979). Density after 5 years was greater on
burned areas than on unburned areas.

Cutting: In an Alaskan study (Zasada et al. 1981), more than 50% of mature balsam popiar cut during the
summer, fall, and winter produced sprouts from callus tissue and dermant buds. Many stumps had more
than 25 sprouts after the first growing season. Sprout survivalontrees cut in the fail and winter was high,
but less than 15% of the trees cut in the summer had surviving sprouts after 4 years. Stump sprouting
was most pronounced on winter-logged areas, and sprouts originating from dormant buds were most
common after winter logging. Cutting also stimulates suckering from the roots, but there are no studies
documenting suckering response. inthe Fort St. John Forest District, the response of baisam poplar to
girdling has been similar to the response of aspen to this treatment. Girdling is apparently effective in all
seasons {P. Wadey, pers. comm., June 1989).

Herbicides: Glyphosate applied either by backpack spray or aerially at 2.4-3.0 kg a.i./ha has provided good
to exceilent control of baisam poplar.'®

Hexazinone applied as a liquid spray, by soil injection, or in granular applications also provides good
control of balsam popiar. This herbicide is ineffective in are as with deep organic layers. Liquid hexazinone
resulted in 100% control of balsam poplar 1 year after application of 2.2, 3.2, and 4.3 kg a.i./hainlate May
in Saskatchewan.'® Similarly, excelient control of baisam popiar occurred in Alberta 2 years after mid-
August and iate October applications of undiluted hexazinone liquid at rates of both 4 and 8 mL per spot
and either 1.5- or 2-m grid spacing.'% Liquid hexazinone applied around stem bases at 0.24 to 0.48 9/
cmof dbh gave effective seed tree control of baisam poplars that were 70 cm in diameter and 30 mtall, %
Hexazinone gridballs aerially appiied at 4 kg a.i./ha in late May to a mesic BWBSmw site near Dawson
Creek provided extremely good control of balsam poplar for at least five growing seasons. Less than 1000
stems per hectare emerged on the treated plots compared with over 32 000 stems per hectare on the
controls.’®”

Balsam poplar is resistant to 2,4-D and was less sensitive than aspen when sprayed with 2,4-D in the
dormant season. Rates of 2.2 kg a.i/ha had virtually no effect and a rate of 4.4 kg a.i./ha provided only
marginal control (Bowes 1981). Similarly, increasing the concentration of 2,4-D from 0.25 to 6.75 % did

193 Expert Committee on Weeds 1984-1988,
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not significantly increase the damage 1o baisam poplar in northeastern Saskatchewan (Waddington and
Bittman 1987). in Alberta, mortality was high on first-year suckers sprayed with 2.2 kg a.i./ha as a mid-
summer foliage spray, but spraying did not prevent further suckering fromtaking place the following year
{Bailey and Anderson 1979).

Soil Disturbance: Exposure of minerat soil favours germination of balsam popiar seed and may promote root
suckering by increasing soil temperatures. Branch fragments buried as a result of soil disturbance have
a high likelihood of regeneraling. (Lutz 1955; Zasada et al. 1981). Following heavy flooding, balsam
poplar quickly sends out new roots into the freshly deposited silt layers (Neiland and Viereck 1977).

Fertilization: On a tloodplain site in interior Alaska, balsam popilar fertilized with NPK had significantly higher
dry mass and stem growth (in some plots) than unfertilized seedlings. However, balsam poplar seedlings
were less responsive to fertilization than willow. An NPK fertilization in the greenhouse raised the
shoot:root ratio of balsam popiar seedlings from about 2 to 4 (Walker and Chapin 1986).

WILDLIFE

Food: Balsam poplar is a moderately important winter food for mule deer and Rocky Mountain elk in British
Columbia.'%® Snowshoe hares browse heavily on balsam poplar in Alaska (Walker et al. 1986}, and the
tree is a preferred food of beavers (Denney 1952, cited by Allen 1982). Squirrelsfeed onflowers and ieaf
buds in the spring (Harestad 1983). Balsam poplar sprouts after browsing (T. Lea, pers. comm., Feb.
1989).

Other Resources: Eagles use balsam poplar for perching, and cavity nesters make their home in this tree.

188 Blower 1982,
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Populus balsamifera ssp. trichocarpa
{black cottonwood)
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Distribution of P. baisamifera in British Columbia. The dashed line indicates the approximate boundary
between ssp. balsamifera {balsam poplar) to the north and east, and ssp. trichocarpa (black cottonwood) to
the south and west. Specimens intermediate between the two subspecies are common where their ranges
overlap.

124



Populus balsamifera L. Biack cottonwood
ssp. trichocarpa (Torr. & Gray) Brays
(P. tnchocarpa)

DESCRIPTION

Black cottonwood is a deciduous tree, up to 40 m high and 150 cm in diameter. The grey bark of mature
trees is deeply furrowed; young bark is smooth. Twigs are stout and hairless, with large, resinous, pointed
buds. Separate male and female flowers form long, drooping catkins which spiit to release seeds bearing
cottony down. Black cottonwood differs from balsam poplar in having wider ieaves and a three-valved rather
than a two-valved fruit {Hosie 1973; Brayshaw 1978).

Variation: There are many inlermediate forms between this subspecies and ssp. balsamifera where the
ranges of the two overiap in northem British Columbia (Brayshaw 1978).

DISTRIBUTION AND ABUNDANCE

Black cottonwood is found throughout southem and central British Columbia to the edge of the Rocky
Mountains. Itis absent along the outer coast including northern Vancouver Island and the Queen Charlotte
tslands. in northern British Columnbia, it is present adjacent o the Alaska panhandie but is replaced by balsam
poplar inland {Brayshaw 1978; Krajina ef al. 1982). Throughout the province it is abundant in major river
valieys. It is found in ali biogeoclimatic zones except the SWB and AT.

Altitudinal Range: Although black cottonwood primarily grows in valtey bottorms, it occurs from sea levelto the
lower limits of the MH zone on the British Columbia coast {Packee 1976) and has been recorded as high
as 2100 m in elevation in the Selkirk Mountains of the Interior (Fowells {compiler) 1965).

HABITAT

Climatic Relations: Black cotlonwood grows in climates ranging from relatively arid to humid, but it achieves
its best development in areas of humid climate {Fowells (compiler) 1965). It is absent from the cool,
perhumid areas of the outer British Columbia coast and is replaced by balsam poplar in the severe boreal
climate of the northeastern province (Brayshaw 1978). It occurs marginafly in subalpine climates {Krajina
et al. 1382).

Site and Seil Conditions: Black cottonwood is characteristically associated with river banks, gravei bars, or
low-lying land, but it also grows on the loams, clays, and rich humic soils of upland sites. Typicai soils
are young with little soil development. The largesttrees grow at low elevations on deep alluviai soils, while
the poorest growth is on newly deposited gravel {Lyons 1952; Roe 1958; Fowells {compiler) 1965).

Nutrient Relations: Nutritional requirements of black cottonwood are high. Like balsam poplar it requires a
good supply of calcium and magnesium and does not grow well on acid mor humus forms where nutrients
are released slowly (Krajina ef al. 1982). A pH of 6-7 is required for optimum growth {Smith 1957, cited
by Packee 1976). Black cottonwood commanly grows on deep alluvial soiis that are among the richest,
most productive growing sites in British Columbia.

Water Refations: Black cottonwood requires abundant, well-oxygenated water for optimum growth {Smith
1957, cited by Packee 1976). Itis highly tolerant of flooding, and grows abundantly on sites that receive
reguiar flooding, but it does not tolerate the brackish water that forms near the ocean or in stagnant pools
following flooding. Fine sediment deposited by flooding tends to reduce soil aeration and inhibit
cottonwood growth, whereas fast-roving water, rich in oxygen, speeds growth (Fowells (compiler} 1965;
Krajina ef al. 1982). Black cottonwood apparently has low tolerance of droughi, and throughout most of
its range is restricted 1o sites receiving supplemental moisture. There are reports (Shulte et al. 1987) that
black cottonwood is incapable of closing its stomata, which would make it very poorly adapted to drought.
in Washinglon, however, Pezeshki and Hinkley {1988) observed that whife a long drought period during
the growing season may significantly reduce red alder’s growth, it may have fess of an eflect on black
cottonwood’s growth. In climatically dry areas it survives in protected valleys and canyon bottoms, where
the roots can reach a permanent supply of soil moisture (Fowells {(compiler) 1965}.
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BLACK COTTONWOOD

Smith (1988) found that in a low-oxygen environment, rooted cuttings that were flooded for & weeks grew
slower than unflooded seediings. In a greenhouse experimerit (Harrington, 1987}, biack cottonwood
seedlings that were flooded a in low-oxygen environment for 20 days exhibited no differences in height
growth in comparison to non-flooded seedlings. However, during the 20-day recovery period after
flooding, the flooded seedlings had significantly siower height growth and put on significantly iess root and
teaf biomass than the non-flooded seedlings.

Light Relations: Black cottonwood is a shade intolerant species (Fowells (compiler) 1965; Krajina et al. 1982)
that grows best in full sunlight. It does not survive in a forest understory.

Temperalure Relations: While dormartt, black cottonwood is one of fhe most frost-resistant trees in the
northwestern U.S. {(Minore 1979) although it can be killed or damaged by late fall frosts (Fowells (compiler)
1965). It is presumably less tolerant of cold temperatures than balsam poplar (Krajina et a/. 1982).

GROWTH AND DEVELOPMENT

Black cotiornwood exhibits rapid juvenile growth that outstrips that of its competitors, allowing it to establish
and maintain a dominani position in a stand (Packee 1976). In Washington, Heilman and Stettier {(1985)
recorded average heights of 4-year-old pure black cottonwood stands at 10 m and average heights of black
cottonwood grown with alder at 11 m. Exceptional irees can reach 13.7 m in height and 18 cm diameter in
7 years. By age 27, black cottonwood can exceed 36 m in height and 80 c¢m in diameter. It is the largest-
growing deciduous tree in British Columbia. Maturity is normally reached in 60—70 years, but good growth
can be maintained for as long as 200 years. Black cottonwood outlives red alder in mixed stands. Best growth
occurs on coastal sites, with growth decreasing towards the north and in interior locations {F owells {compiler)
1965; Hosie 1973).

The tree develops a long straight bole and is normaily free of branches for most of its length. Young trees
have a narrow, conical crown with upswept branches (Lyons 1952). The root system is shallow and wide-
spreading (Hosie 1973).

In cutover areas, large numbers of sprouts are produced from cut stumps. With the possible exception of
red alder, vigorous cottonwood sprouts are the fastest growing plants on recently logged coastal aliuvial sites
on the Skeena River (J. Pollack, pers. comm., Jan. 1985). Observations from the Pacilic Northwest suggest
thatif biack cottonwood can establish a deep root systemit can outgrow afl other species (Heillman and Stettler
1985; Hinkiey et al. 1988, cited by Pezeshki and Hinkiey 1988). According to Pezeshki and Hinkiey (1988),
if soil moisture is adequate, first-year growth of black cottonwood and red alder will be about the same.

Phenology: The flowers of black cottonwood appear from [ate March or early Aprit through to late May on the
coast; fhey can appear as late as mid-June in some areas of the Interior. Leal emergence follows
flowering. Fruits are ripe within a month of flowering, and seed dispersalis as early as late May and early
July. Seed is shed between April and June on the coast (D. McLennan, pers. comm., July 1989). Trees
of northern and inland provenances cease growth earlier in the growing season than provenances from
south coastal areas {Fowells {compiler) 1365).

REPRODUCTION

Seed Production and Dispersal: Black cotionwood first produces seed at approximately 10 years of age.
Good seed crops are produced annuailly. The downy seed is light and buoyant and can be transported
for long distances by wind and water {Fowells (compiler) 1965; USDA 1974)}. The timing of seed dispersal
coincides with the timing of flooding in many coastal rivers. Sandbars along rivers may be covered by
seedlings in May and June (D. McLennan, pers. comm., July 1989).

Seed Viability and Germination: The viability of fresh seed is high but of shorl duration {Fowells (compiler)
1965). Cottonwood seed will readily germinate on a variety of favourable sites (Beals 1966}, parliculary
where bare soit has been exposed or new soil laid down. Moist seedbeds are essential for high
germination rates and seedling survival depends on favourably moistconditions for at least the first month
(Roe 1958; USDA 1974). Mortality of seedlings is extremely highbecause precise moisture requirements
must be met, Rools of developing seedlings must not dry out, thus successful growih depends on the
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ability of seediings to follow retreating subsurface water ievels as they subside after the summer flood (D.
McLennan, pers. comm., July 1989). Seedling establishment is the primary means of repreduction of
black cottonwood in the Cariboo Forest Region'® and probably throughout British Columbia.

Vegetative Reproduction: Sprouting from the stump is the most common form of vegetative reproduction in
black cottonwood, although minor root suckering aiso occurs (Roe 1958). Sprouts arise primarily from
suppressed buds on the stump but can also originate in wound callus (DeBell and Aliord 1972). Black
cottonwood is also known to regenerate from broken stem or root fragments incorporated in moist mineral
soil. An unusua! form of vegetative reproduction has been reporied by Galloway and Worrall {1979},
Small shoots, complete with green leaves, abscise naturally and either root where they fali, or are
transported some distance by water before taking root.

Arificial regeneration can be successfully obtained using stermn cuttings of various lengths. For best
results the cuttings should be collected from mid-December to mid-February from young saplings 2-3 m
tall. Cuttings should average 1—-2 cmin diameter and 25 cmto 3 min length depending on the application
(D. McLennan, pers. comm., July 1989). Early spring pianting is recommended to capture soil moisture.
Stine et al.(1981) report that survival of unrooted cuttings is as good as, or better than, survival of artiticially
rooted cuttings. However, other researchers {e.g., D. McLennan, pers. comm, July 1989) have observed
the opposite effect. Rooted cuttings have exhibited more rapid juvenile growth than unrooted cuttings.

PESTS
Principal disease and insect pests are described by Fowells {compiler, 1965}.

EFFECTS ON CROP TREES

Competition: Black cottonwood is a severe competitor with conifers because of its rapid height growth and
early dominance of forested sites. Competition is most severe on extremely productive bottomiand sites
and will continue for the length of the rotation. Early competition comes from plants of both sprout and
seed onigin. Cottonwood plants may be extremnely dense in the firstfew years of growth, but seli-thinning
will normally take place by age 5 as weaker trees are quickly suppressed by the more dominant plants
(Roe 1958).

Beneficial Effects: D. McLennan {pers. comm., July 1989) described the following beneficial effects of black
cottonwood on alluvial floodplains in British Columbia:

1. Black cottonwood can be a valuable crop tree. The short {20-30 year) rotation
reduces the risk of losing the piantation to erosion of alluvial surfaces.

2. Black cottonwood can be regenerated relatively easily and it establishes rapidly,
so that sites vulnerable to erosion are rapidly stabilized, which in turn reduces
siftation of fish habitat, reduces piantation erosion, and stabilizes hydrolic

. regimes.

3. The relatively nutrient-rich fitter is important for fish food chains.

Foliage provides summer shade to maintain cool water temperatures. Open
canopies in the winter allow higher light penetration.

Near Haney, van der Kamp (1986) detected nitrogen fixation activity in the wetwood of black cottonwood.
He suggested that wetwood of black cottonwood harbours nitregen-fixing bacteria that may contribute to
the total nitrogen input of forested ecosystems.

Allelopathy: A pot study (Heilman and Stettler 1985) indicated that black cottonwood leat and litter matenal
had an inhibitory effect on red alder seedlings. However, red alder seedlings grew normally in field soil
collecled from the cottonwood piots. This finding suggests that, at most, alielopathy is probably of minor
significance under field conditions.

99 pgrry 1983
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RESPONSE TO DISTURBANCE AND MANAGEMENT

Farest Canopy Removal: Black cottonwood is not found as an understory species beneath mature forest
canopies. Following logging, seeding-in occurs from residual or nearby trees. Trees cut during logging
sproul profusely and may produce some root suckers (Roe 1958). On northern Vancouver Island,
D. Harrison {pers. comm., July 1989} has observed that black cottonwood cover increased through
resprouting following forest cancpy removal.

Fire: Black cottonwood is highly susceptible to fire and even light burns can cause considerable injury {Fowells
{compiler) 1965). Cotlonwood is apparently not a fire-adapted species, but there are no reports in the
literature documenting its response to natural or prescribed fire.

Cutting: Young black cottonwood responds to cutting with vigorous sprouting. Repeated cutting on a 2-year
cycle does not significantly affect sprouting vigour (DeBell ef al 1984). DeBeli and Alford (1972} found
that when 2-year-old trees were cuil in February to a 30-cm stump, sprouts were abundant afier two
growing seasons. Most sprouts arose from dormant buds more than 15 cm above the ground level. When
the same trees were cut to 15 cm in height 2 years later, they sprouted more slowly and some sprouts
arose out of callus tissue. These adventitious sprouts were smaller and more susceptible to damage and
decay than those arising from dormant buds. The authors speculated that i the first cutting height had
been used for the second cutting, there woulkd have been no decline in sprouting vigour. The same study
found that sprouting vigour of eastern cottonwood { P. deffoides) was lowest when cutting took piace early
in the growing season, probably because food reserves were low afier initiation of growth in spring.

Mid-summer cutting of 4-year-old black cottonwood inthe CWH zone near Chilliwack resulled in effective
control 2 years after ireatment, as a result of the shading of cut stumps by salmonberry. On anearby site
that lacked shade, a mid-summer cutting treatment was followed by rapid resprouting (B. D’Anjou, pers.
comm., Nov, 1989},

Herbicides: In British Columbia, Washington, and Oregon, excellent control of black cottonwood is obtained
after summer or fall broadcast applications of glyphosate {Conard and Emmingham 1984b; Boateng and
Herring 1990). D'Anjou?® found that late spring broadcast applications can also be somewhat effective.
When he appiied glyphosate at 2.0 kg a.i./ha on various dates to a site in the CWH zone, he found that
the August 12 and September 3 applications were most effective, the June 4 application was next most
effective, and the July 9 application was ineffective.

Broadcast applications of hexazinone generally have caused moderate to severe injury to black
cottonwood in British Columbia, while spol applications have provided severe io very severe injury
(Boateng and Herring 1990). Excellent control of black cotlorwood was maintained 4 years after a
September application of S—11 mL/spot of hexazinone on a mesic SBSmg site inthe Prince Rupert Forest
Region. The single herbicide appli-cation was anticipated to release the coniters to a free-growing
condition (N. Endacott, pers. comm., July 1989}. Black cotlonwood suffered 80-95% delfoliation and
almost no resprouting one seascn after a mid-May application of hexazinone applied at 2 and 4 mL/spot
on a1 x2m grid in the Nelson Forest Region,

Broadcast appilications of 2,4-D amine have resulted in light to moderate injury to black cottonwood in
British Columbia. In Washington and Qregon, summer or late summer applications of 2,4-D amine to cut
surfaces have severely injured black cottonwood {Conard and Emmingham 1984b}).

Soil Disturbance: Logging disturbance or mechanical site preparation that exposes patches of moist mineral
soil can create an ideal seedbed for germination and survival of black cottonwood seedlings (Fowells
{compiler} 1965). Stem or root fragments incorporated into moist minerai soil can be expected to
regenerate, and damaged trees will produce new shoots.

Fertilization: Fertilization increased black cotiorwood growth in a 20-year-okd stand on a ficodplain in British
Columbia that had medium nutrient status. However, no response oeccurred ontwo nutrient-rich flpodplain

200 [rAnjou 1988a,
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sites supporting 10- 1o 15-year old black cottonwood trees. in addition, black cottonwood did not respond
to nitrogen fertilization on nutrient-rich sites onthe Fraser River. Phosphorus added below the soil surface
at the time of pianting had increased growth and survival of black cottonwood whips (D. McLennan, pers.
comm., July 1989).

WILDLIFE

Food: Black cottonwood is a moderately importam source of food to wildiife in British Columbia. it is an
important browse for Roosevelt elk in winter,®' a moderately important winter and spring browse for
moose {Singleton 1976), and a moderately important browse for white-tailed deer.2°2 Black cottonwood
sprouts vigorously after browsing (T. Lea, pers. comm., Feb. 1989).

Black cottonwood is a preferred food of beaver on Vancouver Island (Sadoway 1986) and probably
elsewhere. Squirrels feed on the flowers and leaf buds in the spring {Harestad 1983). Damage by small
mammals, especially voles or meadow mice, can be severe on young trees growing on grassy or herb-
covered sites. Rabbits and hares can clip twigs and girdle around stem bases {D. DeBell, pers. comm.,
Dec. 1984). Brewer (1980, cited by Cade and Sousa 1985) noted that ruffed grouse feed on buds and
catkins during winter in Washington.

Other Resources: Black cottonwood is important for daytime perching of bald eagles in winter. Stalmaster
and Newman (1979} found that bald eagles spent 44% of their perching time on black cottonwood. In
southern British Columbia, black cottonwood is an important cavity nesting tree for woodpeckers 283
Many other birds nest in black cottonwood including owls, hummingbirds, starlings, sapsuckers, flickers,
veeries, orioles, grosbeaks, and vireos (Cannings ef al. 1987).

20t Blower 1982,
202 1hid.
203 Korol and Wallis 1983,

129



Populus tremuloldes

{trembling aspen)

1cm

-]:1 cm

Miles
- 0 06 200
o 00 200 300
Kilometres
50°N
) e}
50°N )

BRITISH COLUMBIA

1309w ‘ 1200w

Distribution of P. tremuloides in British Columbia.

130




Popuius tremuioides Michx. Trembling aspen
(quaking aspen)

A comprehensive review of literature pertaining to the autecology and management responses of trembling
aspen is provided by Peterson ¢t al. (1989).

DESCRIPTION

Trembling aspen is a smail to medium-sized deciduous tree with a narrow dome-like crown that forms
extensive clones by means of root suckering. It is commoniy 6—12 m tali but can reach 25 min height. The
bark, whitish to greenish-grey with characteristic biack scars, is smooth but becomes furrowed at the base with
age. Twigs are slender, reddish or grey, with long, pointed buds. Leaves are nearly round with a pointed tip,
rounded teeth, and a flattened stalk that causes them to tremble in the breeze. The long, drooping male and
female catkins appearon separate trees. Femaie catkins release many tiny, cottony seeds (Viereck and Little
1972; Brayshaw 1978).

Variation: Aspenis the most widely distributed native tree inNorth America {Brisette and Barnes 1984). Three
poorly defined local varieties are recognized in British Columbia. The variety vancouverianais found on
Vancouver Island and adjacent coastal areas; var. aurea appears in the Cariboo Region to the Rocky
Mountains; and the typical var. tremuioides is widely distributed throughout the British Columbia mainfand
{Taylor and MacBryde 1977; Brayshaw 1978). Because the species forms extensive, genetically
identical, male or female clones, marked phenological or behavioural differences between adjacent
clones can be easily observed {Fowells {compiler) 1965, Steneker and Wall 1970; Brayshaw 1978).

DISTRIBUTION AND ABUNDANCE

Aspen occurs throughout British Columbia, east of the Coast Mountain Range. Variety vancouveriana is
scattered throughout the Georgia Strait area, but northwards, aspen occurs only sporadically on the coast
where it has migrated westward along major river valleys. It is extremely abundant in the central and
northeastern parts of the province, especially inthe BWBS, SBS, and IDF bicgeoclimatic zones, where itforms
extensive stands (Brayshaw 1978; Krajina ef al. 1982).

Altitudinal Range: Trembling aspen extends from valley bottoms to approximately 1200 m in the Interior and
is occasionally found nearsea levelonthe coast {Lyons 1952). ininterior Alaskail is confinedto elevations
below 900 m {Viereck and Little 1972}.

HABITAT

Climatic Relations: The broad geographic distribution of this species indicates that it is adapted to a wide
variety of climates. Cold continental and boreal climates appear to be more favourable than the humid,
equable coastal environment, and the species is almost absent in cool perhumid areas. Towards the
southem limits of its range inthe U.S., ittends to be found at higher elevations in the mountains oniy, and
in dry climates it may be restricted to protected habitats (Fowells {compiler} 1965). In northern British
Columbia and at high elevations it is most abundant on sunny, south aspects.

Site and Soil Conditions: Aspen can inhabit a wide range of sites, including shallow rocky soils, loamy sands
and wet clays, but it is predominantly a species of weil-drained uplands. Best growth is on moist but well-
drained and porous, loamy soils; rockiness greatly limits stand development (Fowells {compiler) 1965;
Steneker 1976; Bums {compiler} 1983). In British Columbia, trembling aspen occurs dominantly on
Luvisolic soils.

Nutrient Relations: Aspen is tolerant of poor soils and exhibits its best growth on nutrient-rich substrates,
especially calcium-rich soils derived from limestone {Fowels {compiler) 1965; Krajina et a/. 1982).
However, studies in Wisconsin indicated that soil nutrient levels were of little importance in determining
aspen site index {Fralish 1972). Aspen is regarded as a soil improver, particularly after fire {Fowells
{compiler} 1965). It has high levels of potassium in its foliage, wood, bark, and litter relative to other
northwestern tree species {Minore 1979), and it redistributes great quantities of nutrients {especially
calcium, magnesium, and nitrogen} to the surtace soil layers through its litter (Fowells {compiler) 1965;
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Krajina et al. 1982). Biogenic cycling of calcium by tfrembling aspen is believed to maintain the Luvisolic
soiis of the Fort Nelson area in a relatively productive state by retarding acid leaching (Valentine ef al.
{editors) 1978}.

Water Relations: Aspen is abundant on sites ranging from xeric lo hygric in moisture status, but best growth
is found on sites with abundant moisture (Krajina et al. 1982; Angove and Bancroft 1983). Fralish {1972)
indicates that soil moisture is the most important factor affecting the relalive growth of aspen, and water
tables between 1.0 and 2.5 m in depth are preferred, especially in coarse- and medium-textured soils.
Aspen can survive long periocds of flooding (Krajina et al. 1982).

Light Relations: Aspen is a shade-intolerant species that requires full sunlight for growth {Lutz 1955; Krajina
etal. 1982). Whenovertoppedbylarger trees, it deteriorates and eventually dies {(Mueggler 1984). Strong
lightis needed to stimulate production of root suckers and ensure their continued, vigorous growth. Higher
light intensities increase production of roots in young suckers {Fowells {compiler} 1965; Johansson and
Lundh 1988). Atlessthan 10% fullsunlight, sucker density is fess than 10%of that on a clearcut {(Mueggler
1984).

Temperature Relations: Frost resistance in aspen is high, and the species survives easily in frozen ground
having no snow cover {Krajina et a/. 1982). In the taiga of Alaska it is dominant on sites where the
permafrost layer comes to within 20 cm of the soil surface (Foote 1983}). Foliage is susceptible fo late
spring frosts (Strain 1966). Soil temperature is very important in the production of root suckers. Direct
heat must reach the forest floor and temperatures must be 20-30°C for maximum production of root
suckers {Fowells (compiler} 1965; Steneker 1976). Root cullings from 10-year-old aspen exposed to
different temperatures (10 and 25°C) and light intensities produced the most and largest suckers at 25°C
and high light intensities (Johansson and Lundh 1988).

GROWTH AND DEVELOPMENT

Aspenis characterized by rapid early growth and a relatively short life-span. Although individuai trees may
live as long as 200 years, stands generaily reach an advanced state of decay between 55 and 90 years. The
tree develops a slender, limb-free trunk and a small crown. The wide-spreading roots typically extend 1.01o
1.5 minto the soil bul can penetrate to as deep as 2.2 m and may extend as far as 14 m from the stem base.
Root development can be greatly hindered in rocky soils {Lutz 1955; Fowells (compiler) 1965; Maini 1972;
Hosie 1973).

Aspen is most often seen in cutover or recently burned areas as small clumps of trees, each consisting of
large numbers of root suckers {Schier and Campbeil 1978). Sandberg {1951, cited by Schier and Campbell
1978) found that competition between the suckers usually reduces most clumps 1o a single stem by the fifth
year and almost all 10 a single stem by the tenth year, Vigorous suckers may grow as much as 2 m in their
first year, but subseguent height growth will average 30—60 cm annually {Steneker 1976). Seedling growth
is much slower. Fowells {compiler, 1965} reports that growth in the first year averages 30 cm, while in Alaska,
3-year-old seedlings reached a maximum height of 27.5 cm {Zasada ef al. 1981).

Phenology: Flowering takes place before the leaves appear in early spring {usually Aprii or May}. Alitrees
within a clone develop their flowers simuitaneously, allhough separate clones flower at different times.
Male clones flower before females ¢lones. The fruits mature as the leaves expand and are normatly ripe
during May or June, about 4—6 weeks after flowering. Seed dispersal takes place shortly after ripening
is complete, typically in the firsl few weeks of June. Within ecotypic zones, tlowering period and time of
seed maturity appear to be quite regular and differences in flowering time apparently depend on current
temperatures {Fowells (compiler) 1965; Steneker and Wall 1970; Viereck and Little 1972; USDA 1974;
Brayshaw 1978). Leaf phenology is also identical for all trees within the same clone. Earliest and latest
flushing clones within a given area may be 1--3 weeks apart in their phenological development, giving a
patchwork appearance 10 an aspen stand, and making detineation ot individual clones easy. There may
also be several weeks difference inthe timing of leaf fall among different clones { Steneker and Wall 1970).

in a provenance study located in Michigan (Brissette and Barnes 1984}, clones from western North
America initiated shoot growth earier in spring than clones from Michigan, indicating that, under native
conditions, the western families are adapted to initiate growth at lower accumulated degree-days. Clones
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from northern latitudes or high elevations afso ceased growth much earlier than the Michigan clones
because they are genetically adapted to the photoperiods and growing season temperatures of their
native habitats.

REPRODUCTION

Seed Production and Dispersal: Aspenbegins to flower between 10 and 20 years of age. Flowers are typically
unisexual, with male and temale trees occurnng in separate clones, but a small percentage of both maie
and female trees bear perfect flowers. The ratio of male to female trees is approximately 3 to 1 in natural
popuiations in the eastern U.S. Polien is wind-dispersed between clones. Female trees produce an
adequate seed crop annually, with good seed crops every 4-5 years. The tiny cottony seeds can be
carried severat kilometers by wind {Fowells (compiler) 1965; Maini 1972},

Seed Viability and Germination: The viability of fresh fertile seed is high (Fowells (compiler) 1965}, but seeds
remain viable for only 2-3 weeks after maturity {Strothman and Zasada 1957). Reproductiondoes occur
from seed (Maini 1972) but is rare, primarily bacause the short period of viability rarely coincides with
environmental conditions that are sufficiently moist to allow seedling establishment {Barnes 1966}
Peterson et al. {(1989) indicate, however, that seedling establishment may be more important in relatively
cold northern soils than is generally believed. Germination rates of 90—100% are possible if conditions
are sultable {(Mueggler 1984). Seed germination and seedling survival are beston moist mineral or humus
seedbeds with moderate temperatures, good drainage, and little competition from other vegstation
{Steneker 1976; McDonough 1979; Mueggler 1984}. Germination is optimum between 10 and 21°C and
ternperaturesinexcess of 27°C are detrimental (Mueggler 1984). Regenerationfromseediings is of minor
significance as ameans of reproduction inwesternNorth America {Fowells {compiler) 1965; Steneker and
Walil 1970).

Vegetative Reproduction: The dominant form of regeneration in aspen is through suckers or adventitious
shoots thatdeveiloptromthe extensive lateral root system {Steneker 1976; Schier 1981; Schier etal. 1985).
Meristemns that begin in the cork cambium during secondary growth either develop into buds and then
elongate into shoots or, more frequently, stop growing after the bud forms {Schier et al. 1985). Sup-
pressed buds do not sprout as vigorously and may remain inhibited, while newly initiated meristerns
develop into suckers. Sprouts from the root coliar or stump are uncommon but do occasionally occur
{Maini 1972) in saplings and younger stems {Mueggler 1984}. Root suckers in Alaska appeared up to
25 m away from a fire-killed mature aspen, with the majority of the suckers occufring within 10 m.of the
stermbase {Lutz 1955). However, Schier {1981} provides evidence that suckering trom lateral roots does
not appear to depend on distance from the parent plant tree or root age. Suckers nortnally originate trom
roots in the upper 10 cm of soil but can appear on roots as deep as 28 cm (Kemperman 1978; Schier and

Campbell 1978).

Sucker development on aspen rcots appears to be suppressed by auxin transported fromthe aerial parts
of the tree {i.e., apical dominance). When movement of auxins into roots is halted or reduced by cutting,
burning, girdling, or defoliation of trees, auxin laveis in the roots decline. In addition, cytokinins can no
longer move out of the roots, resulting in an increase in the ratio ot cylokinins to auxins, which promotes
suckering {(Mueggler 1884, Schier ef al. 1985).

Suckers are dependent onthe parent root carbohydrate reserves until they emerge from the soil surfface
and can photosynthesize. Low levels of carbohydrate reserves in the parent root can limit the density of
suckers. Thisis particularly true of deep-rooted clones, because the suckers require more energy to push
up ito the soit surface. Carbohydrate reserves can be exhausted and sucker production drastically
reduced by repeated destruction of new suckers by browsing, cutting, burning, or herbicide spraying
{Mueggler 1984; Schier et al. 1985).

A tew suckers will arise every year, even in undisturbed stands, but strong light and heat must reach the
forest floor to stimulate vigorous suckering (Fowells (compiler} 1965). High temperatures increase
cytokinin production in the roots and may also lower auxin concentrations in roots by speeding its
degradation. Thus, high temperalures increase the cytokinin o auxin ratio and stimulate suckering
{Mueggler 1984; Schier et al. 1985). The temperature range for suckering is 18-35°C, with 24° being
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optimum {Peterson ef al. 1989). Light is not essential for sucker initiation, although increased light
intensity increases sucker density and growth.

Suckering produces extensive clones of genetically identical trees. Clones as large as 81 hain size have
been identified in western North America (Kemperman and Bames 1976}, but most clones are much
smaller. Trees of different clones vary significantly in their suckering ability, phenology, growth rates,
form, and disease susceptibility (Steneker and Wall 1970; Maini 1972; Mueggler 1984).

Age does not seem {o affect suckering capacity, provided that the stand is not breaking up as a result of
decay and old age {Steneker 1976)}. In detericrating stands, sprouting is inhibited because the shrinking
root system results in a low cytokinin:auxin ratio. i root density has declined appraciabty, regeneration
following cutting or burning will be sparse or patchy (Mueggler 1984). Barring (1988) provides some
evidence, however, that the roots of the closely related European aspen {Populus tremuila) may remain
alive for a long time after the disappearance of parent trees, enabling the species to form suckers
continuously.

PESTS

Aspenis highly susceptibie to various forms of decay and periodically suffers frommajorinsect infestations.
Young suckers without at least one injury due to insects or pathogens are rare (Peterson ef al. 1989). Principal
disease and insect pests are outlined by Fowelis {compiler, 1965).

Galls, lesions, and shoot dieback are very commeon in young aspen stands and increase with decreasing
site quality {Perala 1984). However, most injuries heal within a few years and do not contribute to suppression
or mortality. Hypoxyfen mammatumis a prevalent and lethal canker disease of young aspen. Peak infections
occur at about 7 years of age and stem infections kill saplings within 2 or 3 years. White trunk rot (Phellinus
tremulae) is the most important cause of decay in aspen stands older than 20 years (Perala 1984}). Armiliaria
mellea infections of aspen stump roots have increased with succeeding short-rotations of aspen stands in
Ontario {Stiell and Berry 1986}. The high incidence of Armillaria probably contributed to the observed de-
crease in the number and size of aspen suckers, and similar Armiflaria infections may reduce the productivity
of short-rotation stands.

EFFECTS ON CROP TREES

Competition: Aspen is considered to be a serious competitor with coniferous trees threughout most of the
interior of British Columbia, especially in the BWBS zone, where it is particularly well established.
However, aspen rarely exceeds 10% cover within 15 years of site disturbance in the wetter ICH subzones
in the Kamloops and Nelson Forest Regions. It is not considered to be a hindrance {o establishment,
survival, or growth of conifers in these productive subzones.?** | rarely seeds-in to clearculs, thus
competition results from the suckers of trees aiready established prior to harvesting. The numbers of
young suckers produced can be immense: a single tree in Alaska reportedly produced 36 230 suckers
within 3 years {Lutz 1955). Aspen density and the rapid growth of young suckers provide young conifers
with severe competition for root and crown space {Lees 1966). Suckers have the advantage of an
established root system and always grow more rapidly than coniferous seedlings when open-grown
{Jones 1974).

Conifers growing beneath an uhderstory of aspen are also subject to significant mechanical damage
(Kitiredge and Gevorkantz 1929). “Whipping” damage is particularly severe at approximately 55-75 years
when understory trees begin to pass through the increasingly decadent aspen overstory {Lees 1966).

Beneficial Effects: Aspenis considered to be a site improver where burning or other forms of disturbance have
reduced soil nutrient levels, because it retumns large quantities of nutrients to surficial layers through its
fitter (Fowells (compiler) 1965; Krajina ef al. 1982).

Aspen stands of present or potential value occur on many NSR and non-commercial brush areas in the
province. Some of these stands may be best managed for pure hardwood or mixed wood production.

204 Mather 1988,
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Nutrient losses due to harvesting will be minimized if rotations are greater than 60 years and if whole-tree
harvesting occurs during the leafless season, so that the foliage component of the nutrient pool is not
removed from the site {Peterson et al. 1989).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Trembling aspen rapidly increase following overstory removal. However, it has
been observed (J. Wright, pers. comm., July 1989} that much fewer suckers are produced in the drier ICH
subzones than in cooler zones such asthe MS and SBS (J. Wright, pers. comrn., July 1989). Even where
there are only a few scattered aspen residuals in a conifer stand, aspen root suckers will generally
dominate regeneration after logging as long as aspen root density is adequate {Schier et al. 1985). Trees
cul or damaged during logging will produce prolific suckers. Even trees that remain undamaged after
logging will produce suckers because the root system is stimulated by the increased fight and heat on the
tforestfloor (Fowells (compiler} 1965). Suckers cangrow upto 2 minheight during the first growing season
following overstory removal (Steneker 1976). inthe Penticton Forest District, 1-year-old suckers average
40 cm in height on moisture-deficient sites and 95 cm in height on sites with moisture availabie all year.2%
Sucker densities in the first year after harvest can reach 225 000 stems per hectare, but regardiess of the
first-year density, stands self-thin and usually stabilize in the range of 20 000—25 000 stems per hectare
{Peterson et al. 1989).

Fire: Trembling aspenis adaptedto an environment with recurring fires. High severity fires kill aspen, promote
profific sprouting, and maintain the seral aspen stage {Brown 1985b; Jones and DeByle 1985}. Almost
all even-aged aspen stands in the western LJ.S. appear to be the result of severe fire {(Jones and DeByle
1985). Low severity fires thin aspen stands; aspen suckers and fire-tolerant conifer species (e.g.,
Douglas-fir and ponderosa pine} fill in canopy gaps.

Most suckers arise in the first year following a burn (Bailey and Anderson 1979; Zieroth 1984). The rapidly
growing aspen suckers dominate burmned sites before shrubs or trees that regenerate from seed are able
to compete successfully. Brown {1985b) found that within about 4 years of burning, sucker density
decreases and stabilizes as a result of competition-induced moriality. Burned areas typically produce
maore suckers than unburned areas because burning increases light intensity reaching the forest floor, and
high soil temperatures in the rooting zone stimulate suckering (Horlon and Hopkins 1965; Rouse 1986).
A temperature threshold of 16°C for sucker initiation may exist {Hungerford 1988). The release of
nutrients associated with burning may stimulate the growth rate of suckering during the first year after a
tire {(Fowells (compiler} 1965). High cytokinin:auxin ratios promote aspen suckering. These high ratios
result when fire kills phloem tissue and leaves, thus preventing the downward flow of auxins and the
upward flow of cytokinins {Brown 1985bj}.

Aspen suckering is cornmon on burned sites in the SBS zone and is paricularly prolific on dry sites that
have abundant aspen prior to harvest {Hamilton 1388; Hamilton and Yearsley 1988}. Root suckers can
reach over 2 m in height within a few years and attain 10—-20% cover in 16 years following burning of
submesic and mesic sites.

Repeated burning is thought to promote suckering and result in denser stands {Fowells {compiler} 1965),
but the regenerative capacity of aspenroots is not unlimited. A study by Buckman and Blankenship {1965)
found that repeated spring bums eventually caused a significant reduction in sucker density. Jones and
DeByle (1985} suggest that frequent fires may adversely affect site quality for aspen.

Cutting and Grazing: Cutting at any time of the year results in rapid regrowth ot root suckers. In the ICHmMw
subzone in the Salmon Arm District, suckers average 0.5-1 m in height after one growing season
{J. Wright, pers. comm., July 1989}. Many suckers were 1 mtall 2 years after cutting with chainsaws and
brush saws in the SBSmk subzone near MacKenzie {D. Greeniey, pers. comm., July 1989). Suckers
appear immediately after cutting treatments carried out during the growing season, or early in spring after
a dormant season cutting (Fowells {compiler) 1965; Steneker 1976; Mueggler 1984). Factors that may
influence sucker production include light availabiiity, temperature, site quality, stump height, and cutting
season (Johansson 1985b}.

205 Noble-Hearle 1989,
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Cutting during the active season tends to minimize the number of suckers (Fowells {compiier) 1965;
Sution 1984}, but Stenecker {1976} found that the effed! of cutting season was negligible 2 or 3 seasons
after treatment. Similarly, Belta (1986} found that initial differences in stand density on summer and winter
cut areas diminished significantly within 5 years of treatment. Although winter cutting usually results in
more suckering than summer cutting, Bella (1986} found the opposite effect after cutting 70- 1o 80-year-
old aspen stands in east central Saskatchewan. This apparent discrepancy is explained by the fact that
the winter-logged area had more stash than the summer-logged area, hence soil warming was inhibited
on the winter-logged area.

When suckers are extremely numerous after clearcutting, the number of suckers rapidly declines over
time due 1o self-thinning and other damaging factors including insects, browsing, and snowpress {Schier
ef al. 1985)

in a study examining the effect of repeated harvesting {cutling) ai roiations ranging from 1 to 20 years,
Stielt and Berry (1986} found that the shortest rotation at which sucker production can be physiologically
maintained is about 10 years. Reduced growth in short rotations may be due to depletion of root stores
by the frequent removal of photosynthesizing tops.

Cultrees canproduce more thantwice as many suckers as girdled trees, and sucker growth from cuttrees
is superior {Schier 1978}. Bancroft indicates that complete girdiing is recommended to kill aspen
eftectively and that mortality may occur in 1-3 years.?®® He recommends girdling in the spring to obsiruct
the full growing season’s supply of carbohydrates to the roots.

Moderate browsing causes vigorous sprouting of aspen, but intense browsing can severely damage or
kill aspen sprouts. Although sheep are more destructive than cattle, aspen sprouts are out of reach of
sheep sooner than of cattie (Brown 1985a). Trembding aspen showed severe signs of lost vigour 1 year
after spring and early summer sheep grazing near Clearwater {G. Ellen, pers. comm., Aug. 1989}.

Herbicides: Broadcast applications of 2-3 kg a.i./ha glyphosate have provided good to excelient controf of
trembtling aspen (Sutton 1984; P. Wadey, pers. comm., June 1989; J. Wright, pers. comm., June 1389).
Both Sution (1984) and Mihajlovich and Switzer® found that fall applications were generally much less
eflective than summer applications. Length of controt following aerial applications of glyphosate is
variable. One year after a late August broadcast spray of 3.0 kg a.i./ha near Dawson Creek, the freated
area had 400 aspen {and balsam popfar} shoots per hectare compared to 22 300 aspen {and balsam
paplar) shoots per hectare on an untreated control.2%®

Hack-and-squirl treatments with glyphosate are highly effective. Hack-and-squirt may be most effective
on stemns smaller than 40 cm dbh.2%¢ A mid-July hack-and-squirt treatment in the SBSmk subzone with
a 50% solution of glyphosate and water 1 year prior 1o harvest eliminated 90% of aspen root suckering.
This treatment was considerably more effective in reducing suckering than a post-harvest cut stump
application.?’® Near Penticton, hack-and-squirt was effective at one hack per 3 cm dbh with 1 mi of 50%
glyphosate injected.?"' Another study found that undiluted glyphosate applied by hack-and squirt in
August at 1 mL per 3-5 cm dbh resulted in compiete aspen top-kill.2'? Fali applications of 1.6 kg ai’ha
glyphosate with brush saws equipped with herbicide applicators has been severely damaging to aspen
in a dry IDF subzone in the Cariboo.?'® Bancroft suggests thal tree injections of glyphosate be applied
in late summer orfall to ensure movemnent of the chemicalto the roots.?'* He recommends a 3-year period
between tree injection treatments and harvest of the coniferous component of the stand to controf aspen
suckering.
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Broadcast or spot applications of hexazinone control aspen providing organic soil layers are not deep.
Excellent control of aspen was maintained 4 years after September applications of 9-11 mL per spot
hexazinone on a mesic SBSmc site in the Prince Rupert Forest District (N. Endacott, pers. comm., July
1989). Hexazinone applied in four spots within 30 cm of tree bases at 1 mL per 10 cm.dbh resultedin 70%
kill after 1 year.2'® Liquid hexazinone applied around stem bases at0.24-0.48 g per 1.cm of dbh controlled
aspen seedtrees in the Prince Rupent Forest Region.2'® Spot gun applied hexazinone caused 90—100%
defoliation of aspen within 2 years of ireatment on a variety of sites in British Columbia.2'?

Airor ground application of 2,4-D at 2.2 kg a.i./ha will kil all above-ground tree parts, but it will not prevent
suckering {Bowes 1981; Hamiss and Bartos 1985). However, 2,4-D appilied at 4.4 kg a.i./ha kills aspen
and results in minimal suckering. Basham {1982) found that afler being sprayed with 1.4 kg a.i/ha of
2,4-D, surviving aspen had reduced height and diameter growth, but within 6 years they had resurned
normal growth rates. To stimulate aspen regeneration, Hamiss and Barlos (1985) recommend herbicide
application soon atier aspen leaves are fully expanded. For conifer release, they recommend herbicide
application 1-3 weeks before aspen leaf fail.

Bancroft reports that one study found that pure 2,4-D amine applied by hack-and-squirt in August at 1 mL
per 3-5 cmdbh resulied in complete aspen top-kill. " He suggests that tree injections of 2,4-D be applied
in iate summer or fall to ensure movement of the chemicat to the roots.

Soil Disturbance: Site preparation metheds that expose areas of mineral soil, such as scarification and
discing, will increase suckering by increasing soil temperatures and light penetration in the rooting zone
(Fowells (compiler) 1965; Jones 1974). Rows of suckers often appear along plowing furrows prepared
for conifer regeneration (Fowells (compiler) 1965). A high level of cultivation that eliminates the aspen
rool systemis needed for effective control. Deep plowing techniques thattear up the tree roots wiki reduce
suckering. For exampie, 30 cm deep cultivation significantly reduced suckering of aspeninthe BWBSmw
subzone inthe Fort St. John Forest District (P. Wadey, pers. comm., June 1989). Soil compaction as a
result of sitvicultural or harvest operations may reduce suckering because root buds, from which suckers
are formed, are near the soil surface where compaction is greatest.

To retard aspen growth for the benefit of conifers, scarification should be carried out atter the suckers have
completed at least one season’s growth {Basham 1988). incontrast, fo attain sucker density and stocking
for the development of a mature aspen stand, scarification should be carried out within 1 year of harvest.
Basham {1982) tound that scarified 3-year-old aspen suckers had significantly lower stem volumes alter
treatment than unscarified suckers, primarily due to damage to root systems. Scarification wounds on
root sysiems were responsible for significantly more internal decay and-stain on scarified than unscarified
suckers. Susceptibility to windthrow and breakage due 1o decay is expected to be higherin scarified than
unscarified aspen.

Hamilton and Yearsiley {1988) observed no differences in the abundance of aspen after mechanical site
preparation compared to burmning in the SBS zone.

Fertilization: Nitrogen fertilization significantly increases aspen foliar biomass and leaf area {Coyne and van
Cleve 1977). Aspen volume increased by 6—11% five years after application of various combinations of
nitrogen, phosphorus, and polassium in Saskatchewan (Weetman et al. 1987). Saftord and Czapowskyi
{(1986) found that nitrogen ferilization increased both growth and monality of aspen 10 years after
appiication, possibly by increasing competition and seli-thinning. However, lime decreased montality of
nitrogen-fertilized aspen, possibly by reducing the aclivity of Armiliaria meflea.

‘WILDLIFE

Food: Trembling aspen is important for unguiates, small mammails, and birds in British Columbia. it is
common winter and summer food for moose, mule deer, and white-tailed deer, and a year-round food
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source for Rocky Mountain eik (Banfield 1974; Singleton 1976; Rue 1978; Harvey 1981).2'® Mule deer
feed on the bark {Fowells {compiler) 1965; Mclean 1979; Zieroth 1984, Sampson 1989). Aspen leaves
are a preferred summer food of porcupines (Banfield 1974} and these animals also eat the buds and
catkins {Chapman and Feldhamer (editors) 1983). Aspen is preferred by beaver (Denney 1952, cited by
Allen 1982; Banfield 1974), although Jenkins (1981, cited by Allen 1582) indicates that the apparent
preference may be a refiection of higher availability of aspen over other tree species. Trembling aspen
is important to snowshoe hares, particularly in winter (Hansen and Flinders 1969; Banfield 1974; Wolfi
1978). ltisimportant winterfoodthroughout the range of rutted grouse, and Cade and Sousa (1985) report
that in Minnesota, one mature male trembling aspen provides 8 or 9 days of food for one grouse. Aspen
buds and twigs provided 55% of the winter diet of rutfed grouse in Alaska (McGowan 1973, cited by Cade
and Sousa (1985) and 35% in Alberta (Doerr et al. 1974, cited by Cade and Sousa 1985).

Other Resources: Aspenclones provide cover and edge habitat forbig game (Zieroth 1984) and aspen stands
with dense understories are important habitat for snowshoe hares. Aspen provides habitat and nesting
sites for many game and song birds. Ruffed grouse are associated primarily with forests in which
trembling aspen is the dominant species (Gullion and Svoboda 1972, cited by Cade and Sousa 1985;
Cannings et al. (1987), and breeding blue grouse have a preference for aspen clones {Aldrich 1963, cited
by Schroeder 1982). Trembling aspen is an important nesting tree for many birds in British Columbia,
including woodpeckers, owls, herons, sapsuckers, flickers, flycatchers, nuthatches, orioles, and finches
(Keisker 1986; Cannings ef al. 1987; Sadoway 1988).22¢

219 Blower 1982
22C Karol and Wallis 1983,
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Pteridium aquilinum (L.) Kuhn Bracken

DESCRIPTION

Bracken is a large weedy fern with fronds that arise singly from an extensive creeping underground
rhizome. The fronds are approximately 1--2 m tali with a stout, straw-coloured stipe (stem) and a triangular-
shaped blade. The blade is 3 times pinnately compound; the final leaf divisions (pinnules) are leathery above
and densely woolly beneath. The spores are berne in sori along the edge of the underside of the leaf {Taylor
1973a; Cody and Crompton 1975}.

Variation: Bracken is a worldwide species with many geographic varieties. The westem bracken found in
British Columbia is described by Taylor and MacBryde (1977} as Pteridium aquilinumssp. aquiinumvar.
pubescens. The biology, ecology, and control of bracken have been widely studied in Brilain and
elsewhere. British information on the autecology of bracken should apply welito var. pubescensin North
America {Cody and Crompton 1975; D. Minore, pers. comm., Dec. 1984}, but subspecies from New
Zealand and other (subjtropical areas behave differently since there is often no dormant season (Fletcher
and Kirkwood 1979).

DISTRIBUTION AND ABUNDANCE

Bracken is one of the most widely distributed and successful vascutar plants in the worlkd {Page 1976). In
British Columbia it occurs along the entire length of the coast and to approximately 56°N latitude in the Interior.
H is most abundant in the CDF zone and adjacent drier subzones of the CWH on the south coast, and in the
ICH and IDF zones in southeastern British Columbia. Over the rest of the province its distribution is sporadic
and poorly documented. Bracken usually occurs in pure stands of clumpy distribution. In general, bracken
is not abundant in areas where the natural vegetation is undisturbed by man {Page 1976).

Altitudinal Range: Bracken has been found at over 1800 m in the Alps (Fletcher and Kirkwood 1973) and as
high as 3250 m in the Colorado Hockies (Page 1976). in British Columbia, however, it is rarely seen at
high elevations (Taylor 1973a).

HABITAT

Climatic Relations: Around the world, bracken has successfully adapted to climates ranging from dry
mediterranean to wet tropical (Gliessmann 1976}, but it is not present in hot and cold deser regions. The
northern limit of its range is set, at least partiaily, by winter cold, and also by a minimum requirement for
growing degree days above 5.6°C {Page 1976}. Cody and Crompion {1975) summarize climatic
conditions where bracken occurs in Canada as having meantemperatures ranging from as low as-15°C
in winter to as high as 21°C in summer and precipitation ranging from 61 fo 165 cm annually. However,
precipitation is undoubtedly higher at some locations on the west coast of Vancouver island where
bracken exists. Bracken is not found in British Columbia over most of the boreal forest, nor in the driest
areas of the province. Itis most abundant in areas of humid climate, relatively mild winters, and a lengthy
growing season.

Site and Soil Conditions: Throughout its range, bracken is associated with a wide variety of disturbed habitats
such as old fields, burned areas, roadsides, bomb sites, and recent lava deposits. Bracken favours sites
where mechanica! disturbance was high or burns were deep (T. Lewis, pers. comm., May 1989)}. Itis also
found on undisturbed open forest and woodlands, in swamps and peat bogs (Cody and Crompton 1975;
Fletcher and Kirkwood 1979). in Canada, bracken is found on Podzolic and Brunisolic soils {Cody and
Crompton 1975). A study inMichigan (Hellum and Zahner 1966) indicaled that best developmant occurs
on deep glacial outwash sands of medium productivity, and poarest growth is on outwash sands of low
productivity.

Nutrient Refations: Bracken is characleristically found on subacidic to acidic, mutrient-deficient soils. lts
absence on nutrient-rich sites is apparently due not to an intolerance of high levels of nutrients, but rather
to lack of opportunity or an inability to compete successfully with rich-site vegetation {Hellum and Zahner
1966; Watt 1976; Fletcher and Kirkwood 1979). Nitrogen, phosphorus, petassium, and calcium are
important for the growth of the sporophyle, and it responds wetll to fertilization, especially with potassium
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and nitrogen {Watt 1976; Fletcher and Kirkwood 1979). In northem Idaho, bracken is significantly
associated with soils having high levels of potassium {Mueggler 1965). However, nutrient status seems
to be less important for growth of bracken than other environmental factors.

Carlisle ef al. (1967) studied nutrient cycling in an oak woodland in Britain and conciuded that Pteridium
piays an importani role in the woodland nutrient cycie. It contributes a significant percentage of soil
nutrient inputs through its fitter and through foliar leachate. Itis particularly importantin potassium cycling,
contributing 31.4% of the total potassiumfalling on the site. Otherresearch indicates that the nutrient level
of bracken litter is low relative to other species (e.q., 1% potassium, 0.0085% phosphorus), but the quality
of the litter depends greatly on habitat conditions and frond vigour {Fietcher and Kirkwood 1979). Bracken
produces prodigious quantities of litter and the rate of litter accumulation can exceed the rate of natural
decay. Where this happens, the roots and rhizomes move upward in the soil so that the plant becomes
progressively more dependent on nutrients contained withinits own debris, and less onunderlying mineral
soil (Watt 1576).

Water Relations: In Ganada, bracken grows on both moist and moderately dry sites, but its growth responds
favourably to an abundant supply of soil moisture (Cody and Crompton 1875). On dry, shallow soils,
fronds are sparse and short, and photosynthetic efficiency is much reduced as the plant adopts drought
avoidance measures such as stomatal closure. it favours slightly shaded habitats such as woodlands and
hollows where it is prolected from drought and exposure. Growth is poor on waterlogged sites,
presumably because of a lack of oxygen. The rhizome systemis typically very shallow on such sites, but
there are reports that bracken can survive in wet, poorly aerated soil by obtaining oxygen through the
hollow stems of dead fern fronds {(Watt 1976; Fiefcher and Kirkwood 1979).

Light Relations: Bracken is considered 1o be semi-shade tolerant to shade tolerant (Rowe 1983). R is
adaptable to a wide range of light intensities, but is most often a colonizer of open land (Fletcher and
Kirkwood 1979). In southwestern Oregon it was found at all light levels above 3% of full light, but it only
reached 75% or more of ground cover at 60—100% of full light (Emmingham 1972). Germination and
satisfactory vegetative growth will occur under a wide range of light intensities, but spore production
decreases significantly in the shade {Page 1976). Hellum and Zahner (1966) report that open- and shade-
grown forms of the frond are somewhat different.

Temperature Relations: The fronds and rhizome buds of bracken are highly sensitive to frost, and frost is a
major factor limiting the latitudinal and aRitudinal distribution of the species {Fletcher and Kirkwood 1979;
Grime 1979). Late spring and early fali frosts may determine the length of the plant’s growing season.
Fronds that emerge early in the spring are frequently killed by frost, and it is a major factor in fall
senescence. Once fronds have safely emerged, heat requirements for growth are moderate (Watt 1976}.

GROWTH AND DEVELOPMENT

Brackenis a highly successful and persistent plant because of its remarkable ability o develop from a single
sporeling into a vast long-lived colony. The fern life cycle has been briefly outlined for Athyrium filix-femina.
In P. aquilinum, the mature fern sporophyte is actually an extensive clone with a massive underground system
of stems.

Once the sporeling develops from the fertilized fern prothalius, it muRiplies rapidly in size. By the second
season of growth, there can be 45 fronds produced, by the third season as many as 126, and by the fourth
season there can be 297 fronds {Conway 1952). What is visible above ground, however, is merely a smatl
fraction of the growth that is occurring underground.

The majority of the biomass of bracken exisis as a system of creeping underground stems or rhizomes
{Stanek et al. 1979). The rhizome system occurs ontwo levels. The lower levelis situated deep beneath the
soil surface {approx. 50 cm) and is responsible for storing food reserves and for lateral expansion of the colony.
The upper level of rhizomes is localed just beneath the soil surface. it produces numerous short shoots which
give rise 1o the fronds and also has a network of fine roots for nutrient uptake (Cody and Crompion 1875;
Fletcher and Kirkwood 1979).

Rates of growth of the rhizome vary from 5 to 200 cm per year. On average sites in Finland the rhizome
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spreads about 30 cm annually {Cody and Crompton 1975}. individual rhizomes as old as 72 years have been
found, measuring 26 m in length from the young advancing front to the dying fronds at the rear of the colony
{Watt 1940}. Colonies have been known to survive for over 650 years (Fletcher and Kirkwood 1979).

Buds are formed on the ends of the underground short shoots infall. Only a small percentage of these buds
emerge in spring to form fronds. The majority of buds remain dormant, acting as a reserve to replace those
fronds that are damaged or destroyed {Cody and Crompton 1975; Fletcher and Kirkwood 1979).

The rhizome system acts as a sink for carbohydrates. During the active growing season, developing fronds
draw on these food reserves, and carbohydrate levels in underground stems are low. By mid-summer the
fronds begin to produce photosynthate, and carbohydrate leveis are restored to high levels by September
{Fletcher and Kirkwood 1979).

FPhenology: Bracken emergence times are strongly controlied by spring temperatures {Hellum and Zahner
1966). In north temperate climates, frond emergence begins between March and early May, with maxi-
mum frond extension taking place mid-May. If any emerging fronds are killed or injured during this time,
replacement fronds will reappear up to mid-July {Cody and Crompton 1975}, The growth rate of fronds
following emergence is not related to the date of emergence. Thus, late-emerging fronds will be small
at maturity compared with those emerging earlier (Hellum and Zahner 1966). Spores canbe ripe as early
as July 22 in British Columbia, but sporangia on any one frond do not mature simultaneously. Peak spore
preduction occursin late August and early Septemberin Britain (Page 1976; Fletcher and Kirkwood 1979).
Leaf senescence begins in August and is brought on by late summer drought and fall frosts. In the Pacific
Northwest states, all fronds are dead by late October or early November {Gliessman 1976).

REPRODUCTION

Spore Production and Dispersal: Reproduction of bracken is by means of spores produced in sporangia on
the underside of the pinnules {(Cody and Crompton 1975). Spores can be produced by the second season
of growth following germination {Fletcher and Kirkwood 1873). Approximately 64 spores are produced
per sporangia {Conway 1957}, so a single, well-developed frond may produce as many as 300 million
spores. Not all fronds are spore-bearing and spore production vanes enormously from locality to locality.
During dry weather the spores are released by means of a natural dehiscence mechanism. The light
spores are readily distributed by wind and can travel great distances. Spores are often brought to earth
in the first fali rainstorm following the dry weather of late summer {Page 1976).

Spore Viability and Germination: Fem spores have remarkable viability and resistance to environmental
extremes {Page 1979). Some fem spores have remained viable for as long as 48 years (Cody and
Crompton 1975). Bracken spores have no dormancy requirements and can germinate within a few weeks
of dispersal, but it is likely that most spores overwinter and gemrminate during moist spring weather. The
spores will germinate in light or in darkness {Weinberg and Voelier 1969), and on a wide variety of
substrates. Germination is frequently on disturbed habitats, and bare, sterile soil with a pH ot 5.5-7.7 is
ideal. Itis rarely observedinthe field and never occurs in an established bracken colony or under closed
vegetation of any kind. The primary role of spores is to allow the species to invade new habitats -— not
to maintain the colony within an established territory {Cody and Crompton 1975; Page 1976; Fletcher and
Kirkwood 1979).

Vegetative Reproduction: in Canada and eisewhere, vegetative reproduction is the primary means by which
bracken regenerates and expands in size within an established territory. When portions of an existing
colony are destroyed, the colony will regenerate itself by rapid resprouting of dormant buds. New clones
are created when the underground stem is broken off from the parent plant by decay or soil disturbance.
Even extremely small fragments of stem will reproduce rapidly by producing new side branches (Q'Brien
1964; Cody and Crompton 1975).

PESTS

Cody and Crompton {1975} have produced a detailed summary of the major insect and microbial pests of
bracken in Canada. One reason for the remarkable success of bracken is that toxic chemical constituents in
its foliage provide immunity against insect predators.
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EFFECTS ON CROP TREES

Competition: Bracken has the ability to dominate a wide variety of vegetation types. Associated plants are
severely inhibited and often excluded from the interior of bracken stands (Gliessman 1978). Inthe Pacific
Northwest states, bracken has been shown to prevent natural regeneration and retard growth of
coniferous trees {Dimock 1964; Stewart 1976, Ferguson and Boyd 1988). After 7 growing seasons, irees
planted where bracken was eliminated were nearly twice the height of trees growing in bracken-
dominated spots {Boyd and Znerold, in preparation, ciled by Ferguson and Boyd 1988). !n British
Columbia, bracken may cause mortality among coniferous seedlings. Douglas-fir is the most seriously
affected conifer in coastal B.C. {T. Lewis, pers. comm., April 1889). The dense fern canopy, heavy litter,
and extensive root and rhizome system of well-established bracken creates a competitive environment
for young conifers. Damage from above-ground vegetation includes shading, smothering, and mechani-
cal damage (Gliessman 1976; Stewart 1976). Mechanical damage is most severe in areas of heavy
snowtfall and on sloping sites where all stems fall in the same direction (M. Newton, pers. comm., Dec.
1984). The root and rhizome system campetes directly with seediings for moisture and nutrients; conifers
may also be prevented from developing an adequate root system by the heavy iayer of bracken litter {Cody
and Crompton 1975; Gliessman 1976).

Allefopathy: Bracken is one of the better-known examples of a plant that produces toxic or growth-inhibiting
chemicals 10 reduce competition from other plants. Aqueous exiracts of dried bracken reduced radicle
growth of cucumber seedlings to about 60% of that of controls (Tinnin and Kirkpatrick 1985). Stewart
{1976) was able to demonstrate inhibition of germination and growth in thimbleberry and salmonberry, but
Douglas-fir was relatively unaffected. Allelopathic effects on Douglas-fir and other conifers have notbeen
unequivocally demonsirated. Gliessman {1976) believes that allelopathy is the primary mechanism by
which bracken excludes its competitors inthe Pacific Nothwest. Toxicchemicals are apparently released
during early spring from litter, rhizomes, and roots {Gliessman 1976). Extracts from mature fronds do not
contain inhibitory chemicals {def Morai and Cates 1971).

Benegficial Effects: Nicholson and Paterson {1976) examined the ecological implications of intensive bracken
control in Britain and conciuded that eradication of bracken would cause no significant negative impacts
on the ecosystem. Nonetheless, in areas where no understory vegetation exists beneath the bracken,
it can play a significant role in preventing soil erosion {Martin 1976). in some situations, the shading eflect
of bracken can be beneficial to other plants by creating a moister environment, free of drought stress
{Gliessman 1976).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Bracken usually dies back or loses vigour as a forest canopy closes in. Removal
of the forest cover creates suitable habitats for bracken invasion, particularly if areas are denuded of
understory vegetation that might compete with bracken {Fletcher and Kirkwood 1879). Sporesdispersed
fo logging sites germinate on disturbed ground and colonies quickly develop where bracken was
previously facking. Where bracken was in the understory belore logging, colonies develop through
vegetative reproduction from rhizomes. in the CWH zone near Vancouver, bracken is able to expand
quickly and increase substantially in dominance after canopy removal. Vigour, as measured by height,
cover, and leaf area index, is significantly enhanced.?' in the CDF zone on southeastern Vancouver
Istand, light thinning of Douglas-tir caused understory bracken biomass to increase by 3.8 times, while
heavy thinning increased biomass by 8 times (Stanek et al. 1979).

Fire: Bracken is afire-tolerant species whose reproductive strategy is adapted to periodic intensive fires. it
is not onlyfavoured by fire but actually promotes fire by depositing a thick layer of highly inflammable litter
on the ground every autumn {isaac 1940). I is similar to fireweed in that it produces abundant wind-
dispersed disseminules that allow it to invade a recently burned site at some distance from the parent
population (Keeley 1981). Sterile burned soil is an ideal substrate for spore germination {Page 1976}.
Once established, bracken is favoured by exiremely hot fires that kill other species whose roots and

221 Brand 1984,
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rhizomes are less well protected beneath the soil (Fletcher and Kirkwood 1979). Bracken vigorously
produces new fronds following a fire (Tiedemann and Kiock 1974; Cody and Crompton 1975; Rowe 1983),
and its rhizomes spread quickly to take advantage of vacant niches {Fletcher and Kirkwood 1979).
Bracken has become dominant in many areas along the Pacific Coast that have been subjected to
repeated fires {Isaac 1940).

Cutting: Single manual cutting treatments are generally ineffective at controlling bracken. However, in
Oregon, cutting a 10-year-old stand of bracken provided better first-year control than application of the
herbicide asulam to the same stand. Repeated cutting at relatively short intervals over a period of several
years can provide successful contrel. Timing of treatment is very importam. The first cut shoukd be made
betore the frond is fully expanded and the second should follow about 6 weeks later. Inwestern Scotland,
cutting 3 times a year completely efiminated bracken after 4 years, but cutting twice a year for 7 years was
less effective.

Consecutive cutting treatments deplete rhizome food reserves, resulting in reduced height and density
of fronds. Eventually foodreserves are exhausted. The rhizome is rarely killed, however, and the potentiai
for regeneration still exists. Special 1ools have been devised to “bruise” rather than cut the fronds, but
opinion is divided on which treatment is more effective {Cody and Crompton 1975; Fletcher and Kirkwood
1979).

Herbicides: Vintually every herbicide known to man has been lested against bracken at one time or another.
The history of these efforts is recounted in Fletcher and Kirkwood {1979) and Chavasse .and Davenhill
{1973). Eftectiveness ol different chemicals is extremely variable and regrowth is usually rapid. All of the
chemicals that are currently registered for forestry use in British Columbia provide only short-term controt
of bracken because they do not kill the extensive underground system. The object of chemical
investigations is to find a herbicide that will translocate into the extensive rhizome system and destroy the
dormant rhizome buds. Effects produced on fronds are a secondary consideration, since any death of
fronds will only stimulate more new fronds to emerge. The mode of action of herbicides on bracken is
explained in detail by Fleicher and Kirkwood (1979).

Most literature cites asulam as the most effective herbicide for killing bracken without causing significant
damage 1o crop species. A summary of dala from 15 asulam trials inthe U.S. Intand Northwest indicates
that top-kill the second and third years after treatment is usually 80-90% (Boyd ef al. 1985). Asulam is
applied between July and September when fronds are fully emerged. Asulam applied by backpack
sprayers to 2.5 m high bracken provided good control in the Port Alberni area {S. McRuer, pers. comm.,
April 1989).

Glyphosate may be marginally more effective than asulam in controlling bracken in certain situations
(Martin 1976). In Washington and Oregon, lale summer applications of glyphosate are very effective
{Wendel and Kochendorier 1982; Conard and Emmingham 1984a), whereas fall applications cause only
moderale injury. A summary of 11 trials from the U.S. Inland Northwest indicates top-kiff is usually
80-100% in the second growing season after appiication of 1.1—6.5 kg a.i./ha glyphosate. The amount
of top-kill was similar after all application rates (Boyd et al. 1985). Near Prince George, glyphosate applied
aerially in July at 2.25 kg a.i./ha controlied 70% of the bracken atter the first growing season.?2?

In western Washington and Oregon, winter applications of 2,4-D are reported to cause moderate injury
to bracken, while spring and summer applications tend to cause lighter injury {Conard and Emmingham
1984a). A late summer spray of 2,4-D ester at 2.2 kg a.i/ha in the U.S. Inland Northwest caused 50%
top-kill by the second growing season (Boyd 1984, cited by Boyd et a/. 1985).

Soil Disturbance: Where soit and topography will aliow, repeated deep plowing is the best method of bracken
controi (O'Brien 1964; Fletcher and Kirkwood 1979). Rotary cultivation is also effective but is equally
restricted by terrain and slash conditions. in areas of high summer rainfall, plowing and discing treatments
may be less effective (O'Brien 1964).

222 Herring 1984b.
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Fertilization: Roots and rhizomes of bracken respond lo additions of nitrogen, phosphorus, potassium, and
calcium by increasing the number of new fronds and rhizome branches initiated (Watt 1976). Where
Douglas-firwas present as an overstory above bracken, fertilization led to a decline in bracken biomass
because it promoted growth of the tree canopy and reduced understory light (Stanek et al. 1878). The
amount of nitrogen fertilizer tied up in bracken biomass was small and was not considered to be critical
to tree growth.

Cther: Biological control of bracken has been investigated but does not at present appear lo be feasible
because the plant is susceptible 1o so few diseases. Cattle and pigs in fenced areas can be extremely
effective in reducing frond density. Trampling by cattle is widely used as a means of control in agriculturai
areas.

In West Germany, sheets of gypsum board, fiberglass, and roofing paper have been used as a mulch to
suppress frond growth around spruce trees (Fletcher and Kirkwood 1879}.

WILDLIFE

Food: Bracken fern is an important food source for white-tailed deer, mule deer, and black tailed deer (Harvey
1981). Bracken has made up 37 % of the April diet of Roosevelt elk on Vancouver Island.?® Edwards
and Rilcey (1960} reported that caribou feed on bracken from October to December in Wells Gray Park
in the interior of British Columbia.

Bracken is a very important food for mountain beaver, a common mammal in the Pacific Northwest, that
occupies a very limited range in British Columbia {Banfield 1874; Voth 1960, cited by Chapman and
Feldhamer (editors) 1983; Harestad 1983). The fronds are a major food source for blue grouse fromspring
untilfall on Vancouver Island {Fowle 1960; King 1969; Zwickel and Bendell 1872; King and Bendel 1982}.

Other Aesources: Mountain beavers often use bracken fern forthe outer shell of their nests (Martin 1971, cited
by Chapman and Feldhamer {editors) 1983).

223 Smith et al. {undated).
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Rhododendron albiflorumn Hook. White-flowered rhododendron
(mountain misery)

DESCR!PTION

White-flowered rhododendron is an erecl, slender-branched, deciduous shrub 1-2 m tait with shedding
bark. Leaves are thin and narrow and covered in loose reddish hairs. Flowers are white and showy, up to
2 cmlong, and are borne in clusters of 1 to 4 blossoms below the whoris of the leaves. The fruit is an ovate
capsule (Szczawinski 1962),

Vanation: No subspecies or varieties are described in British Columbia (Szczawinski 1962; Taylor and
MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

White-flowered rhedodendron is found in mountainous areas throughout British Columbia to 57°N latitude,
but its distribution is very scattered north of approximately 52°N. it is most abundant in the mountains of
Vancouver Island, in the southern Coast Range, and in mountainous areas of southeastern British Columbia
{Szczawinski 1962). Rhododendron albiflorumis most abundant in the MH and wefter ESSF biogeoclimatic
zones but also occurs in the AT, upper CWH, and ICH zones. It is rare in the SBS zone.

Aftitudinal Range: In the Coast Range, white-flowered rhododendron occurs mainty above 750 m (Lyons
1952} but may be found as low as 250 m on the west coast of Vancouver island {Clark 1976). Inthe central
imerior it occurs above 1200 mon the east side of the Fraser River and in the North Thompson—Shuswap
area of the Interior of British Columbia {R. Coup#, pers. comm., Nov. 1984}.22¢ Rhododendron is replaced
by herbs including Valeriana sitchensisintorests above approximately 1700 m elevationinthe ESSF zone
in the southem Interior of British Columbia {J. Mather, pers. observ.).

HABITAT

Climatic Refations: White-llowered rhododendron grows in subalpine climates that are characterized by a
short growing season and abundant snow. i is most abundant in climatically wet to moist areas where
summer moisture deficits are uncommon. Rhododendrons are not drought tolerant and can only survive
in cold climates where there is adequate protection from the drying effects of temperature and wind.
Evidence from other species suggests that adequate snow cover may be a critical factor in protecting the
plarnt from winter desiccation {Bowers 1960). Southern distribution may be limited by summer drought.
Northern and altitudinal range may be Emited by low temperatures.

Site and Soil Conditions: Rhododendron grows on a wide range of site types: in mature, open forest, on
cutovers after logging, and in subalpine meadows {Mitcheli and Green 1981).22° Douglas (1972) ob-
served that in the open subalpine forests of the western North Cascades, tree isiands produced a very
favourable environment for development of A. albifiorum. In British Columbia, parent materials on sites
with A. albiflorum are often colluvial or morainal deposits and are frequently shallow to bedrock. Soils are
typically Humo-Ferric Podzols, occcasionally Dystric Brunisols, and have a mor or mor-moder humus {see,
e.g., Mitchell and Green 1981;Kiinka ef al. 1982}.22% Shaw (1984) showed that A. ponticumin Britainwas
associated with sites of high humidity and rainfall, northem aspects, steep slopes, and coarse, rocky soils
that did not dry out in summer. Available evidence suggests that A. abifiorum may have similar site
preferences in British Columbia {Coates 1987).2%7

Nutrient Relations: Rhododendron is abundant on ecosystems ranging from very poorio very rich in nutrients
(see, e.g., Kiinka 1977a; Mitchell and Green 1981).222 ‘Most species are well known to favour acidic soil
(Szczawinski 1962; Clark 1876}. In British Columbia, A. albiflorum has been reported as a significant

224 |loyd {compiler) 1984,

228 Caza and Kimmins 1987,

226 Coupé and Yee (editors) 1982,
227 Lloyd (compiler} 1984.

228 Coupé and Yee (editors) 1982,
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WHITE-FLOWERED RHODODENDRON

species on soils with pH 4.0-5.5 (Brooke et al. 1970; Mitchell and Green 1881).22% Yarie (1978) found
that a shrub understory dominated by R. albifiorumon xeric sites in the MH zone of the province played
an important role in forest nutrient cyciing. Underslory vegelation returned a significant proportion of
nutrients to the ecosystem each year, mainly in a single pulse during the first autumn snowfall. Understory
vegetation also had a significant eftect on the quantity of nutrients present as througtfall precipitation
reaching the ground,

Water Relations: Rhododendrons do not occur in arid regions of the world, and members of the genus are
generally only found in environments with abundant soil or atmospheric meisture (Bowers 1960}. inBritish
Columbia, R. abifliorum is found only in those zones and subzones with high annual precipitation.
However, within these areas, it can be found on sites ranging from xeric to subhygric, though its best
development is on mesic sites (Angove and Bancroft 1983).2%

Light Relations: White-flowered rhododendron is probably moderately shade tolerant. in the open mature
forests of the subalpine, R. albiflorum is most frequently associated wilh conditions of semi-shade
(Peterson 1965; Douglas 1972). it is abundant in partially shaded forest understories but does not grow
well under dense forest canopies {W.R. Mitchell and D. Lloyd, pers. comm., Nov. 1984). The response
to different light regimes has been studied in several other species of rhododendron by Nilsen (1986a,
1986b} and Davis and Potter {1987).

Temparature Relations: Horticulturists classify R. afbifiorum as being toierant of low temperatures {Bowers
1960). According to M. Burke {pers. comm., 1988}, R. albiflorumis kilied above ground at temperatures
beiow -40°C.

GROWTH AND DEVELOPMENT

White-flowered rhododendron can reach heights of up to 2.5 m in favourable environmentat conditions.
Leaves expand rapidly in the spring at high elevations in British Columbia. Evidence from other species of
rhododendron suggests that the growth and development of individuals of A. albiflorummay vary significantly
among environments. Rhododendrons as a group are surface-rooting piants {Bowers 1960}. Longevity of
white-flowered rhododendron plants is not known, but plants of other species in the genus may live over 100
years {Plocher and Carveit 1987).

Phenology: in the subaipine environment, flowering occurs in late spring after leaf expansion in June. Shoot
expansion occurs rapidly at the beginning of the growing season and at higher elevations, leaf
senescence can begin as early as August (Lyons 1952). The growing season in its high-eievation habitat
is short, extending from June to August (Szczawinski 1962). Unlike most species of Rhododendron, R.
albiflorurn has deciduous leaves which tum spectacular shades of red and orange with the amivat of the
first snows {Clark 1976).

REPRODUCTION

Seed Production and Dispersal: Virually no information about the reproductive biology of A. albiflorum has
been published. Seeds of members of the genus Rhododendron are typically minute (4-13 million/kg)
(USDA 1974). The fruit of R. albifiorum is naturally dehiscent and the seeds have winged margins
(Szczawinski 1962}, indicating that seed dispersal is probably by wind.

Seed Viability and Germination: The viability of the seeds of some species of Rhododendron has been found
to vary under natural conditions, but it is not generally greater than 1 year {Cross 1981} unless conditions
are very dry, in which case seeds typically remain viable for about 2 years. Most rhododendrons require
light for germination, bul seeds have no chilling or scarification requirement (USDA 1974). White-flowered
rhododendron apparently does notproduce large numbers of seedlings, since seedlings are rarely observed
in the wild and are not abundant in clearcut areas (R. Coupé and Q. Steen, pers. comm., Nov. 1984).

Vegetative Reproduction: White-flowered rhododendron can spread by means of rhizomes (D. Coates, pers.
comm,, Dec. 1989). It is capable of resprouting from the root crown and adventitious stem buds. It also

228 | loyd {compiler} 1984.
230 Caza and Kimmins 1987,
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regenerates by fayering, which is useful for expansion in subalpine environments where snowloads and
snow creep on slopes keep lower branches pressed close to the ground.

PESTS

No information.

EFFECTS ON CROP TREES

Compelition: Rhododendron albiflorurn is a major species of an ericaceous {A. albiflorum, Vaccinium spp.,
Menzigsia ferrugina) shrub complex in the ESSF and MH zones throughout much of southem British
Columbia. This shrub complex dominates mesic and drier ecosystems in many high-elevation clearcut
areas.

White-flowered rhododendron has an open habit and does not produce a deep canopy, but its longevity
and shade tolerance may provide it with a strong competitive ability {(Lyons 1952). Recent research in
the ESSFwc subzone has shown that a well-developed rhododendron canopy can reduce light levels
below the saturation point for Engeimann spruce and lodgepole pine, and maintain soif temperatures
below criticat threshoids for water and nutrient uptake {Coates 1987). Regrowth of rhododendron is slow
after manual cutting or scarification; tharefore, as long as ¢onifer seediings are planted prompily after the
shrub reduction treatment, irees are unlikely 1o be overtopped by the shrub. Competition for soil nutrients
may also limitiree growth, andin some cases it is possible that A. albiflorumcompetes tor moisture (Coates
1987).

Allelopathy: del Moral and Cates (1971} showed that A. albifiorurn has allelopathic potential in western
Washington. Leaf - and especially litter — extracls inhibited growth of test plants in the laboratory, and
field sampling showed that subordinale vegetation is markedly reduced beneath the rhododendron
canopy.

Beneficial Effects: On droughty, exposed sites, rhododendron may provide some shade and reduce evapo-
transpiration in young seedlings.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: The response of white-flowered rhododendron to canopy removal depends on the
degree of site disturbance and the season of logging. When logging is done on snow during the winter
rhododendron is not damaged and it slowly increases in cover. In contrast, summer logging disturbs the
soil and tends to cut and uproot rhododendron plants, resulting in repiacement of the shrub by perennial
herbs such as Valeriana sitchensis and Epilobium angustifolium. Rhododendron populations on logged
sites are usually residuals from the pre-harvest forest which have escaped destruction during harvesting,
rather than being established after logging.

Fire: Buming consistently sets back white-flowered rhododendron for 10-15 years on ESSF sites in the
Kamloops Forest Region {J. Wright, pers. comm., July 1989}.%

Cutting: Rhododendron does not respond vigorously to cutting {Coates 1987). After an early July cutting in
the ESSFwc subzone near Clearwater, new rhododendron shoots averaged only 2 cm in height by the
end of the growing season. This represents slower growth than that of black huckieberry and oval-leaved
huckieberry, and slightly faster growth than that of false azalea. Rhododendron’s first- year height growth
was only 2% of its precut height. Crown diameter regrowth was less than 1% of the pre-treatment levei.
Aimost all new shoots arose from buds on oid stems ratherthan as sprouts or suckers from the soil. Height
growth of rhododendron was more vigorous in the second year after cutting than in the first. By the end
of the second growing season, the tallest rhododendron ptant was 12 c¢cm high, or 11% of its precut height,
but it was stili shorter than spruce and pine seedlings planted atthe time of cutting. Meancrown area after
the second growing season was 49% of precut levels. Sixty-three percent of the original stems had new
shoots after the first growing season, and stems with hew shoots averaged 3.4 shoots per stem. Three
years after cutting, clipped rhodedendron appeared to have more leaves per unit length of stem than
unclipped plants (S. Lindeburgh, pers. comm., May 1989).

231 Mather 1987.
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Herbicides: White-flowered rhododendron is highly susceptible 1o foliar applications of 1.4-2.1 kg a.i/ha
glyphosate in the ICHvk, ESSFmw, and ESSFwc subzones. Translocation of glyphosate through the
plantis poor. if one-half of the plan is sprayed, that half dies while the other half remains unaffected. Kilied
portions either do not resprout or resprout weakly. Treatments are reported to be effective for at least 3
years (D. Barron, pers. comm., May 1989; J. Wright, pers. comm. July 1989) 232,23

Soif Disturbance: In the ESSFwc subzone near Clearwater, scarification that removed the tops or uprooted

-entire rhododendron plants caused severe damage after one growing season. A few new shools were

produced by surviving plants. Two growing seasons after scarification, there was no sign of new sprouts
from the soii {Coates 1987).

Mechanical site preparation has consistently reduced rhododendron to a minimal level for 10-15 years
on ESSF sites in the Kamloops Forest Region (J. Wright, pers. comm,, July 1989) 234
WILDLIFE AND RANGE

Food: Rhododendron albifforumgenerally is unpalatable to livestock and ungulates {Nilsen 1986b). Risrarely
browsed and its response to browsing is unknown (T. Lea, pers. comm., Feb. 1989). King (1973) found
that blue grouse used small amounts of rhododendron on a subalpine area on Vancouver island.

232 Dyke 1987.
23?3 Simard 1988,
234 Mather 1987,
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Ribes bracteosum Dougl. Stink currant
{blue currant)

DESCRIPTION

Stink currant is an erect to spreading deciduous shrub, 1-3 mtali. The twigs are coarse and unarmed, with
large red buds and ofien shredded bark. Leaves are large and palmate with 5 to 7 pointed, toothed lobes and
yellowish glands on the undersurface. Flowers and fruits are borne in long, erect racemes. The flowers are
small, white to greenish, and the fruit is a sphericai berry with a glandular surface and a whitish bloom. The
plant has a distinctly “skunky” odour {Viereck and Little 1972; Hultén 1974; Clark 1976).

Variation: No varieties or subspecies ot R. bracteosumare described in British Columbia { Taylor and MacBryde
1977).

DISTRIBUTION AND ABUNDANCE

Ribes bracteosumis found along the entire length of the coast of British Columbia, including Vancouver
Island and the Queen Charlotte Islands {Calder and Taylor 1968; Viereck and Little 1972; Hultén 1974). i
is found occasionally in moist areas on the east side of the Coast Mountains in southermn and central British
Coiumbia but is never abundant {H. Roemer, pers. comm., Dec. 1984). Stink currant is most abundant in the
CWH biogeoclimatic zone butis also foundinthe CDF and MH zones andis scatteredin moister argas of some
interior zones.

Altitudinal Range: Stink currant is primarily a low-elevation species, occuming near sea level along the coast
{Lyons 1952). However, it does ascendto at least 1200 minthe MH zone of south coastal British Columbia
{Brooke et al. 1970).

HABITAT

Climatic Relations: The geographic range of stink currant suggests that it is a species of humid to perhumid
climates with generally mild winter and summer temperatures.

Site and Soil Conditions: Throughout its range, stink currant occupies nparian or aliuvial habitats or moist
woods (Hultén 1974; Clark 1976; Campbell and Franklin 1979}, in Alaska, it is frequently a pioneer of
avalanche tracks, roadsides, windfall areas, and other disturbed sites where mineral soil has been
exposed andthe humus layer has had an opportunity to break down (Taylor 1932; Viereck and Littie 1972).
Soils on sites with abundant A. bracteosurm are most often Regosols or Orthic Dystric Brunisols, 235236

Nutrient Relations: The preference of this species for alluvia! habitats suggests that it has quite a high demand
for nutrients. Ecosystem associations in which R. bracteosumis a characteristic understory species are
most often classified as having a rich to very rich ecological nutrient regime 237238

Water Relations: In British Columbia, stink currant is typically associated with mesic to hygric sites that receive
abundant supplies of well-aerated water through flooding or seepage flow {see, e.g., Brooke et al.
1970).29:24 |n the Cascade Range of Oregon, A. bracteosumis almost aways found near permanent
waler sources (Campbell and Frankiin 1979). Summer drought probably prevents this species from
colonizing hillsides adjacent 1o the riparian zone.

Light Relations: Stink currant is most vigorous on open sites that receive abundant light but are not subjected
to moisture stress (Taylor 1932; Viereck and Little 1972). Inthe forest itis typically found under open tree
canopies or along streambanks where some suniight is available.

Temperature Relations: No information.

235 Yola ot af 1982,
236 Banner ot al. 1983.
237 Yole ot al. 1982.
238 Banner ot al. 1983.
239 Yola ot al 1982.
240 Banner of al 1983.

155



STINK CURRANT

GROWTH AND DEVELOPMENT

There is no published information on the growth and development of stink currant. The form of the shrub
is typically scraggly, and under favourabie conditions it can reach over 3 min height {Clark 1976). The average
height is 1.5-2.5 m.

Phenclogy: Inthe Kimsquit Vailey on the centrai British Columbia coast, leaves emerged by late Apriiand were
fully expanded by June.?*' In coastal Alaska, stink currant flowers during May and June and fruit ripens
between late July and August (Viereck and Little 1972). Fruit dispersal was during August in the western
Oregon Cascades {Campbell and Frankiin 1979). Leaf senescence and abscission occurred hetween
late July and mid-November in Oregon and at Kimsquif. Stink curramt was one of the first species in the
riparian community to begin losing its leaves, but the rale of abscission was slower than for most other
species (Campbel and Franklin 1979}.

REPRODUCTION

Seed Production and Dissemination: The fruit is a glandular berry that is dispersed aimost entirely by birds
and mammals during summer and fall (USDA 1974}.

Seed Viability and Germination: Seeds of most species of the Ribes genus require a long period of chilling
and in some cases an acid scarification treatment before germination can occur; however, each species
seems to have its own unique germination characteristics. Germination typically occurs in the spring of
the year following ripening of the seed, after the seed has passed through the intestines of the bird or
mammai vector. The best seedbed for germination of Hibes seed appears to be maist mineral soil that
is well supplied with humus (USDA 1974).

These generalcommentson Ribesseeds seem to correspond weliwith field observations of R. bracteasum.
Propagation by seed is believed to be the most important form of reproduction in this species (M. Newlon,
pers. comm., Dec. 1984). Species of the genus Ribes are known 1o be seed bankers (Rowe 1983).

Vegetative Reproduction: Most species of Hibes can be readily propagated using cuttings taken during the
dormant season (USDA 1974). R. bractecsumapparently does not spread by means of root or rhizome
suckers, but it will sprout back from the root crown if damaged. Natural layering may also occur
(M. Newlon, pers. comm., Dec. 1984).

PESTS

Stink currant is an attemnate host for Cronartium ribicola, the white pine blister rust (Fosler and Wallis 1974).

EFFECTS ON CROP TREES

Competition: Stink currant is a common member of the compiex brush community found on aliuvial
ecosystems along the coast of British Columbia. These brush communities pose some of the most serious
vegetation management problems in the province because they occupy the most productive sites for
coniferous tree growth and because competition to conifers is extremely severe.?*2 Ribes bracteosum
is not considered to be a major competitor inthese coastal brush communities on the south coast {M. Scott
and G. Kennah, pers. comm., Nov. 1984);2*3 however, on the central and north coasts, it is one of the more
abundant species on alluvial sites and can be a significant competitor {B.M. Geisler, pers. comm., Jan.
1985).

Stink currant does not grow or spread rapidly compared with other seral shrub species found on coastal
alluviai sites {M. Newton, pers. comm., Dec. 1984}, but where it is established prior to logging, or where
planting is delayed for several years following disturbance, the species can impede conifer regeneration.
its large, palmate leaves can produce a dense, multi-layered canopy which allows very little light to
penetrate. Competition on these moist, rich ecosystems is probably primarily for light.

241 Hamilton 1984.
242 Macadam et al. 1984,
243 Brand 1984,
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STINK CURRANT

Because it acts as an aiternate host to the white pine blister rust, stink currantis animportant imiting factor
to the regeneration of westem white pine on the south coast.

Beneficial Effects: No information.

RESPONSE TO DISTURBANCE OR MANAGEMENT

There s little information regarding the response of stink currant to common silvicultural practices or other
forms of ecosystem disturbance. Stink currant undoubledly increases in size and vigour following canopy
removal, as long as removal of shade does notimpose significant drought stress. H resprouts fotlowing cutling
or fire but does not spread aggressively by vegetative means (M. Newton, pers. comm., Dec. 1984},
Scarification of alluvial sites that produces a moist, mineral soil seedbed will favour germination of seeds
(USDA 1974). Glyphosate at 2.0 kg/ha was successful in controlting stink currant in the Prince Rupert Forest
Region {J. Poliack, pers. comm., Jan. 1985}.

WILDLIFE

Food: R. bracteosumis not an important food source for most ungulates in British Columbia and is seldom
browsed (T. Lea, pers. comm., Feb. 1989). The fruit is the most common part of the plant consumed?*
and is eaten by many bird species. The fruit is imporiant to bears (Hamilton 1987). The plant is a
moderately important food source for black-taited deer and Roosevett elk inthe winter (Singleton 1976).245

244 B ¢ Min, Environ. {undated).
245 Blower 1982.
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Ribes lacustre (Pers.) Poir Black gooseberry
(Black swamp gooseberry)

DESCRIPTION

Biack gooseberry is a spreading to erect deciduous shrub, 1-1.5 mtall. K grows as individual plants orin
extensive low thickets of weakly upright, straggly stems. Young stems are yellowish-brown with large nodular
spines and many sharp prickles, while older branches are aimost smooth. Leaves are small with a deeply
dissected maple leaf shape. They have 5 lobes with coarse double serration. Flowers are saucer-shaped
and clusteredin drooping racemes of 6to 15. The fruitis a densely glandular to bristly, purple-black berry with
stalked gtands (Viereck and Litlle 1972; Clark 1973; Porsild 1979; Angove and Bancroft 1983).

Variation: There are no varieties or subspecies of R. lacusire described in the British Columbia (Taylor and
MacBryde 1977).
DISTRIBUTION AND ABUNDANCE

Black gooseberry is found on riparian habitats, alluvial sites, and moist woods on mountain slopes
throughout British Columbia {Taylor and MacBryde 1977). It occurs in ali biogeoclmatic zones except the PP
and BG.

Ahitudinal Range: Black gooseberry occupies mountain slopes to over 1800 m {Lyons 1952) and frequentiy
reaches subalpine elevations (Clark 1973}.
HABITAT

Clhmatic Relations: The geographic range and preferred habitat of black gooseberry suggests it is a species
of cool, moist conditions.

Site and Soil Conditions: Black gooseberry is most often found on Brunisols, Humic Gileysols, Gleyed Humic
Regosols, or Cumulic Regosols (Mitchell and Green 1981).

Nutrient Relations: Black gooseberry characteristicaily grows on ecosystem associations with mediumto very
rich nutrient regimes (Eis 1981; Mitchell and Green 1981; D. Lloyd, pers. comm., March 1989).

Water Relations: Black gooseberry typically occupies alluvial or riparian habitats and moist to wet forests.
However, itis also foundin clearcuts where there is a growing season moisture deficit (Clark 1973). Ribes
lacustre occurs on subhygric 1o hygric sites in the IDF and MS zones and submesic to hygric sites in the
welter subzones of the ESSF and ICH (D. Lloyd, pers. comm., March 1989).

Light Relations: Noste and Bushey (1987) reportthal Ribes spp. are shade inolerant. However, Hamilton and
Yearsley (1988} found that A. lacustre is moderately shade tolerant in the SBS zone in central British
Columbia. The shrub is most vigorous in canopy openings (D. Lioyd, pers. comm., March 1989).

Temperature Relations: No information.

GROWTH AND DEVELOPMENT
No information specific to Ribes lacustre was found.

Phenology: in coastal Alaska, Ribes lacustre flowers in June {Viereck and Litlie 1972). The USDA (1974)
reports thatin North America, flowering occurs between Aprit and July and the fruit ipens in August. Black
gooseberry often does not bearfruitinthe ESSF zone, probably because of the very short growing season
(D. Lloyd, pers. comm., March 1989},

REPRODUCTION

Seed Production and Dissemination: Black gooseberry can first bear seeds at the age of 3-5 years. Good
seed crops ocour at 2-3 year intervais. The berry is dispersed during summer and falt by gravity and by
birds and mammals {USDA 1974).
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Ribes lacustre is a seed banker {(IRowe 1983; Kramer and Johnson 1987). ‘Kramer and Johnson {1987)
report a maximum viable seed bank density of 567 seeds per square metre under mature stands of
Douglas-fir and grand fir in weslt central idaho. QOver 80% of the seeds were located in the top 5 cm of
mineral soil.

Seed Viability and Germination: Seeds are viable for long periods of time, particularly it they are stored in
sealed containers {USDA 1974; Noste and Bushey 1987). Seeds of most species of the Ribes genus
require a long period of chilling and, in some cases, fire or acid scarification before germination can occur
(USDA 1974). Germination of A. lacustre was 48% following chilling at 0°C for 120-200 days ina nursery.
Considerable germination of R. /acustre can also be obtained by altemating diurnal temperatures
between 25°C and 10°C, and soaking for 5 minutes in 2-10% suliuric acid solutions. in nature,
germination typically occurs in the spring of the year following seed ripening, after seed has passed
through the intestines of a bird or mammal. The best seedbed for germination of Aibes seed appears to
be moist minerai soil that is well supplied with humus (USDA 1374},

Vegetative Reproduction: Most species of Ribes can be readily propagated using cuttings taken during the
dormant season {USDA 1974}. Rhizomatous extension is limited (Stickney 1986}. Ribes lacustre can
reproduce by layering (D. Lloyd, pers. comm., March 1989).

PESTS

Ribes spp. are preferred hosts to California tent caterpillar (Malacosoma califomicum Packard), but
damage is generally minor. Otherinsect pests in British Columbia inciude aphids and the fourined plant bug
(Poecifocapsus lineatus) {Furniss and Carolin 1977; L. MaclLauchin, pers. comm., March 1989).

The most common pathogen of R. facustre is Cronartium ribicola {(white pine blister rust}{H. Merer, pers.
comm., April 1989). Prickly gooseberry is also the primary host to witlow rust { Melampsora ribesii-purpureae
Kleb.); willows are the secondary host. initially the rust kills only the infecled leaves, but after several years of
infection all current foliage dies and growth is reduced (Hunt 1978). Otherfoliar rusts that infect prickly goose-
berry are Puccinia cariciraand Puccinia commutata{Hunt 1978; H. Merier, pers. comm., April 1983). Wesltcoft
(1971) provides a comprehensive list of the many diseases that are found on Ribes spp. in the United States.

EFFECTS ON CROP TREES

Competition: Ribes lacustreis acommon member of brush complexes found on moist and alluvial ecosystems
throughout British Columbia. These brush complexes pose serious vegetation management problems
because they occupy sites with high productivity for coniterous forest growth and because competition
with conifers for light can be severe. Ribes lacusire by itself, however, does not reach ievels which are
considered seriously detrimentat to conifer regeneration. The species generally does not occupy more
than 10% cover of logged sites (see, e.g., Hamilton and Yearsiey 1988).

No information is available on the individual impact of Ribes lacustreon conifer establishment and growth.
However, some studies have investigated competition between conifers and complexes that contain
prickly gooseberry. On an alluvial site in British Columbia, Eis (1981} found that the cover of a shrub
compiex, which included Ribes lacustre, rapidly increased after logging and within 3 years competition
was so intense that spruce height growth was iess than 2 cmand mortality of spruce seedlings was severe.
Practically all coniter seedlings died within 5 years of logging.

Beneficial Effects: No information.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Because black gooseberry is a seed banker and prefers sun 1o shade, it typically
increases in cover following forest canopy removal. However, itseldom attains a high percent cover. For
example, inthe SBS zone, it rarely exceeds 10% cover following canopy removal {Hamilton and Yearsley
1988). Ribes lacustreinvaded a submesicto mesic site with amoss seedbed and increased in abundance
on alluvial and poorly drained {hydric to subhydric} sites following clearcutting near Prince George (Eis
1981).
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Fire: Black gooseberry is fairly resistant to fire kilf. Following light fires that only top-kill piants, sprouting from
surviving rhizomes and root crowns, which are located beneath the soil surface, sometimes occurs.
However, fires that remove the organic layer will often kil the root system (Fischer and Clayton 1983;
Noste and Bushey 1987},

Germination of on-site, dormant seeds occurs immediately after fire (Noste and Bushey 1987; Hamilton
and Yearsley 1988). Severe fires that destroy this on-site seed do not prevent biack gooseberry from
increasing in cover (Fischer and Clayton 1983). Seeds are carried info severely burned areas by birds
that prefer sparse vegetation {Daubenmire 1974). Consequently, prickly gooseberry can invade a site
or increase in cover, even after a severe fire (Fischer and Clayton 1983).

Several studies report invasion or coverincreases of Ribes lacustre following prescribed burning, but the
species by itself does not reach levels which are seriously compaetitive to conifer regeneration.

Cutting: Speciesin the genus Ribes have the ability to sprout from root coltars following cutting, but no studies
have investigated the specifics of their sprouting behaviour. :

Herbicides: The maximum legal rate of glyphosate (2.14 kg a.i./ha) has effectively controlied Ribes facustre
in British Columbia when applied in the summer or early fall. For example, in the ESSF zone in the
southern Interior, Ribes lacustre was killed after an early August appiication of 2.1 kg a.i/ha glyphosate
(D. Lioyd, pers. comm., March 1989). Plants were severely defoliated 2 years after a foliar spray of 6 L/ha
(2.1kga.i.’ha) glyphosate in Septemberin the ESSFwc subzone near Biue River. However, at application
rates of 2 and 4 L/ha, plants were resprouting after 2 years.?46 Miller (1985b) reduced the cover of Ribes
lacustre by 61-80% with 4.7 L/ha glyphosate in the U.S. inland Northwest, Black gooseberry was
relatively tolerant of a mid-July broadcast appiication of 2.25 kg a.i/ha giyphosate made near Prince
George 247

Hexazinone may provide good control of prickly gooseberry if organic layers of the soil are not deep. Ribes
facustre was mildly affected by late June applications of hexazinone at 4 mL per spotina 1 x 2 m grid in
the SBSmw subzone near Quesnel. Recovery from the mildinjury occurred the season after the herbicide
application.2*®

In Washington and Oregon, fall foliar applications of 2,4-D in oil and water have moderately injured Ribes
spp., while fall fofiar applications of triclopyrin oil and water have severely injured Ribes spp. (Conard and
Emmingham 1983},

Soil Disturbance: Ribes lacustre has been observed to increase in abundance the first few years following
mechanical disturbance, then declines after about 10 years when talier vegetation begins to shade it out
(Hamilton and Yearsley 1988). Black gooseberry increased 2 years afier moderate intensity windrowing
in the SBSwk subzone near Mackenzie (D. Greenley, pers. comm., May 1989) but remained absent for
at least 2 years after mechanical site preparation in the ESSF zone in the southern Interior of British
Columbia (D. Lioyd, pers. comm., March 1989).

WILDLIFE AND RANGE

Food: Black gooseberry is typically unimportant to wildlife or livestock (Noste and Bushey 1587} butis used
to some extent by several species. Most species feed onthefruit ratherthanthe leaves or stems.?*® Ribgs
spp. has moderate importance to black-tailed deer and Roosevelt elk in winter and to mule deer and
moose in the summer and fall. The fruit has low food value to bears (Noste and Bushey 1987) but is a
favourite food of squirrels and skunks (Bantfield 1974; Chapman and Feldhamer (editors) 1983). Many
birds eat the berries.

248 Simard 1988,

247 Heming 1984b,

243 Gaorge 1989,

2489 B . Min. Environ {undated).

161



Rosa
{roses)

50°N

455°N Miles

O 0

& 100 200

130%w 1200\w

BRITISH COLUMBIA

=

Kilometres

LS50°N

200

300

e

Distribution of Rosa in British Columbia.

162



ARosaspp. L. "Roses

DESCRIPTION

Rose is a deciduous, perennial shrub with erect or trailing stems, 0.5-2.5 m tall. Stems usually have
bristies, prickies, and/or thoms, but flowering branches are often unarmed. Roots are deep and fibrous.
Leaves are odd-pinnately compound, with 3—11 serrate or doubly serrate, elliptic leaflets. Leafiets may be
glabrous or have few to numerous hairs on the upper or lower surface. Flowers are fragrant, pinkish to rose-
colored, usually large, and borne singly or occasionaily intwos orthrees at the ends of lateral branches ormain
shoots. Seeds are small, bony achenes borne in fleshy, berry-like purplish or reddish hips. Hips remain on
the plants long after they ripen (Lewis 1959; Viereck and Little 1972; Taylor 1973b; Gilland Pogge 1974; UBC
Bot. Garden 1978; Angove and Bancroft 1983; Halverson {compiler) 1986).

Variation: The genus Rosa is a taxonomically complex genus, due fo within-species variation of some
conspicuous characteristics, and frequent hybridization between species where their ranges overiap.
There are at least 100 species of rose in the northern hemisphere (Taylor 1973b), 18 of which are native
to North America, and 6 of which occur in British Columbia (Taylor and MacBryde 1977; UBC Bot. Garden
1978}. There are also 2 European species (R. caninaand R. rubiginosa) which have become naturalized
near Vancouver and Victoria. Silviculturally, these two species are unimportant, and so are omitted from
this discussion.

DISTRIBUTION AND ABUNDANCE

The following table lists the six native roses and describes their distribution in the province (Taylor 1973b;
Taylor and MacBryde 1977; UBC Bot. Garden 1978).

Sclentific name Common name Distribution in B.C Habitat

R. acicularis Prickly rose intenor B.C, from Hope Open woods;
eastward except very and areas. thickets;
ESSF, BWBS, SBS, iCH, MS, IDF, hills; banks
PP, BG zones

R. gymnocarpa Baldhip rase Southern B.C., Moist and dry
south of latitude 56°N. woods;
CWH, CDF, ICH, SBS, iDF, rock outcrops
PP, BG zones

R. nutkana Nootka rose Coast and interior; Thickets;
south of latitude 56°N. open woods;
CWH, CDF, ESSF, SBS, iCH, rich scil
IDF zones

A. pisocarpa Clustered wild rose Socuthem coastal B.C. Thickets;
and Vancouver sland, woods:
CWH, CDF, IDF, PP zones riparian

R. woodsif Woods' rose Dry interior areas Grassland;
ESSF, ICH, SBS, IDF, PP zones riparian

R. arkansana Low prairie rose Northeastern B.C. Open woods
BWES zone

Altitudinal Range: Most rose species occur from sea level o moderate elevations. Exceptions are baldhip
rose, which occurs from sea level to about 1800 m {UBC Bot. Garden 1978}, and woods’ rose, which
occurs from about 1000 ic 3300 m (Blauer et al. 1975).
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HABITAT

Ciimatic Relations: The altitudinal range of roses suggest that they favour moderate climates. However,
baldhip and woods’ rose will grow in alpine environments, which suggests they can tolerate a cold, snowy
climatewith a short growing season. Woods’ rose seldomis found where the average annual precipitation
is kess than 260 mm.

Site and Soil Conditions: Wild roses tolerate a wide range of soils exceptthose that are very wetor acidic. Most
species thrive on moderately fertite, well-drained clay koam, sandy koam, or sandy soils {Smithberg and
Gill 1874}. In the southem interior, roses most often occur on Eutric or Melanic Brunisols, occasionally
occur on Gleyed Luvisols, and are usually found on a mor moder hurmus form (Mitcheil and Green 1981).

Nutrient relations: Roses tolerate a wide range ot nutrient conditions {D. Lloyd, pers. comm., March 1989},
but most grow best in moderately fertile, koamy soils. Roses prefer soils with pH values ranging trom 5.6
to 7.0 and have a low tolerance for extremely acidic conditions {UBC Bot. Garden 1978). Nootka rose
prefers fairly rich soiis while baldhip rose is found on thin soils over rocky exposed sites {Lyons 1952; UBC
Bot. Garden 1978). In the iDF and BG zones, Nootka and prickly rose typically grow on medium to rich
sites, while baldhip rose is found on poor to medium nutrient regimes (Mitcheli and Green 1981},

Water Relations: Roses are adapted to a broad range of moisture conditions. However, they tend to favour
moist, weil-drained soils. Moisture adaptations vary hetween species of rose. For example, woods' and
clustered wild rose prefer riparian ecosystems, while baldhip rose prefers dry rock outcrops (Lyons 1952;
UBC Bot. Garden 1978).

Light Relations: Reports of shade tolerance ot Rosa spp. vary from moderately tolerant {Viereck and Little
1972; Blauer et al. 1975; UBC Bot. Garden 1978; Morgan and Neuenschwander 1988b) to intolerant (Gill
and Pogge 1974; Smithberg and Giil 1974; D. Lloyd, pers. comm., March 1989). Roses grow more
vigorously and produce more fruit when growing in full sunlight than in shade (Smithberg and Gill 1974).
in the southern Interior of British Columbia, roses under forest canopies do not usually flower {D. Lioyd,
pers. comm., March 1989}. However, germination of rose is not inhibited by shade, suggesting some
tolerance to overstory closure (Pratt ef al. 1984).

Temperature Relations: The range of most rose species in the province suggests that they prefer moderate
temperatures, although baldhip and woods’ rose apparently are adapted to alpine conditions (Blauer et
al. 1975, UBC Bot. Garden 1978). Prickly rose germinants grow vigorously at low temperatures, which
enables the species to establish in a wide variety of habitats (Densmore and Zasada 1977).

GROWTH AND DEVELOPMENT

Rose germinants produce large root systems, drawingfromiarge carbohydrate reservesin the hip and seed
{Densmore and Zasada 1977). Maximum height is attained within 10 years (Mueggler 1965). Dense thickets
canform. Roses continue to expand and increase in cover as the overstory canopy closes (Viereck 1983).

Phenology: Flowering generally occurs from late spring to mid-summer. However, it varies considerably
according to efevation and exposure. Prickly and low prairie roses flower from June to August {UBC Bot.
Garden 1978). Nootka, baldhip, woods’, and clustered wild roses flower between May and August {(Lyons
1952; UBC Bot. Garden 1978). Hips ripenin fate summer and early fall and persist on the plant until winter
or {ater {Smithberg and Gill 1974; Densmore and Zasada 1977).

REPRODUCTION

Seed Production and Dissemination: Most rose species first flower and produce seed when they are 2—-5 years
old and geod seed crops are usually produced every 1-2 years (Gill and Pogge 1974; UBC Bot. Garden
1978; Hungerford 1985}). Few to many seeds {achenes) are produced in hips. Baldhip rose has 7-14
achenes per hip (Gill and Pogge 1974). Seeds are dispersed mostly by birds and mammais, which can
transport the seeds considerable distances. Germination of seeds may improve after passing through
the gut (Smithberg and Giil 1974}.

Rose is a seed barking species (Noste and Bushey 1987). Density of viable Rosa spp. seeds averaged
33 seeds per square metre in the top 10 cm of mineral soil under a canopy of ponderosa pine in eastcentral
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Washington {Pratt of al. 1984). Seed density decreased with increasing soil depth. Seed bank density
of baldhip rose was only 2 seeds per square metre in the forest floor and top 2 cm of mineral soil beneath
an overstory of western redcedar in northem Idaho {Morgan and Neuenschwander 1988a). Seeds of
baidhip rose were absert from the seed bank under Douglas-fir and grand fir, even though the plant was
an important component of the understory vegetation {Kramer and Johnson 1987}.

Seed Viability and Germination: Germination of rose seeds is very difficult. Dormancy length varies among
species; the average is between 12 and 15 months (UBC Bot. Garden 1978). Germination cannot occur
untiithe seed coat is weakened by decay or opened chemically or mechanically (Smithberg and Gill 1974).
Densmore and Zasada (1977} repont, however, that prickly rose pericarps do not prevent imbibition of
maisture nor do they offer resistance to embryo growth.

Treatments which have broken seed coat dormancy and shonlened germination time include scarification
{Smithberg and Gill 1974; UBC Bot. Garden 1978). Aiter 2-3 months of cold or warm stratification, seeds
of prickly rose can easily be opened along the suture {Densmore and Zasada 1977). Coild stratification
at about 5°C for varying lengths of time has been recommended for many species of rose {Gill and Pogge
1974). These authors report germination capacities of 43% for baldhip rose and 63% for Nootka rose after
varying lengths of cold stratification at approximately 5°C. In Alaska, Densmore and Zasada {1977)
obtained 57% germination of prickly rose after cold scarification for 360 days. However, they obtained
over 30% germination after a dual treatment of warm (25°C) stratification for 118 days and cold {5°C)
stratification for 3 months. Dual warm—cold stratification treatments have achieved germination rates
between 24% and 53% for most of the province’s roses {UBC Bot. Garden 1978; King 1980).

In Alaska, prickly rose seeds take 2 years to germinate. Seeds develop and mature the first growing
season and they are dispersed prior to snowmelt by mammals and birds that eat the fruit and defecate
the seeds. Few seeds germinate in the spring. They warm stratify the summer alter they mature, cold
stratify the following winter, and germinate shortly after snowmelt {Densmore and Zasada 1977).

Vegelation Reproduction: Roses reproduce vegetatively by layering, rooting from stem cuttings, suckering
from root crowns, and sprouting from rhizomes (Hungerford 1985; Noste and Bushey 1987}, They are
most easily propagated from semi-ripe {taken in August) or dormant {taken in fali or winter) cuttings.
Densmore and Zasada (1977} found that prickly rose spread vegetatively over wide areas by rhizomes.
Twenty-four percent of rose germinants under a ponderosa pine stand in east central Washington
originated vegetatively {Pratt et al. 1984).

PESTS

The principal forest insect pests are California tent caterpillar {(Malacasoma califarnicum), rose ieaf hopper
{Edwardsiana rosae) (L. MaclLauchlin, pers. comm., Mar. 1989), and a subspecies of western tussock moth
{Orgyia velusta ssp. gulosa) {Fumiss and Carolin 1977). Western tert caterpillar (Malacosoma pluviale) is
also a common pest to roses {Ruppel 1968).

Rose is affected by many pathogens. The most commonones are Sphaerotheca macularisand S. pannosa
var. rosae (powdery mildews) {H. Merler, pers. comm., April 1989). A detailed list of diseases affecting roses
is provided by Westcott (1971}.

EFFECTS ON CROP TREES

Competition: Rose is a common member of the dense complex shrub community found on subhygric to hygric
sites in the IDF and PP zones in the southem Interior of British Columbia. The complex is composed of
-R. -acicularis, R. gymnocarpa or-A. nutkana, and common snowberry, red-osier dogwood, water birch,
trembling aspen, and black coftorwood. It is thought to compete seriously with coniferous seedlings in
these subzones {(D. Lloyd, pers. comm., Mar. 1989},

Allelopathy: Roses may have considerable alielopathic aclivity, since they have been found to inhibit
neighbouring plants and cause soil toxicity (Rice 1974).

Beneficial Effects: The thicket-forming roses may heip control erosion. Most species are also suitable for
landscaping {Gill and Pogge 1974).
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RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Rose often decreases in abundance immediately tollowing disturbance while
invading herbaceous species dominate; it regains its pre-disturbance level after several growing seasons.
Forest canopy removal generally does not result in a dramatic increase in rose cover, or development of
extensive patches of the species. Rather, canopy removal ofien stimulates the development of shrub
complexes with rose making up less than 10% of the total cover. Baldhip rose remained relatively low
in cover for the first 10 years following logging of a western hemlock~Douglas-fir stand in the Cregon
Cascades, but coverincreased after canopy closure at 2030 years, indicating rose’s tolerance for shade
(Schoonmaker and McKee 1988}, In the cedar—hemilock zone of northern idaho, rose also showed an
initial decrease in cover following overstory removal. Subsequent development was more rapid and a
higher cover was attained in the grand fir and western redcedar habitat types than in the western hemlock
type possibly because of differences inlight availability (Wittinger ef al. 1977; Irwin and Peek 1979). Irwin
and Peek (1979} found that height growth of baldhip rose after logging was related to the basal area of
the remaining overstory; height growth decreased as basal area increased.

In some instances rose cover is unaffected by overstory removal. Cover and frequency of prickly rose
was unchanged following removalof a trembling aspen—white spruce oversiory (de Vos and Bailey 1970)
and a lodgepole pine overstory (Corns and La Roi 1976). Similarly, rose was unaffected by opening size
in Dougtlas-fir stands in the Oregon Coast Range {Sabhasn and Ferreil 1960} and cedar-hemiock stands
in northern idaho {Mueggler 1965). Rose cover remained unchanged 5 years after thinning of lodgepole
pine stands in central Colorado (Crouch 1986).

Fire: Roses are moderately fire resistant and are usually favoured by fight burns (Wright 1972; Noste and
Bushey 1987). Roses can persist after light to moderate fires because of their ability to sprout from
undamaged or buried root crowns and rhizomes and germinate from on-site or transported seeds {USDA
1981; Viereck 1983; Crane and Fischer 1986; Noste and Bushey 1987). However, the shallow root
crowns of rose are susceplible to injury (Noste and Bushey 1987} and consequently piant abundance can
decrease following severe fires.

Prickly rose appears to be moderately tolerant of typical burns on mesic and wetter sites in the SBS zone
but is diminished by burns on drier SBS sites {Hamilton 1988}, probably because burns are likely to be
more severe ondrier sites. Sprouting of prickly rose from underground parts was rapid and abundant on
lightly burned areas in northeastern Minnesota but was relatively infrequent on severely bumed areas
{Ahigren 1960). Stark and Steele (1977) recorded the response of balkdhip rose to light, medium, and hot
burns under a mature unlogged larch—Douglas-fir forestin Montana. Third-year coverof baldhip rose was
below pre-burn levels after light and medium burns, and the species was absent after the hot burn.

Light and moderate fires often do not cause a significant increase in rose cover. For example, burning
had litlle effect on the abundance of baldhip rose in nonthern idaho (Mueggler 1965) and Nootka rose in
Washington and Oregon (isaac 1940). In other cases, rose cover has decreased immediately after
wildfire, gradually increased, andthen declined as the canopy closes (Reid et al. 1938; Yerkes 1960; Lyon
1971; Foote 1983; Hamilion 1988}. This appears to be a characteristic response of rose to burning.

Rose has sometimes been eliminated, or cover has gradually declined, following bums that are not
severe. Competition from other species may at least partially explain this result. Wittinger et al. (1977)
found that baldhip rose progressively decreased in cover for at least 15 years while most other species
on the site increased following logging and burning of western hemiock and grand fir sites in northern
ldaho. Baldhip rose was fairly widely distributed in an old-growth Douglas-fir stand in the Oregon
Cascadesbutwas nol present tor at least 6 years following logging and a burnof varying intensity. Multiple
burns can significantly reduce the cover of rose {Mueggler 1965; Noste and Bushey 1887).

Concentrations of nitrogen, potassium, magnesium, and manganese in the foliage of balkdhip rose
increased during the first growing season and decreased in the second and third growing seasons
following kght or moderate bums in the southern Rocky Mountain Trench of British Columbia {Demarchi
and Lofts 1985).

Cutting and Grazing: Manual cutting of rose in July stimulated sprouting during the same growing season in
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the MS zone near Kamloops, B.C. {S. Simard, pers. observ.). Rose recovered to its pre-treatment height
and cover within 5 years of cutting in Idaho (Hann 1986).

In an aspen parkiand in western Canada, yield of rose was significantly lower following catile grazing in
early July compared with late August. The earlier grazing resulted in a decline in vigour because root
carbohydrates are low early in the season {Fitzgerald and Bailey 1984). Nootka rose was the only shrub
species to increase in cover following grazing by livestock in Douglas-fir stands in the northern Rocky
Mountains of the United States {Cholewa and Johnson 1983).

Herbicides: Spring and fall foliar appiications of glyphosate result in severe to very severe injury to rose,
{Conard and Emmingham 1983; Boyd et al. 1985}. In British Columbia, foliar applications of glyphosate
have resulted in moderate injury {Boateng and Herring 1990). For example, in the ICHmM¢ subzone near
the Skeena River, iate August application of 2.0 kg a.isha glyphosate provided a moderate reduction in
rose cover for 1 year.2>® The piant fully recovered inthe second year and increased above pre-treatment
cover in the third year.

Spot and broadcast foliar applications of hexazinone in spring and fail have resulted in serious injury to
Rosaspp. {Boyd et al. 1985; Boateng and Herring 1990). Foliar applications of hexazinone at rates of 3.2
and 4.3 kg a.i./ha in May caused over 85% defoliation of rose in Alberta.?> Inthe same study, a rate of
2.2kga.i/hacaused about 50% defoliation.?*2 Hexazinone applied during late July in Alberta, using liquid
spot (4 and B mL at 2.0- and 1.5-m spacing}, liquid broadcast (1.1, 2.2, and 4.3 kg a.i./ha), and granuiar
broadcast (1.1 and 3.4 kg a.i./ha} resulted in complete control of rose.?*? Inthe SBS zone near Smithers,
spring applications of hexazinone have been reported to control rose better than fali applications.?4

Spring and fall foliar applications of 2,4-D can seriously injure roses (Boyd et al. 1985). An application
of 3.4 kg a.i'ha 2,4-D in the U.S. inland Norithwest reduced rose cover by 61-89% {Miller 1985b). A site
preparation treatment of 2,4-D applied at 4.5 kg a.i./ha resulted in 38% kill of rose in idaho {(Hann 1986);
and 2,4-D ester applied at 2.75 kg a.i/ha in early August had no effect on woods’ rose in northern
Alberta. 255

Spring and fall foliar applications of 1,7-3.0 kg ai/ha triclopyr have resulted in very serious injury to roses
{Milier et al. 1983; Boyd et al. 1985; Miller 1985b}.

Picloram applied alone at 1.1 kg a.i./ha or in combination with 2.2 kg a.i./ha of 2,4-D amine provided
excellent control of prickly rose in aspen parkiand in Saskatchewan (Bowes 1976}. A9:1 mixture of 2,4-D
and picloram effectively controlled rose in grasstands in northeastern Saskatchewan {(Waddington and
Bittman 1987).

Soif Disturbance: Rose has the ability to sprout from rhizomes and root crowns damaged during mechanical
site preparation. Rose sprouted with moderate vigour 1 year following mechanical site preparation in the
IDF zone {F. Russell, pers. comm., Mar. 1989). I increased in cover after intense mechanical site
preparation in July in the SBSmk subzone in the Mackenzie Forest District (D. Greenley, pers. comm.,
June 1989). In the lower Rocky Mountain foothilis of Aiberta, cover of prickly rose in scarified clearcuts
stabilized to levels the same as in mature stands within 6 years of disturbance.

WILDLIFE

Food: Roses are a preferred browse of ungulates in British Columbia {McLean 1979). They are browsed by
elk, deer, moose, caribou, and bighorn sheep in all seasons (F. Russell, pers. comm., Mar. 1989). Plants
having few or no prickies are generally preferred, but even heavily prickled plants sometimes receive
substantial use (Blauer et al. 1975). While rose hips are seldom highly preferred, they are important
because they persist on the tree all winter.

250 pollack and LePage 1986b.

251 Tagkey and Masterson 1984¢.

252 |hid.

253 Expert Committee on Weeds 1988.
254 |hid,

255 Mihajlovich and Switzer 1984,
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Roses can be one of the most important winter foods for black-tailed deer in southemn Brtish Columbia
{Nyberg et ai. 1986), butin mostcases the plant has low or mediumimportance for this ungulate (Singleton
1976).2%® Rose has mediumimportance as a winter food for white-1ailed deer and typically has moderate
impontance as a year-round food for mule deer (Singleton 1976).%7 Willms et al. (1980) found that rose
made up 16% of the adult and 43% of the fawn mule deer summer diet in the IDF zone near Kamlocops.

Rose hips, twigs, and foliage are used by many birds and mammals other than ungulates {Gill and Pogge
1974). Rose hips are a favourite food of squirrels (Banfield 1974). Mice and coyotes also feed on hips,
while porcupines and beaver browse the leaves (Banfielkd 1974; Noste and Bushey 1987). Pika readily
eat the shoots in summer {Banfield 1974; Harestad 1983). In Alaska, A. acicularisis an important food
source for rodents, grouse, and snowshoe hares (Densmore and Zasada 1977). Woltf (1978} found that
rose leaves made up 6% of the diet of snowshoe hare from June untit September, and less than 1% the
rest of the year. Blue grouse eat leaves and rose hips (Munro 1919; Zwickel and Bendell 1972). Fowells
{compiier, 1965} noted that they frequently used rose seeds as grit from July until September. Rose hips
are eaten by bears, but they apparently have low food value (Noste and Bushey 1987).

Other Resources: Rose thickets are used for nesting and escape cover by birds and mammals {Gill and Pogge
1974}, Birds that nest in roses in the Okanagan include hummingbirds, flycatchers, veeries, and
goidfinches {Cannings et al. 1987).

258 Blower 1982.
257 |bid.
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Rubus idaeus L. Red raspberry
(R. idaeus var. strigosus)

DESCRIPTION

Red raspberry is a deciduous shrub with erect, biennial stems arising from a perennial, subterranean,
branching rhizome. The aerial stems, aiso known as canes, are 1-2 m tall with numerous bristies, prickles
and hairs. in the first year the canes are vegetative only, in the second year they have flowering iateral
branches. The leaves of raspberry are compound with 3 to 7 irregularly shaped, toothed lobes. The
inflorescence contains 1 to 4 white flowers. The fruit is the familiar raspberry, an aggregate of many small,
red drupelets {Viereck and Little 1972; Hultén 1974; Whitney 1982).

Varialion: Red raspberry is a variable species with many geographical and cultivated varieties across the
northern hemisphere {Viereck and Liftie 1972). The red raspberry of British Columbia is described as
R. idaeus ssp. melanolasits {Hultén 1974; Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Red raspberry is found throughout British Columbia except west of the Coast Range {Taylor 1973b). ltdoes
not occur naturally on the Queen Charlotie Islands {Calder and Taylor 1968} nor on Vancouver Island where
it may exist occasionally as a garden escapee {H. Roemer and A. Ceska, pers. comm., Nov. 1984). Red
raspberry is found in all biogeociimatic zones except the MH and AT but is rare inthe PP and BG and only
occurs in eastern portions of the CWH and CDF zones. lt is most abundant in moist areas of the Interior and
is uncommon in the dry areas of the southern Interior and west of the Fraser River in the central Interior
{Angove and Bancroft 1983; R. Coupé, pers. comm., Nov. 1984},

Altitudinal Range: Red raspberry ranges from inland valley bottoms to subalpine elevations near timberiine.

HABITAT

Climatic Relations: The broad distribution of this species across continental North America indicates that itis
tolerant of a wide range of northern temperate climates and not limited by the short growing season and
cold wintertemperatures of the boreal forest. Its absence from the Pacific Coast suggests thatit is poorly
adapted to a perhumid environment with littie annual temperature variation. Red raspberry is also absent
fromthe hottest, most arid areas of British Columbia (Angove and Bancroft 1983). inthe Pacific Northwest
states, tall raspberry canes are easily damaged by wind and rain (Williamscn ef a/. 1979).

Site and Sail Conditions: Throughout its range, red raspberry is found on disturbed sites, such as roadsides,
burned areas, and openings and borders of forests (Viereck and Little 1972; Wright 1972; Taylor 1973b;
Whitney 1982). it rarely ccours within undisturbed, mature forests.

Nutrient Relations: Red raspberry’s preference for recently disturbed soils suggests that it may have a
relatively high demand for soll nutrients. Swedish research indicates that raspberry requires and
accumulates large quantities of nitrates inits tissues where itinvades recently burned sites (Wright 1972).
Whitney (1982} has speculated that raspberry's reproductive strategy is adapted to take advarntage of
highinitial levels of soil nitrates during the first years of establishment following disturbance. As soil nitrate
levels decrease, the plant may shift from vegetative growth to seed production in response to a change
in the carbon:nitrogen ratio of plant tissue. Inthe SBS zone near Prince George, red raspberry was found
on sites with moderately high rates of available calcium and magnesium but appeared to have a relatively
broad ecological amplitude with respect to these nutrients. It was absent from sites with low nutrient
avaiiability (Wali 1969}. Pojar et al. {1982) also indicate that in the SBS zone raspberry prefers sites with
at least a moderate levelof soil nutrients, but it can be found on nutrient-poor sites in the wettest subzones
of southeastern British Columbia {Comeau et al. 1982).

Water Relations: In ckmatically dry areas, red raspberry is restricted to receiving sites. In moister regions it
is abundant oh mesic sites and occupies a broad range of soil moisture regimes (Comeau et al. 1982;
Pojar et al. 1982; Angove and Bancroft 1983). Best growth typically occurs on subhygric sites. Late
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summer drought reduces stored carbohydrate levels in the plant (Crandall et al. 1974), and may thereby
result in lower piant vigour.

Light Relations: Red raspberry is a species of open, early seral conditions and is rarely, if ever, found under
aclosed forest canopy. It is described as fairly shade intolerant by Whitney {1982). Whitney reponts that
with increased shading, raspberry dies out and puts more energy into fruit production.

Temperature Relations: The distribution of red raspberry indicates that it is a highly frost-tolerant species.
Whitney (1382} reports that primocanes (canes in their first growing season} are more frost-hardy than
floricanes (flowering canes in their second growing season). The overwintering flower buds require a
certain period of cold to break dormancy, and after mild winters flower buds sometimes fail to develop
{Hudson 1959).

GROWTH AND DEVELOPMENT

Red raspberry has a complex developmenial cycle that has been studied in detail by Hudson (1959) and
Williams (1959) in Britain and Whitney {1982) in the northeastern U.S. The naturai habit of the species is to
form dense colonies of short-lived aerial shoots that arise from a long-lived perennial root system. The
following description of the morphological development of the raspberry pfant is taken primarily from Hudson
£1959).

When a young raspberry plant deveiops from seed, underground buds are formed in large numbers on the
roots. These buds elongate, sending suckers to the soil surface, where they rest in a dormant state. The
subterranean sucker can be as long as 50 cm. When conditions are favourable for growth, the shoot rapidly
elongates, forming a new cane. Atthe same time, adventitious rools are produced at the base of the sucker,

During the first growing season in its 2-year life span the cane is known as a primocane. The primocane
produces no flowers or fruit. it nomaily reaches a height of between 1.5 and 2 m, but totaf height growth is
dependent on environmental conditions. inthe laboratory or in favourable climates such as in New Zealand,
canes can grow much taller. Towards the end of the growing season the primocane ceases to elongate and
initiales the fruiling buds.

The second year cane (floricane;} begins to grow in spring, following a suitable period of winter coid. The
fruiting buds elongate 10 form lateral branches bearing both leaves and flowers. After fruiting is completed
in late summer, the floricane dies back to ground levei.

New primocanes emerge from the soil simultaneously with the maturation and death of the floricanes,
repeating the 2-year cycle of growth. As successive shoots die back over a period of years they form a
perennial woody rootstalik known as the stool. New shoots arising fromthe stool complete the same iife cycle
as shoots arising from root suckers.

Whitney (1982} studied the developrrent of a raspberry stand or clone in the northeastern U.S. The first
2 years of iife of the clone constitutes a buikding phase during which there is a rapid increase in the numbers
of canes. Beginning in the third year, a process of seif-thinning occurs. The average number of suckers
produced drops and the survival of suckers declines. As stand density decreases, net biomass production
increases, peaking during the fourth year of stand development, As the stand matures, food resources are
channeHed towards seed preduction rather than vegetative growth. in the northeastern U.S., few stands
persist for more than 5-12 years before they are replaced by other longer-iiving species. The hali-life of red
raspberry on a site in north central New Hampshire was about 3 years (Whitney 1986). Monrtality of red
raspberry was related to plant density. Low densities of red raspberry were associated with a high rate of
mortality with 58% of mortaiity occurring in 1-year-old root suckers. There was much less mortality where
raspberry had a high density and a larger proportion {61%) of the mortality was in the older {>2 years) age
classes (Whitney 1978, cited by Whitney 1986).

Phenology: in eastern Washington, flower buds were visitle on May 19 and fruits were ripe by July 2 {Crandall
et al. 1974}. In Alaska, flowering occurs during June and July with fruit maturation occurring between July
and September (Viereck and Little 1972). Leaf senescence in the floricanes coincides with fruit
maturation. Primocanes retain their leaves much longer than tloricanes {Whitney 1982).
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REPRODUCTION

Seed Production and Dispersal: Rubus idasushas perfect flowers with a floral structure adaptedfor pollination
by bees {Faegriand vander Piji 1971; USDA 1974). Wild plants are almost exclusively self-infertile (Keep
1968). Production of seedin a vigorous colony is prodigious. Approximately 70-90% of flowers eventually
produce mature fruit. Good crops of fruit are produced nearly every year, but total production depends
on environmental conditions {USDA 1974) and is aiso influenced by the slage of stand development.
Towards the latter stages of development of the raspberry clone (approximately 4-12 years afier
establishment}, progressively larger proportions of stored food reserves are devoted to seed production
{Whitney 1982}.

The fruit ripens unevenly over a period of several months, with each drupeiet producing a singie nutlet.
Natural dispersal of the seed is by birds, small mammais, and bears (Ahigren 1960; USDA 1974).

Seed Viability and Germination: The seeds of red raspberry remain viable for longtime, probably over 50 years
(Whilney 1982). This iengthy period of viability allows the species to bank seeds in the soil where they
can remain dormant until conditions become suitable for germination and seedting survival. Raspberry
seeds require a lengthy period of chilling {(approx. 120 days) before they will germinate, and in some
varieties acid treatment helps to improve germination. Light also helps to stimuiate germination following
chilling. Temperatures of between 10 and 25°C are favourable for germination {Jennings and Tulloch
1964; USDA 1974). High levels of soil nitrate may promote germination as well (Whitney 1986).
Germination of stored or recently deposited seed is the primary means by which raspberry is able to
become established on recently disturbed sites, but 1 year after stand initiation, futher seedling
establishment is almost nonexistent (Whitney 1382}.

Vegetative Reproduction: Once red raspberry is established on a site, its ability to colonize the area rapidly
depends primarily on its ability to reproduce vegetatively {Keep 1968; Whitney 1982). Formation of root
suckers is the primary means of vegetative spread. Suckers develop into independent stools as
intervening roots between the parent piant and the root sucker die off {Hudson 1959). Raspberry will
regenerate readily from root cuttings taken during the dormant season, while cuttings taken between May
and August usually fail to regenerate successfully (Williams 1959).

PESTS

Williamson et al. {1979} describe some of the important insect and disease problems of cultivated
raspberries, but many of these pests may not occur in Canada.

EFFECTS ON CROP TREES

Compelition: Red raspberry is an abundant species on clearcut and burned areas fthroughout most of the
Interior of British Columbia. Itisan aggressive invaderthat frequentty forms an almost monospecific shrub
layer during the first 3-5 years following large scale disturbance (Whitney 1982}, fts abundance and
aggressive behaviour enable red raspberry to preempt a site’s resources and make & an important
competitor with coniferous tree regeneration in many moist areas of the Interior. Because red raspberry
is usually not present before canopy removail, it rarely becomes a significant factor in clearcut areas untit
3-5 years following logging (Eis 1981; C. DelLong, pers. comm., Nov. 1984). In northem Maine, &-year-
old halsam fir seedlings overtopped by raspberry averaged 36.2 cm in height and 5.5 mm in diameter white
open growing seedlings averaged 47.9 cm in height and 8.2 mm in diameter {Fox 1986).

Red raspberry's mode of competition with conifers is not discussed in the lerature. it undoubiedly
includes shading and mechanical damage to young seedlings on sites where raspberry is dense and
vigorous. Raspberry may compete for moisture and nutrients on some sites, but this species is most
abundant on moist, rich sites where these resources are plentiful. Competition is imitedto the early stages
of conifer stand establishment, since raspberry cotonies are quickly eliminated once trees and shrubs
begin to cast overhead shade {Core 1974; Whitney 1982).

Beneficial Effects: Possible beneficial effects of red raspberry on coniferous tree growth include its ability to
reduce soll erosion on disturbed sites (Core 1974) and its ability to kmit invasion of taller, longer-lived
deciduous species during the early stages of succession.
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RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Red raspberry is a pioneer species that depends on forest openings for establish-
ment and survival. Itis knownto invade clearcul areas rapidly (Whitney 1982;.J. Wright, pers. comm., July
1989). inthe SBS zone north of Prince George, raspberry established itself on 3 of 4 site types within 6
yearsfollowing logging (Eis 1981). Eis speculatedthat seeds were brought imo a clearcut site by birds, but
it is also probable that canopy removal provides suitable microsites for germination of long-buried seed.

Red raspberry does not compete well with established understory vegetation and will not invade moist
productive alluvial site types where a diverse shrub layer is already well established prior to canopy
removal.

Fire: Seedlings of R. idaeus often appear in high densities after a fire, and the species is consistently more
abundant on burned than on unburned areas {(Wright 1972). In British Columbia, red raspberry is
frequently found in great abundance on sterile mineral soil that has been exposed by a very hot burn
{R. Coupé, pers. comm., Nov. 1984). Burning promotes development of the species by stimuiating
germination of buried seeds (Sharp 1974; Stickney 1986) and resprouting underground rhizomes, which
are quite resistant to burning {Ahlgren 1960; Wright 1972). in northeastern Minnesota, where red
raspberry was present prior 10 a fire, reproduction was primarily vegetative with only minor seediing
eslablishment (Ahigren 1560).

Red raspberry is generally absent from mature SBSwk forests but is consistently present and has an
average cover of 7-20% for the first 10 years after burning in this subzone {Hamiiton and Yearsley 1988).
in Alaska, plants were present the first year after fire on most areas studied by Foote {1983). Red
raspberry has been observed to take 2-3 years to recover from burns inthe ICH zone in the Salmon Arm
Forest District (J. Wright, pers. comm., July 1989).

Some studies from the southwesiern U.S report thal cover and vigour begin to decline by the third and
fourth years following fire (Wright 1972}, while others find that it takes at least 5 years for raspberry to
become dominant on a site {Ahlgren 1960). Hamilton and Yearsley {1588) reported that red raspberry
tended to be scarce 4 years after burning on mesic and submesic SBSwk siles, presumably because it
was shaded out by other species.

Cutting: Because raspberry canes are short-lived and perennial parts are situated underground, a single
cutting of the canes wili provide negligible control of the plant over the longer term. New shools will rapidly
be produced from root suckers and stools {Core 1974). Red raspberry has beenobservedtofuily recover
within 1 year of cutting {J. Wright, pers. comm., July 1989). Treaimentis that reduce the density of canes
will improve the vigour of remaining canes (Lawson and Waister 1972a; Crandali ef al. 1974}.

Repeated heavy cutting will probably result in a depletion of stored food reserves and an eventual decline
in the number and vigour of canes produced. Red raspberry plants showed severe signs of lost vigour
1 year after spring and early summer sheep grazing near Ciearwater {G. Elien, pers. comm., July 1988).

Herbicides: A number of studies indicate that glyphosate applications in August or September cause only light
to moderate injury to red raspberry in British Columbia, even at maximum application rates
{2.14 kg a.i./ha). 2582582680 Ragpberry completely recovers from glyphosate applications within 2 or 3
growing seasons (J. Wright, pers. comm., 1989).26.282 Raspberry sometimes invades openings where
other plant species have been removed by herbicides.

Red raspberry appears to be quite sensitive to mid-May broadcast applications of 2-5 kg a.i./ha
hexazinone .2

Soil Disturbance: Raspberry will rapidly invade areas of bare disturbed soil where there is little competition
from other plant species {Keep 1968; Whitney 1982). Red raspberry has been observed to recover from

258 Pollack and LePage 1986b.
259 George 1989.

260 Heming 1984c. '
261 Poliack and LePage 1986b,
262 Dyko 1987.

263 Taskey and Masterson 1984b.
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mechanical site preparation in 2-3 years in the {CH zone in the Salmon Arm Forest District. Recovery
is mainly by seed (J. Wright, pers. comm., July 1989). Where mechanical site preparation is used within
existing stands of raspberry, soil disturbance can fragment the root system, creating new independent
stools {Hudson 1959} and stimulating root suckering (Core 1974). Repealed cultivation of the soil will
controlthe spread of raspberry by root suckering, but this will be accompanied by anincrease inthe vigour
of adjacent undisturbed plants {Lawson and Waister 1972a).

Fertilization: Application of nitrogen fertilizer to red raspberry can eitherincrease suckering and have no effect
on height growth, or increase height growth without affecting stand density {Lawson and Waister 1972b).
Lawson and Waister (1972b) also observed increased levels of winter mortality following fertilization. This
injury may be due to a delay in the onset of dormancy (Jennings and Cormack 1968) or to increased
incidence of disease in tertilized plants (Goode 1970).

WILDLIFE

Food: Raspberries are a favourite summeriood of wildiite (Banfield 1974; Chapman and Feldhamer (editors)
1983). They are important to many game and song birds; they are also eaten by small mammals such
as skunks, racoons, chipmunks, squirrels, and mice. Deer and rabbits use leaves and stems extensively
(Core 1974). Raspbemry leaves have been consumed by snowshoe hares between June to September
{Wollf 1978b}. Bears also forage on the fruit and foliage {Ahigren 1960; Lofroth 1988).

175



Rubus patrvifiorus
{thimbleberry)

BRITISH COLUMBIA

55°N Miles

55°N
o o 0o 200
o120 200 300
Kilometres
2 SO°N]
o -]
50N
Provim.

130%W 120°W

Distribution of R. parvifiorus in British Columbia.

176



Rubus parvifiorus Nutt. Thimbleberry

DESCRIPTION

Thimbleberry is a deciduous shrub which grows to a height of 2.5 m. This rhizomatous species has short-
fived canes which are erect to semni-prostrate and without prickles. The leaves are large {up to 25 cm long),
maple-shaped with 3-5 toothed lobes, and have a soft crinkly surface. The conspicuous, white fiowers are
borne in terminal infloresences. The soft, thimble-shaped red fruit is an aggregate of many smali, hairy
drupelets (Viereck and Little 1972; Taylor 1973b; Clark 1976; Marchant and Sherlock 1984).

Variation: Thimbleberry is a highly variable species (Huitén 1974) with several recognized subspacies. Only
the typical ssp. parvifiorus is found in British Columbia (Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Thimbleberry is common throughout British Columbia to approximately 56°N fatitude in the Interior and
along the entire length of the coast including Vancouver Island and the Queen Charlotte Islands. itis absent
fromthe SWB biogeociimatic zone and from the BWBS outside of the Peace River Valley. Otherwise, thimble-
berry is found in ali forested biogeoclimatic zones. It is most abundant in the CWH zone and in wet subzones
of the interior and is very rare in the PP and BG zones and in other dry areas of the south and cendraf Interior.

Altitudinal Range: Thimbleberry ranges from sea level to over 900 m on the coast of British Columbia and from
valiey bottoms to over 1200 m in the Interior (Lyons 1952; Taylor 1873b). Douglas {1972} reports that
thimbleberry is common at elevations of 1800 m in the western Cascades of Washington.

HABITAT

Climatic Relations: Thimbleberry is tolerant of a wide range of climatic conditions in British Columbia but
favours a moist to wet climate. N is poorly adapted to survive the extremely cold winters and short growing
seasons of the boreal region and does not tolerate the extreme summer moisture stresses such as can
be encountered in the driest areas of the southemn interior. Brand considers that in south coastal Brtish
Columbia thimbieberry favours sites with a drier, warmer and more continental microckmate than those
favoured by sakmonberry, 24

Stite and Soil Conditions: Thimbleberry grows on a wide variety of soils and landforms both under forest stands
and on disturbed sites. it is common beneath open forests, on roadsides, in cutover areas, on avalanche
tracks, and in riparian habitats (Viereck and Little 1972; Taylor 1973b; Gratkowski 1978; Gilbert 1380a}.
It is a common understory species on sites in the CWH, SBS, ICH, MS, and ESSF zones on morainal,
fluvial, and iacustrine parent materials with Luvisol, Brunisoi, or Podzol soils (see, e.g., Pojar et al.
1984).752% in the CWH zone, thimbleberry is most abundant and vigorous on fiuvial sites.

Nutriert Relations: Thimbleberry grows under a wide variety of nutrient conditions. in the SBS zone R is found
on sites with a wide range of available calkcium (Wali 1969) and on all but very poor soil nutrient regimes
{Pojar at al. 1982). On the south coast, it grows wel on medium to nutrient-rich sites.2”

Water Relations: Thimbleberry occurs on sites with moisture regimes ranging from submesic 1o hygric (Pojar
et al. 1982; Angove and Bancroft 1983). 1t is most abundant and vigorous on subhygric sites with wedll-
aerated soils. Thimbleberry will reproduce and grow on drier sites, but it usually achieves low cover and
smaN stature (Clark 1973; Marchant and Sherlock 1984). H does not grow wel on wet, poorly drainad
50Hs, 28

Light Relations: Thimbleberry grows under closed canopies of deciduous or coniferous forest stands and in
open meadows and clearings. Cover and vigour of thimblebenry is usually greatest under partially open
oropenconditions (Gitbert 1980a).%° As tree basal area and canopy cover increases and understory kgiv

264 Brand 1984
265 Coupé and Yee (editors) 1982,
285 Dalong et al. 1984,
267 Brand 1984,
268 1hid,
289 Brand 1954,
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declines, thimbleberry cover and vigour also deciine (Mueggler 1965; Irwin and Peek 1979}, In
southwestern Oregon, thimbleberry is found at alf light levels down to below 3.5% of full light, but it has
greatest cover at 60—100% of full light (Emmingham 1972). Studies of photosynthetic capacity carried
out in Washington indicate that thimbleberry is less shade tolerant than salmonberry (Barber 1976).
Barber used this evidence to explain why thimbleberry is never abundant in the understory of red alder
stands in the Pacific Northwest states. However, on the north coast of British Coiumbia, thimbleberry is
often one of the dominant understory species beneath red alder.Z’® These conflicting data may indicate
a difference in shade tolerance of thimbleberry under different environmental conditions, or they may
indicate that presence or absence of thimblebery is due not so much to light availability as to relative
competition from other plant species.

GROWTH AND DEVELOPMENT

No published studies dealing specifically with the growth and development of thimbleberry were found. It
is a strongly rhizomatous species that, like other Aubus species, produces relatively shont-lived canes. Viereck
and Little {1972} describe the canes as perennial. Ourobse rvations of a smatll number of plants in west central
British Columbia indicate that the canes usually live 2 or 3 years, and produce flowers and fruit on short lateral
branches during the second year.

When open-grown, thimbleberry produces a dense multi-layered canopy and has a very large leaf area.?”!
its photosynthetic capacity in full light is therefore higher than that of other associated species (Barber 1976)
which enables it to achieve rapid initial height growth. Maximum growth occurs by the second or third growing
season following establishment.?’2 Dense cover can be achieved in as littie as 5 or & years following
disturbance (Eis 1981) following disturbance. Stickney (1986} reports that thimbleberry achieved maximum
cover within 4 years on the Sundance burn in northern Idaho. Thimbleberry growing from rhizomes on moist
soils in the British Columbia Interior and on the coast can reach 2 min height in less than 10 years.

Phenology: In western Qregon and Washington, vegetative buds of thimbleberry can become active as early
as late February (Stewart 1974b). innorthem idaho and western Montana, bud burst takes place between
early April and early June depending on elevation and weather conditions. Leaves are fully grown
approximately 1 month after bud burst. Inthe SBS zone near Prince George, thimbleberry reached half
its maximum percent cover by the thirdweekin June and ieaves were fully developed by mid-July (DeLong
1988). Leaf senescence typically begins by late Augustin idaho and Montana and leaf fall extends from
late August to mid- to late October (Schmidt and Lotan 1980). Data from the centrat coast of British
Columbia indicate similar timing of vegetative events.?”

Flowering can extend from early May to early August but is centred on the months of June and July both
in Alaska (Viereck and Little 1972) and in idaho and Montana {Schmidt and Lotan 1980}. In British
Columbia, fruits ripen from early June to mid-September depending on slevation and other local factors
(Marchant and Sherlock 1984).2™

REPRODUCTION

Seed Production and Dispersal: The berry-like fruit of thimbleberry contains many small seeds. Seed
production can be sparse at high elevations. Once ripe, the fruit fall readily to the ground (Marchant and
Sherlock 1984). Wider dispersal of seed is primarily by birds {Core 1974; M. Newton, pers. comm., Dec.
1984) but also by mammals feeding on the fruit.

Seed Viability and Germination: Seeds of thimbleberry are believed to remain viable for a long period of time,
like those of other members of the Rubus genus; conseguently, the species is considered to be a seed
banker. Thimbieberry seeds are common in seed banks in the SBS zone (E. Hamilton, pers. comm., July
1989). Kellman (1969) found buried viable seeds of thimbleberry {18 seeds per square metre} in a soil
core taken from a mature conifer forest nearHaney. Morgan {1984) found as many as 84 seeds per square

270 pollack 1984,
27t Brand 1984.
272 |bid.

272 Hamilton 1984,
274 ibid.
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metre in forest soils in Idaho. McGee (1988b) found 1-50 seeds per square metre in seed banks on the
south coast of British Columbia, and most seeds were found where disturbance was lowest.

Viabie thimbieberry seeds are present in soil seedbeds {Olmsted and Curtis 1947), but McGee {1988b)
found a gradual decline in viable seed numbers with soil depth. Mild heat scarification appears to improve
their germination in forest soils (Morgan 1984). Allelopathic effects of bracken and other species may
inhibit germination of thimbleberry seeds {Stewart 1975). The seed has moderate viability in germination
tests (maximum 62%) and requires approximately 90 days of chilling to germinate. Research in Oregon
indicates that thimbleberry seed germination Is initialty very low but increases after 6 months of dry
storage.?’® Acid treatment may also promote germination (Marchant and Sherlock 1984). Germination
of buried and newly deposited seed is believed to be the principal means by which thimbleberry invades
new areas. McGee (1988b) found that germination is significantly better in or on minerat soit than in or
on the forest floor. Abundant seediings are present on disturbed sites within the first year foliowing
disturbance (Kelpsas 1978; Stewart 1978). However, CRAFTS?7 considers that thimbleberry populations
are uniikely to establish from seed on clearcuts in the central Oregon coast because of low germination
rates and low seedling survival.

Vegetative Reproduction: Thimbleberry is a strongly rhizomatous species (Stickney 1981; Marchant and
Sherlock 1984), and once it is established on a site, further expansion of the colony is achieved through
the spread of rhizomes. The species can be readily propagated from cuttings and fragments of rhizomes
{Hungerford 1984; Marchant and Sherlock 1984). Atthe end of one growing season inthe Oregon Coast
Range, thimbieberry plants grown from cuttings were 200—1000 times largerthan piants grown fromseed.
Afier two seasons, however, sprouts from cuttings were only twice as large as seedlings. Absolute growth
rates were significantly greater for sprouts than for seedlings.2””

PESTS

Conspicuous galls caused by the cyanid wasp (Diastrphus kincaidii) occur widely on thimbleberry over
much of western North America (Wangherg 1975). Some species of aphid (Masonaphis spp.) are common
onthimbieberry {(Frazer and Forbes 1968; Gilbert 1980a, 1980b), but their impact on plant growth is not known.

EFFECTS ON CROP TREES

Competition: Thimbieberry is a very important competitor with coniferous trees in British Columbia, particu-
larly inthe Prince Rupert and Prince George Forest Regions, where it may be the most widespread po-
blemspecies. It very rapidly and aggressively takes over clearcut areas, particularly on moist, productive
ecosystemns. On coastatalluvial sites in northwestern British Columbia, it causes greater and more rapid
mortality of young conifer seedlings than any other brush species (J. Pollack, pers. comm., Jan. 1985).

Thimbleberry produces a dense canopy of {arge leaves that allows very little light to penetrate.?’® Onsome
cool, moist sites, thimbleberry can establish dense canopies with 100% cover, which allow less than 1%
of tull sunlight to reach overtopped seedlings {Comeau 1988). However, since thimbieberry leaves and
canopies are often not fully developed until late July, the impact of thimbleberry cover on seedling growth
may be substantialiy less than that of species which develop leaf area rapidly in the spring {e.g., fireweed).
Exclusion of fight seems to be the primary mode of competition with young seedlings. Thimbleberry
annually produces large quantities of litter that can smother young seedlings (M. Newton, pers. comm.,
Dec. 1984). It will rarely invade a site aiready occupied by other species (M. Newlton, pers. comm., Dec.
1984) because the presence of other vegetation interferes with its establishment (Eis 1981). Stickney
(1981} reports that thimbleberry establishes and grows much slower when fireweed has colonized a sile
than when fireweed is absent.

Allelopathy: in a western Washington study, extracts of leaves and litter inhibited germination and growth of
test plants in the laboratory (del Moral and Cates 1971). However, no evidence of allelopathic effects of
thimbleberry have been reported under field conditions.

275 CRAFTS 1988.
276 |bid.
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Beneficial Effects: On some sites, light to moderate thimbleberry cover may provide shade and reduce
physiological stresses for establishing conifer seedlings.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Thimbleberry that is present prior to logging resprouts from rhizomes and rapidly
increases in cover and vigour following canopy removal. It will also quickly invade unoccupied, cleared
sites through germination of buried and recently deposited seed. Inthe SBS zone north of Prince George,
thimbleberry increased to 40% cover on a Devil's Club site type and to 15% cover on an Alluvium site type
6 years after ciearcutting but did not increase significantly on the drier site types (Eis 1981). Onthe Devil's
Club site type it was apparently able to take advantage of vacant growing space caused by dieback of
Devil’s Club, while on the Alluvium site it faced stronger competition from other shrub species. In a study
near Vancouver, thimbleberry increased in height from 1 to 2 m after canopy removal.?’® Above-ground
biomass of thimbleberry approximately doubled 1 year after mortality of a girdled alder overstory in the
CWHws subzone in the Kitimat Valley (K. Haworth, pers. comm., July 1989). Cover of thimbieberry
declines as tree canopy cover and tree basal area increases {Mueggler 1965; Irwin and Peek 1979).

Fire: Thimbleberry cover is significantly increased by fire (Lafferty 1972; Wright 1972; Stickney 1981). K itis
present prior to buming, ptants usually survive fire and resprout vigorously from rhizomes and root crowns
{wright 1972; Crane et al. 1983). Thimbleberry also seeds in readily to uhoccupied bumed ground
{Kelpsas 1978; Stewart 1978).

On moist, productive ecosystemns in the CWH zone near Vancouver, thimbieberry was abundant from the
first year following buming and remained abundant for at least 5 years after the fire.?® in the ICH zone
near Salmon Arm, thimbleberry has been observed to recover from burning in 1-2 years {J. Wright, pers.
comm., July 1989). inthe SBSwk subzone, thimbleberry established immediately after burning from seed
and by resprouting from rhizomes. On drier SBSwk sites, Hamilton and Yearsiey {1988) observed that
thimbleberry was sometimes abundant immediately after burning but appeared 1o decrease over time.
Thimbieberry may achieve maximum cover within 3-5 years of burning {Lafferty 1972; Dyrness 1973;
Cholewa and Johnson 1983; Crane et al. 1983; Morgan 1984; Stickney 1985; Morgan and Neuenschwander
1988b). Schoonmaker and McKee {(1988) found that thimbleberry was generally not present in
undisturbed mature Douglas-fir forests in Oregon, but on sites receiving medium intensity burns,
thimbleberry coverwas 1, 2, 13, 6, 6, and 0% within 2, 5, 10, 15, 20, and 40 years of buming, respectively.

Low severity burns often lead to more rapid development of thimbleberry cover than moderate or high
severity bums (Lafferty 1972; Morgan 1984; K. Haworth, pers. comm, July 1989). However, in northern
idaho, there was no significant difference in thimbleberry cover after low and high severity burns (Morgan
and Neuenschwander 1988b).

Early dominance of burned sites by more aggressive species such as fireweed can delay development
of thimbleberry cover (Stickney 1981).

Cutting and Grazing: Manual cutting generally gives ineftective control of thimbleberry because cutting
stimulates rapid resprouting,?®' and it often returns 1o its original height and cover within 1 year of cutting
(Gratkowski 1978; J. Wright, pers. comm.,, July 1989).2%2 Manual cutting of thimbieberry with chainsaws
on June 26, July 17, August 7, and August 28 in the ICH zone near Smithers was ineftective on all four
dates. After two growing seasons, thimbieberry had resprouted to percent covers equal or greater than
original levels.?®® D'Anjou found that thimbleberry recovered from cutting faster than salmonberry, red
elderberry, black twinberry, and vine maple.”®*

Thimbieberry plants showed signs of lost vigour 1 year atter spring and early summer sheep grazing near
Clearwater (G. Ellen, pers. comm., July 1989).

278 Brand 1984,

280 1pid.
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282 DAnjou 1988d.
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284 D'Anjou 1988d.
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Herbicides: Foliar applications of 1.5-2.1 kg a.i./ha glyphosate in late summer (August and September} have
consistently given good control of thimbleberry while June and July appiications of the same rate have
beenineffective.?85288 Poor controtinJune and July was atiributed to binding of the chemicalin the above-
ground actively growing canes, which prevents translocation to underground paris. Late May application
of 2.0 kg a.i./ha glyphosate controfled thimbleberry on an aliuviai flcodplain site in the ICHmc subzone,
butapplicationsof 1.0 and 1.5 kg a.i./hawereineffective.?®” Thimbieberry rapidly resprouts after glyphosate
applications, even after extensive top-kill. Thimbleberry often recovers 50% of its pre-freatment cover
after two seasons {J. Wright, pers. comm., July 1989)2%8 and can fully recover within 3 years (J. Wright,
pers. comm., July 1989).289.2%0

Hexazinone tends to be an inetiective herbicide for thimbieberry control because of high organic matter
levels in soils where this plant grows. However, on some sites, mild to moderate injury has been attained.
For example, in the CWH zone near Chilliwack, an Aprnif application of 4 kg a.i./ha fiquid hexazinone
caused moderate control of thimbleberry. Canopy cover and height were almostback tothe pre-treatment
level within three growing seasons.?®! Thimbleberry was mildly affected by late June spot applications
of hexazinone at 4 mL per spotand 1 x 2 m spacing inthe SBSmw subzone near Quesnel and was starting
to recover the season after the herbicide was applied.

Available informationindicates that 2,4-D causes lightinjury to thimbleberry in British Columbia (Boateng
and Herring 1990). A summary of research trialsinthe U.S. inland Northwest indicates that 2,4-D applied
as alate summer aeriaf spray causes less than 20% cover reduction of thimbleberry (Miller 1985b). Spring
foliar applications of 2,4-D are reportedto be effective innortheastern Oregon and northem idaho (Conard
and Emmingham 1983; Hann 1986). In coastal areas of Washington and Oregon, 2,4-D has given
variable results (Conard and Emmingham 1984a},

Appiication of triciopyr ester as a foliar spray in spring, late summer, or fall can give moderate control of
thimbieberry {Warren 1982; Conard and Emmingham 1983, 1984a; William et al. 1987). Backpack
spraying of triclopyr ester at 3 kg a.i./ha on June 4 in the CWH zone resulted in effective control of
thimbieberry, but the same treatment on September 3 was ineffective.”®? Basal applications of triclopyr
may also give control of thimbleberry {Warren 1982; Hamel 1983).

Conard and Emmingham {1984a) report that amitrol applied in the spring or summer causes moderate
injury to thimbleberry in western Oregon and Washington.

Testsof other herbicides are described by Stewart {1974a, 1974b, 1974c), Gratkowski {1978}, and Hame!|
{1983).

Soil Disturbance: Thimbleberry quickly invades disturbed soils eitherby resprouting from rhizomes orthrough
germination of seeds {Dymess 1973; Amo et al. 1985). inthe CWH zone near Vancouver, thimbleberry
rapidly increased in dominance and vigour following scarification of moist productive ecosystems.?®
Thimbleberry was the most vigorous invader of blade-scarified moist spruce—fir sites near Prince George
{Arlidge 1967). Within 3 years of scarification it had totally occupied plots in the Devil's Club site type and
had reached a height of over 1 m. Similar results occur in the ICH zone near Saimon Arm where
thimbieberry typically regains pre-treatment levels within 2 or 3 years of mechanical site preparation
{J. Wright, pers. comm., July 1989).

2685 D'Anjou 1988b.

288 | pPage and Pollack 1988b.
287 pallack and LePage 1986b.
288 Dyke 1987.

289 CHAFTS 1988,

290 Reynolds ef al. 1988,

291 [yAnjou 1988d.

292 DrAnjou 1988a.

293 Brand 1984,
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THMBLEBERRY

WILDLIFE

Food: Thimbleberry twigs and leaves are not very significant as ungulate browse (Morris et al. 1962; Halverson
(compiler) 1986}). Itis moderately important for black-tailed deer in British Columbia (McTaggarn-Cowan
1945; Singleton 1976; Rue 1978) and western Washington and Oregon (Lindzey 1943; Chatelin 1947,
Brown 1961; Crouch 1964; Miller 1968). Black-tailed deer eatthe berries, leaves, and stem (Brown 1961;
Mifiler 1968). Thimbleberry has medium to low importance as winter and spring food for Roosevelt elk
(Singleton 1976). L is preferred by squirrels, chipmunks (Banfiekd 1974), and juvenile blue grouse on
Vancouver Island (Fowle 1960). Bears feed on the young shoots (Hamilton 1987). The fruit is favoured
by many birds and mammais.

182



Rubus spectabills
{salmonberry)

Scm

557N Miles

55°N
- o woe 200
Q100 200 300
& Kilometres
50°N
i

1309w D go0tw

BRITISH COLUMBIA

Distribution of R. spectabilis in British Columbia.

184



Rubus spectabilis Pursh. Salmonberry

DESCRIPTION

Salmonberry is a thicket-forming deciduous shrub arising from a branching rhizome. The stems are erect
or curved, usually 0.6-3 mtall. Twigs are hairless, with scattered spines or prickles, and grow in a zigzag
manner. Salmonberry has compound ieaves with 3 sharply toothed leafiets. The flowers are showy and deep
pink and the fruit is a glossy red to yellow “raspbemy-like” aggregate consisting of many small drupelets
{Viereck and Little 1972; Taylor 1973b; Hultén 1974).

Variation: No subspecies or varieties of salmonberry are described in British Columbia {Taylorand MacBryde
1977), but it is reported to hybridize with A. idaeus and R. arcticus in Alaska {Viereck and Littie 1972:
Hulién 1974).

DISTRIBUTION AND ABUNDANCE

Salmonberry occurs along the entire length of the coast of British Columbia inciuding Vancouver Island and
the Queen Chariotte Islands. Itisfound pimarily onthewestside of the Coast Mountains but penetratesiniand
alongthe Skeena and Fraserriverdrainages. it has beenrecorded fromone locationonthe upper Fraser River
{A. Ceska, pers. comm., Dec. 1984) but is otherwise absent from the Interior Wet Bett. Salmonberry is very
abundant in the CWH and CDF biogeoclimatic zones and occurs frequently in the MH zone.

Altitudinal Range: Salmonberry extends from sea level to lower alpine elevations (Hultén 1974) but is most
abundant below approximately 800 m (Lyons 1952}, Atlow elevationsitis commonin avari ety of habitats,
but at high elevations it tends to be restricted to streambanks and rarety develops extensive stands
(Barber 1976).

HABITAT

Climatic Relations: Salmonberry clearly favours a humid to perhumid coastal climate with relatively mild
temperatures and a lengthy growing season. It reaches its best development in British Columbia at low
elevations onthe south coast. Atthe northeast extert of its range in the Nass and Bulkley valleys it occurs
only in sheltered, humid locations and is noticeably reduced in size and vigour.

Site and Soil Conditions: Throughout its range, saimonberry is a species of lowland forests, moist slopes, and
streambanks (Ruth 1970; Viereck and Little 1972; Barber 1976, Campbell and Frankiin 1979). It occurs
on a wide range of soil textures and parent materials from rich loams to loamy clays, on rapidly drained
graveis and on peat (Barber 1976), but best growth occurs on fioodplains. Soils on which salmonberry
is abundant include Brunisols, Regosols, Gieysols, Podzols, and Organics (see e.g., Klinka and Carter
1980).294.295

Nutrient Relations: Salmonberry apparently favours sites with a medium to very rich nutrient status, 2% but
Barber (1976) concluded that soil fertifity is relatively unimportant for its growth and survival compared
to other habitat factors. Salmonberry may have a fairly high demand for nitrogen {M. Newton, pers.
comm., Dec. 1984). A soil nitrogen study by Barber (1976) indicates that salmonberry will survive and
grow whether nitrogen is provided as ammoniurm or nitrates.

Water Relations: Salmonberry reaches its best development on mesic sites. Best growth occurs when soils
are well aerated and near field capacity. In wet, poorly aerated soils, root growth is inhibited; the plant
declines in size and vigour and occurs mainly on elevated hummocks (Barber 1976). Salmonberry is
apparently poorly adapted to survive under droughty conditions as a young seedling (Ruth 1970). On dry
sites, it has a compact growth form; an apparent delay in extensive shoot growth limits transpirational
losses until roots are sufficiently developed to provide a continuous supply of soil moisture (Barber 1 976).

254 Yole gt al 1982,
295 Banner et al 1984,
296 Brand 1984,
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SALMONBERRY

Light Relations: Salmonberry is described as shade tolerant (Ruth 1970) or semi-tolerant.2 Its ability to
achieve net photosynthesis at low light levels permits it to inhabit sites too shady for other species of the
Rubus genus (Barber 1976). Best growth occurs in forest openings and cleared areas where abundant
moisture is available {Ruth 1970; Campbell and Franklin 1979). in some situations, salmonberry
seedlings appear to prefer partial shading, but moisture stresses rather than excessive radiation limit the
survival and growth of seedlings in full sunlight (Ruth 1970). Salmonberry is virtually eliminated under
dense confferous canopies {Barber 1976}.

The shade tolerance of saimonberry may be greater in the Pacific Northwest states and in south coastal
British Columbia than towards the northern limits of its range. Saimonberry is a dominant understory
species under red alder and mixed alluvial forests in the southern half of its range, but it is uncommon as
an understory species in southeastern Alaska (P. Alaback, pers. comm., Dec. 1984), and it frequently has
low vigour under dense red alder on alluvial sites on the Skeena River (D. Coates, pers. comm., 1990).

Temperature Reiations: Salmonberry is able to achieve net photosynihesis at relatively low temperatures.
This may allow it to resume photosynthesis much earlier in the growing season than associated
understory plants and overtopping deciduous species {Barber 1976).

GROWTH AND DEVELOPMENT

Like other Rubus species, saimonberry is a perennial rhizomatous shrub with relatively short-lived above-
ground stems orcanes. Viereck and Litite (1972) reporithat the canes live only 2 years, like those of raspberry,
but this seems to be untrue, at least in some portions of the species’ range. Healthy canes of atleast 10 years
of age, and possibly as old as 15 years, have been found in southern British Columbia and Oregon (D. Bigley,
pers. comm., Nov. 1984; J. Zasada, pers. comm., Sept. 1989).

Salmonberry forms dense thickets of erect to prostrate stems. It is normaily 1-3 m tall but can be as tall
as 5 m (Hitchcock et al. 1969). Under favourable conditions, height growth can be as muchas 1.5-2mina
single growing season (Barber 1976).

The rhizomes spread laterally beneath the soil, producing new shoots 1--2 m away from the parent piant.
This lateral spread produces clonal colonies measuring several metres across. Pure stands of salmonberry
which may have arisen from a single plant through vegetative reproduction can be more than 100 m across
{Barber 1976).

Phenclogy: Both above- and below-ground growth commence very early in the spring, before associated
plants such as red alder and thimbleberry have become active. This adaptation gives saimonberry a
competitive advantage as an understory species (Barber 1976).

In western Washington and Oregon, leaf emergence can begin in March, even when snow is still present
(Stewart 1974b; Barber 1976). Leaves flush during early Aprit on the central British Columbia coast and
are fully expanded by early May.?*® Flowering normally takes place between April and June onthe south
coast?® and from April to July in southeastern Alaska (Viereck and Little 1972}, but flowers have been
recorded from southern Vancouver Istand as early as late January during some mild winters (Clark 1876).
Pojar {1975} notes that flowering in this species is correlated with the arrival of migrating Rufous
Hummingbirds aiong the length of the Pacific coast. Fruiting begins early and can extend for a period of
more than 2 months (Barber 1876). On the central British Columbia coast, ripe fruits were present from
early June to July,3 while in Alaska the first fruits are ripe in early July at low elevations and in August
at higher elevations {Viereck and Little 1972). Salmonberry does not set terminal buds atthe end of the
growing season; stem elongation can potentially continue as long as soil moisture is available and
temperatures are favourable {Barber 1976).

297 Brand 1584.
208 Hamilton 1984,
789 Brand 1584,
300 Hamiiton 1984.
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SALMONBERRY

REPRODUCTION

Seed Production and Dispersal: Salmonberry has a perfect, simple flower. Pollination is achieved primarity
by insects and hummingbirds present during the early spring flowering period (Pojar 1975; Barber 1978).
The fruit of salmonberry is an aggregate of smali drupelets each containing a single hard-coated seed.
Large quantities of seed are produced each year {Barber 1976). The fruit falls readily to the ground and
most seed is probably deposited directly below the parent plant. Wider dispersal is primarily by birds and
mammals.

Seed Viability and Germination: Seeds of many species of Aubus have extended viability that may iast for as
long as 100 years. Mosl researchers believe that storage of viable seed in the forest floor for long periods
is an important aspect of the reproductive strategy of salmonberry (Ruth 1970; Barber 1976). Soil
disturbance and increased sunlight apparently stimulate germination of the stored seed (Krygier and Ruth
1961).

Germination experiments in Oregon have indicated that untreated seed has a very low germination
percentage, but that germination increases after 6 months of dry storage.3®! Germination of salmonberry
seed normally requires several months of chilling followed by warm temperatures. Passage through the
crop or gut of a bird apparently scarifies the seed and enhances germination. Treatment of seeds with
concentrated sulfuric acid has been shown to stimulate germination®? and seeds germinated under
laboratory conditions are usually treated with acid {USDA 1974; Barber 1976). In a study in western
Oregon, mechanical scarification had no effect on germination of salmonberry 3 Seeds from both red
and yeliow fruit are equally viable {Barber 1976).

Seedlings of salmonberry are uncommon except where soit disturbance has occurred. Lightis apparently
not necessary for seed germination but is critical for subsequent seedling survival (Barber 1976).
Seedlings will germinate on peat, decaying logs and stumps and in a variety of habitats (Barber 1978},
but mineral soil is apparently required for successful establishment {Ruth 1970).

Seed is very important in allowing salmonberry to invade new areas and in enabling the species to re-
eslablish itself in environments where natural disturbances are infrequent. Seediing production is not
significant in perpetuating established colonies (Barber 1976).3%

Vegetative Reproduction: Vegetative reproduction is the principal means by which expansion and perpetu-
ation of eslablished colonies of salmonberry takes place. Salmonberry is strongly rhizomatous and the
lateral spread of rhizomes followed by production of new shoots is the primary mode of vegetative
reproduction. Vigorous formation of adventitious shoots is usually stimuiated by some form of disturbance
(D. Bigiey, pers. comm., Nov. 1984). Shoots aiso form from preformed buds {J. Zasada, pers. comm.,
Sept. 1989). Tip layering is another mode of asexual reproduction (Barber 1976). Where plants are
fragmented by soil disturbance, rhizome and root fragments can be expected 1o reroot and produce new
plants (Krygier and Ruth 1961). Atthe end of 1 growing season, salmonberry piants grown from cuttings
were 200-1000 times larger than plants grown from seed. However, after 2 growing seasons, sprouts
from cuttings were only iwice as large as seedlings. Absolute growth rates were significantly greaterthan
for seedlings.3%

PESTS

Barber (1976) describes salmonberry as relatively free of insects and disease and lists some of the more
important pest species.

EFFECTS ON CROP TREES

Competition: Saimonberry is a major competitor of young conifers on moist, productive sites in most of coastal
British Columbia. Dense thickets of salmonberry inhibil establishment of natural and pianted conifers

30! CRAFTS 1985.
302 |bid.
303 |bid,
304 |bid.
305 |bid.
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SALMONBERRY

{Gratkowski 1971; Viereck and Little 1972; Campbell and Franklin 1979). Light intensities beneath a
dense stand of saimonberry are too low to permit seedling establishment {Barber 1978). Light competition
is the primary cause of growth losses and moriality in conifer seedlings under saimonberry thickets in
coastal British Columbia (T. Lewis, pers. comim., May 1989). Mats of leaf litter may prevent germination
or smother young seedlings. Other competitive factors are presumably aiso at play (Barber 1976). Inthe
Vancouver Forest Region, once salmonberry is established it can exclude conifers for decades, if not the
whole rotation (T. Lewis, pers. comm., May 1989).

Barber (19786} suggests that Douglas-fir may be more susceptible to saimonberry competition than
species such as western hemiock with greater shade tolerance. However, in an experiment by Newton
and White {1983}, small hemilock seedkings sustained more damage from salmonberry than did Douglas-
firor Sitka spruce. Once itis overtopped by conifers, saimonberry is quickly at acompetitive disadvantage.
it can be shaded out by a dense 15- to 20-year-old hemlock overstory {Barber 1976).

in the Oregon Coast Range, salmonberry was not affected by competition from seeded grass (Kknger
1986). However, in the CWH zone near Campbeil River, B.C., seeded grass substantially decreased the
establishment and vigour of salmonberry {J. McClarnon, pers. comm., May 1986).

Allelopathy: Although extracts of saimonberry leaves and litter inhibited growth of test plants in the laboratory,
no allelopathic effects of saimonberry kitter on conifer growth have been demonstrated under field
conditions in western Washington {del Morai and Cates 1971).

Beneficial Effects: A dense colony of salmonberry can inhibit invasion of long-lived deciduous species such
as red alder, bigieaf mapie, and black cottonwood {Campbell and Franklin 1979}. Salmonberry may aiso
act to reduce soil erosion {Barber 1976).

RESPONSE TQ DISTURBANCE OR MANAGEMENT

Forest Canopy Removai: Salmonberry often develops into dense thickets following timber harvest. On areas
where saimonberry is present in the understory prior to logging, canopy removalresults in arapidincrease
in colony size, crown cover, and stand density (Ruth 1970). Ruth {1970) observed increases from 1.1 to
14.6% overa periodof 7 years. Observations on northem Vancouver Istand indicate that cover and height
of saimonberry increases after overstory removal {D. Harrisen, pers. comm., July 1989). However,
D. Bigiey (pers. comm., Nov. 1984) siated that height growth of salmonberry may not increase
significantly following canopy removal. '

Ruth {1970} reported prolific germination of saimonberry from seed stored in the dufi following canopy
removal and associated soil disturbance. The degree of canopy removal did not appear to affect the
germination rate of seedlings, but some shade helped to prevent desiccation of young seedlings.

Ruth predicted that successive thinnings in intensively managed stands will allow saimonberry to persist
inthe understory longerthan in undisturbed mature forests. This type of intensive management may lead
to increased saimonberry competition in future rotations.

Fire: Salmonberry canrapidly increase in coverfoliowing natural orprescribedfire. Broadcast burning retards
brush for about 1 season but subsequent sprouting of saimonberry is dense (Krygier and Ruth 1961},
Invasion of unoccupied ground takes place through spread of rhizomes and natural seeding {Alien 1969).
Eighteen months following prescribed burning near Haney, saimonberry seedlings were abundant
{D. Bigley, pers. comm., Nov. 1984).

Morris {1970) found that salmonberry cover was higher onunburned ciearcuts than on burned sites during
the first 5 growing seasons in Washington and QOregon; however, by the eleventh to sixteenth growing
seasons, there was no difference in relative abundance of salmonberry on burned and unburned sites.
Eight years after a high severity burnin British Columbia, salmonberry cover was 20%, compared to 65%
onanunburned control. In comparison, the coverof salmonberry after moderate severity burns was about
47% compared 1o 25% on an unburned area {Beese 1986}. Effective control of saimonbetry can be
achieved with a severe burn that consumes the litter, destroying stored seed and underground organs;
however, such a burn can cause significant site degradation {M. Newton, pers. comm., Dec. 1984).
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Cutting: Manual cutting of saimonberry stimulates rapid resprouting from stem bases and rhizomes and can
result in an increase in total leaf area (M. Newion, pers. comm., Dec. 1984; J. McClarnon, pers. comm.
1989).306:307 Cover of salmonberry often regains pre-treatment levels within 1 season (Wagner 1984).
in the Campbeli River District, salmonberry has fully recovered from manual cutting in as little as 3—4
weeks (J. McLarnon, pers. comm, May 1989). inthe CDF and CWH zones on southermn Vancouver Isiand,
saimonbemy exhibited vigorous regrowth regardiess of cutting season {R. Mueller, pers. comm., July
1989). Manual cutting is only successful in controlling salmonberry if itis repeated 2 or 3 times a year for
several years 308

Herbicides: Before glyphosate became available for forestry use, salmonberry was very difficutt to control with
herbicides as subterranean parts were frequently unaffected, and the plant tended to resprout from
rhizomes and stem bases (Stewart 1977). Broadcast application of 2.0 kg a.i./ha glyphosate in late
summer and fail have resulted in moderate to severe injury to salmonberry {Conard and Emmingham
1984a).309310.311 Controltends to decline atier 2 or3 years.'? D’Anjou'® found that although mid-August
and early September applications were effective in controlling salmonbery, mid-July applications were
ineffective, and early June applications were only partially effective.

Broadcast appilications of hexazinone have caused only light injury to salmonberry in British Columbia
(Boateng and Herring 1990). Salmonberry was ineffectively controlled in 3 different trials near Chitliwack
involving spot or broadcast application of liquid hexazinone at 2 or 4 kg a.i./ha in April. Lack of herbicide
effectiveness was attributed to high organic levels in the soil.3'

Inwestern Washington and Oregon, 2,4-D causes light to moderate damage to salmonberry (Conard and
Emmingham 1984a; S. Conard, pers. comm., Mar. 1985). Conard and Emmingham {1984a) report that
in Washington and Oregon amitrol causes severe injury when applied in the spring and moderate injury
when applied in the summer. D’Anjou found that in coastal British Columbia, triclopyr ester was more
effective when applied in June than later in the summer.315

Soil Disturbance: Soil disturbance that exposes mineral soil provides a suilable seedbed for salmonberry
germination and may stimulate germination of buried seed. Damage caused to existing salmonberry
plants will stimulate resprouting, and fragments may re-root to produce new plants (Krygier and Ruth
1961; Ruth 1970; Barber 1976). Scarification of clearcut areas in the CWH zone near Vancouver resulted
in a rapid increase in salmonberry cover over pre-logging conditions.®'® Deep scarification can reduce
saimonberry cover if roots and rhizomes are compietely removed from the soil (M. Newton, pers.comm.,
Dec. 1984). For example, heavy scarification with a caterpillar tractor in the CDF and CWH zones on
southern Vancouver Island reduced salmonberry re-invasion {R. Mueller, pers. comm., July 1989;.

WILDLIFE

Food: Saimonberry is relatively important for wildlife in coastal British Columbia. The fruit is the main plant
part eaten.®'” The berries are a favourite late spring food of bears {Banfield 1974; Herrero 1985; National
Wildlife Federation 1987; Lofroth 1988). Birds, small mammais, and coyoles also eat the berries (Viereck
and Little 1972; Barber 1976; Halverson (compiler) 1986).

306 Brand 1984,

307 DrAnjou 1988e.

308 Simard and Mather 1989,
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311 pollack and LePage 1988,
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315 D'Anjou 19884,
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Alihough the berries are the main plant part eaten, the leaves and shootis are also browsed. Salmonberry
is moderately important winter and spring browse for Roosevelt elk and black-tailed deer year-round
{Singleton 1976; Leslie et al. 1984). The tender young shoots of salmonberry are important summer
browse for Roosevelt elk on Vancouver Island {Devereux 1988).3'8 Salmonberry (leaves, twigs, andiruit)
can be among the 10 most important plant species in the diet of black-tailed deer (Brown 1961). Onthe
Queen Charlotte Islands, high populations of introduced Sitka black-tailed deer have browsed saimonberry
to the ground.®'?

Salmonberry shoots are a very important spring browse for black and grizzly bears in coastal British
Columbia (Herrero 1985). Shoots made up 26% of the spring and early summer diet of black and grizzly
bears near Knight Inlet {Lloyd 1979). The tender shoots and leaves are also a favourite summer food of
mountain beaver. This mammal has limited range in the province but is common in the U.S. Pacific
Northwaest.

Other Resources: Salmonberry provides cover for birds and small mammais (Halverson (compiler) 1986).

318 Smith et al. {undated),
319 Pojar and Banner 1984.
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Salix spp. L. Willows

DESCRIPTION

Willows are a highiy variable group of sma¥l trees, shrubs, and creeping woody plants. Form and leaf
characteristics vary widely, but all willows have single-scaled buds and lack aterminatbud. Leaves are linear
or lanceolate to orbicular but usually narrow and without large teeth. Male and female flowers are borne in
catkins on separate ptants. The fruit is a capsule that splits into 2 valvesto release many, downy seeds {Argus
1973; Brayshaw 1978).

Variation: Salix is an extremely variable genus with extensive hybridization between species, although
probably more hybrids have been described than exist in nature because of the high degree of
intraspecific variation (Argus 1973; Brayshaw 1978). There are 48 species of willow in British Columbia
{Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Willows occur throughout British Columbia The following table lists some of the most important witlows on
forested sites and describes their distribution and habitat (after Brayshaw 1978; J. Pojar, pers. comm., Oct.
1984).320

Species

Distributlon

Habfitat

5. sitchensis

S. scouloriana

S. babbiana

5. glauca

S. hookeriana

S. lassiandra
S. pyrifolia

S, barclayl

S. arbusculcidas
S. planifolia

S. maccaffiana

S. rigida

S. drummondiana

S. alaxensis

Common on the coast and scatiered
inland

Throughout B.C.; the mast common
coastal spedes

East of Coast Mtns; the most common
Interiar species

East of Coast Mtns.

Along coast; very common in Fraser
Valiey

Throughaut B.C.

Northeastern B.C.; abundant in
Peace River area

Throughaout B.C. at higher elevations
and in northemn areas

Baoreal forest and central Interior

Low to moderate elevations,
mosty boreal forast

Widely scattered; abundant in Chilcotin

Throughout B.C., espacially in southem
interior

East of Coast Mins.
Northem B.C.

River bars and uplands

Uplands and moist draws

Uplands and disturbed sites

Uplands and wetlands, taw and high
elavations

Swamp adges

Alluvial habitats

Wetland margins, riparian habitats

Vanable

Upland forest and weliands

Wetland margins

Wetland margins
Mosty in bottomland

Alluvium and wetlands
Open, rocky soils and river bars

Altitudinal Range. Willows occur at all elevations in British Columbia, from sea level to alpine (Lyons 1952;

Brayshaw 1978).

320 Roherts 1983.
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HABITAT

Climatic Relations: Willows grow throughout the world but are best adapted to a cool, moist northern climate
(Brayshaw 1978). The species in British Columbia are adapted to all extremes of cimate found in-this
province. In temperate and warmer climates, willows are often most prevalent in locations with a cool
microckmate.

Site and Soil Conditions: Best willow growth occurs in deep, moist, aliuvial bottomiands (Rawson 1974}, but
there are willows on every type of site and soil. Most willow species are adapled to moist-io-wet riparian
or swamp habitats with gleyed, regosolic, or organic soils, but some of the most abundant species favour
well-drained sandy or gravelly parent materials (Rawson 1974; Brayshaw 1978).

Nutrient Relations: The generai pH range for willows is 5.5 to 7.5. They will tolerate moderately alkaline soils
but apparently do poorly on extremely alkaline oracidic soils (Rawson 1974). The genus contains species
adapted to a wide variety of nutrient conditions, but the greatest diversity of forest species is found on
nutrient-rich habitats. In the SBS zone, S. bebbiana (one of the most common upiand willows} is found
mainly on medium to nutrient-rich forest sites (Pojar et al. 1982).

Water Relations: Although willow species are adapted to the full range of soil moisture conditions in most
forest zones in British Columbia, the majority are found on subhygric and wetter sites. Many species will
tolerate standing water (Brayshaw 1978), but growth can be severely reduced when water levels are
maintained at or above the root collar for extended periods (Knighton 1981). Porler states that ecological
moisture regime is an imporiant factor affecting willow species distribution and abundance 3%' He notes
that in the SBS zone, Salix bebbiana and S. discolor perform best in the drier, warmer subzones,
S. scouleriana prefers drier sites generally, and S. sitchensis thrives in the wetter, cooler subzones with
some preference for wetter sites. Willows growing alongwaterwaysin arid areastranspire large quantities
of water {Kozlowski 1972).

Light Relations: Willows are moderately to highly shade intolerant. Most species grow inthe open orin partial
shade, and vigour is much reduced under a forest canopy (Lyons 1952; Rawson 1974).

Temperature Relations: The ability of some willows to grow in the most extreme northemn and alpine
environments attests to their tolerance of extreme cold (Argus 1973; Brayshaw 1978).

GROWTH AND DEVELOPMENT

Willows range in size from medium-sized trees to dwarf shrubs, but most species of significance onforested
sites are tall or medium-sized shrubs, or smali trees no more than 10 min height. They generally have abroad
crown and are frequently multi-stemmed. Many species form dense thickets on wet sites (Rawson 1974;
Brayshaw 1978), but upland willows often occur as scaitered individuals. A remarkable characteristic of
willows is their plasticity (Brayshaw 1978); the growth form adapts readily to habitat conditions, and there is
extreme variability in branching habit, and foliage characteristics.

Willows exhibit rapid early growth from both seed or sprout (Rawson 1974). Sprout growth far exceeds that
of seedlings and can exceed 2 min 1 year {G. MacKinnon, pers. comm., Jan. 1985). Vegatatively reproduced
willow was 6 times taller than willow growing from seed on a 6-year-old burn in Alaska (Zasada et al. 1987).
Most willows are short-lived and become decadent at an early age (Spector 1956, cited by Rawson 1974,
Fowelis (compiler) 1965).

Phenology: A distinctive characteristic of some willows is the production of “pussy willows™ early in spring
before the snow has melted (Viereck and Little 1972). The genus typically has an early flowering
phenology. Many species flower well before the leaves have emerged, others flower simultaneously with
leal emergence, while still others flower late in the year after the leaves have fully expanded. Seed
ripening closely follows flower development, and most species disperse seed in early or mid-summer
(Zasada and Viereck 1975; Brayshaw 1978; Marchant and Sherlock 1984).

See Porter®2 for phenology data on 4 major willow species in the SBS zone in British Columbia.

321 Porter 1989.
322 |bid.
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REPRODUCTION

Seed Production and Dispersal: Wiliows are early producers and begin to flower between 2 and 10 years of
age (USDA 1974). Male and female flowers occur on separate plants, so many piants never produce
seed. Bees are apparently important in poliination. The optimum seed-bearing years of 5. bebbiana are
10-30years (Rawson 1974). Inan Alaska study, a 2-year-old sprout produced seeds {Zasada et al. 1983).
Most willows produce profilic quantities of seed {Brayshaw 1978}. The capsular fruits spiit to release the
minute, downy seeds that are then dispersed by either wind or water {USDA 1974}.

Seed Viability and Germination: Willow seed has an extremely short period of viability. Under natural
conditions, most seeds remain viable for only a few days. Seeds usually germinate within 12—24 hours
of landing on a suitable seedbed (USDA 1974). In artificially sown seedbeds in Alaska, viable seeds were
found after 4 weeks, but most germination occurred within 2 weeks of seeding (Zasada et 2. 1983). In
germination tesfs, willows normally have a high germinative capacity {(70-100%) (USDA 1974; Zasada
et al. 1983). Seed dormancy is absent in most species (USDA 1974; Marchant and Sherlock 1984), but
has been ohserved in some late-flowering Alaskan species whose seed germinates in the spring of the
following year (Zasada and Viereck 1975; Holloway and Zasada 1979). Germination is best under moist
conditions with high relative humidity and full sunlight {USDA 1974). Exposed mineral soil is the best
seedbed for many willow species, and germination of the small seed is inhibited on sites with a continuous
cover of tree litter (Grime 1979).

Vegetative Reproduction: Willows are well known for their ability to root readily from stem cuttings (Edlin 1966;
Marchant and Sheriock 1984}. Cuttings taken during the growing season root particuiarly well {Holloway
and Zasada 1979). Rooting is usually most successful on moistto wet sites (Rawson 1974; G. MacKinnon,
pers. comm., Jan. 1985). Stemn and root fragments root naturally it buried in moist soil. Damaged and
cut stems produce prolific sprouts from the stem base or root collar {Fowells {compiier) 1965; Rawson
1974), Layering also occurs readily if branches are buried {Marchant and Sherlock 1984). The sandbar
willow { Salix interior) reportedly expands by developing suckers from its extensive root system {Neiland
and Viereck 1977).

PESTS

Fumiss and Krebill {1972} recorded 52 species of insects and 39 species of fungi that attack willows in the
westem U.S. Insect infestations often lead to significant browsing or defoliation of leaves by late August. This
may affect efficacy to foliar herbicides (J. Wright, pers. comm., July 1989}.

EFFECTS ON CROP TREES

Competition: Willows compete with coniferous crop trees on a variety of sites throughout British Columbia.
Willow competition is widespread throughout the Interior but is most intense in the northem SBS and in
the BWBS where willows are extremely abundant and have become dominant over extensive areas as
aresult of repeated fire. Onthe coast, willow competition is significant primarily in wet or alluvial habitats.

Rapid early growth, especially in plants of sprout origin, allows willow to quickly outgrow its competitors
{Rawson 1974). The plant can expand very rapidly following disturbance (Mueggler 1965), and its
tendency to form dense thickets inhibits natural regeneration of coniters. The canopy of mature trees
seldom creates deep shade, but juvenile growth may have larger leaves and dense sprouts can produce
a solid canopy.

Beneficial Effects: No direct beneficial effects of willow on conifer growth are reported in the literature. Witlows
are useful in stabilizing streambanks and provide erosioncontrol on severely disturbed sites (USDA 1974;
Marchant and Sherlock 1984).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Willow generally increases inabundance on cutover areas (Mueggiler 1965; Viereck
and Little 1972; Eis 1981), but invasion is not always rapid. Trees damaged or cut during harvesting
operations will sprout vigorously. increased sunlight following overstory removal is very favourable to
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willow. Willow usually increases foliowing canopy removal in the ICH zone near Saimon Arm (J. Wright,
pers. comm., July 1989}. It increases primarily by seeding-in. Mueggler (1965} found that crown cover
of willow was 10 times greater on areas with low overstory cover than under a closed forest canopy.
Removal of the overstory canopy on a site in Alaska resulted in very large increases in willow growth
{Walker and Chapin 1986).

in a controlied experiment in Alaska, the response of feltleaf willow to winter browsing by snowshoe hares
was investigated. Severe browsing of willow growing adjacent to alder thickets reduced willow height,
thereby tacilitating overtopping and shading by alder. Shading appeared to increase the palatability of
willow stump sprouts, resulting in increased severity of browsing. A 50% reduction in light for 1 year
caused a 2-fold increase in palatability. More severe shading over alonger period of time, as occurs under
the canopy of an akder thicket, is expected o cause even greater increases in willow palatability {Bryant
1987).

Fire: Willow is greatly favoured by fire in most habitats {Wright 1972} and it can become the dominant cover
in areas that have a history of fraquent natural fire. it sprouts vigorously after fire and height growth can
be dramatic (J. Wright, pers. comm., July 1989).322 Cover of established plants increases substantially
afterburning. For example, in Montana, willow canopy increased more than 10-fold the first year following
burning, and more than 30-fold the second year (Noste and Bushey 1987). Four years following a fire in
Alaska, S. scouleriana density was 4 times greater than on adjacent unburned areas (Viereck and
Dyrness 1979). Innorthern ldaho, coverof S. scoufenianawas much higher onbumed sites than unburned
clearcuts, particularly where there had been repeated fires over a 30-year period (Mueggler 1965).

Willow that invades by seeding-in grows siower than willow that sprouts after buming. Stickney (1981)
found numerous willow seedlings on bumed sites in western Montana but noted that that the rate of cover
development was quite slow. After 69 years its coverwas less than 10% on most areas. Six years after
aburnin Alaska, grayleaf wiltow seediings were 5 times taller on severely burned microsiies thanon lightly
bumed areas {Zasada et al. 1987).

Prescribed fire is widely used as a wildlife management tool to rejuvenate decadent willow and stimulate
sprouting. A quick, hot fire maximizes sprouting, while slower, longer burns cause more extensive
damage and produce less browse {G. MacKinnon, pers. comm., Jan. 1985). However, in some situations,
prescribed buming can reduce initial competition from willow in clearcut areas {C. Delong, W.R. Mitchell,
and D. Lioyd, pers. comm., Nov. 1984).

Cutting: Willow will sprout vigorously following cutting, regardiess of cutting season, but sprouting vigour is
more pronounced il cutling takes piace during the dormant season. Sprouting has been observed less
than 2 weeks alter cutting {B. Nash, pers. comm., June 1889). Sprouts oftengrow 1—-2 minthe first season
{Kellyhouse and Graanard 1984; B. Nash, pers. comm., June 1989; J. Wright, pers. comm., July 1989).
It is possibie for individual cut stems to produce 50 or 60 sprouts.

Willow is often cut to increase browse tor wildlife. Production of overmature {eltieat willow that was
mechanically crushed in March in Alaska increased 3 times by the end of the first season and 10 times
by the end of the second growing season. Heavy clipping of willow in the northeastem U.S. produced a
major increase in twig production {Aldous 1952). Annual production increased steadily to 855% of initial
production over 5 years of cutting. Ster numberwas gradually reduced but individual stems were stouter
and had greater vigour {Aldous 1952).

Herbicides: Response of willows to herbicides is poorly understood because ot the difficulty of identifying
willow species. Because of the great variability both between and within species, herbicide response can
vary dramatically (M. Newton, pers. comm., Dec. 1984).

Late summer or fail applications of glyphosate have caused very severe injury to willow in Washington
and Oregon{Conard and Emmingham 1984b). Eftective control has also been reported after late summer
and fall applications of glyphosate in British Columbia {Boateng and Herring 1990). For example, late

323 Porter 1989.
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August and September broadcast applications of 2.1 kg a.i./ha in the Prince Rupert Forest Region
provided excellent control of willow and no basal sprouting for at least 2 years after ireatment. 324325
However, controtis oftenincomplete or very short-term {J. Wright, pers. comm., July 1989).326327 A symmary
of 36 trials in the U.S. inland Northwest indicates that glyphosate usually causes less than 50% top-Kill
in the first year, declining to 30% by the third year after treatment. Waddington and Bittman (1987) found
that willow trees less than 0.5 m high suffered less injury from glyphosate than did taller trees. Fall
applications of glyphosate to cut surfaces has provided very eftective control of willow in the IDFdk
subzone inthe Caribou andthe ICH zone inthe Salmon Arm District {J. Wright, pers. comm., July 1989).3%8

Broadcast applications of 3—4 kg a.i/ha hexazinone in late May and June resuk in effective first year
control of willow, but application rates of 2 kg a.i./ha resultin unacceptably poor controf; 3833 Poflack and
LePage™®" found that willows receiving 2 kg a.i./ha sprouted vigorously and had twice as many sprouts
as the willows treated with the higher application rates.

Spot applications of hexazinone have generally been successful in controlling willow in British Columbia
and Alberta 332333334335 Fiactiveness of spot applications of hexazinone does not seem to be related
to date of application. Excelient first-year control of willow has been obtained in every month from May
to October. Application rates of 8 mL per spot at 2 x 2 m or 1.5 x 1.5 m spacing, and 4 mL per spot at
1.5 x 1.5 m have usually controlled willow. An application rate of 4 mL per spot at 2 x 2 m spacing has
tended to provide unsatisfactory first-year control of willow.

information is lacking on the number of years of control provided by broadcast or spot applications of
hexazinone, but in a trial involving spot applications of 9—11 mL per spot on a mesic SBSmc site, willow
remained well controlled for at teast 4 years (N. Endacoft, pers. comm., July 1989},

In Washington and Oregon, spring or late summer applications of 2,4-D to cut surfaces cause very severe
injury (Conard and Emmingham 1984b). A summary of 8 broadcast triais in the U.S. inland Northwest
indicates that 2,4-D causes less than 30% top-kill of willow the second year and 40—-70% top-kill the third
year after treatment (Boyd et al. 1985). 2,4-D amine is reported to moderately injure willow in British
Columbia (Boateng and Herring 1990). On abacklogsite inthe Prince Ruperi Forest Region, a 45% cover
of 1.3-m talt S. scouleriana and S. bebbiana was nol controlled by a late August broadcast spray of
3 kg a.i./ha 2,4-D ester in 10% oil. By the second year after treatment, willow had resprouted 98 cm.33%

Soil Disturbance: Freshly disturbed sites may be colonized by willows that seed-in or sprout from damaged
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roots and stems 3% Exposure of mineral soil favours the germination of willow seed (Grime 1979; Zasada
et al. 1983; D. Greenley, pers. comm., May 1989; J. Wright, pers. comm,, July 1989). In the SBSwk
subzone near McGregor, B.C., exposed mineral soil was rapidly covered with willow (and birch) which
densely overtopped planted spruce by 13 years after the site was treated (MacKinnon and McMinn 1988}).
Along streambanks, willows are among the first species to seed-in to newly exposed silt and gravel
{Neiland and Viereck 1977). Windrowing can increase willow browse production since mechanical
damage to stems stimulates profific sprouting. Branch parts incorporated inlo the mineral soil during
mechanical treatments can rool and regenerate new plants (G. MacKinnon, pers. comm., Jan 1985).
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Fertilization: In Alaska, 3 consecutive years of fertilization of 5-year-old Salix alaxensis plants with nitrogen,
phosphorus, and potassium increased twig production in unshaded plants but had littie effect on shaded
plants (Bryant 1987). Greenhouse studies in Washington (Adams and Dale 1980) and Alaska (Walker
and Chapin 1986) showed that NPK fertilization of willow significantly increased height growth. Walker
and Chapin (1986} found that NPK fertilization raised the shoot:root ratio from about 1 to 8. This author
found that fertilization with nitrogen produced maximum willow growth at a concentration of 50 mg/L.

WILDLIFE

Food: Willows are very important for wildlife in British Columbia. They are a staple focod year-round for moose
(Murie 1954; Banfield 1974; Singieton 1976; Noste and Bushey 1987; Ritcey 1988).3%¥ Moose browse
on twigs in winter {Rilcey 1988} and consume leaves and new shoots in summer (Harestad 1983).
Species in the genus Salix are some of the mosi palatable foods to moose in central British Columbia
{Hatter 1948, cited by Peterson 1978). Most upland willows, for example 5. scoulerianaand S. bebbiana,
are highly palatable.®? Porter found that in the SBS zone in north central British Columbia, selection of
willow species for browsing appears to be mainly based on availability 240

Willows are a moderately important year-round browse for deer in British Columbia {Singleton 1976; Rue
1978).3*! Inthe East Kootenays, willows are most important to white-tailed deer in May and June®*2 while
in the IDF zone in south central British Columbia, willows are important in the winter.34

Willows are moderately important winter and spring browse for Rocky Mountain and Roosevelt ek and
make up part of the summer and fall diet of Rocky Mountain ek {Singieton 1976; Devereux 1988). Willows
were recorded as 70% of the Decemberdiet, 23% of the March diet, and 17% of the April diet of Roosevelt
elk on Vancouver Isiand.3** Willows are also a moderately important year-round food of Osborn Caribou
{Singleton 1976).

Shoots and buds of willow are eaten by many small mammals (Rawson 1974) including pika, heather vole,
and Columbia ground squirrel {Banfield 1974). Wiilows are highly preferred by beavers (Denney 1952,
cited by Allen 1982; Banfield 1974; Sadoway 1986). Jenkins {1981, cited by Allen 1982) indicates,
however, thatbeaver use of willow may be more a case of availability than of preference. Snowshoe hares
browse wiilow heavily {Hansen and Flinders 1969; Walker et al. 1986), particularly in summerwhen leaves
are tender (Banfield 1974). Wolff (1978) found that willow bark and twigs made up 10% of the diet of
snowshoe hares between December and April and less than 2% the rest of the year. Leaves made up
5% of winter, 3% of April, 8% of May, 25% of summer, and 5% of the fall diet. in Oregon, the common
mountain beaver consumes light to moderate amounts of willow (Crouch 1968).

Song birds and game birds feed on willow buds, twigs, leaves, and seeds {Rawson 1974). On Vancouver
island, willow leaves were found to be an important source of food for mature biue grouse in March and
April and for chicks inthe fall {King and Bendell 1982). King {1969) found that on Vancouver Isiand, leaves
and twigs are important to adult rutfed grouse in the spring and leaves are important to juveniles in July
and August. Buds and twigs of willow made up 29% of the winter diet of rutfed grouse at a site in Alberta
(Doerr et al. 1974, cited by Cade and Sousa 1985) and 35% of the winter diet at a site in Alaska (McGowan
1973, cited by Cade and Sousa 1985).

Other Resources: Riparianwillow stands provide winter range for moose from Wyoming to Alaska. Maximum
use occurs from mid- to late winter and during months of the greatest snow depth (Chapman and
Feldhamer {editors) 1983}. Willow thickets are important habitat for birds and some smalt mammals. For
example, they provide good winter cover for snowshoe hare (Wolff 1980 and Bailey 1946, cited by
Carreker 1985) and habitat for heather vole (Banfield 1974). Willows are important cavily nesting trees
for downy woodpeckers in British Columbia.®*> Many other species of birds including sparrow, blackbird,
goldfinch, redstan, vireo, and flycatcher nest in willows {Cannings et al. 1987).

338 Blower 1982.

339 1hig,

340 Porter 1988,

341 Blower 1982,

342 Demarchi and Demarchi 1967.

33 Miles and Weikle {undated).

344 Smith et al. {undated).
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Sambucus racemosa
{red elderberry)

BRITISH COLUMBEIA
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Distribution of elderberries (Sambucus spp.) British Columbia. The shaded area represents the distribution
of 5. racemosa, while the hatched area shows the distribution of S. ceruiea.
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Sambucus spp. L. Elderberry
(elder)

DESCRIPTION

Elderberry is a tail, coarse shrub or small tree with a broad, arching crown, 1-6 m tall. Stems are cane-
like and branches are stout with a soft, pithy cerire and large buds. Elderberry leaves are large and compound
with 5-11 poirited, finely toothed leaflets. The flowers are small and white, borng in large, showy ierminal
clusters. The bemry-like fruit can be biuish, purplish black, or brilliant red {Viereck and Little 1972; Hosie 1973;
Clark 1976).

Variation: The taxonomy of the genus Sambucus in British Columbia is confusing because of the profusion
of synonyms for each taxon. To most people there are three types of elderberry in British Columbia: a
blue elderberry, a red elderberry, and a biack elderberry; to the plant taxonomist it is not so simple.

There aretwo species of Sambucusinthe province, one of which has several vaneties. Sambucus cerulfea
is the large tree-like blue elderberry found only in southem British Columbia. S. racemosa occurs through
most of the province (Taylor and MacBryde 1977).

Sambucus racemosais found across the Northem Hemisphere, Hs North American versionis now known
as ssp. pubens. it can have either red or black fruit. in British Columbia, the black-fruited variety {var.
meianocarpay) is found only in the southem interior. There are two varieties with red fruit in the province,
Variety /eucocarpa occurs virtually across Canada but is only found in southeastern British Columbia.
Variely arborescens is found along the Pacific coast and through most of the province. To compficate the
issue, there is a third red-fruited variety {var. microbotrys) found south of the border in the U.S. Rocky
Mountains. Most of the literature used in this report refers to this southern variety.

DISTRIBUTION AND ABUNDANCE

The table below summarizes the taxonomy and distribution of Sambucus in British Columbia. in the
remainder of this discussion, only the names of the two species, S. cerulea(blue fruit} and S. racemosaf{either
red or black fruit), will be used.

Sclentific name (synonym) Common name Distributlon in British Columbla

Sambucus cerulea (S. glauca) Blue elderberry Southem B.C. and Vancouver Island,
ICH, IDF, PP, CDF, and southem CWH

Sambucus racemosa ssp, pubens
{S. racamasa, S. pubens)

{a) S. racemosa ssp. pubens var, Black elderberry Southeastern B.C. only; ICH, IDF, ESSF
mefanocarpa (S. melanocarpa)

{b} 5. racomosa ssp. pubens var. Red elderberry {eastem) Southeastern B.C. only; ICH, ESSF
lucocarpa (S. pubens var,
feucocarpa)

{c} 5. racemosassp. pubens var, Red eldarberry {coastal) Coastal and moist interior areas, except
arborescens {S. calficarpa) southeastern B.C.: CWH, CDF, ICH,

MH, ESSF, SBS

Altitudinal Range: Elderberry is found at low to moderate elevalions within its range. Sambucus racemosa
is most abundant below 600 m on the coast and 1200 m in the Interior {Lyons 1952}.

HABITAT

Climatic Relations: S. cerulea is confined to the southem-most valley bottoms in British Columbia and
apparently requires awarm, fairly dry climate with along growing season. S.racemosaappearstotolerate
a broader range and more severe conditions but is restricted to areas of coastal or humid continental
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climate. in the U.S. Rocky Mountains, S. racemosa is found in moist, subalpine climates where the
majority of precipitation falls as snow and temperatures during the growing season range from 5 1o 25°C
(Conrad and McDonough 1972).

Site and Soil Conditions: Eiderberry is common along streams and ravines, on disturbed sites, and in forest
openings. It occurs on a wide variety of soils (UBC Bot. Garden 1971; Conrad and McDonough 1972;
Viereck and Little 1972; Hosie 1973). 8. ceruleais most common on gravelly or stony soils (Hosie 1973),
while S. racemosa generally occurs on deep, well-drained soils with silt loam to sandy loam textures
(Harcombe et al. 1983). Best growth is on deep, fluvial soils.

Nutrient Relations: Eiderberry favours rich soils {Clark 1976) and is an indicator of high nitrate availability ¢
S. racemosa is most common on moderately rich to very rich sites (see, e.g., Haeussler et al. 198437
but the species may be found under a broader range of nutrient conditions in seral ecosystems.

Water Relations: Elderbemies favour moist soit conditions (UBC Bot. Garden 197 1; Viereck and Little 1972;
Clark 1976). In relatively dry climates such as the IDF zone, S. racemosais restricted to subhygric and
hygric sites. In wetter zones such as the ICH and CWH, it can tolerate a broader range of moisture
conditions (Angove and Bancroft 1983). 5. racemosais common on some swampy skunk cabbage sites
oh the coast,®8 but on these poorly drained sites it tends 1o occur on elevated hummocks.

Light Relations: S. cerulea is described as slightly shade tolerant by Plummer et al. (1955). S. racemosais
tolerant of deep shade but grows best in forest openings and margins (Harcombe et al. 1983). inagrowth
chamberexperiment, S. racemosagrew better under 18-hour photoperiods than under 12-hour photoperiods
{Conrad and McDonough 1972}).

Temperature Relafions: Best growth of 5. racemosa in the growth chamber was under a 25°C daytime and
15°C nighttime temperature regime (Conrad and McDonough 1972). Seedlings kept at 2°C for 4 months
to simulate winter conditions grew better than those that did not receive a chilling treatment. Branches
are highly susceptibie to frost kill after growth has begun in spring.

GROWTH AND DEVELOPMENT

Seediings of S. cerulea have a thick taproot and an expansive spreading lateral root systems (Landis and
Simonich 1984; Shaw 1984). Once established, the shrub grows rapidly in height and produces a large, full
crown. Shrubs can attain their full size of approximately 3 min height and several metres in crown diameter
within 3—4 years in the Intermountain U.S. (Plummer et al. 1955). Most individuals remain as large shrubs,
but in favourabie locations they can become small trees. Long-lived trees can reach 9 min height and 36 cm
in diameter {Hosie 1973; Clark 1976).

The growth and development of S. racemosa var. microbotrys has been studied in the U.S. Rocky Moun-
tains where it forms pure dense stands in subalpine rangelands (McDonough and Tew 1967, Conrad and
McDonough 1972). Inthis environment, red elderberry has a rhizomatous habit and spreads to form clones
ranging from 1 to 16 m? in size. The variation in clone size is believed to reflect age differences. Once
established, a single cione can occupy the same site for a long time. One rhizome was found to be 58 years
old and the clone was probably much older. Roots extend to a depth of approximately 1 minthe soil, and there
is a dense network of rhizomes and roots under the entire area of the clone.

ina greenhouse study it took 3years hefore ared elderberry seedling was able to produce rhizomes. These
rhizomes formbuds that give rise to aerial stems. During the firstgrowing seasonthese stems are unbranched
and strictly vegetative. Auxillary buds formed late in the growing season can develop into either vegetative
or flowering branches the following year. Some axillary buds near the base of the stem remain dormant until
branches higher on the stem are damaged. The erect stem produces secondary and then tertiary branches,
but branches of tertiary or higher order are frequently killed by winter damage, so the branching habit of the
plant remains quite simple. If stems are damaged or destroyed right to ground level, new stems will emerge
from dormant buds onthe rhizome. Aerial stems newly arising fromrhizomes have a much higher growth rate
than branches on older stems.

346 Prand 1984,
37 Yole ot al. 1982,
48 hid,
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There are no reports of rhizomatous suckeringin S. racemosagrowingonthe coast {i.e., var. arborescens).
On the Pacific Coast, seedlings can grow 30 ¢m in the first year (M. Newton, pers. comm., Dec. 1984}, and
young shrubs can grow 1.3-2 min a single year once established (UBC Bot. Garden 1971). Following any
form of disturbance, the species sprouts vigorously from the rootstock. Sprouts have considerably more rapid
growth rates than seedlings and average 3—4 m in the first year (M. Newton, pers. comm., Dec. 1984).

Phenology: Growth of S. racemosa begins very early in the growing season. In the Rocky Moumtains of the
U.S., bud elongalion begins while snow Is still on the ground and stem growth is completed within 3—6
weeks following snowmelt {Conrad and McDonough 1972). On the centrai British Columbia coast, most
shrubs are in full leaf by mid-June.34?

Red elderberry blooms throughout May in southern British Columbia {Lyons 1952) and from May to July
in Alaska {Viereck and Little 1972). inthe U.S. Rocky Mountains, initiation of flower buds for the following
year coincides with a sharp reduction in the rate of vegetative growth during late June and early July,
Vegetative branches continueto ekongate long after flowering branches have ceased to grow {Conrad and
McDonough 1972). Berries become ripe in June in southem British Columbia (Lyons 1952} and on the
central coast®* and during July and August in Alaska and the Rocky Mountains {Conrad and McDonough
1972; Viereck and Little 1972).

Phenological observalions of S. cerulea were made over a period of 9 years in the northern U.S. Rocky
Mountains {Schmidt and Lotan 1980). Bud burst occurred from late April to mid-June, depending on
location and weather conditions. Where it occurs together with S. racemosa, it usually leafs out about a
monthiaterthan the red-fruited shrub (Clark 1976}, Leaves were fully grown approximately 1 month aler
bud burst. Leaf senescence began in mid-to late August and leaf falitook place between mid-September
and mid-October. Flowering of this species extends from late May through 1o August, and fruits ripen in
August and September both in the U.S. and British Columbia {LLyons 1952; Schmidt and Lotan 1980).

REPRODUCTION

Seed Production and Dispersal: Approximately 60-90% of the flowers in an inflorescence develop a small,
round fruit each with 2 to 5 seeds {Conrad and McDonough 1972 ; Hitchcock and Cronquist 1973). Good
seed crops are produced virtually every year. Seed dispersal is primarily by birds and other animals that
eal the fruit.

Seed Viability and Germination: Approximately 40% of seeds sampled by Conrad and McDonough (1972)
were unfilled and only 50% of filled seed were viable. Seeds remain viable in storage for several years
(at least 16 for Sambucus cerulea). S. racomosa is a seed-banking species in coastal British Columbia
(McGee 1988b} and inthe ESSF and SBS zones in northem British Columbia. It is particularly abundant
in seed banks on subhygric SBSvk sites (E. Hamillon, pers. comm, July 1989). Seeds have both seed
coat and embryo dormancy; they need severat months of chilling before they will germinate. Additions of
gibberellic acid can increase germination rates. Germination of S. racemosa did not take place at 2°C
but some germination occurred at 13°C (McDonough 1969; UBC Bot. Garden 1971; USDA 1974; Landis
and Simonich 1984; Shaw 1984).

Gemination of S. racemosa in a field experiment was only 1-8% (Conrad and McDonough 1972). The
low germination may have beencaused by freezing of the seed before a protlective snow cover developed.
None of the seedlings survived the summer. Few established seedlings were observed on undisturbed
sites where S. racemosa clones were weil established, and the authors concluded that production of
seedlings is not a significant means of perpetuating established colonies. In contrast, germinants are
often abundant on disturbed sites {Stewart 1978; M. Newlon, pers. comm., Dec. 1984). Kelpsas (1978)
found great quantities of germinants the first growing season following disturbance in coastal Oregon,
Seeds were able to germinate on broken decaying wood. Recent research in Oregon indicates that blue
elderberry germinates on clearcuts but not under mature Douglas-fir canopies {Zasada ef al. 1988).

349 Hamiiton 1984.
350 Ibid,
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Vegetative Reproduction: Eiderberries reproduce vegetatively from sprouts and rhizome suckers and by
tayering (Worley and Nixon 1974}, although, as mentioned earlier, no suckering has been cbserved in
coastal Oregon. Vegetative reproduction is responsible for persistence of established colonies {Conrad
and McDonough 1972),

PESTS

The UBC Botanical Garden{1971) provides a list of insects and diseasesfound on S. racemosassp. pubens
var. arberescens in British Columbia.

EFFECTS ON CROP TREES

Competition: Elderberry is a commeon shrub in moist, productive ecosystems in many areas of the province.
Itis animportant component of the shrub complexes that can inhibit conifer establishment and growth on
such sites, but it is rarely a primary competitor. The shrub usually occurs as isofated clumpsthat spread
over lower brush species. Il easily oulgrows conifers, particularly when it is of sprout origin.

Allelopathy: Extracts of live plant material and litter of S. racemosa strongly inhibit germination and growth of
Douglas-fir and grasses in the laboratory {McDonough and Tew 1967; del Moral and Cates 1971).
However, these authors were unable to demonstrate that allelopathy is operative under field conditions.

Beneficial Effects: The presence of an oversiory canopy of S. cerulea can aid in the establishment of other
understory species in the relatively dry, hot climate of idaho (Monsen 1984). Elderberry may also be
helpful in erosion control on moist sites {Worley and Nixon 1974}.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Harcombe et al. {1983} indicate that canopy removal will enhance cover of S. racemosa.
A definite increase in cover of 5. racemosawas recorded 6 years following canopy removai on 4 site types
in the SBS zone north of Prince George (Eis 1981}. D. Harrison {pers. comm., May 1989) observed an
increase in cover of the piant following canopy removal on northern Vancouver island. Cover and
frequency of . racemosawas not significantly greater following logging in northem Idaho, but the height
of the shrub increased {Mueggler 1965). increases in total height and bushiness of red elderberry have
also been observed following logging in the Cariboo Forest Region {R. Coupé, pers. comm,, Nov. 1984),
Similarly, elderberry was observed to become vigorous afier removal of an alder overstory in the CWH
subzone in the Kitimat Valley (K. Hawonrh, pers. comm., July 1989).

Fire: There is conflicting evidence regarding the response of elderberry to fire. Several reports indicate that
elderberry is favoured but not greatly enhanced by fire {(Mueggter 1985; Lafferty 1972; Wright 1972).
Existing planis respend to fire by sprouting from rootstocks {M. Newton, pers. comm., Dec. 1984},
However, Isaac {1940} reported that S. cerulea is quickly eliminated by fire because it spreads skowly by
seed rather than by vegetative means. Seed germination was observed to be prolific after burning on
subhygric SBSvk sites in northern British Columbia {E. Hamilton, pers. comm., July 1989}, and seedlings
are reported to be common on coastai sites following fire {Stewart 1978).

Existing plants respond to fire by sprouting from rootstocks (M. Newlon, pers. comm., Dec. 1984);
however, isaac {1940) reporied that S. cerulea is quickly eliminated by fire because it spreads slowly by
seed rather than rapidly by vegetative means.

Cutting: Red elderberry resprouts rapidly from stems and branches following cutting, but the plant cannot
withstand repeated heavy clipping or browsing, especially when young (Aldous 1952; Harcombe et al.
1983). Conrad and McDonough {1972} conducted clipping experiments on 5. racemosa var. microbotrys
to simulate browsing by livestock. They found that cutting to ground level stimulated emergence of shoots
from dormant rhizome buds within 2—4 weeks. Clipping in mid-June produced regrowth of 136% by the
end of August. Asecond, late August clipping significantly reduced growth in the following year. Clipping
once at the end of each growing season did not reduce the potential for regrowth. Clipping only lateral
branches caused sprouting from buds at the base of the stem, whereas clipping back the entire stem
caused new rhizome stems to emerge.
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Herbicides: Studies in British Columbia indicate good initial control of elderberry after July, August, or

September applications of 2.1 kg a.i/ha glyphosate 351352.353,354.355.35%  piants often resprout by the
second growing season. Pollack and Thienen3” found that 5 years after an August application of
2 kg a.i/ha glyphosate to a Skeena flood piain site, percent cover of red elderberry was not reduced but
height was only 1.7 m on the treated plots compared to 2.8 m on the control.

Sixteen glyphosate trials invoiving application rates of 0.8-3.2 kg ai/ha in the U.S. inland Northwest
usually resutted in 80—100% plant kill the second and third years after treatment. In northeastem Oregon
and northern Idaho, fall applications of glyphosate caused very severe injury to elderberry (Conard and
Emmingham 1983). In western Washington and Gregon, late summer applications of glyphosate caused
60-90% injury (Conard and Emmingham 1984a).

Littie information is avaitable on the effectiveness of hexazinone in controlling eiderberry. A broadcast
application of 4 kg a.i./ha hexazinone in mid-April in the CWH zone near Chilliwack caused moderate
controt of elderberry after 1 year.3®

Conard and Emmingham (1984a) report that 2,4-D causes moderate injury to elderberry when applied
in the winter, spring, or summer in western Washington and Oregon. Appiication of 2,4-D ester in 7 trials
in the U.S. Inland Northwest resulted in 70—-80% top-kill after 3 years {Boyd et a/. 1985).

Spring applications of triclopyr caused very severe damage to elderberry in Washington and Oregon
{Conard and Emmingham 1984a). Nine trials in the U.S. intand Northwest involving application of 1.1-
2.2 kg a.l./ha triclopyr indicated that top-kill is usually at least 80% the second year and 60-95% the third
year after treatment (Boyd et al. 1985).

Elderberry is reported to be extremely susceptible to amitrole (Boateng and Herring 1990).

Soil Disturbance: Soil disturbance can create favourable conditions for germination of elderberry seeds

{Kelpsas 1978; Harcombe et al. 1983). Any soil disturbance that causes damage to stems and rhizomes
will tend to stimulate vigorous resprouting from stem bases and possibly rhizome buds (Conrad and
McDonough 1972; Worley and Nixon 1974; M. Newlon, pers. comm., Dec. 1984).

WILDLIFE
Food: Elderberry is an important food for ungulates in British Columbia. The buds and bark of elderberry are

eaten by moose, deer, elk, and porcupine. Itis an important winter food of Roosevelt elk.3¥ Smith et a13%
indicated that 20-30% of the January diet of Roosevelt elk was comprised of 5. racermosa. Elderberry
is moderately important as winter and spring food for black-taited deer, Rocky Mountain elk, and moose
(Singleton 1976; Rue 1978). It is a common summer food of ail species of deer in British Columbia
including the high populations of introduced Sitka black-tailed deer on the Queen Charlotte Islands which
have browsed S. racemosato ground level.3! The truitis relished by many species of birds and mammais
including grizzly bears (Plummer et al. 1955; Conrad and McDonough 1972; Worley and Nixon 1974; UBC
Bot. Garden 1977; Harcombe et al. 1983; National Wildlife Federation 1987; Lofroth 1988).

Other Resources: Elderberry provides nest sites for birds.
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Symphoricarpos albus (L..) Blake Snowberry

DESCRIPTION

Common snowberry is an erect, deciduous, small to medium-sized shrub (0.5-2 m tal) with a rhizomatous
growth habit. ithas slender twigs with distinctly opposite branching. The thin leaves are exceedingly variable
in shape, but most are ovate to efliptic with an untoothed margin. The fiowers are tiny pink bells borne in smail
clusters. The fruits are clustered white drupes, remaining on the twigs over winter (Jones 1940; Viereck and
Little 1972).

Variation: Symphoncarpos is a complex genus found throughout North America. The westem species, S.
albus, has two recognized varieties in British Columbia. The typical form, var. atbus, is found east of the
Coast Mountains. The coastal form, var. laevigatus, is larger and is sometimes regarded as a distinct
species {Jones 1940; Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Symphoricarpos albus is found throughout British Columbia to approximately 56°N latitude. It has been
found at scattered locations further north in the Stikine-iskut drainage and on the Liard River but is mostly
absent from northem British Columbia. Common snowberry is found along the coast including Vancouver
Istand and the Queen Charlotte Islands but generally occurs slightly inland. 1 is most abundant in the IDF
biogeoclmatic zone of southern British Columbia.

Altitudinal Range: Common snowberry is a species of low elevations and is rarely found at subalpine
elevations. Itis usually limited to elevations below approximately 600 m on the Coast and 300 minland
{Lyons 1952).

HABITAT

Climatic Relations: Within its broad range in British Columbia, snowbery seems to favour areas of warm
meso- or microclimate, and it is most abundant in some of the warmest, driest climates in the province.
The coastal variety is apparently tolerant of humid — but not excessively rainy — conditions, while the
interior variety favours subhumid to semiarid conditions. Neither variety seems able to tolerate the heavy
snows and short growing seasons of high altitudes. In contrast, in Colorado, towards the southern end
ofils range, common snowberry favours moist, high elevations and does not occur on dry south and west-
facing slopes (Moore et al. 1975, cited by Watson et al. 1980)

Sites and Soil Conditions: Common snowberry has abroad ecological amplitude and canbe foundona variety
of sites and soils provided that climatic conditions are suitable. In the Interior it grows in rocky or dry soil,
on riverbanks, in dry open rocky woods, and often at the base of cliffs (Jones 1940). ltisoften found on
disturbed, coarse-textured and rocky soils in Alberta (Watson ef al. 1980). On the coast, snowbe rry is
found on a variety of soils and parent materials and is often abundant on fioodplains (see, e.g., Harcombe
et al. 1983; Haeussler ef al. 1984).

Nutrient Aelations: Common snowberry is tolerant of mildly acidic to moderately alkaline conditions. It is
somewhat tolerant of salts and will survive under low nutrient conditions (Watson et al. 1980}. Inthe SBS
zone, snowberry is described as occurring on sites that are medium to rich in nutrients {Pojar etal. 1982},
but in other areas of the province it is found on ecosystems with a broad range of ecological nutrient
regimes {see, e.g., Mitchell and Green 1981).3¢2

Water Relations: Common snowberry has a broad ecological amplitude with respect to soil moisture (see,
e.g., Pojar et a/. 1982). It can be found on very xeric sites and itis also abundant on subhygric and hygric
sites. Although it tends to favour moist sites in dry subzones of the IDF zone, and drier sites in wetter
subzones (Angove and Bancroft 1983), it is abundant on moist floodplains evenin the wet CWH and ICH
zones. It is most vigorous on sites that are well supplied with moisture. Watson et ai. (1980) describe
common snowberry as moderately drought-resistant.

32 Utzig of al 1983,
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Light Relations: Rowe {1983) describes snowberry as semi-tolerant to tolerant of shade, while Watson et al,
(1980} indicate that it will grow in partial shade but prefers opensites. Quenet (1973) found that snowberry
can survive under crown closures of over 80% in the iDF zone of southeastern British Columbia, but thal
very few shrubs were present at this level of canopy closure. Common snowberry is rarely found under
a coniferous forest canopy in the CWH zone.

GROWTH AND DEVELOPMENT

Common snowberry is typically less than 1 mtall at maturity but can reach 2 m on productive coastal sites
{Lyons 1952; Clark 1976). Once established, it spreads outwards to form a low thicket {Lyons 1952; Watson
et al. 1980). Miller (1977) and Tisdale and Hironaka (1981) report that this spread is achieved by rhizomes.
McLean {1969) notes that the roots and rhizomes of common snowberry are fibrous and grow mostly between
5 and 13 cm beneath the minera! soil surface. Bradley (1984) considers the rhizomes 1o be deep in the soil.
Most rhizomes are horizontally oriented and their slender form makes them well adapted to snaking between
rocks {Bradiey 1984). The juvenile twigs are stouter and bear leaves that are larger and more vari ableinshape
than those of okder twigs {Jones 1940). A maximum shrub age of 20 years was found on a site in southeastern
British Columbia (Quenet 1973). Maximum twig biomass was very low compared to other shrub species found
on the same site.

Phenoiogy: Bud burst normally occurs in early May in the northern U.S. Rocky Mountains, but can vary by
more than a month in either direction depending on elevation and weather conditions. Leaves are full-
grown approximately 1 month afler emergence. The flowers appear any time from May to August and
may be present as late as September in some locations. Peak flowering time is June and July. Fruit
ripening times are equally variable but typicaily occur during iate August and early September, coinciding
closely with leaf fall (Schmidt and Lotan 1980). The characteristic white fruit persists onthe stemsthrough
the winter {Lyons 1952; USDA 1974).

REPRODUCTION

Seed Production and Dispersai: Each berry-like fruit contains two flattened nutiets. A good seed cropis norm-
ally produced each year. Seeds are dispersed through the winter by birds and mammais (USDA 1974).

Seed Viability and Germination: Seeds of common snowberry remain viable for long periods of time and the
species is considered to be a seed banker by Rowe (1983). Symphoricarpos seed has atough outer coat
and usually requires warm temperatures followed by chilling to break dormancy (USDA 1974). Zasada
et al. (1988) found thal most seeds germinated the second spring after sowing.

Vegetative Reproduction: Common snowberry repreduces by sprouts from roots and rhizomes, as well asby
seed (Tisdale and Hironaka 1981; Cholewa and Johnson 1983). Rhizomes are connected to each other
with large masses of woody tissue, which appear to be the central locations for bud and sprout production
{Bradley 1984).

PESTS

No information.

EFFECTS ON CROP TREES

Gompetition: Common snowberry is one of the most widespread shrubs in British Columbia {Lyons 1952) and
is common on a wide variety of forested sites following logging. The nature and magnitude of its
competitive etfect on conifers has not been documented. Common snowberry is most abundant in the
drier forested zones of the southern Interior, and in these areas it may be an important competitor with
crop trees, particularly for soil moisture. The canopy of common snowberry is generally open, excepi on
some moist sites where it is extremely vigorous, so shading-out of conifers is not as severe as with many
associated shrub species. It also does not grow rapidly to great heights, and may quickly be oul-competed
by other shrubs and even some trees {J. Pollack, pers. comm., Jan. 1985). In the northern forest regions
it is not considered to be a major competitor with conifers aithough locally it can be very abundant
(C. DeLong and R. Coupé, pers. comm., Nov. 1984; J. Pollack, pers. comm., Jan. 1985).
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Allelopathy: del Moral and Cates (1971) showed that leaf and litter extracts of common snowberry caninhibit
growth of other plants in laboratory tests, but they could find no evidence of allelopathic interference in
the field.

Beneficial Effects: On dry, exposed sites in southern British Columbia, common snowberry may provide
shade to seedlings during the early stages of establishment (W.R. Mitichell and D. Lloyd, pers. comm.,
Nov. 1984}, As arhizomatous species it affords some protection against soil erosion (Watson et a/. 1980).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Quenet (1973} observed that common snowberry cover is inversely related to
overstory cover in the IDF zone of southeastern British Columbia. it is moderately shade intolerant and
can be expected to increase in cover and form low thickets following logging. It does not appear to grow
significantly in height in response to canopy removal (J. Pollack, pers. comm., Jan. 1985).

Fire: Foliowing a fire, common snowberry will resprout (Tisdale and Hironaka 1981) and spread through
rhizomatous growth (Crane et al. 1983). However, the literature reports variable vegatative response to
fire. First-year stem density may be slightly lower, the same, or greater than prebumn density {Noste and
Bushey 1987). The extent of damage to the rhizome system, and the vigour of sprouting, may depend
on fire severity and soil moisture content at the time of burning (Miller 1977).

Common snowherry is moderately resistant to severe fires bacause its roots and rhizomes are located
well below the soil surface (Mcl.ean 1969; Bradley 1984; Crane and Fischer 1986). However, very severe
fires that successfully kill the deep root and rhizome systemreduce suckering. Morgan and Neuenschwander
(1988b) report that in northem Idaho there was significantly less common snowberry foilowing high
severity burns than low severity burns. In Montana, snowberry cover decreased from 6—11% to 2-3%
5 years after a severe bum {Bradley, 1984).

Common snowberry regenerales from roots and rhizomes following low and moderate severity fires. It
also regenerales from buried seed following shorl-duration, low severity fires that remove littie of the soil
organic layer.

Studies in eastern Oregon, Montana, and idaho (Anderson and Brooks 1975; Gordon 1976; Merrill 1982;
Morgan and Neuschwander 1988b) indicate that common snowberry often regains its pre-fire cover and
height within 2-5 years of fires which are not severe enough to kil its roots and rhizomes. In some cases,
recovery may be slower. Crane ef al. {1983) reporied that initial sprouting in western Montana was siow
and the plant only gained rapidly in volume during the third to fifth seasons following a fire. inthe IDFdm
subzone in the Kootenays, common snowberry sprouted much more prolifically 1 year after low severity
burning in April, compared to the same treatment in October (Thompson 1989).

Cutting: Snowberry will resprout after cutting or grazing (Watson et al. 1980; Tisdale and Hironaka 1981) and
is toleramt of heavy grazing (McLean 1979).

Herbicides: Conard and Emmingham (1983) indicate that common snowberry is very severly injured by spring
or fall applications of glyphosate. For example, in the ICHxw subzone, mid-August foliar applications of
1:1 and 1.4 kg a.i./ha glyphosate successfully controlled commion snowberry for at least 4 years. There
was no difference in response between the two appiication rates (Thompson 1988). inthe Prince Rupent
Forest Region, common snowberry was heavily damaged following a late August foliar spray with 1.5
2 kg a.i./ha of glyphosate {J. Pollack, pers. comm., Feb. 1985). Foliar application of 1.0 kg a.i./ha
glyphosate in late August to an alluvial floodplain site in the ICHmMC subzone did not control snowberry;
arate of 1.5 kg a.i /ha produced incomplete top-kill, while 2.0 kg a.i./ha caused severe damage that iasted
at least 3 years.38

Conard and Emmingham (1983) indicate that common snowberry receives very severe injury from spring
applications of 2,4-D and moderate injury from {ate summer or fall applications of this herbicide. In the
Vancouver Forest Region, early spring foliar treatments of 2,4-D ester at 3 kg a.i./ha provided excelient

383 poliack and LePage 1988b,
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control of common snowberry (M. Scotl, pers. comm., Nov. 1984). iIn the U.S. Inland Northwest,
snowberry cover was reduced by 21—40% following late summer aerial sprays of 2.2-3.2 kg a.i./ha of
2,4-D (Miller 1985bh).

Soil Disturbance: Snowberry seedlings commonly establish on disturbed soils in the eastern Rocky Moun-
tains (Russell 1979). Soil disturbance can stimulate germination of seed stored in the soil (Rowe 1983).
Common snowberry was very dense and approximately 1 m taii on a productive, well-drained floodpiain
site on the Skeena River within 1 year followitig heavy soit disturbance. Common snowberry had been
abundant on the site prior to logging, and most regeneration was probably of sprout origin {D. Coates,
pers. observ.).

WILDLIFE AND RANGE

Food: Common snowberry provides browse for ungulates in the interior (McLean 1979). it is moderately
important in the Interior during winter, summer, and fall for deer and elk (Singleton 1976). Demarchi and
Demarchi®®* noted that the leaves are important browse for deer during May and June in the East
Kootenays. Use of common snowberry by deer is low during winter in the IDF subzone in south central
British Columbia, possibly because it is buried by snow 28> Snowberry is not an important winter food for
moose, caribou, elk, bighorn sheep, or mountain goat (Singleton 1976).3%

The berries are eaten by birds in winter but are apparently not a preferred species (Clark 1976). in the
dry southern Interior, blue grouse eat the berries duringthe fali (Cannings ef a/. 1887). Fowle {1960) noted
that on Vancouver Island, blue grouse commenly use the seeds as grit between July and September.

Common snowberry is not favoured by cattle but withstands grazing well.
Other Resources: Common snowberry provides cover and nesting sites for birds (Cannings et al. 1987).

364 Demarchi and Demarchi 1967,
385 Miles and Weikle {undated).
368 Blower 1982.

210



Vaccinlum membranaceum

{black huckieberry)

BRITISH COLUMBIA

55°N 5°N Miles
- 0 100 200
D 100 200 300
Kilometres
50°N|
50°N -
-

1;'30°|\u e 126w

Distribution of V. membranaceum in British Columbia.

212



Vaccinium membranaceum Dougl. Black huckleberry
(big huckieberry, thin-leaved huckieberry,
Mountain blueberry or bilberry)

DESCRIPTION

Black huckleberry is a low to medium-sized, erect, deciduous shrub 0.1-2 mtail. It is densely branched
with an extensive network of underground rhizomes. Twigs are somewhat angled in cross-section, and the
leaves are efliptic to oblong with a long, pointed tip and many tiny teeth. Flowers are pinkish bells borne singly
on the underside of the twigs. The fruit is a round, purplish-black, shiny, edibie berry {Szczawinski 1962;
Hultén 1974).

Variation: No varieties or subspecies are described in British Columbia (Taylor and MacBryde 1977). This
species is very closely related to the V. giobulfare found in southeastern British Columbia and east of the
Rocky Mountains and is treated by some authorities as a synonym (Szczawinski 1962).

DISTRIBUTION AND ABUNDANCE

Black huckleberry is found through most of British Columbia but is very scattered in the far north, on the
north coast, and in the dry Chilcotin Plateau and Kamloops areas. it is absent from the Queen Charlotte
istands {Calder and Taylor 1968). Black huckleberry is most abundantin mountainous areas of sautheastern
British Columbia inthe ICH and ESSF zones. ltis abundant in the MH zone and in the cool, moist subzones
of the SBS.

Altitudinal Range: Black huckieberry grows at moderate to high elevations in the province. Along the coast
it is found primarily in the subalpine forest above 800 m elevation (Lyons 1952). It is absent from many
of the major valieys of the Interior, and appears mainly above 1200 minthe south {Lyons 1952}). it occurs
at lower elevations at northern latitudes and in climatically wetter areas.

HABITAT

Climatic Relations: The distribution of black huckleberry in British Colurnbia appears to coincide with areas
receiving at least moderate amounts of snow in winter and not suffering from significant moisture stress
during the summer. Its vigour is significantly reduced in dry areas {R. Coupé, pers. comm., Nov. 1984},
and it is absent from southern vatleys that have high summer temperatures and iow precipitation. While
itis able to tolerate the short growing season found at high elevations in the mountains of southern British
Columbia, it apparently competes poorly in the rigorous climate of the far north. it is replaced by other
species of Vaccinium in the mild, humid climate found at low elevations on the coast.

Site and Soil Conditions: Black huckleberry primarily occurs in coniferous forest understories and in forest
openings on well-drained mountain slopes. Like many other members of its genus in British Columbia,
it is characteristically found on acidic forest soils with a mor humus. Soils are typically Humo-Ferric
Podzots, Dysiric Brunisols, and Grey Luvisols on morainal, coffuvial, or fluvial parent matenais (see, e.g.,
Mitchell and Green 1981; Pojar ef al. 1984).%7 Minore and Dubrasich (1978) could find no cormelation
between V. membranaceurm cover and environmental variables such as slope percent, stoniness, and
silt and clay content of soils in southwestern Washington.

Nutrient Relations: In British Columbia, black huckleberry grows on poor to rich sites {see, e.g., Miichell and
Green 1981; Pojar et al. 1984). In western Washington and Oregon, black huckleberry occurs on sites
with relatively low productivity {Halverson {compiler) 1986).

Field and greenhouse experiments by Nelson (1974) indicate that additions of ammonium nitrogen
improve growth of both roots and shoots of black huckleberry. Inthe greenhouse studies, nitrogen had
a greater etfect on growth than either potassium or phosphorus. When nitrogen levels were high, addi-
tions of potassium or phosphorus tended to increase growth; when nitrogen leveis were low, increasing
the levels of potassium and phosphorus either had no efiect or reduced growth. For eastern species of
Vaccinium, ammonium nitrogen (NH, ) is more favourabie to growththannitrate nitrogen (N0,) {Cain 1952).

387 Delong et al. 1084,
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Vaccinium membranaceum is tolerant of high levels of manganese but is less tolerant of boron than
seedlings ot lodgepole pine {(Minore 1975). In northem idaho, Mueggler {1965) found that Vaccinium spp.
were associated with soifs low in potassium. Nelson {1974) also found that V. membranaceumtolerates
a broad range of pH. Growlh was slightly better at pH 5.0 than at 4.0 or 6.0. Ata pH of 3.0, growth was
reduced and there was some necrosis of foliage. Foliar concentrations of nitrogen were lowest and
potassium concentrations were highest at pH 3.0, Under field conditions, a high abundance of
huckleberry was related to an optimum pH of 5.5 (Minore and Dubrasich 1978}.

Water Reiations. in British Columbia, black huckleberry is found on sites with a wide range of available
moisture {Pojar et al. 1982; Angove and Bancroft 1983}, but it is most often dominant on mesic and drier
ecosystems (see, e.g., Brooke et al. 1970; Mitchell and Green 1581; Pojar et ai. 1984).3%¢ |n western
Washington and Oregon, biack huckleberry usually grows onwell-drained sites which develop deep snow
packs but become droughty as the growing season progresses {Halverson {compiler) 1986).

Light Relations: Black huckleberry commonly grows as an understory plant in coniferous forests but it is most
vigorous under partial canopies or in the open. Trees growing under moderately open forest stands
seidom produce many bemies (Minore 1972}, and a dense overstory canopy ¢an eliminate huckleberry
production (Minore et al. 1979). Light shade may be more favourable than full sunlight {Mincre et al.
1979). This is probably because shade aids in moisture conservation. Sunburning of foliage has been
reported under high suniight intensity in other species of Vaccinium {Smifh 1862).

Temperature Relfations: The range of black huckleberry suggests that it must be fairly tolerant of cold
temperatures. It is less frosttolerantthan V. deliciosum, a high altitude species {Minore and Smart 1978).
Actively growing seediings from Cregon suffered no visibie damage when subjected to temperatures of
0° and -3°C, but wilted rapidly after exposure to -6° and -9°C. Early and late frosts can significantly
damage the plant and destroy buds and flowers. Plants sheltered from cold beneath a protective blanket
of snow or under a tree canopy are less susceptible to frost damage {Minore 1972; Nelson 1974; Minore
and Smart 1978).

Excellent growth of V. membranaceum seedlings occurred in growth chambers set for 14-hour days at
20°C and 10-hour nights at 14°C (Minore et al. 1979}.

GROWTH AND DEVELOPMENT

Black huckieberry grown from seed first produced blossoms and rhizomes during its third growing season
{Minore et al. 1979). Minore (1975} excavated mature plants and found an extensive network of underground
rhizomes. There was a complex systemof lateral and fine roots, but no taproots. Occasional roots descended
to depths of 70—100 cm. The rhizomes were from 1 to 3 cm in diameter and most occurred B30 cm below
the soit surface. Most of the piant biomass was in the root/rhizome system. Numerous dormant vegetative
buds were located along the length of the rhizomes. Shoots arise from these dormant buds, aliowing a clone
to develop as the rhizomes spread laterally. Vaccinium membranaceum plants that were buried under 5-
20 cm of tephra from Mount St. Helens had no adventitious roots 3 months after tephra deposition, and only
limited root development 1 year after deposition. {Antos and Zobel 1985).

The mature height of V. membranaceum ditfers considerably across the province. The species is typically
a low shiub, 50 cm or less in height in the SBS and drier ESSF subzones of west central British Columbia
{D. Coates, pers. observ.} and is reduced to a dwarf shrub in the Chilcotin Plateau {R. Coupé, pers. comm.,
Nov. 1984). In southern British Columbia, particularly in ctimatically moist areas such as the ICH zone, biack
huckieberry can reach 2.4 min height (Clark 1978). Climaticfactors, particutarly moisture availability, appear
to have a major effect on the height growth of the species. in addition, growth of black huckleberry is subject
to extreme seasonal fluctuation {Garrison 1953, cited by Minore 1972}.

Phenology: There is little published information about the phenology of black huckieberry. It apparently
requires a longer period of warm temperatures in spring to stimulate bud burst than the high-elevation
species V. deficiosum (Minore and Smart 1978). Flowering takes place in May and June in British
Columbia {Lyons 1952) and fruits are ripe in August and September. The date when berries become ripe

368 Dglong et al. 1984,
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BLACK HUCKLEBERRY

varies from year to year depending on weather conditions (Minore and Dubrasich 1978). Cool spring
weather delayed ripening of berries in Washington (Minore and Smart 1975).

REPRODUCTICN

Seed Production and Dispersal: Black huckleberries contain numerous small seeds. Fruit production varies
considerably from year to year depending on weather conditions, and production can be greatly affected
by early fall or late spring frosts. Local environmental factors are less important than weather in
determining the size of berry crops (Minore and Dubrasich 1978), bui fight conditions have a significant
effect on bery production. Plants under closed forest produce few, if any berries, and production is
heaviest in full sunlight or partial shade (Minore 1972; Minore et al. 1979; Minore 1984). Berry production
can be as much as 720-935 L/ha from berry patches in Oregon and Washington (Minore et al. 1979).
Dispersal of the seed is primarily by the many mammails and birds that feed on the fruit.

Seed Viability and Germination: The longevity of black huckleberry seed has not been determined, but the
seed of most huckleberry species remains viable for many years {Rogers 1974). Vacciniummembranaceum
seeds require no stratification or scarification and germinate within 16—21 days of sowing (McLean 1967;
Minore et al. 1979). The seeds must be exposed 1o at least intermittent light during the entire pre-
germination period {McLean 1967).

Vegetative Reproduction: The rhizomatous habit of black huckleberry allows it to form spreading clones, and
to form new plants whenrhizomes become separated fromthe parent plant through decay or disturbance.
Minore et al. {(1979) report thal cuttings taken from rhizomes grow vigorously to produce new plants, but
stem cuttings will not root. Milier (1977) indicates that in V. giobuiare, vegetative reproduction through
rhizome sprouting is much more important than seediing regeneration following disturbance of an
established colony.

PESTS
There are no reports of insect and disease pests.

EFFECTS ON CROP TREES

Competition: Throughout much of the Interior, black huckieberry is an abundant species on clearcut sites.
However, in most subzones of the SBS zone in the central and northern Interior, biack huckieberry is a
smali shrub that does not shade out or overtop conifers. For example, on sites disturbed up to ten years
ago in the SBSwk subzone, plants are generally less than 50 cm tall (Hamilton 1988). Inthe ESSF zone,
Vacciniumn membranaceumn usually occupies a co-dominant position under the taller rhododendron
{Coates 1987).

Biack huckleberry is generally not considered to be an important competitor with tree species on its own,
but it is a component of the ericaceous shrub complex that dominates mesic and drier clearcuts in the
ESSF zone and some adjacent mid-elevation subzones in the Interior Wet Belt (C. DelLong, R. Coupé,
and D. Lloyd, pers. comm., Nov. 1984}. inthese areas it can reach a height of 2 m and potentially shade
out young seedlings, but only a single study in British Columbia (Coates 1987) has described the plant’s
impact on seedling growth. Coates (1987) observed that in the ESSFwc subzone near Clearwater,
regrowth of biack huckieberry was siow afler manual cutting or mechanical scarification. He concluded
that as long as seedlings are planted promptly after shrub reduction treatments, trees are unlikely to be
overtopped by the shrub. However, he noted that black huckleberry is not killed by manual treatments.
This implies that if below-ground interference is imporiart, then growth reductions of conifers can occur
even when they are not overtopped by shrubs. Because the species produces a dense network of roots
and rhizomes it may compete significantly for moisture and nutrients on dry and nutrient-poor sites.

in Oregon and Washington, where the autecology of V. membranaceum has received considerable at-
tention, the species is not perceived as a significant competitor with crop trees. Naturally regenerated
conifers quickly overlop the huckleberry bushes, causing a reduction in huckleberry cover and vigour
(D. Minore, pers. comm., Dec. 1984). There is no information regarding possible allelopathic effects of
black huckleberry on the growth of conifers and other plant species.
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Benaeficial Effects: No beneficial effects of V. membranaceum on coniterous tree growth are reported in the
literature. The dense network of roots and rhizomes may help to reduce soil erosion. The speciesis highly
prized as a berry producer and significant efforts have been made to manage this species as arecreational
resource in Oregon and Washington (Minore et al. 1979).

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Removal of an overstory canopy of trees is reported to favour biack huckleberry in
the northwestern U.S., increasing growth, cover, frequency, and fruit production {(Mueggler 1965; Minore
et al. 1979; Minore 1984). In British Columbia, atthough most observers agree thal black huckieberry
becomes more vigorous and produces a heavier crop of berries following logging, there are no data to
indicate that canopy removal causes increases in stem density or seeding-in. Black huckleberry was
present but infrequent on four different site types in the SBS zone north of Prince George prior 10 logging
(Eis 1981). Six years after clearcutting it had not become a significant competitor on any of the site types.
Following timber harvesting, black hucklebemy has notbeen observed to change much in cover or height
unless there has been considerable soil exposure, in which case cover wiil decrease (D. Harrison, pers.
comm., Mar. 1989; J. Wright, pers. comm, July 1989).

Fire: Light surlace fires, carried out when soils and humus are moist, easily kill above-ground parts ot
huckleberry, but most rhizomes are buried deep enough to avoid damage. Such fires stimulate prolific
sprouting from dormant vegetative buds on the rhizomes. Huckleberry cover is reduced for the first few
years following burning but may return to pre-burn levels within 3-5 years. Production of flowers and fruit
is delayed for several years and total berry production can be reduced for at least 7 years.

Severe burns, carried out when soils and humus are dry, greatly reduce resprouting and can significantly
reduce stem density and cover of huckleberry if rhizomes are kilied. The greater abundance of black
huckieberry plants on mechanically treated compared to burned SBSmk clearcuts suggests that burning
can kill the species {Hamilton 1988). Slow regrowth was reported for the first 10 years after burning in
the SBSmk subzone {Hamilton and Yearsley 1988). Despite vigorous sprouting immediately after burning
inthe U.S. Pacific Northwest, black huckleberry shrubs had not regained their pre-fire height 7 years after
the disturbance (Minore 1984). Black huckleberry gradually increased in cover after medium severity
burns on Douglas-fir sites in the Western Cascade Mountains of Oregon. Maximum huckleberry cover
was nol attained unti! 15 years after burning {(Schoonmaker and McKee 1988).

Seediings of Vaccinium spp. are not considered to be important in recolonizing burned sites {Miiler 1977;
Stickney 1986; Hamifton 1988).

Cutting and Grazing: Black hucklebemy does not sprout vigorously after cuting. For example, black
huckleberry shrubs did nof respond vigorously to pruning treatments that removed 50—80% of top growth
{Minore et al. 1979). The time of clipping did not significantly affect the number of shoots produced.
Cutting in early July in the ESSFwc subzone near Clearwater resulted in first-year height growth of 8 cm,
or 16% of the pre-cut height, and first-year crown diameter regrowth of 30% of the pre-cut level. Aimost
all shoots arose from buds on old stems rather than as sprouts or suckers from the soil. Seventy-eight
percent of original stems had new shoots after the first growing season. Stems with new shoots averaged
3.3 shoots per stem {Coates 1987).

Heavy grazing of huckleberry fields by sheep did not damage black huckleberry plants. The effects of
sheep browsing were more than offset by the nitrogen added as sheep manure (Minore et a/, 1979). In
an earlier study, grazing by sheep reportedly produced thriftier, more vigorous huckleberry growth by
lightly browsing the shrubs and reducing competition from other vegetation.®

Herbicides: In British Columbia, glyphosate has tended to provide ineffective control of black huckieberry at
application rates below 2 kg a.i./ha (M. Newton, pers. comm., Dec. 1984) 370371.372 Fall applications of
glyphosate moderately injure black hucklebermy in northeastern Oregon and northern ldaho {Conard and

389 | angford 1942,
370 Dyke 1987.
371 Heming 1984b.
372 Simard 1988.

216



BLACK HUCKLEBEARY

Emmingham 1983). Miller (1985b) reports that late surmmer aerial sprays of glyphosate result in cover
reductions of 21—40% on sites in the U.S. inland Northwest.

Limited information suggests that hexazinone has apparently caused moderate injury toblack huckleberry
in B.C. (Boateng and Herring 1990).

2,4-D amine is reported to severely injure black huckleberry in the province, making it the most effective
herbicide for controliing this species (Boateng and Herring 1990). In Oregon, a mid-summer application
of 2,4-D ester at 6.38 kg. a.i/ha significantly reduced huckleberry cover (Minore et al. 1979). However,
herbicide-damaged plants recovered faster than piants damaged by buming in the same area. Moderate
injury has resulted from spring and summer applications of 2,4-D in northeastern Oregon and northern
ldaho (Conard and Emmingham 1983). Cover reductions of 21—40% have resulted from several late
summer aerial sprays of 2,4-D in the U.S. Iniand Northwest (Miller 1985b).

Soil Disturbance: Black huckieberry is effectively controlled with little recovery for at least 5 years following
mechanical site preparation in the ICHwk and ESSFwc subzones in the Salmon Arm Forest District. In
the ESSFwc subzone near Clearwater, scarification that uprooted entire black huckieberry piants
provided excelient control for 2 growing seasons (the length of the study) (Coates 1987). Discing
apparently stimulated rhizome sprouting of V. membranaceum in Washington (Minore et al. 1979).

Fertilization: Fertilizationwithammonium sulphate significantly increases vegetative growth of black huckleberry
{Nelson 1974).

WILDLIFE

Food: The berries are the most highly used part of black huckleberry plants.3”® They are prized by bears, smail
mammals, and many bird species. The berries are important for building up winter fat stores in black and
grizzly bears and therefore are of high survival value (National Wildiife Federation 1987).

Bear, deer, rabbit, fox, and many other small mammals forage on the twigs and foliage of Vaccinium spp.
{Rogers 1974). Aswinter and spring browse, black huckleberry has medium to high importance forblack-
tailed deer and medium importance for Roosevelt elk (Singleton 1976).

Species of Vaccinium, including V. membranaceum, have been described as the most important group
of non-coniferous plants in the diet of grouse in the subalpine area at Forbidden Plateau on Vancouver
Istand. Buds, flowers, and leaves have been used in season {King 1973).

373 {angford 1942.
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Vaccinium ovalifolium Sm. Oval-leaved blueberry

DESCRIPTION

Oval-leaved blueberry is a spreading, ditiusely branched, deciduous shrub, 1-2 mtail. Twigs are slender,
reddish brown, and grooved. The leaves are thin, ovai, and rounded at the base andtip. The pink urn-shaped
flowers appear before the leaves on the underside of the twigs. The berry is round and blue to biuish-black,
with a distinct frosty bloom (Szczawinski 1962; Viereck and Little 1972).

Variation: No varieties or subspecies of oval-leaved biueberry are described in British Columbia {Taylor and
MacBryde 1977). It may hybridize with V. alaskaense on the coast where these two species occur
tegether (Hultén 1974).

DISTRIBUTION AND ABUUNDANCE

Oval-leaved blueberry is found along the entire length of the British Columbia coast and penetrates inland
for some distance on the east side of the Coast Mountains. ltis also found in moist mountainous areas of the
Interior Wet Beit, as far north as Williston Lake, but is absent from the central and dry southem Interior and
from the far north (Szczawinski 1962}. Oval-leaved blueberry is most abundant in the CWH and MH
biogeoclimatic zones onthe coast and the ICH and moist southeastern subzones of the ESSF in the Interior.
ltis aiso present in some wetter subzones of the SBS.

Altitudinal Range.: Oval-leaved biueberry is present from sea ievel to timberline along the coast, except inthe
Georgia Strait area where it becomes important at middle elevations. Throughout most of its range in the
southern and central interior, itis present from mid-elevations to timberfine but is absent from major valley
bottomns.

HABITAT

Climatic Relations: Oval-leaved blueberry apparently favours a humid to perhumid climate in which il is
unlikely to suffer from moisture or high temperature stress during the summer, itisfoundin all areas of the
province receiving either abundant rain or snow, except the far north, where the climate presumably is
too severe.

Site and Soil Congditions: Species of the genus Vacecinium are described as being “exacting in their site
requirements™ (USDA 1974). In British Columbia, oval-leaved biueberry is typically associated with
hemilock-dominated coniferous forests that have a thick acidic mor humus and a Podzolic soil. itis found
on awide vanety of parent materials and is frequently rooted in organic or decaying wood substrates (see,
e.g., Brooke et al. 1970; Annas and Coupé {editors) 1979; Klinka et al. 1979; Haeussler et a/. 1984).

Nutrient Refations. Oval-leaved blueberryis found on sites ranging from very poorto very ich in nutrients (see,
e.9., Klinka 1977b).37* The pH of the rooting zone in ecosystems where it is abundant is usually tow {i.e.,
pH < 5) (see, e.g., Haeussler et al. 1984; Meidinger et al. 1984).975

Water Relations: Oval-leaved blueberry can be abundant on sites ranging from xeric to hygric (Klinka 1977b;
Angove and Bancroft 1983); however, it is most abundant and dominant on mesic and drier sites where
the shrub layers are relatively species poor. On poorly drained sites it is usually found on elevated
microsites {Haeussler ef al. 1984).

Light Relations: Oval-leaved blueberry is a very shade-tolerant species. It will survive under the low ight
intensities found under a hemlock forest canopy, but growth rates and plant vigour under heavy shade
are poor (P. Alaback, pers. comm., Dec. 1984). Cover and vigour of the species are greatest under an
open tree canopy or on cutover torest land where it may form a nearly continuous shrub layer {(Viereck
and Little 1972). Camp {1942) describes it as less shade tolerant than V. alaskaense, a common as-
sociate in coastal forests.

Temperature Relations: No information.

74 \izig et al, 1983,
375 Coupé and Yee {editors) 1982,
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GROWTH AND DEVELOPMENT

Oval-leaved blueberry is a rhizomatous species with an open, spreading crown that can reach heights of
over 2 m under favourable conditions. The maximum annual growth rate of shoots in Alaska is approximately
30 cm. The growth rate of seediings established under a dense forest canopy is extremely slow; seedlings
can still be in the cotyledon stage after 2 growing seasons. Under low light conditions, the seedling can take
on a juvenile form which has evergreen leaves and a semi-prostrate growih form. This juvenile formdoes not
appear under favourable growing conditions in a greenhouse, and when the overstory shade is removed
through windfailorlogging, the plant soon takes on the erect, deciduous “adult” growth habit (P. Alaback, pers.
comm., Dec. 1984},

Phenology: In coastat Alaska, flowering occurs during April and May before the leaves emerge (Viereck and
Little 1972). Bud burst occurs in May and is followed by a period of rapid growih. Most vegetative
elongation is complete by mid-June, but stems continue to increase in diameter until mid-July {P. Alaback,
pers. comm,, Dec. 1984). Hamilton®’® noted that leaf senescence did not begin until early September on
the central British Columbia coast, and some leaves were still on the shrubs at the end of October. Ripe
berries are present beginning in late June on the central British Columbia coast®”” and from mid-July to
August in Alaska (Viereck and Little 1972},

REPRODUCTION

Seed Production and Dispersai: Light is critical for fruit production. Oval-leaved blueberry will only produce
fruit in fairly open areas. in Alaska, heavy fruiting occurs only in large forest openings or along forest
margins. A single fruit car contain 150 seeds and the foial seed production in years of good berry crops
isenormous (P. Alaback, pers. comm., Dec. 1984}. Seeds are dispersed by birds and mammals that feed
on the fruit.

Seed Viability and Germination: Seeds of oval-leaved biueberry are described as remaining viable for up to
12 years in storage {USDA 1974). Alaback (pers. comm., Feb. 1985), however, believes that, in Alaska
at least, their viability is shorl-lived. The seeds have a short dormancy period and wili germinate well after
15 days of warm temperatures foliowed by just 15 days of chilling (USDA 1974).

Gemmination rates of approximately 50-60% are obtained under favourabie conditions. A minimum of 2%
of full light is needed for germination to occur, so seeds are able to germinate under a forest canopy. The
seedwillgerminate on a wide variety of substrafes including mineral soil, moss, bare humus, and decaying
wood, but conditions for subsegquent seedling establishment are more critical. Survivalis best onhumus
with no moss cover and poorest on mineral soil.3’® Survival is best in open old-growth sfands and in
clearcut areas, and poor in dense immature forests.

Alaback speculates that oval-leaved blueberry is a “seedling banker” (cf. Grime 1979} which produces
shade-tolerant seedlings that persist for long periods of time in the understory unfif a disturbance creates
javourabie conditions for growth and seed production. Very few seeds germinate under fhe undisturbed
forest canopy, but they often germinate in small windthrow openings. Stored, ungerminated seed is not
considered to be important for regeneration of the species.

Vegetative Reproduction: Oval-leaved blueberry regenerates vegetatively by means of rhizomes and prob-
ably also by layering. Vegetative reproduction is the primary means by which this species survives for
long periods in the absence of disturbance. Expansion of existing colonies also takes place by means
of rhizomatous shoots (P. Alaback, pers. comm., Dec. 1984}.

PESTS

No information.

376 Hamilion 1984,
377 tbid.
378 Alaback {undated).
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EFFECTS ON CROP TREES

Competition: Although oval-leaved blueberry is an abundant and offen dominant shrub in both coastal and
wet interior forests, itis not thought of as animportant competitor with coniferous trees. Itis a component
of the erticaceous shrub compiex that dominates many southern interior ESSF clearcuts after winter
logging {Coates 1987).3’° A well-developed ericaceous shrub community can significantly reduce
survival and growth of planted Engelmann spruce and lodgepole pine compared to where the community
was controlied {(Coates 1987); however, oval-leaved huckieberry was a minor component of the complex.

Beneficial Effects: No information.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: In the SBS zone north of Prince George, oval-leaved biueberry did not increase
dramatically on any of 4 site types following logging (Eis 1981). Similarly, on northern Vancouver Island,
oval-leaved huckleberry cover tends to remain constant following overstory removal {(D. Harrison, pers.
comm., May 1989). In athinning study in southeast Alaska, V. ovalifolium seedlings were scattered on
a site where trees had been spacedto 2.4 x 2.4 m. They were more abundant at wider spacings and
produced flowers at the 4.9 x 4.9 m spacing.2®

Fire: On a study site in southwestern British Columbia, oval-leaved blueberry was a common element of the
post-legging preburn plant community {Lafierty 1972}. inthe first growing season after a burnof mederate
severity, biueberry was absent, and three growing seasons after buming, it had not regained its vigour.

Cutting: Oval-leaved blueberry does not respond vigorousiy to cutting. After an early July cutting in the
ESSFwc subzone near Clearwater, new shoots had grown to an average height of 6.2 cm, or 17% ot the
pre-treatment height by the end of the growing season. Crown diameter had recovered to 30% of the pre-
treatment level. Fifty percent of the original stems produced sprouts. Sprouting stems averaged 2.9
shoots per stemn. Almost all new shoots arose from buds on old stems rather than as suckers from the
soil. By the end of the second growing season, the tallest shoot was 11.4 cm high, or 32% of its pre-
treatment height, and crown area averaged 88% of pretreatment levels. A second cutting did not affect
the regrowth vigour of oval-leaved blueberry {Coates 1987).

Herbicides: Vacciniumovalifoliumhas been controlied with broadcast applications of 2.1 kga.i./haglyphosate
apptliedin Septemberto sitesinthe ESSFwc and ICHvk subzones. 31382 | ower applicationrates (0.7 and
1.4 kg a.i./ha} did not control the species on the ESSFwc site.3® On the ICHvK site, rates of 1.4 and
1.7 kg a.i./ha produced fess mortality than the maximum rate of 2.1 kg a.i./ha.384

Soil Disturzance: inthe ESSFwc subzone near Clearwater, scarification that removed tops, or uprooted entire
oval-leaved blueberry plants provided excelient control for 2 growing seasons (Coates 1987).

WILDLIFE

Food; Oval-leaved blueberry is an important forage for elk and biack-tailed deer during winter and spring
(Singleton 1976; Harvey 1981; Nyberg et al. 1986)%%5 and moderately important forage for caribou and
black-tailed deer during summer and fall.

379 Mather 1987.

380 Alaback (undated).
31 Dykg 1987.

382 Simard 1988,

382 thid,

384 Dyke 1987.

385 Blower 1982,
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Theberries are the most highly usedpart of the shrub.3% The fruitof Vaccinium spp.,including V. ovalifolium,
is popular summer food of black and grizzly bears and is an important source of energy and fat deposition
{Herrero 1985; National Wildiife Federation 1987; Lofroth 1988). in addition to eating the berries, bears
forage on the leaves in spring and summer {Nationa! Wildlite Federation 1987). Vaccinium spp. berries
are favoured by many birds and smali mammals which disperse the seed (Rogers 1974; Halverson
{compiler)1986). Species of Vaccinium, including V. ovalifoliurn, have been described as the most
important non-coniferous plant in the diet of blue grouse at Forbidden Plateau, a subalpine area near
Courtenay on Vancouver Istand. At this location, blue grouse have used buds, flowers, fruit, and leaves
in season {King 1973). However, at another Vancouver Island location, oval-leaved biueberry had low
value for blue grouse (Fowle 1960}.

386 B C. Min. Environ. {undated).
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Valeriana sitchensis Bong. Sitka valerian

DESCRIPTION

Sitka valerian is an erect herbaceous perennial that forms extensive colonies through stout, branched
rhizomes. Plants vary from 0.3 to 1.2 m in height. Stems grow either singly or as a small group from a
somewhat fleshy root stalk. Each stem has 2 to 5 pairs of opposite compound leaves composed of 3to 5
pinnately divided leaflets. The lowermost 1 or 2 pairs of leaves are ovate and the upper stem leaves are
lanceolate. Each stem bears a showy, dense, rounded cluster of smali, white to pinkish, sweetly scented
fiowers. Stamens are prominent. The fruitis smatl, hard and single-seeded with a feathery plume (Clark 1973;
Looman and Best 1979; Porsild 1979; Comeau et al. 1982; Angove and Bancroft 1983).

Variation: There are 2 subspecies of Valeriana sitchensis in British Columbia (Meyer 1951; Taylor and
MacBryde 1977). The subspecies sitchensis is widely distributed in upper elevationforests and subalpine
and alpine meadows throughout British Columbia. kI also occurs at upper elevations of the Queen
Charlotte Islands {Calder and Taylor 1968). Basal leaves and stem leaves are similar in size. Flowers
are white. The subspecies scouleriis found at low elevations on southem Vancouver Istand and in the
lower Fraser Valiey. It differs from the subspecies sitchensis in that basal leaves are larger than stem
leaves, leatlets are less deeply toothed, and tlowers are red or white {Henry 1915; Meyer 1951; Taylor
and MacBryde 1977). Hybridization between subspecies is possible (Pojar 1974).

DISTRIBUTION AND ABUNDANCE

Sitka valerian is common in cool, moist montane forests and lush alpine and subalpine meadows in the
central and southem parts of Brilish Columbia (south of 55°N {atitude) {Hamet-Ahti 1978; Halverson (compiler)
1986). l grows in habitats ranging from lowland stream banks to wet alpine meadows {Soperand Szczawinski
1976). Itis abundant in the ESSF and MH biogeoclimatic zones and aiso occurs in cold drainage areas at
upper eievations of the ICH, SBS, and MS zones {Angove and Bancroft 1983).

Altitudinal Range: Valeriana sitchensis ssp. sitchensis grows at high elevations within B.C., from approxi-
mately 1200 to 2000 m (Lyons 1952}. V. sitchensis ssp. scouleri occurs from sea level to about 1200 m
in southwestern B.C. {Taylor and MacBryde 1977).

Climatic Relations: Valeriana sitchensisssp. sitchensisis a species of subalpine and alpine climates that have
a short growing season and high snowfali. It is most abundant in wet to moist climates where summer
moisture deficits are uncommon,

Site and Soil Conditions: Sitka valerian is most common on moist, rich sites (Comeau et al. 1982). Soils are
often Humo-Ferric or Femro-Humic Podzols and occasionally Dystric Brunisols, Gleysols or Regosols.
Humus forms are typically mors (Eady 1971; Mitchell and Green 1981) and moders in meadow-like
communities (T. Lewis, pers. comm., July 1989). Parent material where Sitka valerian occurs inthe ESSF
Zone is typically morainal or organic {Mitchell and Green 1981).

Nutrient Relations: Sites on which Sitka valerian dominates the herbaceous layer are typically nutrient-rich
{Eady 1971; Yarie 1980). Although the plant is most vigorous on nutrient-rich sites, it also grows on
oligotrophic sites (D. Lloyd, pers. comm., March 1989). Eady (1971) found low pH, high soit organic
matter, and high amounts of potassium and sodium on Sitka valerian-dominated sites on Big White
Mountain in the southern Interior of British Columbia. Sitka valerian-dominated sites in the ESSFwm
subzone in the Coastal- interior transition are rich and appear to be high in nitrogen and calcium (Klinka
et al. 1982). .

Water Relations: Sitka valerian tends to be most abundant on subhygric to subhydric moisture regimes.
Howevar, it occurs on all hygrotopes wetter than submesic in the ESSFxc and ESSFdc subzones, and
all hygrotopes wetter than subxeric in the ESSFwc2, ESSFvc, and ESSFvv subzonas {Angove and
Bancroft 1983; D. Lloyd, pers. comm., March 1989). Soil moisture in Sitka valerian-dominated
communities is typically not limiting to growth of conifer seedlings and remains above field capacity
throughout the snow-free period {Eady 1971; Coates 1987).

225



SITKA VALERIAN

Light Relations: Sitka valerian is moderately shade tolerant. ittends to be smalier and less robustinthe shade
than in the open (D. Lloyd, pers. comm., March 1988},

Temperature Relations: The range of Sitka valerian indicates that it is very tolerant of extreme cold.

GROWTH AND DEVELOPMENT

Little information is available about the growth of Sitka valerian. Plant ages cannot be determined because
annual increments are not distinguishable on rhizomes {Antos and Zobel 1984).

Aerial shoots are produced vegetatively when a rhizome tip at the soil surface turns up. An average of two
to three aerial shoots are produced per rhizome tip. When the rhizome turns up, new rhizomes form and
branch out. Rhizomes range in diameter from 25 mm. Roots radiate from rhizomes in all directions. Most
angle downwards and few remain in the litter layer. Roots are large and often reach 1 mmin diameter. They
have few branches except near the end {Antos and Zobel 1984).

Phenclogy: Sitka valerian plants emerge from the ground in early spring, and growth begins under the snow
cover just before it mefts. Growth is complete by midsummer (C. Caza, pers. comm., Feb. 1989).
Flowering of subspecies scouleri occurs from April to July (Taylor and MacBryde 1977) and subspecies
sitchensis from June to September {Jones 1938; Taylor and MacBryde 1977). On cutovers in the
ESSFwc2 variant near Clearwater, C. Caza {pers. comm., Feb. 1989} observedthat flowering of V. sitchensis
ssp. sitchensis occurred in ate June to early July and seed was released in late July to early August.
Plants in the forest flower several weeks later than those in the open.

Sitka valerian’s flowers attract many insects by their strong fragrance and prominent position above the
surrounding vegetation {Soper and Szcawinski 1976). Bumble bees, bee flies, butterilies, and skippers
are common pollinators {Pojar 1974}. Chances of pollination between flowers on the same plant are high
for Sitka valerian because flowers are seli-compatible, closely spaced, numerous, and bloom simultane-
ously within in an inflorescence.

REPRODUCTION

Seed Production and Dispersal: No information was found on seed production. The feathery plume on the
seeds aids in seed dispersal.

Seed Viability and Germination: No information.

Vegetative Reproduction: Antos and Zobel (1984) found that the total dry weight of Sitka valerian plants was
35% roots, 33% rhizomes, and 32% above-ground parts. This suggests that vegetative reproduction
plays an imporiant role in propagation of the species. However, since rhizomes are short, vegetative
spread may be kmited. Antos and Zobel (1984) recorded an average rhizome length of 22 cm.

PESTS

Puccinia commutata {(a foliar rust) is the most common pathogen of Sitka valerian. Other pathogens that
occur on Sitka valerian are Sphaerella vagans {a stem canker) and Synchytrium perforatum (a war causing
fungus) (H. Merler, pers. comm., April 1989},

EFFECTS ON CROP TREES

Compelition: Sitka valerian may be a serious competitor to smail conifer seedlings. Sitka valerianis thought
to compete with conifers primarity by reducing light levels {D. Coates, pers. comm., March 1989). C.Caza
{pers. comm., Feb. 1989) observed that under dense patches of Sitka valerian, Engelmann spruce
seedlings experienced less than 10% of full sunlight. In addition, soil temperature was lowered by the
cover of Sitka valerian. Sitka valerian’s extensive network of roots and rhizomes suggests that it may also
compete with conifers for moisture and nutrients. Engeimann spruce seediings can be damaged by the
collapse of dead Sitka valerian stems and, to a lesser extent, leaves.

Beneficial Effects: Sitka valerian leaves have a moderate nutrient content {Yarie 1980} and may provide an
important source of nutrients to asite. Sitka valerian and associated understory species have been shown
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to make significant annual contributions to the litterfall nutrients on poor sites in Garibaldi Provincial Park
in southwestern British Columbia. These poor sites are characterized by very dry or very wet soil, low soil
temperatures and slow overstory litter decomposition.

RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: Sitka valerian plants increase in vigour following canopy removal. Changesin cover
following overstory removal have not been documemnted. However, percent cover of Sitka valerian
appearedtoincrease afterdominant plants (rhododendron and false azalea) were killed by glyphosate.3%7

Fire: No documented information was found. Sitka valerian appears to recover quickly from light 1o moderate
fires. Severe fires that kill the rhizomes probably result in siower recovery.

Cutting and Grazing: The ability of Sitka valerian to recover from cutting is influenced by the amount of below-
ground resources (i.e., roots and rhizomes). Plants growing in the open are generally larger and more
robust than those in the shade, and this intum seems to influence the regrowth capacity. Vigorous open
growing plants can regain 1.5 times their original size within 6 weeks of cutting. They can completely
recover vegetatively in the year they are cut. Shade-grown plants, with their low below-ground
carbohydrate reserves, recover slowly. Coates {(1987) found that muttiple cuts decrease the vigour of
Sitka valerian. This suggests that several consecutive years of grazing may provide good control of this
species. Sheepfavour Sitka valerian and will gain weight whenthey graze on this species (G. Elien, pers.
comm., August 1989).

Herbicides: Sitka valerian plants were healthy and vigorous 2 years after September broadcast applications
of 2, 4, and 6 L/ha glyphosate to a clearcut in the ESSFwc2 variant near Blue River.3 in comparison
to Sitka valerian, rhododendron and false azalea plants on the same treatment unit sufiered high rates
of mortality after application of 6 L/ha glyphosate.

Soif Disturbance: Sitka valerian can recover its pre-treatment size within 1 or 2 seasons following machanical
site preparation in the ESSFwc2 variant near Clearwater {Coates 1987}.

WILDLIFE AND RANGE

Sitkavalerianis moderately used by wildlife as a summer food (T.Lea, pers.comm., Feb. 1989}. The foliage
is eaten by bears, mule deer, elk, caribou, bighorn sheep, mountain goat, marmots, foxes, rabbits, and pikas
{D. Demarchi, pers. comm., June 1989}. Sitka valerian is considered highly valuable summer and fall food
for Rocky Mountain ek in the westem United States and Canada (Kufeld 1973}. Sheep and cattle aiso forage
on this plant.

387 Simard 1988,
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Viburnum edufe (Michx.) Raf. Highbush-cranberry
(squashberry)

DESCRIPTION

Highbush-cranberry is a straggling to erect, multi-stemmed deciduous shrub, 0.5-3 m tail. Stems have
opposite branching and shiny red buds. The leaves are irregularly shaped with 3 shallow, toothed lobes and
become bright red in fall. The smail, dense, fiat to rounded inflorescence has white flowers. The fruit, red
drupes with a large flattened stone, remain on the twigs over winter (Hultén 1974; UBC Bot. Garden 1877).

Variation: No subspecies or varieties are described in British Columbia (Taylor and MacBryde 1977).

DISTRIBUTION AND ABUNDANCE

Highbush-cranberry is found throughout British Columbia to the Yukon border but is absent from the dry
southern Interior and higher subalpine and alpine zones (Lyons 1952). ltis found in ali biogeoclimatic zones
except the PP, BG, and AT, but it is uncommen to rare in the MH, SWB, and higher ESSF zones. His
particularly abundant in the central and northern interior of the province in the SBS and BWBS zones.

Altitudinal Range: Highbush-cranberry ranges from sea level to approximately 1500 m in British Columbia
{UBC Bot. Garden 1977)}.

HABITAT

Climatic Relations: Highbush-cranberry is found throughout northern North America butis primarily a species
of the boreai climatic region. The southern extent of its range appears to be limited by high temperatures
and low humidity. it appears to tolerate most of the climates present in British Columbia except the very
hot, dry climate of the southerninterior valleys, andthe severe alpine cimate. ltis uncommonin extremetly
wet coastal areas.

Site and Soil Conditions: Most Viburnumspecies prefer moist well-drained soils, but soitexture is less critical
than for many other genera (USDA 1974). in British Columbia, V. edule is a species of moist, forested
slopes, strearn or lake margins, and gravelly or rocky banks (Clark 1976; UBC Bot. Garden 1977). Itis
found on a wide range of parert materiais and soil types including Luvisols, Brunisols, Humo-Ferric
Podzols, Regosols, and Gleysols. [ts best development occurs on floodplain siles where it can be a
dominant shrub under a black cottonwood or balsam poplar overstory {see e.g., Zasada et al. 1981; Pojar
et al. 1984) 38839

Nutrient Relations: Highbush-cranberry grows best in rich soil with apH of about 6.5 (UBC Bot. Garden 1977),
but in nature it is usually found on soils with greater acidity (see, e.g., Pojar et al. 1984).39" Itis typically
found on sites that are medium to very rich in nutrients (Comeau ef al. 1982; Pojar et al. 1982).

Water Relations: Throughout the province, highbush-cranberry is associated with moist soils {Lyons 1952;
UBC Bot. Garden 1977). It grows on siles with a submesic to subhydric moisture status in areas of moist
climate and at northern latitudes, but is restricted to subhygric and wetter moisture regimes in drier
climates in central and southern British Columnbia (Comeau et al. 1982; Pojar et al. 1982; Angove and
Bancroft 1983).

Light Relations: Highbush-cranberry is described as semi-tolerant to shade tolerant by Rowe (1983), and
several authors report that it prefers shady locales {Lyons 1952; Ciark 1976, UBC Bot. Garden 1977). it
is more commonly found growing in the open at high elevations (Lyons 1952) and probably also at
northerly latitudes. Highbush-cranberry is a common understory species in deciduous and coniferous
forests (see, e.g. Pojar et al. 1984)%2 but like many shrub species it probably attains its best development
under full sunfight provided that it is not exposed to excessive evapotranspirative stresses.

382 Trowbridge et al. 1983,
3% Delong 1983,

39% Ibid.

392 ihid,
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Temperature Relations: The presence of highbush-cranberry at northern latitudes indicates that it must have
high frost tolerance and an ability to grow at low soil and air temperatures. Hs preference for shady
locations in the southem half of its range may indicate that it is not tolerant of high temperatures.

GROWTH AND DEVELOPMENT

There is little published information regarding the growth and development of highbush-cranberry. Lis a
multi-sternmed shrub with a rather scraggly habit because of frequent naturallayering. it has afairly extensive
underground system and underground rhizomes are present to a depth of 20-30 ¢m beneath the soil
surface.® Hs mature height can range from 0.15 mto 3.5 m (UBC Bot. Garden 1977), but average heights
are in the range of 0.75-2 m {Clark 1976). Highbush-cranberry grows at a moderate rate throughout its life
{UBC Bot. Garden 1977}. it can reach a height of 1 m in 4 years in Alaska (Zasada et al. 1981).

Phenology: Observations inthe Kimsquit Valley on the central British Columbia coast indicate that leaf flush
occurs in April or early May, but leaves are not fully expanded until late May. Flowering usually occurs
from May to July. Leaf senescence and abscission appear to take place earlier on highbush-cranberry
than on most associated shrubs.®®* Fruits are ripe from late August to October, but remain on the twigs
throughout the winter (UBC Bot. Garden 1977).

REPRODUCTION

Seed Production and Dispersal: Fruits of highbush-cranberry are first produced when the plant is approxi-
mately 5 years of age and are then produced in quantity nearly every year. Each fruit contains exactly
1 seed (UBC Bot. Garden 1977). Dispersal is by birds and mammals that feed on the fruit through the
winter, and by gravity (USDA 1974).

Seed Viability and Germination: Seeds of highbush-cranberry remain viable in storage for upto 10 years {UBC
Bot. Garden 1977). Rowe (1983} considers highbush-cranberry a seed-banking species. The seeds of
Viburnum spp. are difficult to germinate because they have both seed coat and embryo dormancy.
Treatment of the seed coat has not been shown 1o improve germination. Best germination normally
occurs if a period of warm temperatures is followed by several months of near freezing temperatures.
Gemmination is slow even afier this treatment, and in nature most northern species of Viburnum do not
germinate until the second year after fruit ripening (Giersbach 1937; USDA 1974; UBC Bot. Gar-
dens 1977}.

Vegetative Reproduction: Highbush-cranberry regenerates vegetatively by natural layering, and by sprouting
from damaged root stocks and stern bases (UBC Bot. Garden 1977; Foote 1983). The plant is
rhizomatous (Holloway and Zasada 1979),°% but there is no evidence that it spreads laterally from the
parent plant by means of root or rhizome suckers. Dormant cuttings taken in fall root poorly, but actively
growing cuttings produce prolific roots; rhizome cuttings can be readily propagated {Holloway and Zasada
1979).

PESTS

A leaf spot {Ascochyta viburni) has been found on highbush-cranberry on the coast, while a rust { Puccinia
linkii) is present in northern British Columbia (Toms 1964). Neither of these diseases is considered serious.
Aphids, thrips, spider mites, and scale are fkely to ocour on Viburnum {UBC Bot. Garden 1977).

EFFECTS ON CROP TREES

Competition: Highbush-cranberry is not considered to be a primary competitor with coniferous trees in British
Columbia. However, throughout much of its range it is a common member of the complex of brush species
that appears on very moist, productive sites, particularly on floodpiains or under deciduous canopies. It
is most abundant and dominant in northern subzones of the SBS and in the BWBS zone throughout the
northern province, where it can compete significantly with natural or planted white spruce.

Beneficial Effects: No information.

393 parminter 1983,
394 Hamilton 1984,

35 parminter 1983. 230
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RESPONSE TO DISTURBANCE OR MANAGEMENT

Forest Canopy Removal: There are varying reports in the literature of the response of highbush-cranberry to
canopy removal. In the SBS zone north of Prince George, Eis (1981) found that although highbush-
cranberry was present on four site types prior to logging, it had not become a significant component of
the vegetation on any of these site types 6 years after clearcuiting. In the sub-boreal forest of Alberta,
V. edule had a substantially lower cover in 6- to 12-year-old clearcut areas than in the mature lodgepole
pineforest (Coms and LaRoi 1976). Incontrast, logging of a balsam poplar stand in Alaska (Zasada et al.
1981) dramatically increased the density of highbush-cranberry.

Fire: Buming has promoted both vegetative reproduction and regeneration from seed. The underground
rhizomes of V. edule survive shallow burns, and sprouting occurs at the base of fire-killed above-ground
stems.% Inthe boreal forest of interior Alaska, highbush-cranbe rry resprouts within weeks of fire on white
spruce sites and is one of the dominant post-fire shrubs. Light, short duration fires that remove very little
of the humus layer tavour regeneration of highbush-cranberry from seed stored in the soil (Rowe 1983).

Herbicides: Information on the effects of herbicides on highbush-cranberry is limited. A summary of available
information indicates that in British Columbia, glyphosate and hexazinone generally provide only
moderate contro! of the species {Boateng and Herring 1990). In a study conducted near Dawson Creek
a young aspen-balsam poplar stand was aerially sprayed in June with 3 kg a.i/ha glyphosate.®¥”
Highbush-cranberry was 95% defoliated and suffered heavy mortality. A late May application of
hexazinone gridballs at 4 kg a.i./ha in the BWBSmw subzone near Dawson Creek had no effect on
highbush-cranberry. Several other species on the site were controlled extremely well.2% In Alberta, spot
appiication of 4 mL of hexazinone at 2-m grid spacing in the spring resulted in 30-40% defoliation of
highbush-cranberry 3 years after treatment. On the same site, a spring spot application of 8 mL of
hexazinone at 1.5-m grid spacing resulted in 90% defoliation 3%

Soil Disturbance: Soil disturbance is expected to favour germination of stored seed, and it should provide a
favourable seedbed for germination of freshly deposited seed. In addition, plants damaged or fragmented
during site preparation can be expected to sprout back. Highbush-cranberry increased more on a
summer-logged balsam popilar stand than on one that had been winter logged (Zasada et al. 1981). Soil
disturbance was probably higher on the summer-logged site and may have stimuiated resprouting of the
shrub.

Soil disturbance has not aways favoured V. edule. For exampie, coverof V. edule remained unchanged
2 years after moderate intensity windrowing in the SBSwk subzone north of Prince George (D. Greeley,
pers. comm., May 1989) and scarification did not appear to enhance the cover of highbush-cranberry on
clearcut areas near Edson, Alberta (Corns and LaRoi 1976).

WILDLIFE

Food: V. edule has moderate importance as a wildiife food in British Columbia. The fruit is more commonly
consumed than the leaves and twigs.*® Highbush-cranberry is a preferred winter food for moose. The
plant is moderately important food for Rocky mountain elk in summer and fall but has low importance to
this animal in winter and spring (Singleton 1976). Highbush-cranberry is common winter tood for white-
tailed deer in North America (Rue 1978}.

When available, highbush-cranberry is a favourite summer food of grizzly bear (Meehan 1961; Banfield
1974, Herrero 1985; National Wildlife Federation 1987). Rabbits and beavers also browse on highbush-
cranberry and small animals eat the fruit (UBC Bot. Garden 1977). The plant is considered unpalatable
to snowshoe hares in Alberta (Keith et al. 1984, cited by Cameker 1985), but the bark and twigs made up
1% of their October to May diet in Alaska.

396 Parminter 1083,

397 Harring 1984c.

398 Harring 1988b.

3% Drouin 1985.

400 B.C. Min. Environ. {undated).
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