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PREFACE

This publication is the fifth in a series of handbooks (Aspen, Red Alder, Black Cot-
tonwood, and Paper Birch) initiated by the British Columbia Hardwood and Vegetation
Management Technical Advisory Committee (HVM TAC).

HVM TAC was established in 1990 to coordinate research relating to broadleaf and
mixedwood management. Representatives on HVM TAC included staff from the Ministry
of Forests (Research Branch, Forest Practices Branch, and forest regions), Ministry of Envi-
ronment, Lands and Parks (Wildlife Branch), and the Canadian Forest Service.

Diversification and maximization of existing forest types are the keys to economic
stability in British Columbia’s forest sector. Until recently, broadleaved trees were regarded
as weed species to be controlled. Recent trends have encouraged utilization and manage-
ment of these forest types and have recognized their important contributions to the vigour,
diversity, and sustainability of many forest ecosystems.

Bigleaf maple is a desirable ecosystem component, adding to the structural and species
diversity of British Columbia’s coastal forests. Its presence may lead to improved site produc-
tivity, long-term sustainability, and forest health. Maple also has potential as a commercial
tree species and its wood is used for furniture, face veneers, and container construction.
Responsible management and utilization of this resource could provide employment oppor-
tunities in forestry and value-added sectors.

This handbook summarizes what is known about this unique coastal species and pre-
sents this information in a format that is useful to both field and research staff.

Funding for preparation of this handbook was provided by Forest Renewal British
Columbia.

iii



ACKNOWLEDGEMENTS

This handbook would not have been possible without the previous work of researchers
whose publications provided original data on bigleaf maple. We thank them as the collec-
tive source of the information assembled here. Personal communications from D. Belz, P.
O’Connor, R. David, J. Tappeiner, and J. Zasada are acknowledged in the text. The manu-
script was greatly improved by suggestions from the following reviewers: P. Courtin, B.C.
Ministry of Forests, Nanaimo, B.C.; B. D’Anjou, B.C. Ministry of Forests, Nanaimo, B.C.;
J. Tappeiner, Department of Forest Resources, Oregon State University, Corvallis, Oregon;
L. Waterhouse, B.C. Ministry of Forests, Nanaimo, B.C.; and J. Zasada, USDA, Forest Sci-
ences Laboratory, Rhinelander,Wisconsin. Except for photographs by the two senior authors,
the source of photographs is identified in the legends of figures. We thank J. Dwyer for
permission to reproduce the photograph in Figure 16 and R. David for Figure 17.

iv



TABLE OF CONTENTS 

PREFACE ................................................................................................................. iii

ACKNOWLEDGEMENTS .................................................................................... iv

1 INTRODUCTION ......................................................................................... 1

1.1 Bigleaf Maple in Contemporary British Columbia Forestry ....................... 3

1.2 Inventory of Bigleaf Maple in British Columbia ........................................ 3

2 ECOSYSTEMS THAT SUPPORT BIGLEAF MAPLE............................. 6

2.1 Geographic Distribution of Bigleaf Maple .................................................. 6

2.2 Ecosystems Where Bigleaf Maple Is of Management Interest ..................... 9

3 BIGLEAF MAPLE BIOLOGY AND SILVICS ........................................... 13

3.1 Important Biological Features of Bigleaf Maple .......................................... 13

3.2 Site and Soil Relations................................................................................ 14

3.2.1 Optimal sites for bigleaf maple ........................................................ 16

3.2.2 Bigleaf maple’s role in nutrient cycling ........................................... 23

3.3 Bigleaf Maple Natural Regeneration Biology ............................................. 26

3.3.1 Seedling reproduction ...................................................................... 27

3.3.2 Vegetative reproduction.................................................................... 29

3.4 Successional Relations ................................................................................. 30

3.4.1 Bigleaf maple’s light relations ........................................................... 30

3.4.2 Role of disturbance in bigleaf maple regeneration .......................... 34

3.4.3 Successional pathways involving bigleaf maple................................. 35

3.5 Damaging Agents of Bigleaf Maple ............................................................. 38

3.6 Bigleaf Maple’s Biodiversity Values............................................................... 42

3.6.1 Epiphytic communities on maple stems and branches..................... 43

3.6.2 Wildlife uses of maple and maple ecosystems.................................. 45

3.7 Bigleaf Maple Growth and Yield ................................................................. 47

3.7.1 Mensurational features of bigleaf maple ........................................... 48

3.7.2 Stem decay and wood quality in bigleaf maple ............................... 54

TABLES

1 Forest land areas in which bigleaf maple is a potential leading species on
certain sites, and relative proportions of bigleaf maple volumes in near-mature,
mature, and overmature age classes ...................................................................... 5

v



2 Estimated annual utilization potential of bigleaf maple in comparison to other
coastal broadleaf species in British Columbia ...................................................... 5

3 Biogeoclimatic units and site series where bigleaf maple is a potential
regeneration species in the Vancouver Forest Region.......................................... 10

4 Occurrence classes (relative abundance) of bigleaf maple compared with its
broadleaf associates, within 13 biogeoclimatic zones in British Columbia........... 12

5 Maximum reported sizes for some bigleaf maples recorded in British Columbia
and the Pacific Northwest ................................................................................... 14

6 Relative ranking of bigleaf maple compared to other West Coast tree species for
various ecological relationships ............................................................................ 15

7 Bigleaf maple’s main vegetation layer associates with prominence classes of 1 or
greater in the three site series of the Vancouver Forest Region where maple has
the highest potential prominence value of 5 ....................................................... 18

8 Site series in the Vancouver Forest Region in which bigleaf maple has a
prominence class sufficient for listing in vegetation tables as a diagnostic species
for the tree layer.................................................................................................. 19

9 Bigleaf maple prominence values in the tree layer along gradients of driest site
series to wettest site series in subzones/variants of the Vancouver Forest Region 20

10 Plant species that potentially occur with bigleaf maple and which, like maple,
are indicators of moisture indicator species group 4 and nutrient indicator
species group 3 .................................................................................................... 21

11 Common tree, shrub, herb, moss, and lichen associates of bigleaf maple in
British Columbia ................................................................................................. 22

12 Common mosses, liverworts, lichens, and vascular plants that grow as epiphytes
on bigleaf maple stems and branches in the Squamish–Vancouver–Hope region
of British Columbia............................................................................................. 23

13 Narrative examples of bigleaf maple’s place in successional sequences at various
locations in its natural range from British Columbia to California..................... 31

14 Diseases, insects, and other damaging agents of bigleaf maple............................. 39

15 Reference heights for site classes, at reference age 50 years, for bigleaf maple
in relation to its main tree associates................................................................... 48

16 Stump and breast height diameter table for bigleaf maple, all ages, in B.C.
Ministry of Forests Inventory Zones A to L ....................................................... 50

17 Information sources for bigleaf maple tree volume and taper equations ............. 53

18 Bigleaf maple’s potential as competing vegetation by subzone, variant, and site
series in the Vancouver Forest Region ................................................................ 71

19 Summary of bigleaf maple’s response to overstorey removal, manual and
chemical treatments, mechanical site preparation, and prescribed burning........... 73

FIGURES

1 Choices available to a forest manager working with ecosystems where bigleaf
maple is a significant component ........................................................................ 2

vi



2 Timber supply areas in which bigleaf maple is a leading species on some sites 4

3 Natural range of bigleaf maple in western North America................................. 7

4 Natural range of bigleaf maple in British Columbia ........................................... 8

5 Selected silvical characteristics of bigleaf maple in relation to other broadleaf
tree species in British Columbia.......................................................................... 11

6 Leaf litter from bigleaf maple is a significant component of nutrient cycling on
maple-dominated sites.......................................................................................... 24

7 The nutrient cycling role of epiphytic moss-liverwort-lichen-fern communities
on bigleaf maple stems is not yet well understood ............................................. 26

8 Bigleaf maple is a species of moderate shade tolerance....................................... 33

9 Bigleaf maple’s tolerance to shade seems to decrease with age and its best
growth occurs when light is available through canopy gaps................................ 34

10 Sketch of bigleaf maple’s distribution on various successional stages along the
McKenzie River, Oregon .................................................................................... 37

11 Abundance of epiphytic bryophytes on calcium-rich bark of bigleaf maple ....... 44

12 Well-decayed snag of bigleaf maple is valuable for wildlife and biodiversity....... 46

13 Vexar™ cage surrounding bigleaf maple at Duncan, B.C. .................................. 60

14 Tubex™ rigid-walled cylinder for protection against ungulate browsing ............ 61

15 There are limits to tube height above which tree stability and stem strength are
compromised........................................................................................................ 63

16 This bigleaf maple rocking chair, featuring a bold curly pattern in its wood
grain, is a superb example of value-added use of this broadleaf species.............. 65

17 High-value bowl turned from burl of bigleaf maple ........................................... 66

18 Small maple clump 3 months after cutting ......................................................... 74

19 Rapidly expanding maple clump, 4 years after cutting........................................ 75

20 Even in the leafless season, bigleaf maple is a visually attractive feature in
public parks, as shown in this example from Goldstream Provincial Park,
British Columbia ................................................................................................. 82

21 Unusual stem forms of bigleaf maple often result in trees of amenity or
heritage value....................................................................................................... 84

vii



1 INTRODUCTION 

This handbook is intended as a review of existing information on the ecology and
management of bigleaf maple (Acer macrophyllum Pursh), sometimes referred to as Oregon
maple, broadleaf maple, or large-leaf maple. This maple is found in coastal British Columbia
on the western slopes of the Coast Range from about the latitude of northern Vancouver
Island and extends southward along the western slopes of the Cascade Range and Coast
Ranges in Washington and Oregon, and into California to San Diego County.

In most cases bigleaf maple is usually managed as part of mixed-stand silviculture;
however, the possibility of managing for pure maple stands is addressed in Section 4. The
overall intent of this handbook is not to promote pure maple silviculture, but to encourage
forest managers to recognize the importance of maple and other broadleaf species in silvi-
cultural decisions.A summary of information to aid such decisions is provided here. Foresters
can view bigleaf maple management in British Columbia in two main ways. They can:

1) manage maple for special purposes related to biodiversity, wildlife habitat, riparian zone
management, or production of stemwood for value-added products; and

2) manage maple as an ecologically important component of broadleaf-conifer mixtures.

Forest managers should make some fundamental decisions before choosing a particu-
lar management approach for bigleaf maple. Figure 1 outlines the various choices available
to forest managers who work with ecosystems where maple is a significant component.
These choices depend on whether the management goal is to maximize maple’s role in
sustainable conifer-broadleaf silviculture or to emphasize its value for biodiversity and wildlife,
and the provision of special products. While it is important to work with the basic silvical
characteristics of maple, a flexible and adaptive approach is needed to manage this West
Coast broadleaf species.

Although many references are cited in this handbook, the key sources of information
were reports by Fowells (1965), Fried et al. (1988), Haeussler et al. (1990), Minore and
Zasada (1990), Niemiec et al. 1995, Loucks et al. (1996),Tappeiner et al. (1996), and Zasada
and Strong (in press).Abbreviations used for biogeoclimatic zones and abbreviations of com-
mon names and scientific names for tree species are provided in Appendix 1. Appendix 2
lists the scientific names for mammals, birds, and invertebrates mentioned in the text.
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If bigleaf maple is a significant component of your forest licence area or private woodlot, begin by
assessing the management choices for the maple portion of your forest inventory.

Is maple a species that you wish to
retain and encourage, or to eliminate

because it is competing with your
desired conifer crop species?

Goal is to maintain or encourage maple.

Retain maple for biodiversity and
nutrient cycling values, with no

particular management of the species.
See Sections 6.1, 6.2, and 6.3.

Consider markets for artisan materials or
special forest products (see below) or
retain maple for biodiversity values.

Maximize maple growth rates and
encourage desired stand density and
stem form. See Sections 4.1, 4.2, 4.3,

and 4.4.

Harvest at rates that allow renewal and
sustainability of special products avail-

able from maple ecosystems. See
Sections 3.6.1 and 6.1.

Is there a market for raw materials
from maple stands (logs, burls,

mosses from stems and branches)?

Are maple stems your marketable
product?

Is there a market for maple pulp,
veneer, lumber, or firewood?

Is there a market for artisan products
from maple (burls, stained wood,

curly grain) or special forest products
(mosses from stems and branches

of maple)?

Retain maple for biodiversity and
nutrient cycling values, with no par-
ticular management of the species.

See Sections 6.1, 6.2, and 6.3.

Goal is to reduce or eliminate maple.
See Sections 5.2, 5.2.1, and 5.2.2.
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FIGURE 1. Choices available to a forest manager working with ecosystems where
bigleaf maple is a significant component.



1.1 Bigleaf Maple in Contemporary British Columbia Forestry 

· Maple is currently managed in relation to its non-timber values. High-quality
maple stems receive limited use for value-added forest products.

· Maple is a potentially valuable broadleaf species on the coast, despite the low
volumes of maple in British Columbia.

The primary interest in bigleaf maple to date has been to reduce its competition with
planted conifer species. Maple has been used on a limited basis for furniture manufacture.
However, there is increasing interest in low-cost alternatives that encourage regeneration of
broadleaf species because of their ecological role in mixed-species silviculture, biodiversity,
and wildlife habitat values, and their role in integrated resource management. A key pur-
pose of this handbook is to summarize the role of bigleaf maple in ecosystem management
for a broad range of resource management goals.

Bigleaf maple is a component of many low-elevation coastal forests and is a species
generally underestimated in present forest inventory data. Although maple volumes are low,
it is potentially one of the most valuable broadleaf species in coastal British Columbia
ecosystems, especially for value-added products. A recent example of average domestic log
prices (Forest Industry Trader 1994) showed maple at $43.50/m3 and red alder at $41.60,
at a time when Douglas-fir was $136.30, Sitka spruce was $184.80, and yellow-cedar was
$201.00. In recent years, the maximum stumpage paid for bigleaf maple or red alder was
$1.00/m3. Local firms that process some bigleaf maple do so incidentally with red alder
rather than deliberately seeking bigleaf maple logs. Maple is more difficult to process than
red alder, with up to 50% more time required to mill an equivalent volume (P. O’Connor,
pers. comm., Feb. 1998). However, maple does not have the same stem problems or kiln
drying requirements as red alder.

1.2 Inventory of Bigleaf Maple in British Columbia 

· Present inventory data may underestimate bigleaf maple’s prominence in
coastal southwest British Columbia.

· The main marketable products for British Columbia bigleaf maple are veneer
and minor specialty products.

British Columbia has about 2 million m3 of bigleaf maple (gross volume less decay,
waste, and breakage) (Council of Forest Industries 1996). Bigleaf maple is a minor compo-
nent of most low-elevation CWH forests, but it is concentrated in the Fraser Timber Sup-
ply Area (TSA) and to a lesser extent in the Sunshine Coast TSA (Figure 2). Similar to
alder, most maple stands occur on sites of good to medium productivity. In the Fraser TSA,
most of the maple volume is in the near-mature class, while the smaller Sunshine Coast
volume is largely mature. Table 1 summarizes the distribution of maple volumes by matu-
rity class. Although maple represents a much smaller resource than alder (Table 2), a good
opportunity exists for its use in the Fraser TSA. Based on analyses by Massie (1996), Table
2 compares current (1992) utilization estimates with an estimated annual harvest for 20
years based on concentrations of broadleaf species. The 20-year annual harvest figures were
calculated on the basis of a 50% availability using only mature and near-mature inventory
volumes. Massie’s review suggested that the main marketable products for British Colum-
bia maple are veneer (United States and Pacific Rim markets), minor lumber products
(domestic and United States markets), and minor specialty products (domestic markets).
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FIGURE 2. Timber supply areas (Fraser, Soo, Sunshine Coast, Strathcona, and Arrow-
smith) in which bigleaf maple is a leading species on some sites (Massie et
al. 1994; Massie 1996).

Sunshine
Coast
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TABLE 1. Forest land areas in which bigleaf maple is a potential leading species on certain sites, and relative
proportions of maple volumes in near-mature, mature, and overmature age classes (Massie et al.
1994; Massie 1996)

Area (ha) by site class Volumes (000 m3) on areas that
that allows harvestinga allow harvesting by maturityb class

Near- Over-
Regional area Good Medium Poor mature Mature mature

Lower Mainland
Fraser TSA 1 200 9 400 1 000 2 544 1 097 43
Soo TSA 200 200 100 138 29 0
Sunshine Coast TSA 790 1 015 226 160 500 24
Total Lower Mainland 2 190 10 615 1 326 (14 131)c 2 842 1 626 67 (4 535)d

Vancouver Island
Arrowsmith TSA 0 493 0 140 45 10
Strathcona TSA 0 360 180 198 20 0
Total Vancouver Island 0 853 180 (1 033)c 338 65 10 (413)d

a Low-productivity sites were not considered suitable for harvesting.
b Maturity-age definition: near-mature — 41–80 years of age; mature — 81–120 years of age; overmature — 121 years of age or more
c Total area (good + medium + poor sites).
d Total volume (near-mature + mature + overmature).

TABLE 2. Estimated annual utilization potential of bigleaf maple in comparison to other
coastal broadleaf species in British Columbia (Massie 1996)

Estimated 20-year Estimated currentb

annual harvest utilization, 1992
Species (000 m3)a data (000 m3)

Bigleaf maple 80 5
Red alder 448 425
Cottonwood 31 156
Birch 7 2

Total 566 588

a Annual harvest: Derived on the basis of the lead species inventory and the following calculations: One-half
the mature volume divided by 20; plus one-eightieth of the near-mature volume, if it exceeds the mature
volume.

b Current utilization: Estimated on the basis of Simons Strategic Services Division (1991) updated to 1992
on the basis of Nawitka Resources Consultants Ltd.,Victoria, and R.J. Hyslop and Associates,Vancouver, file
information.



2 ECOSYSTEMS THAT SUPPORT BIGLEAF MAPLE 

This section describes bigleaf maple’s geographic distribution and summarizes the eco-
systems where maple could be of interest for forest managers in coastal British Columbia.

2.1 Geographic Distribution of Bigleaf Maple

· Bigleaf maple’s overall role in British Columbia forestry is limited by its
occurrence in only the southwestern portion of the province.

· In British Columbia, maple’s most easterly occurrence is along the Fraser
River valley near Lillooet.

Figure 3 shows the overall distribution of bigleaf maple in western North America,
while Figure 4 shows the British Columbia portion of its range. In British Columbia, maple’s
most easterly occurrence is along the Fraser River valley north of Hope, where it extends
inland to Seton Portage near Lillooet, Siska in the Fraser Canyon, and the Skagit River
valley near Hope (Brayshaw 1996). This represents a range of about 300 km inland from
the open Pacific Ocean at Cape Flattery, on northwestern Olympic Peninsula. Its range
covers most of Vancouver Island except the northern tip. On the mainland coast, it extends
inland along inlets and river valleys to just north of the Klinaklini River valley (Krajina et
al. 1982). It does not occur in the Queen Charlotte Islands nor in southeastern Alaska
(Viereck and Little 1972; Packee 1976). Maple’s occurrence decreases with increasing ele-
vation, latitude, and continentality (Klinka et al. 1989).

The southern limit of this species is characterized by isolated groves along the south-
ern California coast to about 33°N in San Diego County (Minore and Zasada 1990). More
or less continuous occurrence of this maple begins a few kilometres north of San Fran-
cisco Bay. This continuous belt extends north from San Francisco along the Coast Ranges
of California and Oregon, the western slopes of the Cascade Range in Oregon and
Washington, the Olympic Peninsula, and the western slopes of the Coast Range in British
Columbia. Sullivan Bay, on Broughton Island near the mouth of Kingcome Inlet, is recorded
as the northwesterly limit (50°51’ N; 126°45’ W) (Minore and Zasada 1990). Bigleaf
maple does not occur in California’s Central Valley, but is present on the western slopes of
the Sierra Nevada Range northward from the Yuba River (Griffin and Critchfield 1972).
This part of its range represents a discontinuous inland occurrence of about 280 km from
the Pacific Ocean. Another inland occurrence is reported in Idaho County in west-central
Idaho (Hitchcock et al. 1961; Hitchcock and Cronquist 1973), where it was possibly
introduced.

In southern California, bigleaf maple extends from near sea level on Santa Cruz Island
to maximum elevations of about 2100 m. Further north in California its maximum eleva-
tion is 1675 m in the Sierra Nevada and 1035 m in the Coast Ranges. On mesic slopes
and in ravines of the Klamath Mountains it occurs at elevations of 310 m up to 1220 m.
On the Olympic Peninsula, its maximum elevation is around 455 m, while in coastal British
Columbia it is seldom found above 300 m (Minore and Zasada 1990), although Packee
(1976) reported bigleaf maple above 350 m on the east coast of southern Vancouver Island.
Pojar and MacKinnon (1994) reported its occurrence at low to middle elevations in south-
western British Columbia.
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FIGURE 3. Natural range of bigleaf maple in western North America (Minore and
Zasada 1990).
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FIGURE 4. Natural range of bigleaf maple in British Columbia (Krajina et al. 1982).



2.2 Ecosystems Where Bigleaf Maple Is of Management Interest 

· Bigleaf maple is a prominent component in ecosystems described as the
most productive for growth of Douglas-fir on the lower mainland and Van-
couver Island.

· Bigleaf maple is associated with soils of high nutrient concentration, high
cation exchange capacity, high base saturation, and low C:N ratios.

Bigleaf maple occurs mainly in the Coastal Douglas-fir and southern Coastal Western
Hemlock biogeoclimatic zones, with a limited occurrence in the subcontinental Interior
Douglas-fir zone (Krajina et al. 1982). Biogeoclimatic units and site series in which maple
is a potential regeneration species in the Vancouver Forest Region (Silviculture Interpreta-
tions Working Group 1994) are listed in Table 3. Of the five broadleaf species summarized
in Figure 5, bigleaf maple and red alder have the most restricted distribution, with maple
reaching its greatest frequency in the CDF zone and alder in the CWH zone. On the five-
class soil-moisture gradient (Figure 5), all broadleaf species including maple are skewed
towards the wetter half of the gradient (Klinka et al. 1990). On a broader zonal scale, Table
4 summarizes the relative abundance of bigleaf maple compared with other broadleaf species
occurring in British Columbia’s forested biogeoclimatic zones (Meidinger and Pojar 1991).

Bigleaf maple was prominent in the A3 layer (suppressed trees under 10 m tall) in five
of 10 ecosystems described by Klinka et al. (1981) as the most productive ecosystems for
growth of Douglas-fir on the lower mainland and Vancouver Island. The five sites where
maple was prominent were located at: Vedder Mountain (Fraser River valley); Robertson
River valley (Pacific Logging Company,Vancouver Island); Maple Grove (Youbou,Vancou-
ver Island); Meade Creek (Cowichan Lake,Vancouver Island); and Tamihi Creek (Chilliwack
River valley). The main criterion used to select these productive sites was the presence of
dominant Douglas-fir with heights above the upper limits of local height-over-age curves
for that species. In addition to Douglas-fir, these ecosystems also support the most produc-
tive growth of grand fir and western redcedar in the same region. The productivity of
Douglas-fir on these sites appears quite high compared to Douglas-fir grown in Europe,
but is comparable to (although probably slightly lower than) the productivity on the most
productive sites in coastal Washington (Klinka et al. 1981).

All the highly productive ecosystems for Douglas-fir described by Klinka et al. (1981)
are located in the Drier Maritime Subzone of the CWH biogeoclimatic zone. Analysis of
the vegetation on the sites showed that, although the ecosystems covered a range of suc-
cessional states with consequent differences in floristic composition, they all belonged to
the Tiarella (trifoliata)—Polystichum (munitum)—Pseudotsuga (menziesii)—Abies (grandis)—Thuja
(plicata) association. Floristically, these highly productive ecosystems can be recognized by
the presence of 32 characteristic plant species, including 5 shrubs, 23 herbs, and 4 mosses.
The abundance of herbs indicates the generally herbaceous understories in these ecosystems.

The ecosystems described by Klinka et al. (1981), where maple is often present, had
moderately deep to deep, loamy, very porous (low bulk density) soils with dark brown Ah
horizons. The soils were classified as Humo-Ferric Podzols or Cumulic Regosols with
Vermimulls and generally had a high nutrient status, particularly nitrogen and calcium. Over-
all, they were characterized by high nutrient concentrations, high cation exchange capacities,
high base saturations, and low C:N ratios, although other soils elsewhere in southwestern
British Columbia occasionally had higher nutrient values or lower C:N ratios.
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TABLE 3. Biogeoclimatic units and site series where bigleaf maple is a potential regen-
eration species in the Vancouver Forest Region (Silviculture Interpretations
Working Group 1994)

Biogeoclimatic unit Site series

CDFmma Fd–Salal;b FdBg–Oregon grape; CwFd–Kindbergia;b CwBg–Foamflower;
Cw–Snowberry; Cw–Vanilla leaf; Cw–Indian plum

CWHdm Hw–Flat mossb

CDFmm; CWHdm; Act–Red-osier dogwood
CWHds1; CWHmm1;
CWHms1; CWHvm1;
CWHxm

CWHds1 HwFd–Cat’s-tail moss;b Fd–Fairybells; Cw–Solomon’s seal; Hw–Queen’s
cup;b Cw–Devil’s club

CWHdm; CWHds1; Ss–Salmonberry
CWHmm1; CWHms1;
CWHvm1; CWHxm

CWHmm1 CwHw–Sword fern

CWHms1 BaCw–Oak fern; BaCw–Devil’s club

CWHmm1; CWhvm1 BaCw–Foamflower; BaCw–Salmonberry

CWHvm1 CwHw–Swordfern

CWHxm HwFd–Kindbergiab

CWHxm; CWHdm FdHw–Salal;b Fd–Sword fern; Cw–Sword fern; HwCw–Deer fern;b

Cw–Foamflower; CwSs–Skunk cabbage; Cw–Salmonberry;
Cw–Black twinberry

a See Appendix 1 for the names of the biogeoclimatic zones listed here and for the tree species whose abbrevia-
tion begins the name of each site series.

b On these site series bigleaf maple is a potential regeneration species only on medium-nutrient sites.
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FIGURE 5. Selected silvical characteristics of bigleaf maple in relation to other broadleaf tree species in British Columbia (modified from Klinka
et al. 1990, based on suggestions by P. Courtin, pers. comm., Mar. 1998). Klinka et al. (1990) originally grouped 26 softwood and
broadleaf tree species in their table.The numerical rankings shown in the moisture gradient, nutrient gradient, and shade tolerance
columns refer to the species’ comparative position along gradients.A ranking of 1 refers to the species adapted to the driest soils,
nutrient poorest soils, or exhibiting the greatest shade tolerance; a ranking of 26 would apply to the species adapted to wettest soils,
nutrient richest soils, or exhibiting the least tolerance to shade.
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TABLE 4. Occurrence classes (relative abundance) of bigleaf maple compared with its broadleaf associates, within 13 biogeoclimatic zones in
British Columbia (modified from Meidinger and Pojar 1991)

BGa PP IDF ICH MS SBPS SBS BWBS SWB MH CDF CWH ESSF

Acer macrophyllum (bigleaf maple) - - + - - - - - - - +++ b ++ -
Alnus rubra (red alder) - - - - - - - - - - ++ +++ -
Arbutus menziesii (arbutus) - - - - - - - - - - ++ + -
Cornus nuttallii (western flowering dogwood) - - + - - - - - - - ++ ++ -
Populus balsamifera ssp. trichocarpa

(black cottonwood) + + + ++ + + ++ + - - ++ ++ +
Prunus emarginata (bitter cherry) - - + c ++ c - - + c - - - ++ + -
Quercus garryana (Garry oak) - - - - - - - - - - ++ + -
Rhamnus purshiana (cascara) - - - ++ d - - - - - - ++ + -

a See Appendix 1 for abbreviations of tree species names and biogeoclimatic zones.
b Occurrence classes: +++ (abundant); ++ (common); + (present but uncommon); (+) (very rare); - (absent).
c P. emarginata occurs in these zones, but only rarely as a small tree.
d Rarely as a small tree.



3 BIGLEAF MAPLE BIOLOGY AND SILVICS

The maple family, Aceraceae, includes two genera, Dipteronia and Acer.The genus Diptero-
nia contains only two species of small trees, both native to central China. The genus Acer
contains about 148 species of trees and shrubs that are widely scattered through the north-
ern hemisphere, but are most abundant in the eastern Himalayan Mountains and in central
China. Thirteen species of maple are indigenous to the United States (Harlow and Harrar
1958), 10 of which are native to Canada (Farrar 1995). Three of Canada’s 10 maples occur
in British Columbia: Acer macrophyllum Pursh (bigleaf maple); Acer glabrum Torr. var. douglasii
(Hook.) Dippel (Douglas maple, Rocky Mountain maple); and Acer circinatum Pursh (vine
maple). Bigleaf maple is the only species reviewed in this handbook and for brevity it is
often referred to simply as maple.

While substantial information is available on the silvics and management of maple
species in eastern Canada and United States, the degree to which this information is applic-
able to bigleaf maple is unknown. Plant biogeographers suggest that because of the isolat-
ing effects of Pleistocene continental ice sheets on plant distributions (Ritchie 1987, 1992),
bigleaf maple is actually more closely related to some of the Asian and European maples
than to the maples in eastern North America (Elias 1980). Although this observation was
based on taxonomic features, it is considered relevant when distinguishing the physiologi-
cal, ecological, and silvical features of bigleaf maple relative to the eastern North American
species.

This section focuses on distinctive biological features of bigleaf maple, its relation to
particular sites, regeneration biology, successional relationships, mensurational features, damag-
ing agents, and biodiversity values. Later sections of this review suggest various management
options for ecosystems in southwestern British Columbia that contain bigleaf maple.

3.1 Important Biological Features of Bigleaf Maple 

· Bigleaf maple is the only maple native to British Columbia that reaches tree
size.

· Open-growing bigleaf maples often have trunks divided near ground level
into large spreading and ascending limbs.

Bigleaf maple can reach up to 35 m tall at maturity. In forest situations, the crown is
typically narrow, supported by a trunk free of branches for one-half or more of its length
(Hosie 1979). In open-grown situations, maple crowns are broad and rounded with a few
large spreading and ascending limbs low down on the trunk and a much smaller area free
of branches. It is the only tree-size native maple in British Columbia. Maples with 100-cm
trunk diameters and 250 years of age are known. Its very large leaves (in extreme cases
60 cm wide) with long petioles make bigleaf maple distinctive and easily recognized. Leaf
blades have deep lobes, with a few irregular blunt teeth along the edge. When broken, the
leaf petiole exudes a milky sap. Branching is opposite, and the mature bark is greyish brown
and has narrow scaly ridges (Farrar 1995). Young bark is smooth and greyish brown, and
the twigs are stout, reddish brown, and hairless. In closed stands, mature maple trunks may
be branch-free for one-half the total tree height. Open-growing trees tend to have trunks
divided into large spreading and ascending limbs fairly close to the ground (Pojar and
MacKinnon 1994; Farrar 1995). This may be a result of resprouting following cutting and
not a function of stem form. Maple’s root system is shallow and wide spreading (Packee
1976; Farrar 1995). Maximum reported sizes for some bigleaf maples in British Columbia
and the Pacific Northwest are summarized in Table 5.
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Although Taylor and MacBryde (1977) state that no varieties or subspecies of bigleaf
maple exist in British Columbia, a rare form of bigleaf maple known as Kimball maple
(Harrar 1940) is found locally in the Puget Sound area in Snohomish, Cowlitz, and Pierce
counties.The pharmaceutical gardens of the University of Washington have a specimen and
subsequently several more were propagated from cuttings. The fruit of Kimball maple is
often a triple samara, and its leaf blades are deeply and much dissected.

3.2 Site and Soil Relations

· Bigleaf maple is typically associated with sites that have abundant soil mois-
ture, such as river terraces, floodplains, and seepage sites on lower portions
of slopes.

· Maple’s relatively high resistance to temporary flooding allows it to survive
well on nutrient-rich floodplain terraces.

Bigleaf maple occurs on various soils, ranging from deep and loamy to shallow and
rocky. The best soils for growth are alluvial and colluvial soils near streams (Ruth et al.
1972). The abundant moisture and deep gravelly soil profile of river terraces, floodplains,
and seepage sites produce good maple growth (Packee 1976; Arno 1977; Minore and Zasada
1990; Norse 1990). Farrar (1995) observed that bigleaf maple generally occurs on coarse,
gravelly, moist soil mixtures with red alder, black cottonwood, Douglas-fir, western redcedar,
and western hemlock. Maple’s high tolerance to temporary flooding enables it to grow well
on nutrient-rich floodplain habitats (Krajina et al. 1982).

Maple’s nutritional requirements are very high, especially for calcium, magnesium, nitro-
gen (mainly as nitrates), potassium, and phosphorus (Krajina et al. 1982). On a subjective
scale relative to other northwestern tree species, Minore (1979) indicated that levels of nitro-
gen, potassium, and calcium in foliage, wood, bark, and litter are high, whereas levels of
phosphorus and magnesium are relatively low.

A comprehensive literature review by Minore (1979), summarizing the comparative eco-
logical characteristics of about 50 Pacific Northwestern tree species, mentioned bigleaf maple
in only a few of the comparisons.This is the result of the relative lack of information about
maple when compared to better-known conifer species. The cases where maple was ranked
relative to other species for a particular ecological characteristic are listed in Table 6.

14

TABLE 5. Maximum reported sizesa for some bigleaf maples in British Columbia and
the Pacific Northwest

Average
Breast height crown

circum. diameter Height spread
(m) (cm) (m) (m) Location and year measured

British Columbia 10.70 341 29.00 19.50 Stanley Park,Vancouver, south of
Hollow Tree (1980)

9.45 301 24.38 21.34 Stanley Park,Vancouver, near Lees
trail (1992)

9.39 299 31.70 18.30 Stanley Park,Vancouver, south of
Hollow Tree (1980)

Oregon 10.64 339 30.78 27.43 Jewell, Clotsop County, Oregon

a Sources: Pardo 1978; Stoltmann 1993; American Forests 1996.
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TABLE 6. Relative ranking of bigleaf maple compared to other West Coast tree species
for various ecological relationships (Minore 1979). If more than one species
is included on a line, then not enough data were available to distinguish
between these species.

A. Mean temperature relations
(Species adapted to warm temperatures are listed above those adapted to cooler temperatures)
Quercus garryana, Arbutus menziesii
Pseudotsuga menziesii, Acer macrophyllum
Thuja plicata
Tsuga heterophylla
Abies grandis

B. Optimum moisture relations
(Species adapted to moist conditions are listed above those adapted to drier conditions)
Populus trichocarpa
Abies grandis
Thuja plicata
Picea sitchensis
Tsuga heterophylla
Acer macrophyllum
Alnus rubra
Pseudotsuga menziesii
Arbutus menziesii
Quercus garryana

C. Relative macronutrient concentrations in foliage, wood, bark, and litter
(Species with high nutrient concentrations are listed above those with lower concentrations.)a

Nitrogen Potassium Calcium Magnesium
Alnus rubra Acer macrophyllum Abies grandis Picea sitchensis
Picea sitchensis Alnus rubra Thuja plicata Tsuga heterophylla
Acer macrophyllum Pseudotsuga menziesii Acer macrophyllum Thuja plicata
Abies grandis Abies grandis Pseudotsuga menziesii Pseudotsuga menziesii
Pseudotsuga menziesii Thuja plicata Alnus rubra Acer macrophyllum
Tsuga heterophylla Tsuga heterophylla Tsuga heterophylla Alnus rubra
Thuja plicata Picea sitchensis Picea sitchensis

D. Tree longevity
(Long-lived species are listed above those with shorter life spans.)
Thuja plicata
Picea sitchensis
Pseudotsuga menziesii
Quercus garryana
Tsuga heterophylla
Abies grandis, Acer macrophyllum
Populus trichocarpa
Alnus rubra

E. Minimum seed-bearing ages 
(Species with younger seed-bearing age are listed above those that produce seed later in
their life cycle.)
Arbutus menziesii
Alnus rubra, Pseudotsuga menziesii, Acer macrophyllum, Populus trichocarpa
Thuja plicata, Picea sitchensis, Abies grandis
Tsuga heterophylla

a The review by Minore did not indicate whether these rankings represent mean concentrations of the four
biomass components (foliage, wood, bark, and litter) or how these relative rankings would vary by biomass
component.

Continued on next page
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TABLE 6. Continued

F. Seed crop frequencies
(Species with the most frequent seed crops are listed above those with lower frequencies.)
Acer macrophyllum, Populus trichocarpa
Tsuga heterophylla, Abies grandis, Thuja plicta
Pseudotsuga menziesii

G. Annual litterfall (average annual ovendry litterfall, foliage, and woody material [kg/ha])
(Species with greatest litterfall are listed above those that produce less litter.)
Thuja plicata
Pseudotsuga menziesii (350 year)
Acer macrophyllum
Alnus rubra
Tsuga heterophylla
Pseudotsuga menziesii (100 year)
Picea sitchensis

H. Epiphyte receptivity
(Species supporting more epiphytes are listed above those with less epiphytes.)
Alnus rubra
Picea sitchensis
Tsuga heterophylla
Pseudotsuga menziesii
Thuja plicta
Acer macrophyllum
Abies grandis
Quercus garryana
Arbutus menziesii

I. Decay resistance to laminated root rot (Phellinus weirii)
(Species showing resistance are listed above those more susceptible.)
Acer macrophyllum, Alnus rubra, Arbutus menziesii, Populus trichocarpa
Thuja plicata
Picea sitchensis, Tsuga heterophylla
Abies grandis, Pseudotsuga menziesii

3.2.1 Optimal sites for bigleaf maple

· Maple can establish on a relatively wide range of soils, but its best growth
occurs on sites of fluvial origin and at the base of colluvial slopes.

· In the Vancouver Forest Region, maple is most prevalent on site series that
occur in the rich to very rich and fresh to moist area of the edatopic grid.

The autecological review by Haeussler et al. (1990) summarized the following climatic,
site, and soil preferences for maple. Bigleaf maple is confined to the warmest, mildest cli-
mates in British Columbia. Its northern limit is probably defined by temperature, while
insufficient moisture combined with cooler temperatures may limit its spread into the inte-
rior. Maple grows on a relatively wide range of soils but best growth occurs on fluvial sites
and at the base of colluvial slopes. It is found on morainal and marine parent materials and
is often a pioneer following landslides. Soils supporting good growth of bigleaf maple are
usually Humo-Ferric Podzols, Sombric or Dystric Brunisols, and Regosols (Klinka et al.
1979; Klinka and Carter 1990). Growth is best where soils are moist, either from seepage or
on fluvial sites along streambanks.Temporary flooding is common on riparian sites, and maple
seedlings are able to survive short periods of inundation (Walters et al. 1980). However, it



is not as tolerant of flooding as red alder, black cottonwood, Sitka spruce, and western red-
cedar, and flooding for 2 months during the growing season can kill both seedlings and
mature trees.

On the Saanich Peninsula, Roemer (1972) found bigleaf maple most strongly affiliated
with the following plant groupings:

· Melica sub-association of the Pseudotsuga-Berberis association, where Douglas-fir, grand
fir, and western redcedar are the main tree species;

· Tiarella sub-association of the Pseudotsuga-Berberis association, where maple’s main tree
associates in descending order of abundance are western redcedar, grand fir, Douglas-
fir, flowering dogwood, and Pacific yew; and,

· Alnus-Athyrium association.

In an ordered correlation among species occurrences and environmental variables,
Roemer (1972) also found bigleaf maple to be most strongly correlated with: deep humus
horizon; weak hue and chroma in the C soil horizon; high nutrient potential of site; mot-
tling present; much fine texture in parent material; bedrock not near the surface; soils not
stony; moist site as defined by climatic moisture index; open forest ground vegetation; and
high percentage of deciduous species.

In the coastal redwood region of California, Waring and Major (1964) observed that
bigleaf maple seemed to prefer more moisture than red alder, and both of these broadleaf
species were better suited to moister sites than Douglas-fir (Minore 1979).

Table 7 shows bigleaf maple’s main associates in the tree, shrub, herb, and moss layers
for the three site series where it has a prominence class of 5. Prominence class 5 refers to
species of high frequency, with greater than 25% cover. In sites where maple has its highest
possible prominence class (5), its constant companions are: Alnus rubra, Pseudotsuga menziesii,
and Abies grandis in the tree layer; Symphoricarpos albus and Oemleria cerasiformis in the shrub
layer; Polystichum munitum and Tiarella trifoliata in the herb layer; and Kindbergia praelonga,
Leucolepis acanthoneuron, and Plagiomnium insigne in the moss layer. Table 8 lists the site series
in the Vancouver Forest Region in which the prominence class of bigleaf maple is sufficient
to be recognized as a diagnostic species of the tree layer. (Green and Klinka 1994).

Edatopic grids published by Green and Klinka (1994) for general sloping sites reveal
the prevalence of bigleaf maple on site series that occur in rich to very rich soil nutrient
regimes and in fresh to moist soil moisture regimes.These high-productivity sites are found
in the CDFmm, CWHdm, CWHds1, and CWHxm subzones/variants (Tables 9 and 10).
The high conifer site indices shown by these sites is a result of persistent and reliable soil
moisture and nutrients from seepage on middle, lower, and toe slope positions. Bigleaf maple
also has high prominence values in some floodplain site series and sites with strongly fluc-
tuating water tables in CDFmm, CWHdm, CWHds1, and CWHxm subzones/variants (Table
9). For reference, a broader list of the most common tree, shrub, herb, moss, and lichen
associates of bigleaf maple is provided in Table 11 (see also Table 12 for a list of common
epiphytes on bigleaf maple stems and branches).

In their description of natural vegetation of Oregon and Washington, Franklin and
Dyrness (1973) describe bigleaf maple under “special types” and as part of the Olympic
rainforest, mainly in the valleys of the Hoh, Quinalt, Queets, and Bogacheil rivers. Key fea-
tures of river terraces in these valleys include an abundance of bigleaf maple and vine maple,
conspicuous biomass of epiphytes on tree stems and branches, abundant nurse logs on the
forest floor, and heavy seasonal use of these sites by Roosevelt elk. Scattered through these
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forests are groves of large (75–100 cm dbh) moss-draped maples.Typical understorey shrubs
include Acer circinatum, Vaccinium ovalifolium, V. parvifolium, Rubus ursinus, and R. spectabilis.
Even further south in its natural range, data from a river valley study in northern Califor-
nia (Walters et al. 1980) suggests that bigleaf maple was the least drought resistant of seven
tree species in a valley-bottom ecosystem with deep soils.
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TABLE 7. Bigleaf maple’s main vegetation layer associates (tree, shrub, herb, and moss
layers) with prominence classesa of 1 or greater in three site series of the
Vancouver Forest Region where maple has the highest potential prominence
value of 5 (high frequency, and greater than 25% cover).b This summary is
based on vegetation tables for site series 08, 12 and 13 (Green and Klinka
1994). The first numeral after a species name refers to its indicator class for
soil moistureb and the second numeral refers to the species indicator class for
soil nutrients.c

CDFmm sites with strongly

CDFmm, floodplain site, fluctuating water tables

site series 08 Site series 12 Site series 13

Tree layer Alnus rubra -, 3 Alnus rubra Alnus rubra
Thuja plicata Abies grandis Abies grandis
Acer macrophyllum 4, 3 Pseudotsuga menziesii Pseudotsuga menziesii
Pseudotsuga menziesii Acer macrophyllum Acer macrophyllum
Abies grandis Cornus nuttallii 3,3

Shrub layer Rubus spectabilis 5, 3 Rubus ursinus 3, 2 Rubus ursinus
Sambucus racemosa 4, 3 Symphoricarpos albus Symphoricarpos albus
Symphoricarpos albus -, 3 Oemleria cerasiformis Rubus spectabilis 5, 3
Oemleria cerasiformis 4, 3 Gaultheria shallon -, 1 Oemleria cerasiformis

Holodiscus discolor 2, 2 Holodiscus discolor
Mahonia nervosa 3, 2 Sambucus racemosa

Herb layer Polystichum munitum -, 3 Polystichum munitum Polystichum munitum
Tiarella trifoliata 4, 3 Tiarella trifoliata Tiarella trifoliata

Achlys triphylla -, 3
Lactuca muralis 4, 3

Moss layer Kindbergia praelonga 5, 3 Kindbergia praelonga Kindbergia praelonga
Leucolepis menziesii 5, 3 Leucolepis menziesii Leucolepis menziesii
Plagiomnium insigne 5, 3 Plagiomnium insigne Plagiomnium insigne

Kindbergia oregana 3, - Kindbergia oregana

a For definition of prominence classes 1 to 5 see footnote a in Table 8.
b Indicator classes for soil moisture (first numeral) are: 1 = excessively dry to very dry; 2 = very dry to mod-

erately dry; 3 = moderately dry to fresh; 4 = fresh to very moist; 5 = very moist to wet; and 6 = wet to
very wet. A dash signifies that a soil moisture indicator class was not specified by Green and Klinka (1994)
because it had too wide an amplitude for moisture or nutrient status.

c Indicator classes for soil nutrients (second numeral) are: 1 = very poor to poor; 2 = medium; 3 = rich to
very rich. A dash signifies that a soil nutrient indicator class was not specified by Green and Klinka (1994).
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TABLE 8. Site series in the Vancouver Forest Region in which bigleaf maple has a promi-
nence classa sufficient for listing in vegetation tables as a diagnostic species for
the tree layer (Green and Klinka 1994)

Site series number Prominence class of bigleaf
Subzone/variant and name maple in the tree layer

CDFmm 01 Fd–Salal 2
04 FdBg–Oregon grape 3
06 CwBg–Foamflower 2
11 Cw–Skunk cabbage 3

CWHdm 04 Fd–Sword fern 2
05 Cw–Sword fern 2
07 Cw–Foamflower 2

CWHds1 04 Fd–Fairybells 2
05 Cw–Solomon’s seal 3
07 Cw–Devil’s club 3

CWHxm 07 Cw–Foamflower 2

CDFmm, 07 Cw–Snowberry 3
floodplain sites 08 Act–Red-osier dogwood 5

CWHdm, ds1, xm, 08 Ss–Salmonberry 3
floodplain sites 09 Act–Red-osier dogwood 1

CDFmm sites with strongly 12 Cw–Vanilla leaf 5
fluctuating water table 13 Cw–Indian plum 5

CWHdm, xm sites with 13 Cw–Salmonberry 2
strongly fluctuating water table

a As defined by Green and Klinka (1994) prominence values (or classes) are a combined measure of cover and
frequency of a species’ occurrence in a site series. In this table, five prominence classes are used, as follows:
1 = low frequency and/or low cover (<1%); 2 = low frequency and/or low cover (1–7%); 3 = medium-high
frequency, 8–15% cover; 4 = medium-high frequency, 16–25% cover; and 5 = high frequency, >25% cover.
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TABLE 9. Bigleaf maple prominence values in the tree layer along gradients of driest site
series to wettest site seriesa in subzones/variants of the Vancouver Forest Region
(Green and Klinka 1994)

Subzone/variant

CDFmm
Site series 02b 03 01c 04 05 06 10 11
Prominence value - - (2)d (3) - (2) - (3)

CWHdm
Site series 02 03 04 05 01c 06 07 11 12
Prominence value - - (2) (2) - - (2) - -

CWHds1
Site series 02 03 04 01c 05 06 07 11 12
Prominence value - - (2) - (3) - (3) - -

CWHxm
Site series 02 03 04 05 01c 06 07 11 12
Prominence value - - - - - - (2) - -

CDFmm, sites with strongly fluctuating
CDFmm, floodplains water tables

Site series 07 08 09 Site series 12 13 14
Prominence value (3) (5) - Prominence value (5) (5) -

CDFdm, xm, sites with strongly fluctuating
CWHdm, ds1, xm, floodplains water tables

Site series 08 09 10 Site series 13 14 15
Prominence value (3) (1) - Prominence value (2) - -

a Site series are listed from driest on the left to wettest on the right (the number in brackets below the site
series number is prominence class of maple in the tree layer of that site series).

b Site series numbers are defined in Green and Klinka (1994) and are listed in Table 8 for those site series in
which bigleaf maple has a prominence value in the tree layer of at least 1.

c Within a subzone or variant the zonal site series (site series of median moisture and nutrient supply) is always
numbered 01 (Green and Klinka 1994). Other site series in that subzone or variant are numbered sequen-
tially from the driest to the wettest, and from nutrient poorest to nutrient richest for site series that have a
similar moisture regime.

d See footnote a of Table 8 for the definition of five prominence classes.
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TABLE 10. Plant species that potentially occur with bigleaf maple and which, like maple,
are indicators of moisture indicator species group 4a and nutrient indicator
species group 3b (Green and Klinka 1994)

Species Subzone/variant and site series where species of
moisture indicator group 4 and nutrient indicator
group 3 potentially occur with bigleaf maple

Shrubs
Oemleria cerasiformis CDFmm 11c

Sambucus racemosa CWHds1 07, 08, 09, 12d

Herbs
Asarum caudatum CWHds1 05, 07
Disporum hookeri CWHds1 04
Galium triflorum CWHxm 07e

Gymnocarpium dryopteris CWHds1 07; CWHxm 07
Lactuca muralis CDFmm 12
Osmorhiza chilensis CDFmm 07
Tolmiea menziesii CDFmm 07
Tiarella trifoliata CWHxm 07; CWHdm 05, 07f;

CDFmm 04, 06, 11

a Green and Klinka (1994) recognized six indicator species groups for soil moisture ranging from 1 (excessively
dry to very dry) to 6 (wet to very wet). Species group 4, which includes bigleaf maple and its associated
shrubs and herbs listed in this table, are indicators of fresh to very moist soil moisture.

b Green and Klinka (1994) recognized three indicator species groups for soil nutrients: 1 = very poor to poor;
2 = medium; 3 = rich to very rich. Bigleaf maple and its potential shrub and herb associates listed in this
table are indicators of rich to very rich soil nutrients.

c In the CDFmm subzone the numbered site series listed in the table are: 04, FdBg–Oregon grape; 06, CwBg–
Foamflower; 07, Cw–Snowberry; 11, Cw–Skunk cabbage; and 12, Cw–Vanilla leaf.

d In the CWHds1, variant, the numbered site series are: 04, Fd–Fairybells; 05, Cw–Solomon’s seal; 07, Cw–Devil’s
club; 08, Ss–Salmonberry; 09, Act–Red-osier dogwood; and 12, CwSs–Skunk cabbage.

e In the CWHxm subzone, the numbered site series is 07, Cw–Foamflower.
f In the CWHdm subzone, the numbered site series are: 05, Cw–Sword fern; and 07, Cw–Foamflower.
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TABLE 11. Common tree, shrub, herb, moss, and lichen associates of bigleaf maple in
British Columbia (Meidinger 1987; Minore and Zasada 1990; Pojar and
MacKinnon 1994)

Trees
Arbutus menziesii arbutus
Pseudotsuga menziesii Douglas-fir
Abies grandis grand fir
Cornus nuttallii western flowering dogwood, Pacific dogwood
Alnus rubra red alder
Picea sitchensis Sitka spruce
Populus trichocarpa black cottonwood
Thuja plicata western redcedar

Shrubs
Acer circinatum vine maple
Amelanchier alnifolia saskatoon
Corylus cornuta var. californica beaked hazelnut
Mahonia nervosa Oregon grape
Menziesia ferruginea false azalea
Oplopanax horridus devil’s club
Rubus parviflorus thimbleberry
Rubus spectabilis salmonberry
Vaccinium parvifolium red huckleberry

Herbsa

Adiantum pedatum maidenhair fern
Athyrium filix-femina ladyfern
Chimaphila umbellata prince’s-pine
Linnaea borealis twinflower
Maianthemum dilatatum false lily-of-the-valley
Osmorhiza purpurea purple sweet-cicely
Polystichum munitum western swordfern

Mossesb

Hylocomium splendens step moss
Isothecium myosuroides cat’s-tail moss
Leucolepis menziesii Menzies’ tree moss
Metaneckera menziesii Menzies’ neckera
Selaginella oregana club moss

Lichens
Cladonia spp.
Crocynia spp.
Nephroma spp.

a In addition to the common herbs listed here, several grass species are also typically associated with bigleaf
maple.

b Some of the mosses listed here are epiphytes on maple stems; maple’s epiphytic community contains many
more species than are listed here.
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TABLE 12. Common mosses, liverworts, lichens, and vascular plants that grow as epi-
phytes on bigleaf maple stems and branches in the Squamish–Vancouver–Hope
region of British Columbia (Kenkel and Bradfield 1986)

Mosses Liverworts
Metaneckera menziesii Porella cordeana
Homalothecium fulgescens Porella navicularis
Neckera douglasii Frullania tamarisci ssp. nisquallensis
Claopodium crispifolium Apometzgeria pubescens
Isothecium stoloniferum Lophocolea cuspidata
Homalothecium nuttallii Metzgeria conjugata
Dendroalsia abietina
Zygodon viridissimus
Plagiomnium venustum
Antitrichia californica Lichens
Homalia trichomanoides Lepraria membranacea
Leucolepis menziesii Graphis scripta
Hypnum subimponens Cladonia subsquamosa
Stokesiella praelonga var. stokesii Coniocybe furfuracea
Neckera pennata Parmelia sulcata
Antitrichia curtipendula
Orthotrichum lyellii
Rhytidiadelphus triquetrus
Rhizomnium glabrescens Vascular plants
Dicranum fuscescens Polypodium glycyrrhiza

3.2.2 Bigleaf maple’s role in nutrient cycling

· Bigleaf maple absorbs and retains large quantities of nutrients and maple’s
foliar litter provides rapid return of nutrients to the forest floor.

· The overall nutrient cycling role of maple’s luxuriant stem and branch epi-
phytes (mosses, lichens, club mosses, and ferns) is not well documented.

During growth, bigleaf maple absorbs large quantities of nutrients, much of which are
returned to the forest floor in its litter. Weight of litterfall and litter nutrient content (for
every macronutrient and most micronutrients) were significantly greater under maple than
under Douglas-fir on sites studied in western Oregon (Fried et al. 1990). Litterfall weights
are greater under maple than under Douglas-fir, and maple leaves and litter contain high
concentrations of potassium, calcium, and other macro- and micro-nutrients (Tarrant et al.
1951). In general, bigleaf maple is viewed as a species that improves the sites on which it
grows (Minore and Zasada 1990). However, recent research in Oregon has raised questions
about whether maple’s litter results in any direct benefit to Douglas-fir or other compan-
ion species. Douglas-fir and other species grow well on many sites in the absence of bigleaf
maple (J. Tappeiner, pers. comm., Mar. 1998).

Litter decomposition studies at the Malcolm Knapp Research Forest in southwestern
British Columbia (deCatanzaro and Kimmins 1985) suggest that bigleaf maple decomposi-
tion did not vary markedly between xeric upper-slope sites, mesic mid-slope sites, and hygric
lower-slope sites. In a comparative study of foliar litter decomposition, Triska and Sedell
(1976) found that rates of weight loss were most rapid in vine maple and red alder, inter-
mediate in bigleaf maple, and slowest in Douglas-fir. In leaf-litter decomposition tests in the
Twin Creeks Research Natural Area, Olympic National Park, Washington, Harmon et al.



(1990) found that in 3 successive years (1983–1985) bigleaf maple litter had a readily leach-
able fraction of 14.1–16.9%, with 13.0–19.2% lignin, 20.1–24.0% cellulose, and 0.87–1.08%
nitrogen. On the same study sites, Harmon et al. (1990) found the following percentage of
total nitrogen in the foliar litter of maple’s companion species:

Species % total N in leaf litter

bigleaf maple 0.87–1.08
red alder 1.72–2.20
black cottonwood 0.87–1.02
Douglas-fir 0.45–0.77
western redcedar 0.30–0.49
western hemlock` 0.74–0.75
Sitka spruce 0.64–1.12
red-osier dogwood 0.79–1.18

Turnover rates for forest floor biomass and nutrients were significantly faster under
maple than under Douglas-fir for every nutrient at each study site (Harmon et al. 1990).
Soil under maple was consistently higher in nitrogen, but less consistently in potassium. Soil
organic carbon content was also significantly greater under maple than under Douglas-fir
on four of five sites, a possible result of more rapid turnover of the forest floor under maple.
The rapid recycling rates of bigleaf maple litter makes bases more readily available to tree
roots rather than immobilizing them in the forest floor (Fried 1985, 1987; Fried et al. 1990),
but it is not yet evident whether this results in any benefit to Douglas-fir.
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FIGURE 6. Leaf litter from bigleaf maple is a significant component of nutrient
cycling on maple-dominated sites.



A study in western Oregon (Campbell and Franklin 1979) on the timing of maple’s
leaf litter contribution (Figure 6) noted that leaf abscission peaked in late October to Novem-
ber, with almost no leaf fall between April and August. Senescence commenced as a
function of tree age, but was hastened by first frost, which abruptly increased abscission,
and almost 90% of leaves fell. Heavy rainfall also contributed to leaf fall. The rate of leaf
fall of bigleaf maple was almost identical to that of vine maple.

Mattingly (1986) found that bigleaf maple had C:N ratios ranging from 15.2 to 20.3
2 days after leaf fall compared to 9.1–10.2 for red alder 2 days after leaf fall. However,
following a 73-day incubation of bigleaf maple, red alder, and sword fern litter, bigleaf maple
C:N ratios had dropped to 6.5–9.3, whereas red alder had C:N ratios ranging from 12.0
to 15.2. This suggests that the litter of bigleaf maple is less recalcitrant than the other two
types of foliar litter and therefore mineralized carbon at a faster rate. Krajina et al. (1982)
suggested that the mull humus that develops where maple litter is deposited is beneficial
to western redcedar. In their summary of bigleaf maple’s role in nutrient cycling, Minore
and Zasada (1990) cited several references that indicate that maple does not require high
concentrations of soil nutrients (Waring and Major 1964), but is very sensitive to high con-
centrations of soil boron (Glaubig and Bingham 1985).

Maple supports abundant epiphytes on its stems and branches. Old specimens of maple,
some 200 years old or more, draped in masses of moss and ferns are commonly found in
the coastal rainforest (Cannings and Cannings 1996). One of the most showy draping epi-
phytes on maple branches in the Olympic rainforest is club moss (Selaginella oregana). Pojar
and MacKinnon (1994) noted that this club moss festoons bigleaf maple more commonly
than other tree species and its main range as an epiphyte is in the Olympic Peninsula.These
epiphytes have a role in nutrient cycling (Pike 1978; Nadkarni 1981, 1983, 1984). In the
Hoh River valley, the total weight of epiphytes on a tree is often four times the weight of
the host tree’s foliage, a considerable burden especially when wet (Kirk and Franklin 1992).
Many epiphytes have leaf forms that catch and hold water, and they thrive on throughfall
and stemflow of water as well as airborne dust and organic debris. On the Olympic Penin-
sula, Nadkarni (1981) reported epiphyte mats, up to 30 cm thick, that form on host tree
boles and branches high above the forest floor. The epiphytes, live and dead, are comprised
of bryophytes, lichens, club mosses, and ferns that derive support, but not nutrition, from
the trees and form detrital mats in the canopy. Some trees, maple among them, put forth
an extensive network of adventitious roots that penetrate these canopy detrital mats (Nad-
karni 1981). One recorded mature bigleaf maple (100 cm dbh) had canopy roots originat-
ing at 18 points along its bole from 2 to 20 m above the forest floor.

The luxuriant epiphyte communities of moss, liverwort, lichen, and fern that develop
on bigleaf maple stems and branches (Kenkel and Bradfield 1981, 1986) may have an unap-
preciated role in nutrient cycling role (Figure 7). The epiphytes listed in Table 12 are well
adapted to the bark of bigleaf maple, which is slightly acidic to neutral. At five sites sam-
pled in the lower mainland (Kenkel and Bradfield 1986), the pH of maple bark samples
ranged from 6.4 to 7.1. Expressed as a percentage of oven dry weight, nutrients in stem
bark ranged from 4.69 to 6.50, 0.73 to 0.96, 0.14 to 0.34, 0.20 to 0.33, and 0.08 to 0.10
for Ca, N, K, Mg, and P, respectively. Maple’s epiphytic communities are summarized in
Subsection 3.6.1.
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3.3 Bigleaf Maple Natural Regeneration Biology

· Bigleaf maple is able to produce flowers and seeds as early as 10 years after
germinating from seed; however, this is likely only with maple growing on
open, high-productivity sites.

· Seed crops are produced every year and can be prodigious, especially in
open-grown trees.

Flowers of bigleaf maple are small (about 3 mm in diameter), greenish yellow, fragrant,
and occur in many-flowered drooping clusters (10–15 cm long).These clusters, which appear
before the leaves, contain both pollen flowers and seed flowers in the same cluster (Farrar
1995). The fruit is a double samara with slightly divergent wings 30–40 mm long. When
ripe, the samara changes colour from green to reddish brown (Leadem et al. 1997). The
paired seeds have densely hairy cases (Farrar 1995) and this extreme pubescence is notable
for several reasons. When handling these seeds, researchers experienced skin irritation and
discomfort breathing caused from the dust created by the pubescent hairs. It is thought that
this pubescence may help the seeds retain moisture, and also protect them from some seed-
eating herbivores (J. Zasada, pers. comm., Mar. 1998); however, this has not been confirmed
by experimental data.

Timing of flowering in Oregon and Washington is usually early April to May and sim-
ilar timing occurs in British Columbia. Pollination, primarily by insects, occurs within 2–4
weeks of budburst (Arno 1977; Niemiec et al. 1995). Seed crops are produced every year
and can be prodigious, especially from open-grown trees (Brockman 1947; Fowells 1965).
Fruit ripening occurs from September to October, and seed dispersal takes place over the
winter months from October to January (Ruth and Muerle 1958; Olson and Gabriel 1974),

26

FIGURE 7. The nutrient cycling role of epiphytic moss–liverwort–lichen–fern commu-
nities on bigleaf maple stems is not yet well understood.



although some seeds remain on the tree until March (J. Zasada, pers. comm., Mar. 1998).
Dispersal is primarily by wind, but some small mammals (mice, woodrats, squirrels, chip-
munks) and birds can also distribute seed (Fowells 1965). In the Coast Ranges of central
Oregon, the dry weight of bigleaf maple samara ranged from 0.25 to 0.65 g, with embryo
dry weight accounting for 30–40% of the weight (Zasada and Strong, in press).

3.3.1 Seedling reproduction

· All viable bigleaf maple seed germinates early in the first growing season
after seed dispersal.

· Maple regeneration often follows soil disturbances associated with floods or
small landslides.

Germination patterns are quite variable in the genus Acer, but bigleaf maple and sugar
maple share a distinctive pattern in which seeds are dispersed in the fall and early winter,
stratify during winter and spring, then germinate as soon as temperature thresholds are
reached (Zasada and Strong, in press). Both of these maples can germinate at constant tem-
peratures just above freezing. Under natural conditions, bigleaf maple seeds can germinate
on both mineral and organic substrates, providing that the substrate is moist. Germination
and establishment are best under partial shade. In contrast, maple seedlings rapidly decline
under either dense shade or in open clearcuts. Natural regeneration is best beneath a conifer
overstorey that has thinned naturally, or one that has been silviculturally thinned (Tappeiner
and Zasada 1993; Niemiec et al. 1995).

The most recent summary of bigleaf maple seed germination and seedling develop-
ment is provided by Zasada and Strong (in press), updating earlier information on bigleaf
maple in Seeds of Woody Plants in the United States by Olson and Gabriel (1974). It is gen-
erally believed that all viable bigleaf maple seeds germinate in the first year, and delayed
germination does not occur. Early experience suggested that seeds of bigleaf maple could
not be stored at room temperature or low temperatures even for short periods of time.
However, Zasada et al. (1990) contend that storage is possible with only a slight decrease
in viability, provided that seeds are collected when moisture content is approximately 10–20%
by weight. If maple seeds are collected later when their moisture content is higher, they
should not be dried, but sown immediately or stored for up to 6 months with an expected
30–40% loss in viability. The important point is that stored seeds lose viability within 3–5
months (Zasada et al. 1990). For instance, seeds collected in December 1986 had a field
moisture content (% dry weight) of 49%, while those collected in October 1987 (before
rain) had a moisture content of 16%. Viability of seed with the lowest moisture content
declined from 75 to 60% over 1 year of storage at 1°C; seed with the highest moisture
content declined from approximately 90 to less than 10% viability during the same period.
Storing seeds at –10°C did not increase viability, and stratification of seeds for more than
60 days did not increase germination. Preliminary recommendations for storage of maple
seed include: collecting seed as late as possible in autumn, but before autumn rains begin;
storing seed at 1°C in airtight containers; and stratifying seed for at least 60 days before
sowing. Seeds are typically sown in the fall following collection. Dry seeds that have been
stored require cold-wet stratification for 60–90 days before sowing (see Section 4.1.2).

In one study in the Oregon Coast Ranges, germination of bigleaf maple seed before
its dispersal (vivipary) was quite common (Zasada 1992). By late January, 25–50% of the seed
remaining on some trees had germinated. Timing of dispersal seems to be influenced by
genetic and environmental factors. As maple seed matures in late summer, its moisture con-
tent drops to a minimum of 10–20%, a time of maximum dormancy. With fall rains, mois-
ture content increases to 35–45%; embryo moisture remains fairly stable, but the moisture
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level of the hairy outer pericarp fluctuates with weather conditions. Seed retained on trees
apparently has its dormancy requirements met as early as December. To stimulate seed col-
lected at the peak of dormancy, stratification is required for 60–90 days at 0.5–1.6°C. Maple
seed becomes active at low temperatures; this is evident by its germination after 90–120
days of incubation at 0.6–1.5°C, although considerable variation may occur among the seed
from one tree.Vivipary as a germination strategy avoids some of the dangers of animal pre-
dation, but seed may disperse to an inhospitable site or dry out before dispersal.

The successful regeneration of a given tree species from seed appears related to the
successional stage of the stands involved (Oliver and Larson 1990). Studies involving bigleaf
maple figure prominently in this hypothesis (Fried et al. 1988;Tappeiner and Zasada 1993).
In Oregon’s Coast Ranges, for example, regeneration studies of bigleaf maple, vine maple,
salal, and salmonberry suggest that all four can grow well in low-light environments, despite
the inherent differences in their capacities to regenerate from seed.

The most detailed information on bigleaf maple seedling establishment is from the
eastern part of Oregon’s Coast Ranges and from the H.J. Andrews Experimental Forest in
the Cascade Range, where Fried et al. (1988) documented maple survival, age, height, and
stocking in 1- to 250-year-old Douglas-fir stands. The main objective was to identify the
stages in stand development in which bigleaf maple is most likely to establish successfully
from seed. Research by Fried et al. (1988) and Tappeiner and Zasada (1993) found high
rates of seed predation. For example, maple seedling emergence averaged 30–40% where
seeds were planted and protected from rodents, but was typically less than 2% for unpro-
tected seeds (Fried et al. 1988). Seedling survival after 2 years depended greatly on canopy
density, measured by the percentage of sky opening. Average first-year survival of seedlings
originating from planted, protected seeds was highest in clearcuts (1–2 years old, 36% sur-
vival, and 56% sky opening) and pole-sized stands (41–80 years old, 30% survival, and 17%
sky opening) with sparse understories and canopies. Survival was lowest in young stands
with dense canopies (20–40 years old, 4% survival, and 8% sky opening) and old stands
(81–250 years old, 14% survival, and 13% sky opening) with dense understories.

Naturally regenerated populations of bigleaf maple seedlings, which occurred in aggre-
gations (0.005–0.04 ha in area), were most abundant (up to 10 000 per hectare) in pole-
sized Douglas-fir stands. Although seedling size distributions within stands had a strong
inverse J-shape, size distribution curves for seedlings within aggregations appeared more
normal (bell-shape). Seedling age rarely exceeded 15 years. Seedlings grew slowly in the
understorey, often reaching only 25 cm in height after 8–10 years, and were intensively
browsed by deer. Naturally regenerated seedlings were virtually absent from clearcuts,
probably because of dense competition from herbs and shrubs, lack of seed caused by poor
dispersal, and seed predation. The most successful establishment of bigleaf maple seedlings
apparently begins after canopy thinning and ends before forbs and shrubs invade the site
(Fried et al. 1988).

To summarize, bigleaf maple seed loses viability quickly and its seeds do not remain
viable on the forest floor past 1 year. Despite these limitations with viability, bigleaf maple
has been described as a “seedling banker” (sensu Grime 1979 for other Acer species) because
one way it regenerates is for seedlings to establish under young coniferous or mixed stands
and to persist in a stunted condition until a disturbance occurs that creates conditions
favourable for growth. Seedling growth is much slower than sprout growth because seedlings
do not have established root systems and the large carbohydrate reserves that are available
to sprouts (Haeussler et al. 1990). In the Hoh Valley on the Olympic Peninsula, Kirk and
Franklin (1992) reported that bigleaf maple germinates in forest openings created by floods
and small landslides, growing where tributary streams or deposits of sidewall rubble have
disturbed previous vegetation and where light and coarse soil are available.
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3.3.2 Vegetative reproduction

· Bigleaf maple sprouts readily from cut stems of any size, from seedlings to
large trees.

· Unmanaged clumps of maple sprouts can produce many stems per unit area
and also develop stems of poor quality.

Bigleaf maple, like all other maples in western North America, can regenerate vegeta-
tively by basal sprouting (Minore and Zasada 1990). Large stumps tend to produce more
and taller sprouts but all sizes of stumps regenerate vigorously. Sprout heights of 5 m and
crown diameters of 6.5 m can be reached in a 3-year period (Minore and Zasada 1990),
and as many as 50–60 basal sprouts can grow 1–2 m in height per year during the first 3
years (Roy 1955).

Stump height had the greatest impact on sprout clump size (Tappeiner et al. 1996).
For example, 2 years after clearcutting, the sprout clump volume for short stumps was sig-
nificantly less than for tall stumps. The sprout clump volume, area, and number of sprouts
were all significantly reduced for trees cut 1 and 2 years before harvest of associated conifers
than for trees cut during conifer harvest.The size of sprout clumps was positively correlated
with the stem diameter and stump volume of the parent-tree, and negatively correlated with
the percentage of bark removed during logging. Uncut maples produced sprout clumps at
their base and epicormic branches along the length of their stems; thus their crown volume
averaged 4–5 times that of cut trees. Therefore, in conifer clearcuts, maple should be cut to
low stump heights to reduce maple competition with Douglas-fir regeneration and still
maintain the presence of maple in the next stand (Tappeiner et al. 1996).

Unlike some other broadleaf species where sprout-forming buds occur below ground,
bigleaf maple’s buds occur on the stems. This difference is silviculturally relevant because
maple sprouting is more likely affected by above-ground concerns such as logging, stump
height, or season of cutting. Results by Tappeiner et al. (1996) suggest that cutting bigleaf
maple to short stumps (<30 cm above ground) 1–2 years before clearcutting Douglas-fir
can reduce sprout clump development. Reducing stump heights, which removes a large
portion of the bud bank, likely had the biggest effect. This treatment can decrease crown
volume of the sprout clump by almost a factor of 3 compared to leaving tall stumps. How-
ever, cutting maples 1–2 years before clearcutting also reduces the clump’s crown volume
by a factor of 1.5 when compared to cutting maple and Douglas-fir at the same time. Cut-
ting season can also affect sprout vigour, although this was not examined (Tappeiner et al.
1996). In their Oregon study, these researchers found that sprout number, but not clump
size, was reduced for maples in the understorey compared to those in the open. However,
over a longer period, maple clumps in the open would probably grow faster than those in
the understorey.

Over time, the number of bigleaf maple stems declines because of self-thinning and
breakage of the lateral shoots. Mature trees, of coppice origin, average about four stems per
clump. Bigleaf maple can sprout from dormant buds at the base of the stem (Fowells 1965;
Pendl and D’Anjou 1984), as well as from cut stems of any size, from seedlings to large
trees (Niemiec et al. 1995).While sprouts can provide a reliable means of regeneration from
existing trees, unmanaged clumps can produce many stems (60–100 stems), which can result
in poor stem quality. With management, however, the quality of stems from sprouts could
improve. Unlike some other western maple species such as vine maple (Acer circinatum),
Rocky Mountain maple (Acer glabrum), or mountain maple (Acer spicatum), bigleaf maple
does not produce suckers from roots nor reproduce by natural layering of branches that lie
close to the forest floor (Zasada and Strong, in press).
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3.4 Successional Relations 

· Bigleaf maple very often follows a red alder stage in early succession on
West Coast floodplain terraces.

· Bigleaf maple is not a prominent component on floodplain terraces until
they are significantly above stream level, when both maple and black cotton-
wood can develop.

Bigleaf maple occurs over a broad geographic range and coexists with a relatively large
number of tree species on a wide variety of sites from British Columbia to California.This
makes it impossible to summarize maple’s successional relationships without recounting the
variety of locality-specific successional sequences which have been documented. However,
Table 13 lists published records in which maple’s successional place, relative to other tree
species, is recorded for specific study areas.

3.4.1 Bigleaf maple’s light relations

· Bigleaf maple’s tolerance to shade seems to decrease with age; its best growth
occurs when light is available through canopy gaps.

· Bigleaf maple seedlings are not very shade tolerant; in general, establishment
of maple seedlings is successful only if they are not shaded by competing
vegetation.

The genus Acer, including bigleaf maple, has been the subject of considerable research
on photosynthetic rates under low and moderate light levels (Lei and Lechowicz 1997a,
1997b). Opinions diverge about bigleaf maple’s shade tolerance. Some researchers contend
that maple’s light requirements are moderate, that it is moderately tolerant of shade (Figure
8), and that it is the most shade-tolerant broadleaf tree in south coastal British Columbia
(Packee 1976). Maple is more shade tolerant than Douglas-fir, but less tolerant than west-
ern hemlock or western redcedar, and it has a slightly higher shade tolerance in the CDF
Zone than in the CWH Zone (Krajina et al. 1982).

Tolerance to shade seems to decrease with age (Tappeiner, cited in Haeussler et al.
1990). Fowells (1965) suggested that maple’s best growth occurs when light is available
through canopy gaps. Dense side shade results in narrow crowns and stems free of branches
for one-half to two-thirds their length (Sudworth 1908; Fowells 1965). Studies in Oregon
to identify the stages in stand development in which bigleaf maple is most likely to estab-
lish successfully from seed indicate that maple seedling survival after 2 years depends highly
on canopy density.The presence of bigleaf maple in undisturbed stands and its potential for
rapid growth suggest that it can respond quickly to gap formation or overstorey removal
(Minore and Zasada 1990).

Based on studies in western Oregon, Fried et al. (1988) suggested that development
of bigleaf maple in the understorey resembled that of striped maple (Acer pensylvanicum) in
eastern Canada and the northeastern United States. Light relations for striped maple have
been documented by Wilson and Fischer (1977) who found that solar radiation regulates
primordium development in seedlings and saplings. For instance, light intensities of 6%
induced formation of bud scales, 18% promoted development of additional leaves, and
30–60% produced maximum height growth and leaf pair formation in striped maple. The
oldest bigleaf maple seedlings (10–29 years) found by Fried et al. (1988) were in a stand
that had sustained windthrow 20 years earlier.They found few seedlings older than 15 years
of age and none where the understorey was dense. In addition, survival of seedlings was
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TABLE 13. Narrative examples of bigleaf maple’s place in successional sequences at
various locations in its natural range from British Columbia to California
(bigleaf maple is in bold for emphasis)

Reference to bigleaf maple in relation to successional sequences

Studies of stem establishment into small stand openings of Douglas-fir
forests indicated that maple had substantially greater height growth in
openings compared to growth under Douglas-fir canopy. These differences
cast doubt on the role that bigleaf maple plays in the climax forest, espe-
cially on south slopes in the study area.

In the coastal region of northern California, redwood replaces the seral
position occupied by western hemlock, Sitka spruce, and Pacific silver fir
found in Oregon and Washington riparian forests. The general trend in
succession is essentially the same as for other regions of the Pacific North-
west summarized in this table. Pioneer and early-stage tree species include
cottonwood, bigleaf maple, and red alder. Cottonwood dominates
extremely wet sites, while bigleaf maple and red alder form an interme-
diate stage between cottonwood and redwood, occurring predominantly on
first terrace sites.

Of the six species identified by Kellman as “semi-tolerant forest weeds,”
bigleaf maple, together with bracken fern and thimbleberry, as classed as
a “primary element” normally found in forests before logging, as opposed
to “secondary elements” that appear in young stages of succession after
logging. Kellman noted that most species classed as primary elements,
which would include bigleaf maple, are able to persist after forest
harvesting.

Very few shrub and tree species were present on severely burned plots
five seasons after burning. Although very scarce on severely burned plots,
residual shrubs and trees, particularly Acer macrophyllum, Acer circinatum,
and Rhododendron macrophyllum were common on lightly burned areas.

Early seral communities of Vaccinium parvifolium/Gaultheria shallon or Rubus
parviflorus/Trientalis latifolia develop towards a later seral community of Acer
macrophyllum/Symphoricarpos mollis, and then to a climax community of
Tsuga heterophylla/Acer circinatum/Gaultheria shallon. Franklin and Dyrness
(1973) noted that Tsuga forests would be the climax type in a sere that
begins with Alnus rubra communities (floodplain), and progresses succes-
sively through Picea sitchensis–Populus trichocarpa–Acer macrophyllum (first
terrace) and Picea–Tsuga (the classical “rainforest” on second terraces)
stages, to a climax forest of Tsuga heterophylla. The Acer macrophyllum
groves typically found in the Picea–Tsuga or second-terrace stage relate to
local areas of shallow stony soil. A progression in soil development from
unmodified colluvial materials to well-developed soil profiles is also associ-
ated with this vegetational sequence.

The initial pioneer forest succession along the Hoh River (on gravel bars)
is Salix scouleriana. On older sites where there is more edaphic development
of sand over gravel, Scouler willow is joined by red alder. As site develop-
ment continues, the alder community is dominated by Sitka spruce and
bigleaf maple, both of which develop in the alder understorey. With fur-
ther development, a first terrace, which is significantly above stream level,
becomes codominated by spruce, bigleaf maple, and black cottonwood.
At this stage western hemlock enters as an understorey species in the

Continued on next page
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Hoh River,
Olympic Peninsula
(Fonda 1974)



especially poor in old stands with dense understories. Bigleaf maple, like striped maple, rarely
survives for long beneath undisturbed overstorey canopies and understorey vegetation. Light
levels seem to have a strong influence on seedling survival (Fried 1985) because in stands
with greater than 90% overstorey cover, mortality after one growing season was particularly
high. In clearcuts, bigleaf maple will successfully establish only if seedlings are not shaded
by competing vegetation, and if seedlings are protected from browse.

At three study sites in the Pacific Northwest, Maas (1996) underplanted six conifer
species and bigleaf maple and red alder to determine which species would survive and grow
best under various overstorey conditions, and to determine which species were best suited
to promote diversity of species and stand structure. The broadleaf species were planted at
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successional development of these riparian forests. On the Hoh River sys-
tem, the key to distinctions of the various riparian zones and terraces are
catastrophic floods that repeatedly renew zones of early successional species;
for example, Fonda (1974) found that stand ages of various successional
stages (terraces) correlated well with ice advances on Mount Rainier.

Early seral stages along the McKenzie River are similar to those described
by Fonda (1974) for the Hoh River (see above). Along the McKenzie
River, red alder is replaced within 30–70 years by either black cottonwood
or grand fir. At this stage, a common associate of black cottonwood is
bigleaf maple.

Succession patterns of the overstorey generally begin following a major
disturbance such as fire, logging, or flood. Red alder is the first tree species
to invade mineral soil bordering streams, whereas willow is the first to
establish on islands and edges in the active zone. On larger rivers, cotton-
wood stands are established on alluvial deposits and develop further from
the stream than the more frequently disturbed zone colonized by alder.
Cottonwood above alder above willows above water is a common succes-
sional sequence along larger streams. On smaller streams, only willow or
alder may be present. After about 100 years, the pioneer willows, alder, and
cottonwood begin to die out and bigleaf maple, which seeds in deep
humus and can tolerate moderate shade, is the most common deciduous
replacement. Succession to coniferous stands leads to an overstorey of hem-
lock and western redcedar, but bigleaf maple remains in these stands.

Areas dominated by Garry oak at the time of legal surveys (1850s), and
which have not been greatly disturbed by cutting or grazing, reveal that
even with a relative lack of disturbance these areas of oak forest have
undergone change. In such areas, bigleaf maple has become more com-
mon, with maple regeneration making up most of the understorey vegeta-
tion. In bottomland forest of the Willamette Valley at the time of legal
surveys, four species of trees were about equally represented—white ash,
black cottonwood, Douglas-fir, and bigleaf maple. No data are given on
relative proportions of these four species at the time of Habeck’s study.

Bigleaf maple increases in abundance during intermediate to late stages
of succession. It often follows willow and red alder in riparian succession.
On drier upland sites, bigleaf maple can replace oaks and arbutus in the
absence of significant disturbance. The abundance of bigleaf maple also
increases after disturbance in stands with an established maple component.
Basal sprouts stimulated by cutting or burning can dominate other vegeta-
tion in the new stand. Removal of overstorey trees can stimulate rapid
growth of bigleaf maple in the understorey.

McKenzie River,
Oregon (Hawk and
Zobel 1974)

Western slopes of
Cascade Range,
Oregon (Campbell
and Franklin 1979)

Mid-Willamette
Valley (Habeck
1961)

Entire range of
bigleaf maple
(Niemiec et al.
1995)



3.6 × 3.6 m spacing and all seedlings were tubed. Early results of this COPE (Coastal
Oregon Productivity Enhancement) study predicted that most underplanted seedlings, in-
cluding bigleaf maple, would not survive under an unthinned overstorey canopy. After one
season, bigleaf maple had 44% survival in unthinned plots, but 98–100% survival in thinned
stands. One disadvantage of thinning is an increase in understorey forage, leading to greater
damage and browse from elk and deer.

The western Oregon research indicates that low light apparently limits seedling estab-
lishment. Survival increased from 0 to over 60% as the sky opening increased from 5 to
20%, although further increases in light did not improve survival. The combination of low
light and browsing may account for the mortality and slow, variable growth (<1 m tall at
15–20 years) of bigleaf maple seedlings (Fried et al. 1988). However, a canopy of bigleaf
maple has a relatively high transmittance of radiant flux (Figure 9) (Roberts et al. 1990).
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FIGURE 8. Bigleaf maple is a species of moderate shade tolerance.



3.4.2 Role of disturbance in bigleaf maple regeneration

· Both burning and cutting bigleaf maple stems can stimulate sprouting from
dormant basal buds.

· Disturbances such as local floods and small landslides, and the deposit of
colluvium, provide regeneration opportunities for bigleaf maple.

Bigleaf maple is not a pioneer species that rapidly invades disturbed areas; however, it
can respond with vigorous sprout growth after disturbance (Minore and Zasada 1990). Bigleaf
maple seedling establishment is most likely to occur in Douglas-fir stands after the start of
natural thinning and before a dense understorey develops. Light or other factors influenc-
ing stand density seem to limit establishment of maple. Increases in light from 0 to 20% of
that in the open result in increases in survival of 0–60%, but further increases of light beyond
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FIGURE 9. Bigleaf maple’s tolerance to shade seems to decrease with age and its best
growth occurs when light is available through canopy gaps.



this level do not improve growth or survival.The spread of bigleaf maple at one coastal site
in British Columbia was confined to moist, nutrient-rich areas following disturbance, sites
similar to those where it is normally found in mature forests (Mueller-Dombois 1965).
McKee et al. (1979) emphasized that bigleaf maple’s abundance on river terraces and col-
luvial fans is strongly influenced by the history of disturbance. For example, descriptions by
Fonda (1974) in the main Hoh River valley of the Olympic Peninsula and by McKee and
co-workers in the South Fork Hoh River indicated that maple groves on colluvial fans in
the main river valley are almost absent in the South Fork. Features such as differences in
flooding patterns, fire history, and deposition of colluvial and alluvial materials distinguish
such valleys from each other, which in turn influence the seral stages where bigleaf maple
is likely to occur.

Fire disturbance results in top-kill of bigleaf maple stems and leaves followed by rapid
sprouting from dormant basal buds. In western Oregon, Dyrness (1973) found light burn-
ing produced no significant difference in cover from that of pre-burn conditions. In the
Cascade Range of western Oregon, a severe prescribed burn completely eliminated bigleaf
maple for five growing seasons. However, a light burning produced no significant differ-
ence in cover from that of pre-burn conditions (Dyrness 1973).

Bigleaf maple also sprouts prolifically from its root crown following destruction by fire
(Uchytil 1989). On moist upland sites in the Cascade Range, sprouting allows bigleaf maple
to be part of the immediate post-fire community when the conifer overstorey is removed.
Its abundance on upland sites following fire seems to change little and it remains scattered
in distribution. Fowells (1965) noted that bigleaf maple frequently invaded logged and burned
areas. Bigleaf maple can endure fire disturbance, although it tends to grow in Picea sitchen-
sis and Tsuga heterophylla zones in the Pacific Northwest where fire is not a common form
of disturbance (Agee 1993). Bigleaf maple is often a component of riparian sites where soils
and site conditions are moist, and therefore can escape fire or be subjected to less intense
fires than on adjacent uplands. For example, stands of bigleaf maple and red alder border-
ing streams in the Tillamook Burn in Oregon were untouched by a severe fire in 1933 and
survived light fires in 1929 and 1945 (Bailey and Poulton 1968).

Kirk and Franklin (1992) characterized bigleaf maple in Olympic Peninsula rainforests
as a species that sprouts in forest openings created by floods and small landslides. They also
suggested that bigleaf maple needs coarse soil and ample light, and therefore grows where
tributary streams or deposits of sidewall rubble have disturbed previous vegetation. Ruth
and Muerle (1958) also noted that bigleaf maple needs adequate soil moisture and tends to
grow best on deep alluvial soils near streams. In the California part of its range, this maple
was sometimes called “water maple” (Jepson 1923) because of its affinity for stream banks.
Fowells (1965) also stressed the affinity of bigleaf maple for permanent watercourses in the
southern parts of its range. In British Columbia, maple grows on a broad range of sites,
including upper slopes, where disturbed surfaces resulting from landslides or fires occur.
Maple occurrences in British Columbia’s subzone/variants and site series are outlined in
Tables 3, 8, and 9.

3.4.3 Successional pathways involving bigleaf maple

· Bigleaf maple can establish from seed in the forest understorey, but can also
develop from vigorous sprouting when its own overstorey is disturbed by
harvesting, wind, or fire.

· Soon after disturbance, maple (along with salal and salmonberry) can com-
pete with other early successional species and then later in succession become
a component of the understorey as a stress tolerator.
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Based on information from the Klamath and southern Cascade mountains in south-
western Oregon, Tappeiner et al. (1992) classified forest vegetation into three general plant
types based on reproduction and life cycles: ruderals, stress tolerators, and competitors (Grime
1979). On this basis, bigleaf maple is classified as a “stress tolerator,” along with vine maple,
salal, hazel, salmonberry, and Oregon grape. Stress tolerators are moderately shade tolerant
and are long-lived perennials adapted to environments that range from clearcuts to the
understorey of well-stocked conifer stands. They often grow rapidly from sprouts after dis-
turbance, but when compared to the longevity of a forest stand their growth is slow and
they often only subsist in the understorey (Tappeiner et al. 1992). Bigleaf maple exhibits
these characteristics—a species that establishes from seed in the forest understorey and grows
slowly, but can sprout vigorously when the overstorey is disturbed by fire, wind, or harvest-
ing. Bigleaf maple is potentially one of the main competitors with regenerating Sitka spruce
in the CWH and CDF zones on moist or fresh to wet sites (Peterson et al. 1997).

At the stem initiation stage of forest succession (Oliver 1981), some ruderal species
and stress tolerators may actually exhibit characteristics of competitors. For example, bigleaf
maple, salal, and salmonberry can have dual roles. After disturbances they may respond as
competitors (like red alder), but later, as understorey species, they exhibit characteristics of
stress tolerators. For bigleaf maple, the main points of primary seedling establishment are at
the stem re-initiating stage of forest succession (Oliver 1981) and following commercial
thinning or shelterwood cuttings.

Recent experience in the Pacific Northwest (Niemiec et al. 1995) suggests that bigleaf
maple increases in abundance during intermediate- to late-succession stages; it can follow
willow and alder in riparian succession. On drier upland sites, it can replace oaks and arbu-
tus in the absence of significant disturbance.

Bigleaf maple is a frequent component of riparian ecosystems, where ensuring a con-
tinuing supply of coarse woody debris is a management objective. Often this objective
focuses on the relative lack of coniferous contributions to downed trees in riparian zones
because conifers are so long-lived and endure longer as downed logs compared to associ-
ated early-seral broadleaf species. For example, research by Minore and Weatherly (1994)
in the Oregon Coast Ranges observed that most coastal riparian areas were dominated
by broadleaf species, including bigleaf maple, resulting in a lack of coarse woody debris
from conifers. They concluded that in this circumstance silvicultural treatments were nec-
essary to enhance the conifer component in these stands to provide coniferous coarse woody
debris.

Bigleaf maple does not naturally occur as a common species close to stream margins
where it could be eroded to become part of the stream’s coarse woody debris. At their
study sites, Minore and Weatherly (1994) noted that most bigleaf maple and red alder
seedlings were more than 2 m above stream level and were most numerous at 15 m from
the stream edge. In general, the presence of a duff layer, which suggested infrequent flood-
ing, presented the best areas for new germinants of bigleaf maple on these Oregon study
sites. A manager interested in bigleaf maple retention or the management of riparian zones
should recognize that local differences in stream characteristics and topography strongly
influence riparian vegetation and, since no two streams are alike, no two riparian zones
are alike.

Bigleaf maple’s prominence in West Coast riparian ecosystems means that much of the
recent research on successional dynamics of these sites applies to maple, as do the broadleaf
tree species management criteria in the Riparian Management Area Guidebook under the
Forest Practices Code of British Columbia (B.C. Ministry of Forests and B.C. Ministry of
Environment, Lands and Parks 1995b). This guidebook does not refer specifically to maple,
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but as the guidebook is refined this broadleaf species will be an increasingly important man-
agement concern. The key point is that forest riparian zones are corridors of disturbance-
oriented species in a broader forest landscape dominated by less frequently disturbed forest
types (Agee 1988). Riparian disturbances are most often caused by flooding, sediment depo-
sition, bank cutting, debris torrents, and landslides. Bigleaf maple in its natural range is sub-
ject to all these potential disturbances. Researchers (Kauffman 1988; Bunnell et al. 1991) who
have attempted to define optimum riparian conditions emphasize that the highest wildlife
values are associated with arboreal communities dominated by broadleaf tree species, which,
west of the Cascades, involve ecosystems of black cottonwood, red alder, and bigleaf maple.

A sketch representation of maple’s distribution on various successional stages (terraces)
along the McKenzie River in Oregon is reproduced in Figure 10 from Hawk and Zobel
(1974). Fonda (1974) described forest succession in relation to river terrace development in
the Hoh River valley, Olympic Peninsula.The bigleaf maple community was the only anom-
aly in the zonal pattern of forested plant communities, representing a younger seral stage
on disturbed substrates.The interesting feature of this community was not the unusual abun-
dance of bigleaf maple, but rather a lack of Sitka spruce or any other tree species to fill in
gaps in the canopy. These open areas were created by natural disturbances and were main-
tained because little pressure was exerted on them by invading species. Few downed or rot-
ting logs were present on which seedlings could establish. Therefore, little regeneration of
Sitka spruce, western hemlock, or any bigleaf maple occurred in these areas. Where trees
had fallen and provided a potential seedbed, seedlings and saplings of Sitka spruce did estab-
lish but this was an exceedingly slow process of invasion. Consistent with other long-term
events in the Hoh River valley, these bigleaf maple glades will eventually be replaced by
coniferous communities.
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FIGURE 10. Sketch of bigleaf maple’s distribution on various successional stages (terraces)
along the McKenzie River, Oregon (Hawk and Zobel 1974;Walters et al.
1980).



3.5 Damaging Agents of Bigleaf Maple 

· Prominent damaging agents for bigleaf maple are slugs and rodents that
cause major seedling mortality, and wildlife species that browse seedlings
and saplings year round; no prominent insects or diseases limit the growth
of bigleaf maple.

· Maple is susceptible to frost damage, and also is intolerant to flooding for
extended periods.

Bigleaf maple, as a young undamaged tree, is generally free of serious disease or decay.
However, old or damaged trees commonly have serious defects caused by wood-rotting
fungi.Table 14 lists the diseases, insects, and other damaging agents that affect bigleaf maple.
Many insects feed on the foliage, twigs and wood of maple but these usually result in minor
damage. Of the insect species, the carpenter worm, roundheaded borers, and powderpost
beetle are potentially the most damaging (Niemiec et al. 1995).

Bigleaf maple’s resistance to frost is very low (Krajina et al. 1982), illustrated by its
geographic limitation to areas with minimal frost in British Columbia. It does not grow
where the ground freezes solid before snow falls, and the hardiest plants may occur in the
subcontinental IDF subzones (Krajina et al. 1982).
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TABLE 14. Diseases, insects, and other damaging agents of bigleaf maple. General information sources applic-
able to each subsection follow that subsection. Specific information sources are cited following
individual items within a subsection.

Type of damage Scientific name Incidence and severity

Diseasesa

Root diseases Armillaria ostoyae; The species comprising Armillaria root disease, of which these are three,
A. gallica; A nabsnona commonly attack older trees, including bigleaf maple. Broadleaved trees and

shrubs show reduced growth and sparse foliage before death; browned
foliage and mycelial fans at the stem base after death are characteristic.

Heterobasidion This fungus has a wide host range of broadleaf and coniferous tree species
annosum west of the Coast Range and in the ICH zone of British Columbia.

Incipient decay is a yellow-brown to red-brown stain; in advanced decay,
the wood is a white stringy or spongy mass. Wood eventually degrades,
leaving a hollow butt. This is not considered of economic concern to
broadleaf species in British Columbia.

Phellinus igniarius This fungus results in white trunk rot and conks. Early decay appears as a
yellow-white stain and progresses to advanced decay exhibiting soft yellow-
ish wood with fine black zone lines. It produces hard woody conks, usu-
ally hoof-shaped, often issuing from branch stubs and knots. It causes mod-
erate damage.

Heart rots Ganodermab This is an important decay agent of dead trees, but may enter living trees
applanatum through wounds and cause extensive damage. It has a perennial shelf-like

polypore, and is associated with white root and butt rot of living and dead
broadleaf species and conifers.

Sap rots Chondrostereum This naturally occurring sap rot is used as a mycoherbicide agent to
purpureaum control resprouting of broadleaf species, including bigleaf maple (Wall

1996). Other naturally occurring pathogenic fungi of bigleaf maple (Sieber
et al. 1990) were part of the search for a suitable mycoherbicide.

Canker Valsa sordida Bigleaf maple is possibly a host of this disease, which occurs on stems,
branches, and twigs of other British Columbia broadleaf species where it
forms elongate cankers and orange discoloration. It is associated with
wounded and stressed trees.

Foliar diseases Rhystisma puntatum This tar spot is one of several fungal diseases of broadleaf tree foliage in
British Columbia. It causes little damage, but can occur as localized epi-
demics and thereby cause damage in intensively managed broadleaf species.
Mature stromata rupture in late spring, ascospores are ejected short dis-
tances and invade leaf cells with black dot-like stromata appearing, often in
clusters.

Uncinula bicornis This foliage disease produces a white powdery mycelium, which appears on
leaf surfaces in spring, late summer, and fall when conditions are very wet.

Mycosphaerella This newly identified leaf spot was found in overwintered leaves of bigleaf
mycopappi sp. nov. maple from which a brown leaf spot had been previously identified

(Stigmina zilleri) from the Chilliwack River valley in 1985 (Funk and
Dorworth 1988).

Verticillium Verticillium wilt can be a serious problem for ornamental trees, and can
albo-atrum sometimes kill bigleaf maple in forest situations. In British Columbia, it has

questionable significance (A.Van Sickle, pers. comm., as cited in Pollard
1996). Characteristic symptoms are dying of one or more limbs and pro-
gressive dying of the crown. Leaves wilt and dry, often remaining on the
twigs. Diseased trees develop a greenish discoloration in infected sapwood.

Continued on next page
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TABLE 14. Continued

Type of damage Scientific name Incidence and severity

Diseases continued
Septoria aceris; Three leaf spots were recorded by May (1961) for bigleaf maple in the
Illosporium maculicol; Pacific Northwest. Septoria leaf spot on bigleaf maple results in spots with
Pseudomonas acerisa a narrow yellow margin surrounding the spot, unlike other maples, but the

extent of damage cannot be estimated. Brown leaf spot is another fungus
on bigleaf maple, usually concentrically zoned and with indefinite margins;
older parts of the spot break away, leaving ragged holes (May 1961). Bacte-
rial leaf spot affects bigleaf maple in California on branches hanging close
to water.

Stigmina zilleri This is a new species of brown leaf spot on bigleaf maple identified by
Funk (1987) from the Chilliwack River valley.

Phyllactinia guttata This powdery white mildew grows on the undersides of mature maple
leaves (Pscheidt 1997).

Insectsc

ambrosia beetle Gnathotrichus retusus One record of this beetle on bigleaf maple is noted from the Vancouver
Forest Region (Pollard 1996).

gypsy moth, Lymantria dispar Egg masses on trunks and branches indicate attack by gypsy moth.
European race Damage is caused by larvae, especially during the last 2 weeks of feeding

(June). Severe outbreaks can result in denuded foliage of broadleaf species
and reduction in growth. It is subject to monitoring and extermination
programs in British Columbia.

Bruce spanworm Operophtera bruceata Bigleaf maple is listed as a possible host of this insect, the larvae of which
produce silken webs and cocoons. Defoliation from larval feeding is great-
est in June and in severe infestations can result in some loss of radial
increment, but mortality is not directly attributable to it. Pivnick (1988)
reported it on two maple stands on Vancouver Island.

carpenter worm Prionoxystus robinae This insect can cause serious damage in living trees of all sizes, especially
open-grown trees. Females deposit eggs in crevices or wounds in the bark;
larvae excavate tunnels that weaken affected trees and make them unsuit-
able for lumber.

powderpost beetles; Ptilinus basalis; Dead trees and maple products are damaged by the borings of several
roundheaded borer Synaphaeta guexi beetles given this common name, especially improperly stored lumber; the

roundheaded borer makes large burrows in dead and dying trees.

seed caterpillar Proteoteras aesculana This insect mines through seeds, hollowing them out.

Asian long-horned Anaplophora This introduced exotic pest from northeast Asia attacks hardwood species
beetle glabripennis and especially maple species (Humphreys et al. 1998). Although there are

no records of this insect on bigleaf maple, most Canadian broadleaf species
are susceptible, including bigleaf maple, and there are no known natural
enemies within Canadian forests. Adults feed on leaves and bark, creating
oval to round darkened wounds (9–11 mm size) in which eggs are laid.
Larvae bore into heartwood, create extensive galleries, and can kill the host
tree or weaken it for secondary attack by diseases and other insects.

Continued on next page
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TABLE 14. Continued

Type of damage Scientific name Incidence and severity

Animalsd

Birds Birds, particularly sapsuckers and hairy and pileated woodpeckers, injure
stems, creating wounds that could become entry points for fungi (Mellen
1987). Maple is also an important nesting tree for hairy woodpeckers
(Korol and Wallis 1983) and serves as a stage tree for cavity excavation by
a variety of cavity nesters.

Invertebrates Slugs and rodents are a major cause of seedling mortality (Fried et al.
1988). Hepting (1971) reported that roots of bigleaf maple are attacked by
nematodes (Meloidogyne spp.).

Small mammals Seed predation by mice, woodrats, squirrels, and chipmunks is high. In the
Oregon Coast Range, the highest rate of predation occurred in young
(20–40 year) and old (80–250 year) stands, and lower rates occurred in
clearcut and pole-sized (40–80 years old) stands. Rodent browsing is a
major cause of seedling mortality (Fried et al. 1988; Niemiec et al. 1995).

Moose (Alces alces) Maple, together with willow, aspen, birch, serviceberry, and red-osier dog-
wood, is a winter food for moose (Ritcey 1988).

Deer (Odocoileus Damage by deer and elk is probably the most important factor affecting 
hemionus columbianus) both height and form of bigleaf maple seedlings and sprouts; they often

use saplings for antler rubbing (Niemiec et al. 1995). The foliage and
young stems of bigleaf maple are preferred browse for both deer and elk
(McTaggart-Cowan 1945; Bunnell 1990).

Elk (Cervus elaphus Damage by deer and elk is probably the most important factor affecting
roosevelti) both height and form of bigleaf maple seedlings and sprouts; they often

use saplings for antler rubbing (Niemiec et al. 1995). The foliage and
young stems of bigleaf maple are preferred browse for both deer and elk
(Devereux 1988; Schroer et al. 1993).

Beaver, mountain (Aplodontia rufa) Bigleaf maple seedlings and saplings are clipped by mountain beaver 
(Crouch 1968). This is more a problem in the Pacific Northwest than in
British Columbia because of the limited range of this species in the province.

Squirrel western gray (Sciurus griseus) Squirrels feed on bigleaf maple samaras (seeds) in summer and in winter
with other seeds, fungi, and vegetation. Bigleaf maple provides high-quality
food for squirrels, especially when acorn crops fail (Ryan and Carey 1995;
Carey 1996).

Raccoon and (Procyon lotor) Hollow maple stems are preferred den sites for raccoons (Banfied 1974) 
woodrats (Neotoma cinerea) and are also used by woodrats (Carey 1996).

Abiotic Agentse

Frost and freezing Cold temperatures can freeze fluids in the wood, resulting in trunk splitting
and raised frost beaks (ridges); the bark can be killed. Hepting (1971)
reported foliage damage from late frost in the California and southern Ore-
gon mountains. Niemiec et al. (1995) suggested that the absence of maple
from higher elevations indicates maple’s low cold tolerance. Freezing resistance
in the Pacific Northwest is –20°C for buds and twigs (Sakai and Weiser 1973).

Sunscald Pruning that exposes previously shaded stems can predispose tissue of thin
bark to freezing or sunscald damage. Bigleaf maple can grow in relatively
hot, dry areas such as upland areas in southwestern Oregon, but planted
maple seedlings are susceptible to heat girdling and sunscald on the lower
stem (Niemiec et al. 1995).

Continued on next page



3.6 Bigleaf Maple’s Biodiversity Values

· Bigleaf maple’s non-prominent role for timber values increases its relative
importance for management decisions that involve the maintenance of species
diversity and meeting objectives for integrated resource management.

· Management of forest sites to meet biodiversity and riparian zone guide-
lines under the Forest Practices Code in south coastal British Columbia
involves bigleaf maple to the same extent as both red alder and black cotton-
wood.

This section focuses mainly on the biodiversity, riparian, wildlife, and other non-timber
aspects of maple’s role in west coast forest ecosystems. Management approaches to these
non-timber values of maple are strongly influenced by the Forest Practices Code biodiver-
sity and riparian guidelines (B.C. Ministry of Forests and B.C. Ministry of Environment,
Lands and Parks 1995a and 1995b).

The role of bigleaf maple in biodiversity is part of the overall contribution of broadleaf
species in the natural forest landscape. The role of broadleaf tree species is summarized by
Kremsater and Dupuis (1997) for several functions including:

· cycling nutrients;

· contributing to long-term sustainability;

· providing nurse sites for plants and fungi;

· providing food, cover, and nesting sites for animals (including insects and amphibians);

· enhancing visual resources; and,
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TABLE 14. Continued

Type of damage Scientific name Incidence and severity

Abiotic Agents continued
Flooding Bigleaf maple can survive the temporary flooding of riparian seasonal

inundations, but cannot tolerate extended flooding (Walters et al. 1980;
Krajina et al. 1982).

Drought Maple tolerates moisture stress as low as –20 bars (–2 Mpa, nocturnal), a
low value for broadleaved deciduous trees (Niemiec et al. 1995).

Chemical injury Boron in geothermal discharge instigated toxicity symptoms in maple
(Lang et al. 1986). Simulated acid rain (at levels pH 3.5) under experimen-
tal conditions increased litter decomposition rates of several broadleaf
species, including maple (Lee and Weber 1983).

Mechanical injury Injuries to stems and branches from any source, including logging, create
entry points for disease fungi (Hepting 1971; Allen et al. 1996).

a Sources: May 1961; Hepting 1971; Funk 1985, 1987; Sinclair et al. 1987; Funk and Dorworth 1988; Hunt and Etheridge 1995; Allen
et al. 1996; B.C. Ministry of Forests and B.C. Ministry of Environment 1997; Pscheidt 1997.

b Names in bold-face type are organisms that Allen et al. (1996) identified as very common to bigleaf maple.
c Sources: Furniss and Carolin 1977; Minore and Zasada 1990; Humble and Stewart 1994; Wood and Van Sickle 1994; Niemiec et al.

1995.
d Sources: Coates et al. 1990; Haeussler et al. 1990; Minore and Zasada 1990; Niemiec et al. 1995.
e Sources: Hepting 1971; Minore 1979; Minore and Zasada 1990; Niemiec et al. 1995.
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· broadening the diversity of forest structures, forest mixtures, and organisms in
forest communities.

Broadleaf species are receiving greater consideration in forest planning because of the
important contributions they make to maintaining diverse, productive, and resilient eco-
systems; broadleaf species are often relatively resilient to attack from insects and disease.
Bigleaf maple offers possibilities for planting in root-rot centres and can also be retained
during site preparation and stand tending, unless it competes with crop trees or presents a
hazard to worker safety. Broadleaf species also regenerate reliably, a feature once considered
a detriment, but now acknowledged as a positive attribute. Maintaining a broadleaf com-
ponent, such as big-leaf maple, and by managing stands that more closely resemble natural
forests, is one of several approaches to maintaining biological diversity (Klenner and
Kremsater 1994).

3.6.1 Epiphytic communities on maple stems and branches

· Moss communities that develop on stems and branches of bigleaf maple are
a remarkable feature of coastal mixed-species forest ecosystems.

· Maple epiphytic communities are a rooting medium and a food-web source
for arthropod communities, which have not yet been researched in detail.

Bigleaf maple supports abundant epiphytic growth on branches and boles in moist
climatic areas of its range (Figure 11), even though Minore (1979) did not rank maple very
highly for epiphytic receptivity (see Table 6). Common epiphytes on Pacific Northwest
bigleaf maple are licorice fern (Polypodium glycyrrhiza), club moss, and other mosses (Hylo-
comium splendens, Leucolepis menziesii, Isothecium stoloniferum, and Neckera menziesii) plus lichens
such as Cladonia, Nephroma, and Crocynia spp. (Niemiec et al. 1995). The bark of bigleaf
maple is rich in calcium, and this allows many calciphytic bryophytes to establish as epi-
phytes on the surface of its bark (Kojima and Krajina 1975; Kenkel 1980; Krajina et al.
1982). This bryophyte community is a remarkable feature of coastal mixed species forest
ecosystems (Kojima and Krajina 1975). It is characterized by Dendroalsia abietina, Neckera
menziesii, N. douglasii, Claopodium bolanderi, Homalothecium fulgescens, H. nuttallii, Plagiomnium
venustum, Porella cordaeana, P. navicularis, Hypnum subimponens, Isothecium stoloniferum, Radula
bolanderi, Frullania nisquallensis, and Polypodium glycyrrhiza. These plants are mostly neutro-
philous species, requiring a calcium-rich, non-acidic substratum. This distinctive epiphytic
community, called the Isothecium stoloniferum-Neckera menziesii association (Szczawinski 1953),
forms part of bigleaf maple’s contribution to the maintenance of the biodiversity of British
Columbia’s forest flora.

Kenkel and Bradfield (1986) documented the epiphytic vegetation on bigleaf maple at
five study sites, which ranged from the floodplain of the Squamish River, south to the allu-
vial fan of Furry Creek in Howe Sound and to the Point Grey escarpment on Georgia
Strait, then east to the Pitt River and Bridal Veil Falls (near Hope). Mosses, liverworts,
lichens, and vascular plants occurring on at least three sample maple trees are listed in Table
12. Differences in epiphytic species composition and abundance occurring among sites was
attributable mainly to variation in relative humidity and light conditions. Differences in the
chemistry of maple bark accounted for only a small portion of the observed variation in
epiphytic composition among the sites.Variation in the composition of the epiphytic veg-
etation with height and inclination was more strongly pronounced at drier sites. At all five
sites this variation was greater on upper (wetter) surfaces than on lower (drier) ones. Par-
ticular epiphytic species tended to occur in similar locations on the trunk surface at dif-
ferent sites, suggesting that some microhabitat specialization had occurred.



In a study of bigleaf maple and vine maple in the Cascade Range of Oregon, Peck
(1997b) noted that epiphyte communities on broadleaf trunks are distinct from those on
adjacent shrub stems. In addition to differences in bark texture and chemistry of broadleaf
trees as hosts of epiphytes, the light regime may affect the distribution of harvestable epi-
phytes in broadleaf forests relative to coniferous forests (Peck 1997a). Greater light penetra-
tion during autumn and early spring, typically active growth periods for bryophytes, appears
to promote epiphyte growth in western broadleaf forests. Additionally, the morphologies of
such broadleaf species as bigleaf maple and vine maple enhance light interception and per-
sistence in the understorey (King 1991), which may facilitate both their own growth and
regeneration and the growth of epiphytes associated with them (Peck 1997a). Studies by
McCune et al. (1997) at the Wind River Canopy Crane Research Facility in the Cascade
Range, southern Washington, focussed on the vertical distribution of epiphytes.They described
the vertical stratification of epiphytes and the variation in stratification from place to place,
which is believed to influence the distribution of other organisms. McCune et al. (1997)
suggest that the total biomass of epiphytic macrolichens may be as high as 1.3 tonnes per
hectare. Functional groups of epiphytes were stratified in an old-growth Pseudotsuga-Tsuga
forest in the following order from the ground up: bryophytes, cyanolichens, and alectoroid
lichens, with other macrolichens found throughout the vertical profile. Cyanolichens were
concentrated in the “light transition zone,” where abrupt transitions in light transmittance by
the canopy occurs.This zone extends from about 13 to 37 m in height, in an overall canopy
height of 50–60 m.
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FIGURE 11. Abundance of epiphytic bryophytes on calcium-rich bark of bigleaf maple.



3.6.2 Wildlife uses of maple and maple ecosystems

· Loss of maple seedlings to rodents and slugs and the browsing of maple shoots
by elk and black-tailed deer are key limitations to maple’s regeneration.

· Key bird uses of bigleaf maple include creation of nesting cavities by wood-
pecker and use of these trees for nesting sites, plus bald eagle use of maples
for daytime perching sites.

Bigleaf maple seedlings are a source of food for several animal species (Fried et al.
1988; Haeussler et al. 1990) and a primary cause of maple seedling mortality is predation,
either by rodents, which clip roots underground or pull whole seedlings down into burrows,
or by slugs and other invertebrates, which browse above ground.Young shoots are browsed
by elk (Devereux 1988) and both seedlings and saplings are eaten by black-tailed deer.
McTaggart-Cowan (1945) and Bunnell (1990) list bigleaf maple as a secondary forage species
in the spring and summer for Columbian black-tailed deer on southern Vancouver Island.
Miller (1968) reported that black-tailed deer in Oregon used bigleaf maple communities
for bed sites, particularly in October. The leaves are rated as fair to good palatability for
cattle and horses but have only poor palatability for sheep. Where mountain beaver occur
in the extreme southern margin of British Columbia, and in the Pacific Northwest, they
too feed on bigleaf maple. Hollow maple stems are often chosen as den sites by raccoons
(Banfield 1974).

Substantial browsing by deer was recorded in western Oregon (Fried et al. 1988) where
over 60% of maple seedlings under 25 cm tall were browsed, most of them several times.
Seedlings were often suppressed at a height of about 1 m because of repeated browsing.
Unless the seedlings succeeded in surpassing the reach of browsing deer they developed
numerous forks. Of the 15- to 20-year-old saplings, 90% had been browsed and were less
than 1 m tall (Fried et al. 1988). Browsing is generally limited to new growth, and both
browsed and unbrowsed seedlings tend to retain their original stem. However, Tappeiner et
al. (1996) described how deer browsing generally increased the number of maple sprouts.
New sprouts develop several buds at their base within 2 cm of a cut stump. If these sprouts
are browsed, the basal buds are released and a second generation of sprouts is produced.
Heavily browsed clumps can have several hundred short, thin sprouts.

Seeds of bigleaf maple are eaten by mice, woodrats, squirrels, chipmunks, and some bird
species (Fowells 1965). At the end of a 4-year study in the Cape Creek area of the Coast
Ranges, Tappeiner and Zasada (1993) found that bigleaf maple was susceptible to seed pre-
dation, and that no ungerminated seed remained on any experimental plots that were unpro-
tected from seed predation. However, seedling emergence for salmonberry and salal was not
significantly different among plots that were protected or unprotected from predators.

Bird species noted for their use of bigleaf maple include: hairy woodpeckers for
cavity-nesting sites in southern British Columbia (Korol and Wallis 1983); pileated wood-
peckers for roosting sites in Oregon (Mellen 1987); and bald eagles for daytime perches in
the topmost branches of coastal maples in British Columbia and Washington (Stalmaster and
Newman 1979). Well-decayed snags of bigleaf maple also have value for cavity-nesting bird
species such as woodpeckers (Figure 12). In Oregon and Washington, Huff and Raley (1991)
found that vegetation characteristics explained little of the variation in bird abundance.
However, the most positive association between bird abundance and vegetation was with
broadleaf stands. Based on results from naturally regenerated stands, these authors suggested
that a small component of bigleaf maple on harvestable timberlands would produce a pos-
itive effect on bird populations.
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Savard et al. (1995) observed that bird communities in broadleaf stands on the Queen
Charlotte Islands were more similar to those in old-growth coniferous stands than was the
case on Vancouver Island and the south coastal mainland. This was probably because bigleaf
maple and alder stands on Vancouver Island and the southern mainland support more bird
species than young alder stands in the Queen Charlotte Islands. On Vancouver Island, eight
species (American robin, black-throated gray warbler, Hammond flycatcher, McGillivray’s
warbler, orange-crowned warbler, song sparrow, warbling vireo, and yellow-rumped warbler)
were more numerous in broadleaf stands than in either old-growth or second-growth stands.
Only a few bigleaf maples occurred in the stands sampled on Vancouver Island, as they were
composed mostly of black cottonwood and red alder. Savard et al.’s data (1995) did not
distinguish between bigleaf maple and other coastal broadleaf species in terms of bird species
diversity.
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FIGURE 12. Well-decayed snag of bigleaf maple is valuable for wildlife and biodiversity.



In British Columbia and the Pacific Northwest, maple’s predominance in riparian habi-
tats is important for another reason because these areas are key habitats for bald eagles. Bald
eagles use a wide variety of tree species for nesting, and select their preferred nesting sites
by tree structure rather than by species (Knight 1988). Along the Nooksack River in west-
ern Washington, Stalmaster and Newman (1979) recorded preferences by eagles for dead
trees, bigleaf maple, and black cottonwood. They surmised that bigleaf maple and cotton-
wood were selected by eagles because of their height and range of view compared to com-
panion conifer species, which are never leafless and thus offer only obstructed views.

A study of habitat selection by coyotes in an urban area of King County, Washington
(Quinn 1997), included patches of 40- to 80-year-old Douglas-fir, western hemlock, bigleaf
maple, red alder, and vine maple. This research was not able to identify differences in coy-
ote use or movements in relation to different tree species. However, it did reveal that
coyotes preferred, in decreasing order of preference, forest, shrub, densely mixed vegetation,
moderately mixed vegetation, and sparsely mixed vegetation.These five habitats, with bigleaf
maple present in the forest category, represent a gradient from least disturbed to most
disturbed.

A study in western Oregon (Gomez and Anthony 1996) showed that amphibian abun-
dance was highest in deciduous forest types (with red alder and bigleaf maple dominant)
compared to other forest types (conifer riparian, old-growth conifer, sapling-pole conifer).
The amphibians studied included roughskin newt, tailed frog, and western red-backed
salamander.

3.7 Bigleaf Maple Growth and Yield

· No well-established guidelines or site index curves exist to estimate the pro-
ductivity of bigleaf maple in southwestern British Columbia.

· Juvenile growth rates of bigleaf maple sprouts often exceed those of red
alder on comparable sites.

Some recorded examples of maple’s juvenile growth rates do not clarify whether sprouts
or seedlings were involved, yet this distinction is important. The review by Haeussler et al.
(1990) stressed that maple’s sprouts and seedlings have quite different juvenile growth rates.
Sprouts can grow as much as 4 m in height in the first growing season, with height growth
controlled by the number of sprouts in a clump and the size of the original stump. In con-
trast, seedling growth is slower than sprout growth because seedlings have neither estab-
lished root systems nor large carbohydrate reserves. Under ideal conditions in a nursery,
maple seedlings can reach 2 m in the first growing season, but this growth rate is not
attained under natural conditions, and especially not under a canopy of other species. Maple
seedlings can grow 1 m or more per year on ideal sites, when grown in the open and pro-
tected from browsing. For example, in western Oregon, Fried et al. (1988) noted that 8-
to 10-year-old maple seedlings under mature Douglas-fir were only 25 cm tall. In general,
growth and development characteristics indicate that maple grows rapidly for the first 40–60
years (Haeussler et al. 1990). Under low light conditions maple can develop a narrow crown
and a long limb-free bole, but the species is often seen in cutovers as multi-stemmed clumps.

Bigleaf maple grows best on river terraces, floodplains, and seepage areas (see Section
3.2 for more detail). Good maple growth is also common on upland sites with deep soils
and abundant moisture. Bigleaf maple will establish and grow on a wide variety of sites,
but, on sites when moisture supply is limited, growth rates are slow and stem form is
poor (Niemiec et al. 1995). Before management of bigleaf maple is attempted, prospective
sites should be carefully evaluated for suitability. Niemiec and co-workers stressed that no
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established guides or site index curves currently exist to estimate site productivity for bigleaf
maple. Lacking site index curves, good growth potential of this species is indicated by the
following characteristics of existing maple trees on a site.

· Top height of existing mature trees of 24–30 m

· Rapid juvenile height growth of over 1 m per year

· Sustained height growth from age 15 to 30 of 0.3–0.6 m per year

· Continued diameter growth on mature trees

Juvenile growth rates of dominant maple stands or patches are quite rapid, and can
exceed those of red alder. Kerbes (1968) reported yields of approximately 315 m3/ha for
70-year-old stands of pure bigleaf maple in British Columbia, and an average volume of
137 m3/ha was estimated for a fully stocked 42-year-old bigleaf maple stand in western
Oregon (Niemiec et al. 1995). Gross annual volume growth in the latter stand was about
9.8 m3/ha per year. Niemiec and co-workers suggested that a rotation age of 40–50 years
may be realistic in managed stands, presumably on good sites.

3.7.1 Mensurational features of bigleaf maple

· On good to medium sites, height of bigleaf maple at age 50 years is as high
as Douglas-fir and greater than red alder on the same sites.

· Bigleaf maple can produce merchantable stems as early as 40 years of age.

Although B.C. Ministry of Forests site index equations and curves developed in 1981
(Hegyi et al. 1981) were superseded in 1991 (Thrower and Nussbaum 1991), the earlier
data are still useful for comparisons among species for reference heights in various site
classes. This is especially true for bigleaf maple as it was included in the 1981 comparisons,
but not in those for 1991. The 1981 site index data are summarized in Table 15, where
bigleaf maple is compared to companion tree species with reference heights, at age 50 years,
for three general site classes. On good to medium sites, height at age 50 for bigleaf maple
is as high as that for Douglas-fir (32 m) and appears greater than that for red alder, Sitka
spruce, western redcedar, western hemlock, or black cottonwood. Other comparisons among
maple’s reference height at age 50 and its companion tree species on medium to poor and
poor to low site classes are also shown in Table 15.
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TABLE 15. Reference heights (m) for site classes, at reference age 50, for bigleaf maple
in relation to its main tree associates (B.C. Ministry of Forests 1995, based
on site index equations from Hegyi et al. 1981)

Site class

Good Medium Poor

bigleaf maple 32 20 12.0
Douglas-fir, coast 32 23 14.0
Sitka spruce 30 21 12.0
red alder 30 19 11.0
western redcedar, coast 27 19 11.0
western hemlock, coast 27 19 10.0
true firs, coast 25 17 9.4



While mature tree heights of 30.8 m were recorded for bigleaf maple (Olson and
Gabriel 1974), over most of its range it averages 15.24 m in height and 0.46 m in diam-
eter (Fowells 1965). Bigleaf maple can produce merchantable stems in as little as 40 years.

Diameter growth equations were developed by Hann and Larsen (1990) for 14 tree
species in southwest Oregon, including bigleaf maple. This data set included mensurational
measurements on 41 bigleaf maple in which the range of stem diameter growth rate was
0.10–1.10 cm/year, with an average diameter increase of 0.29 cm/year. On similar sites, the
greatest yearly diameter increases were shown by grand fir (2.78 cm/year) and Douglas-fir
(2.37 cm/year). Stand site index for bigleaf maple averaged 30.5 m at 100 years compared to
28.3 m for Douglas-fir and 29.0 m for grand fir. On these Oregon study sites, bigleaf maple
demonstrated the highest site indices of all 14 coniferous and broadleaf species studied.

Growth and yield models are a primary tool to aid forest managers in decision mak-
ing but, to date, such models deal mainly with coniferous species. Recent attempts to expand
this approach have included bigleaf maple, and are based on equations to predict crown area
as a function of tree height and basal diameter of the tree stem. Estimates of crown area
are important because such estimates are not only predictive of biomass production rates,
but also of the competitive effects of tree crowns. For 108 measured bigleaf maples from
northern California and southwestern Oregon, Uzoh and Ritchie (1996) determined the
crown area equation of this species:

Predicted bigleaf maple crown area = (0.05086 × BA0.566284) ×
(1 – exp(–1.989914 × Ht )) + error,

where: BA = tree basal area (cm2), and
Ht = total tree height (m).

Snell and Little (1983) also developed regression equations that included bigleaf maple
for estimation of: total crown biomass; cumulative proportions for separating crown weight
into foliage and fuel diameter classes; bark weight; and bole volume to various specified top
diameters. The Snell and Little equation for estimating ovendry weight of the live crown
of bigleaf maple is:

natural log of ovendry weight of live crown (kg) = –0.0316 + 0.4602 × natural log of d,

where: d = diameter at breast height (cm).

The corresponding equation for biomass of bigleaf maple branchwood is:

natural log of ovendry weight of dead branchwood (kg) = –1.8307 + 0.5373 natural log of d,

where: d = diameter at breast height (cm).

The stump diameter and diameter at breast height table that Omule and Kozak (1989)
published for bigleaf maple is reproduced in Table 16. This table is intended to help esti-
mate DBH (outside bark) from stump diameter inside bark (DSIB) at a fixed stump height
(SH) above the germination point. Based on 416 measurements, the predictive equation for
bigleaf maple is:

DBH (outside bark) = DSIB (cm) + 0.064992 × DSIB (2.3 – SH) + 0.421552 ×
DSIB × natural log [(SH + 1.0)/2.3],

where: DSIB = diameter at stump inside bark (cm), and
SH = stump height from the point of germination (m).

49



50

TABLE 16. Stump and breast height diameter table for bigleaf maple, all ages, in B.C.
Ministry of Forests Inventory Zones A to L (Omule and Kozak 1989)

Diameter breast height outside bark (cm)

DSIB Stump height (m)

(cm) 0.15 0.30 0.45 0.60 0.75 0.90 1.05

10 8.5 8.9 9.3 9.6 9.9 10.1 10.3
12 10.2 10.7 11.1 11.5 11.8 12.1 12.4
14 11.9 12.5 13.0 13.4 13.8 14.1 14.5
16 13.6 14.2 14.8 15.3 15.8 16.2 16.5
18 15.3 16.0 16.7 17.2 17.7 18.2 18.6

20 17.0 17.8 18.5 19.2 19.7 20.2 20.7
22 18.6 19.6 20.4 21.1 21.7 22.2 22.7
24 20.3 21.3 22.2 23.0 23.7 24.3 24.8
26 22.0 23.1 24.1 24.9 25.6 26.3 26.9
28 23.7 24.9 25.9 26.8 27.6 28.3 28.9

30 25.4 26.7 27.8 28.7 29.6 30.3 31.0
32 27.1 28.5 29.6 30.6 31.5 32.3 33.0
34 28.8 30.2 31.5 32.6 33.5 34.4 35.1
36 30.5 32.0 33.3 34.5 35.5 36.4 37.2
38 32.2 33.8 35.2 36.4 37.5 38.4 39.2

40 33.9 35.6 37.0 38.3 39.4 40.4 41.3
42 35.6 37.4 38.9 40.2 41.4 42.4 43.4
44 37.3 39.1 40.7 42.1 43.4 44.5 45.4
46 39.0 40.9 42.6 44.0 45.3 46.5 47.5
48 40.7 42.7 44.4 46.0 47.3 48.5 49.6

50 42.4 44.5 46.3 47.9 49.3 50.5 51.6
52 44.1 46.3 48.1 49.8 51.2 52.5 53.7
54 45.8 48.0 50.0 51.7 53.2 54.6 55.8
56 47.5 49.8 51.8 53.6 55.2 56.6 57.8
58 49.2 51.6 53.7 55.5 57.2 58.6 59.9

60 50.9 53.4 55.5 57.5 59.1 60.6 62.0
62 52.5 55.1 57.4 59.4 61.1 62.6 64.0
64 54.2 56.9 59.2 61.3 63.1 64.7 66.1
66 55.9 58.7 61.1 63.2 65.0 66.7 68.2
68 57.6 60.5 63.0 65.1 67.0 68.7 70.2

70 59.3 62.3 64.8 67.0 69.0 70.7 72.3
72 61.0 64.0 66.7 68.9 71.0 72.8 74.4
74 62.7 65.8 68.5 70.9 72.9 74.8 76.4
76 64.4 67.6 70.4 72.8 74.9 76.8 78.5
78 66.1 69.4 72.2 74.7 76.9 78.8 80.6

Continued on next page
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TABLE 16. Continued

Diameter breast height outside bark (cm)

DSIB Stump height (m)

(cm) 0.15 0.30 0.45 0.60 0.75 0.90 1.05

80 67.8 71.2 74.1 76.6 78.8 80.8 82.6
82 69.5 72.9 75.9 78.5 80.8 82.9 84.7
84 71.2 74.7 77.8 80.4 82.8 84.9 86.7
86 72.9 76.5 79.6 82.3 84.8 86.9 88.8
88 74.6 78.3 81.5 84.3 86.7 88.9 90.9

90 76.3 80.1 83.3 86.2 88.7 90.9 92.9
92 78.0 81.8 85.2 88.1 90.7 93.0 95.0
94 79.7 83.6 87.0 90.0 92.6 95.0 97.1
96 81.4 85.4 88.9 91.9 94.6 97.0 99.1
98 83.1 87.2 90.7 93.8 96.6 99.0 101.2

100 84.8 88.9 92.6 95.8 98.6 101.0 103.3
102 86.4 90.7 94.4 97.7 100.5 103.1 105.3
104 88.1 92.5 96.3 99.6 102.5 105.1 107.4
106 89.8 94.3 98.1 101.5 104.5 107.1 109.5
108 91.5 96.1 100.0 103.4 106.4 109.1 111.5

110 93.2 97.8 101.8 105.3 108.4 111.1 113.6
112 94.9 99.6 103.7 107.2 110.4 113.2 115.7
114 96.6 101.4 105.5 109.2 112.4 115.2 117.7
116 98.3 103.2 107.4 111.1 114.3 117.2 119.8
118 100.0 105.0 109.2 113.0 116.3 119.2 121.9

120 101.7 106.7 111.1 114.9 118.3 121.3 123.9
122 103.4 108.5 112.9 116.8 120.2 123.3 126.0
124 105.1 110.3 114.8 118.7 122.2 125.3 128.1
126 106.8 112.1 116.6 120.6 124.2 127.3 130.1
128 108.5 113.9 118.5 122.6 126.1 129.3 132.2

130 110.2 115.6 120.3 124.5 128.1 131.4 134.3
132 111.9 117.4 122.2 126.4 130.1 133.4 136.3
134 113.6 119.2 124.1 128.3 132.1 135.4 138.4
136 115.3 121.0 125.9 130.2 134.0 137.4 140.5
138 117.0 122.7 127.8 132.1 136.0 139.4 142.5

140 118.7 124.5 129.6 134.1 138.0 141.5 144.6
142 120.3 126.3 131.5 136.0 139.9 143.5 146.6
144 122.0 128.1 133.3 137.9 141.9 145.5 148.7
146 123.7 129.9 135.2 139.8 143.9 147.5 150.8
148 125.4 131.6 137.0 141.7 145.9 149.5 152.8

Equation used: DBH = DSIB + 0.064992*DSIB*(2.3 – SH) + (2.3 – SH) + 0.421552*DSIB*Ln((SH +
1.0)/2.3). Based on 264 trees. Standard Error of Estimated DBH = 0.72 cm.



The Chapman-Richards function (Richards 1959) was used by Garman et al. (1995)
to represent a height-diameter equation for bigleaf maple, and 23 other tree species in west-
ern Oregon. The equation and coefficients for bigleaf maple in north coastal Oregon
sites are:

Ht = 1.37 + (30.17141 [1 – exp(–0.037381 × DBH )]0.81291),

where: Ht = total tree height (m), and
DBH = diameter outside bark at breast height (cm).

Slightly different coefficients were provided by Garman et al. (1995) for the Klamath
Mountains and northern Oregon Cascades. It is unknown how applicable this equation is
for bigleaf maple in British Columbia.

Based on data from western Oregon, recently developed equations predict bigleaf maple’s
largest crown width from readily measurable features, such as diameter at breast height, total
height, and height to the base of live crown (Hann 1997). These equations were based on
data from 71 maple with a range of largest crown widths of 0.9–20.04 m, DBH from 1.8
to 79.5 cm, tree height from 2.7 to 43.8 m, and crown length from 1.3 to 30.0 m.

Table 17 presents four information sources for bigleaf maple tree volume and taper
equations. This table summarizes data on types of volumes predicted, geographic sources,
and ranges of diameters and heights sampled.

Carbon sequestration studies conducted in the Pacific Northwest (Harmon et al. 1996)
have produced regression coefficients for predicting bigleaf maple bole bark and non-
merchantable parts of the tree. The total bole bark mass of maple is estimated from:

natural log (Mbole bark) = 2.3338 + 2.5740 [natural log (DBH)],

where: Mbole bark = bole bark mass (g), and
DBH = diameter at breast height (cm).

The same allometric regression equation for estimating total bole wood mass is:

natural log (Mbole wood) = 3.4148 + 2.7230 [natural log (DBH)],

where: Mbole wood = bole wood mass (g), and
DBH = diameter at breast height (cm).

For non-merchantable portions of bigleaf maple the regression equations for leaves,
live branches, and dead branches are, respectively:

natural log (Mleaf ) = 0.4159 + 2.5033 [natural log (DBH)],

natural log (Mlive branch) = 2.6718 + 2.4300 [natural log (DBH)], and

natural log (Mdead branch) = 4.7918 + 1.0920 [natural log (DBH)],

where: M = mass (g), and
DBH = diameter at breast height (cm).
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TABLE 17. Information sources for bigleaf maple tree volume and taper equations

Volume
Reference: Browne (1962)
Types of volumes predicted:

1. Total stem cubic-foot volume inside bark
2. Merchantable cubic-foot volume inside bark from a 1.0-foot stump to a 4.0-inch top

diameter inside bark
3. Merchantable cubic-foot volume inside bark from a 1.5-foot stump to an 8.0-inch top

diameter inside bark
4. Merchantable cubic-foot volume inside bark from a 2.0-foot stump to a 12.0-inch top

diameter inside bark
Geographic location of sample: British Columbia
Number of trees sampled: 197
Range in DBH of sample: 2–26 inches
Range in total height of sample: 40–120 feet

Reference: Snell and Little (1983)
Types of volumes predicted:

1. Total stem cubic-foot volume inside bark
2. Merchantable cubic-foot volume inside bark to any top inside bark from 0.0 to 9.0 inches

Geographic location of sample: Western Washington
Number of trees sampled: 16
Range in DBH of sample: 2–18 inches
Range in total height of sample: Not provided

Reference: Pillsbury and Kirkley (1984) 
Types of volumes predicted:

1. Total stem cubic-foot volume outside bark
2. Total stem cubic-metre volume outside bark
3. Merchantable cubic-foot volume outside bark from a 1.0-foot stump to a 4.0-inch top

outside bark
4. Merchantable cubic-metre volume outside bark from a 0.3-meter stump to a 10.0-

centimetre top outside bark
5. Sawlog cubic-foot volume outside bark from a 1.0-foot stump to a 9.0-inch top outside

bark for trees 11-inch DBH or larger
6. Sawlog cubic-metre volume outside bark from a 0.3-metre stump to a 23.0-centimetre

top outside bark for trees 28 centimetre DBH or larger
Geographic location of sample: California
Number of trees sampled: 61 for total stem and merchantable cubic volumes and 26 for sawlog

cubic volumes
Range in DBH of sample: 5–33 inches
Range in total height of sample: 30–90 feet

Taper
Reference: Kozak et al. (1969)
Type of dependent variable predicted: Squared diameter inside bark
Geographic location of sample: British Columbia
Number of trees sampled: 52
Range in DBH of sample: 6–23 inches
Range in total height of sample: 49–94 feet



3.7.2 Stem decay and wood quality in bigleaf maple

· Bigleaf maple has fine-grained wood of moderate weight and hardness with
good strength properties and turning capability suitable for furniture and
select turned products. It is not a durable wood when exposed to condi-
tions conducive to decay.

· The limited data available suggest that bigleaf maple is less susceptible to
stem decay than its common associate black cottonwood.

Young, undamaged maples are generally free of serious disease and decay incidence.
However, old and damaged trees frequently have serious defects from rot caused by fungi,
which enter wounds in the stem or branches (Niemiec et al. 1995). In particular, bigleaf
maple, together with other broadleaf species, is subject to white mottled rot (Ganoderma
applanatum), a significant decay agent of dead and living trees (Allen et al. 1996). In living
trees, wounds are key entry points for infection and this results in weakened branches and
stems. Root rots from the Armillaria root disease complex are also weakly pathogenic in
maple. These rots often attack trees already stressed by other agents or contribute to weak-
ness in standing trees. Table 14 lists maple’s main stem and root rots.

Bigleaf maple is considered less susceptible to stem decay than black cottonwood and
hybrid poplar. For pulpwood and other products that require or favour decay-free stem-
wood, comparisons of stem biomass production rates for cottonwood and maple are of man-
agement interest. However, while abundant data are available for rates of cottonwood stem
growth, only limited data exist for bigleaf maple.

Bigleaf maple has fine-grained wood of moderate weight and hardness. Among the
maple species, it is considered by Kerbes (1968) as comparable to the soft maples, silver
maple (Acer saccharinum) and red maple (A. rubrum), and not as strong as the hard maples,
sugar maple (A. saccharum) and black maple (A. nigrum) (Kennedy 1965). The heartwood of
bigleaf maple is pinkish to light brown with reddish white sapwood (Kerbes 1968). The
wood is fine, uniform, and straight-grained (Kerbes 1968), and the sapwood tends to be
wider and has a lighter heartwood colour than the hard maples (Aldren 1995). The limit
of each annual growth ring is outlined by a darker line, which gives a figure to sawn wood.
This provides the distinct quilted, curly, or burl pattern prized by woodworkers and furni-
ture manufacturers. A special feature of bigleaf maple is the occasional occurrence of a curly
grain pattern, a characteristic prized for furniture wood where the contorted grain patterns
can be displayed in veneers and turned-wood products.The term “bird’s-eye” has been used
sometimes to describe the attractive grain of some bigleaf maple wood specimens. Artisans
recognize that bird’s-eye is a grain abnormality unique to sugar maple (Acer sacharum) and
it has been studied in considerable detail (Bragg et al. 1997).The term is not correctly used
when applied to patterned wood of bigleaf maple, where curly maple and wavy maple are
more acceptable terms distinguishing it from true bird’s-eye maple (R. David, pers. comm.,
Feb. 1998). However, burls are appreciated commercially only if they have a suitable com-
bination of size, frequency, and distribution of grain indentations and decay-free boles (Bragg
et al. 1997). These criteria also apply to the curly grain pattern that occurs in some bigleaf
maple logs. This feature, plus the fact that maple wood machines well, turns well, polishes
readily, and takes stain, has resulted in its extensive use in toys, novelty and decorative pieces,
as well as exposed portions of upholstered furniture (Kerbes 1968). Strength and stiffness
of maple also make it and red alder valuable for pallets (Bastendorff and Polensek 1984).
The average specific gravity of bigleaf maple is 0.44 g/cm3 for green samples and 0.51
g/cm3 for ovendry samples (Aldren 1995).
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4 MANAGING BIGLEAF MAPLE IN PURE STANDS

Bigleaf maple generally occurs singly, or in small groups, and only occasionally is found
in pure stands in the Pacific Northwest (Ruth et al. 1972). This limits the opportunities
foresters have to manage natural stands of pure maple. Future demand for bigleaf maple
biomass grown in short-rotation plantations, for other end uses such as fibre or flakeboard,
is difficult to predict.

4.1 Assisted Regeneration of Bigleaf Maple

· Commercial supplies of maple seedlings are not consistently available, al-
though some forest nurseries are producing supplies on a trial basis.

· Plantings are very susceptible to deer browsing; to maintain stem quality in
plantations, some form of protection from browsing is necessary.

For assisted regeneration, the best-quality maple trees and stands in nature appear to
originate from seedlings. Maple is not a priority for nursery production because this species
was not included as a recommended primary, secondary, or tertiary regeneration species for
any site series in the Vancouver Forest Region (Silviculture Interpretations Working Group
1994).

Bigleaf maple seedlings have rarely been planted in either British Columbia or the
Pacific Northwest. Some forest nurseries have produced maple seedlings on trial, but com-
mercial supplies are not consistently available. If a secure supply is contracted with a nurs-
ery for seed collection and production, large nursery seedlings 1.0–1.5 m tall are possible
in one growing season. Planted seedlings are sometimes prone to forking and poor form,
particularly after deer browsing or other physical damage.To maintain stem quality in plan-
tations, seedlings should be planted in high densities, protected from ungulate browsing, and
pruned (Niemiec et al. 1995).

A major problem for planting bigleaf maple seedlings is browse damage by deer, which
often results in forking. Seedlings may require planting in high densities (see Section 4.2
below) and periodic pruning to eliminate forking and poor stem-form (Niemiec et al.
1995). Protecting seedlings from deer browsing is critical to achieve stem quality (see Sec-
tion 4.1.3). Some browsing may occur on resprouts, but resprouting coppices are usually
not severely affected by browsing unless maple growth is poor.

4.1.1 Encouraging vegetative reproduction

· The sprouting capability of bigleaf maple provides a reliable means of regen-
eration from existing trees, but managing the number of sprouts can greatly
improve the quality of surviving stems.

· Following cutting, bigleaf maple sprouts can grow 1–3 m in 1 year.

The effects of cutting time, stump height, parent tree characteristics, and harvest vari-
ables on the development of bigleaf maple sprouts are summarized in Sections 3.3.2, 3.4.3,
and 5.1, with emphasis on controlling maple’s role in the stand. For managers interested in
encouraging vegetative reproduction of bigleaf maple, key silvicultural features to consider are:

· browsing generally increases the number of sprouts; and,

· maple clumps grow considerably faster in the open than those in the understorey.
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If large-crown maples are desired for aesthetics or for wildlife cover, residual maples will
survive clearcutting (but not burning) and will produce large, full crowns within 2 years of
clearcutting (Tappeiner et al. 1996).

Where maple exists, abundant resprouting should be expected after cutting. Large bigleaf
maples should produce 30–60 new shoots. This capacity to produce multiple sprouts pro-
vides a reliable means of regeneration from existing trees, but managing the number of
sprouts can greatly improve the quality of surviving stems. Optimal spacing regimes utilize
maple’s responsiveness to increased growing space as well as maintain the benefits of crowd-
ing, which occurs in young stands or clumps (Niemiec et al. 1995). Moderate crowding is
necessary to limit branching and forking and induce self-pruning. Pre-commercial thinning
allocates rapid growth to the desired stems at an early age (5–15 years) while maintaining
moderate crowding. A dense canopy also suppresses competing understorey vegetation and
reduces the need for management treatments. Niemiec et al. (1995) recommended an
intermediate thinning for pulpwood, firewood, or pre-commercial thinning to maintain
diameter growth and to take advantage of maple’s 30–40 year capacity for growth response
following spacing.

4.1.2 Nursery seedling production and outplanting

· Nursery practices that promote development of root biomass, such as root
pruning, should be incorporated into the nursery production system for
bigleaf maple.

· Although the planting procedures developed for red alder generally apply
to bigleaf maple, planting in duff, competing weeds, and damaging frosts
can result in mortality or reduced growth in planted maple seedlings.

In nursery beds, bigleaf maple can equal or better the growth recorded for red alder.
However, field plantings of alder seem to have fewer limitations to growth than maple. For
reasons not yet well understood, planted bigleaf maple seedlings often do not grow very
well (J. Zasada, pers. comm., Mar. 1998). The currently recommended nursery and field
practices for bigleaf maple are adapted from Young and Young’s (1992) summary and an
earlier version by Olson and Gabriel (1974). Preferred practice is to sow maple seed in the
fall in mulched beds. Stratified seeds can be sown in the spring, but results are variable and
often unsatisfactory. Stratification for variable-dormancy species such as bigleaf maple requires
48 hours of soaking at 20–25°C with greater than 30% moisture content, followed by strat-
ifying for 60–120 days at 2–5°C with 30–60% moisture content, and then incubating for
3–4 weeks at 20–25°C at the same moisture content (Leadem et al. 1997). Germination of
the least dormant individuals at low temperatures generally indicates that dormancy was
also released in the remaining, more dormant seeds (Leadem et al. 1997). Germination dur-
ing stratification can be used as a way to screen seeds before sowing; if seeds are stratified
for 60 days and then germinated, the optimum germination temperature is 15°C. Exo-
genous gibberellin, cytokinin, or ethylene does not overcome the requirement for stratifi-
cation (Goldstein and Loescher 1981).

Maple seed is usually sown 0.5–1.0 cm deep, broadcast or with a drill. Seedbed
densities of 150–1500/m2 are recommended; however, the lower densities produce the most
vigorous plants. Shade is recommended during the period of seedling emergence and estab-
lishment. The relatively large seeds have little problem penetrating leaf litter and organic
substrates (Leadem et al. 1997). Under field conditions, maple seed often germinates on rel-
atively undisturbed seedbeds composed of leaf litter and other organic substrates (Tappeiner
and Zasada 1993). In some instances, seedbeds should be protected from birds and mice
and treated with fungicides to prevent damping off (Olson and Gabriel 1974).
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Sometimes maple seedlings are large enough to plant as 1-0 stock, but frequently
2-0, or even 2-2, stock is needed to ensure satisfactory establishment. In general, the larger
the stock, the better the survival (Young and Young 1992). Stem diameter, which correlates
with root volume, is easy to measure and is a useful criterion to grade seedlings. A sug-
gested culling standard of 5 mm stem diameter is appropriate for low-stress, high-quality
sites. A standard of 8 mm is suggested for low-quality sites.

Nursery practices that promote root production, such as root pruning, should be incor-
porated into the growing protocol for bigleaf maple (Luckett and Hibbs n.d.). Root prun-
ing promotes a large fibrous root system, which improves establishment and survival of
seedlings. Fibrous, well-developed root systems are important to survival and growth for the
first 2 years in the field.

If direct seeding of bigleaf maple is planned, seeds should be collected from healthy,
well-formed parent trees that are selected from sites with conditions comparable to those
of the intended outplanting site. Seed collection can begin when samaras are fully ripened,
and the wing and pericarp have turned tan or brown (Zasada and Strong, in press). Seeds
can be picked from trees or collected by shaking seeds onto a cover spread on the ground,
or collected from felled trees during logging. As with other maples, samaras can also be
gathered from water surfaces, pavement, or lawns (Zasada and Strong, in press). Maple seeds
are generally not extracted from the samaras after collection unless the volume needs reduc-
ing for storage.

While it was previously thought that bigleaf maple seed could not be stored for even
short periods (Olson and Gabriel 1974), seed can be stored for up to 1 year with slight
loss of viability, provided they were collected at a time of minimum moisture content
(10–20% by weight or before the first fall rains). Seed should be collected before the start
of fall rains because bigleaf maple seeds with low moisture content behave more like ortho-
dox seeds, while those collected with high moisture content behave like recalcitrant seeds
(i.e., seeds that will not germinate unless stored at relatively high moisture content), and
cannot be stored successfully for long periods (Leadem et al. 1997). Seed should be stored
in airtight containers at 34°C (Niemiec et al. 1995). Direct seeding is best in autumn soon
after seed collection; dry seeds sown in spring require cold-wet stratification for 60–90 days
before sowing. Zasada et al. (1990) noted that bigleaf maple seed viability declined from 73
to 62% when stored for 1 year in sealed containers at 1°C and at a moisture content of
16%; storage at –10°C resulted in a loss of viability from 73 to 12%.

Predicting field performance of bigleaf maple from seedling characteristics is the sub-
ject of recent interest (Luckett 1996; Luckett and Hibbs n.d.). On five research sites in the
Oregon and Washington Coast Ranges, survival of nursery-grown maple ranged from 70
to 93% (Luckett 1996; Luckett and Hibbs n.d.). Survival differences were best explained by
site conditions, seedling root volume, and stem diameter. Maple seedlings were browsed at
all five test sites, so stem basal diameter growth was the only measurement available for
comparison. Browsing is a serious problem, and maple should not be planted in areas used
by deer or elk, unless suitable browse protection is provided. Sites with minimal duff, little
chance of frost, and less than 25% cover from competing vegetation are the best planting
sites.

For reasons not yet well understood, planted bigleaf maple seedlings often do not
develop very well (J. Zasada, pers. comm., Mar. 1998). From the time of planting in March
1995 until measurement in February 1996, maple seedlings grew very little at test sites
near Mount St. Helens, Raymond, and Ceres Hill in Washington, and at sites near Apiary
and Pioneer Mountain in Oregon.The mean change in height was actually negative because
of top dieback. Most seedlings were unable to grow above the 91.4 cm tall Vexar™ tube
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until the second year, at which time they were browsed (Luckett and Hibbs n.d.). Similar
observations were recorded in British Columbia. For example, measurements by Comeau
et al. (1997) revealed that after 5 years maple had reached a height of only 47 cm at the
Gough Creek study site and 62 cm at the Waterloo Creek study site on Vancouver Island.
Whether this is a result of planting shock, browse, or water conditions, or a combination
of factors, is still unknown and requires further research. Comeau and co-workers noted
that slow growth of transplanted maple seedlings has been observed with both container-
grown and bare-root nursery stock grown on upland sites. In contrast, nursery-grown
seedlings can grow rapidly when planted on moist rich maples sites.Therefore bigleaf maple
will likely grow slowly for the first few years after planting on British Columbia sites with
a soil moisture regime of 3–4 in the CWHxm or CWHdm. On more moist sites (soil
moisture regimes 5–6) planted maple seedlings should grow rapidly.

The trials by Luckett and Hibbs suggest that an 8-mm minimum stem diameter should
ensure a high percentage of bigleaf maple seedling survival, but such a high standard would
result in much culled stock.A more practical approach would match seedlings to the expected
field conditions.

Small-scale plantings of bigleaf maple and Oregon ash (Fraxinus latifolia Benth.) by
Weyerhaeuser Western Forestry Research (Dobkowski 1996) have helped to evaluate the
nursery culture and field performance of these species for plantation establishment. Previ-
ous recommendations for maple were based on results with red alder because similar
conditions and procedures were thought to apply to both species. Proper site selection,
quality seedlings, thorough weed control, and most favourable out-planting time are the
keys to successful plantation establishment (Dobkowski 1996). Recommended practices for
site preparation for red alder (and thus bigleaf maple) include:

· limiting physical site preparation (scarification and burning);

· using site preparation herbicides in late summer to early fall to control established
weeds;

· applying herbicides as needed in spring before planting; and,

· planting at the most favoured time (between mid-March and mid-April in western
Washington below 305 m), or a time that balances the risks of freeze damage (plant-
ing too early) and drought stress (planting too late).

The bigleaf maple regeneration project of the Hardwood Silviculture Cooperative
confirmed that improved seedling production and animal damage control are necessary to
successfully establish this species. Because of frequent browse damage to maple seedlings,
height is not an appropriate measure of performance. Therefore, survival and changes in
stem basal diameter are the best performance measures available. At five planting sites in
Washington and Oregon, the best predictors of a maple’s chance of survival 2 years after
planting were stem diameter, root volume, and number of first-order lateral roots 1 mm or
larger in diameter (Hibbs et al. 1997). Root volume is the best predictor of survival over-
all, but it is impractical as a grading standard. Stem basal diameter is correlated to root vol-
ume and is easier to measure. For the test plantings mentioned above, survival was best for
seedlings with basal diameters larger than 5 mm. Seedling grading standards and growing
protocols are being developed from information gathered by the Hardwood Silviculture
Cooperative.These studies also confirmed the importance of proper seed storage, consistent
with the finding by Zasada et al. (1990) that bigleaf maple seed viability can decline by
60–90% during 1 year’s storage.
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4.1.3. Browse protection options

· Browsing predisposes bigleaf maple seedlings to the effects of weed com-
petition, which can significantly increase the amount of time necessary for
maple to become well established.

· Maple is more susceptible than alder to browse by ungulates; browse pro-
tection is an essential component of successful bigleaf maple plantation estab-
lishment in areas with large populations of ungulates.

One critical exception to the parallel planting procedures between red alder and bigleaf
maple is that bigleaf maple is more susceptible than red alder to damage from ungulate
browse. Maple is vulnerable to browsing throughout the year, which can severely diminish
vigour and growth and result in mortality. Browsing can also predispose the seedlings to
the effects of weed competition. With red alder these effects include reduced survival and
growth when first- and second-year herbaceous weed competition is heavy (Dobkowski
1996). Weed competition significantly increases the amount of time necessary for planted
maple to capture a site, and realize its potential for early fast growth.

In most circumstances, protecting bigleaf maple seedlings from ungulate browsing is
essential for their establishment and growth. The apical and lateral buds, as well as imma-
ture leaves and non-sclerified stems, are eaten by elk (Devereux 1988) and black-tailed deer
(McTaggart-Cowan 1945; Bunnell 1990). Several studies (Hibbs et al. 1997; P. Comeau, pers.
comm., 1995; C.Ying, pers. comm., 1997) have documented extensive browsing of young
seedlings. Aggressive browsing of a bigleaf maple genetics trial, near Crofton, B.C., follow-
ing outplanting required that the site be enclosed with 2-m-high fencing (C. Ying, pers.
comm., 1997). In another outplanting trial, ungulate browsing at four of five planting sites
in Washington (three sites) and central Oregon (one site) was so severe that survival and
stem diameter were the only two measures available by which to compare treatments (Hibbs
et al. 1997).

Several options are available to protect seedlings against browsing; these include cages,
solid-wall shelters (tubes), and perimeter fencing. The choice of protection depends on a
number of factors including the severity of browsing, site location, and budget.

Cages are open-ended cylinders with porous walls.They can be constructed from plas-
tic, chicken wire, and hardware fencing materials. Pre-formed plastic cages such as Vexar™
are available in numerous height and mesh sizes.They are lightweight and relatively easy to
install, requiring only one or two wire stakes for anchoring and support. However, wooden
stakes may be necessary to provide adequate support for taller (>90 cm) plastic cages.

Hibbs et al. (1997) used 91 × 9 cm plastic Vexar cages, similar to those shown in
Figure 13, with 3 × 3 cm mesh. However, these were reported as ineffective against brows-
ing. Elk were able to insert their muzzles repeatedly down the necks of the cages; they also
pulled young leaves through the mesh and browsed all of the branches and apical buds that
grew beyond the confines of the cage. Cages with smaller-diameter holes could be used,
and if raised periodically could provide protection for the apical meristem. However, this
would require multiple entries into the stand, which may not be logistically or economi-
cally feasible. Longer tubes with smaller-diameter holes could be used instead. However,
Hibbs et al. (1997) found that the 91-cm-tall Vexar cages were not tall enough, and elk
were able to insert their muzzles repeatedly down the necks of the cages.
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Chicken wire and hardware fencing are available in a greater variety of heights and
mesh sizes than Vexar. Cage construction from these materials is slightly more labour inten-
sive, but their added versatility may outweigh this. Both chicken wire and hardware fenc-
ing can be affixed to stakes quickly and efficiently with staples. Unfortunately, rolls of chicken
wire are difficult to cut and are heavy and cumbersome in the field. In addition, the struc-
tural plasticity of the chicken wire, requires the use of two support stakes to maintain the
integrity of the cage around the seedling. The larger-diameter mesh could also provide
ungulates the opportunity to browse new leaves through the cage and may only afford
slightly more protection than Vexar.

Hardware fencing is made from plastic and is available in different heights and mesh
sizes. There are no long-term data on the effectiveness of this material as a form of browse
protection. The perceived advantages of the hardware fencing over chicken wire are that it
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FIGURE 13. Vexar™ cage surrounding bigleaf maple at Duncan, B.C. (photograph by
P.G. Comeau).



is lighter, easier to handle, has smaller mesh diameters, and has enough structural rigidity
to warrant only one support stake. Further investigation into the efficacy of this material
to improve maple growth and survival is needed. However, one roll of hardware fencing
can cost up to one-third more than an equivalent-sized roll of chicken wire, but this added
cost may be offset by the lesser staking costs. In areas where ungulate browsing is exten-
sive, cages that are either of insufficient height or have large mesh diameter may not be
the best choice.

Solid-wall shelters are an alternative to cages. They are usually constructed from
polypropylene plastic and are available in a various shapes, sizes, and colours. One common
type of shelter is conical, with a flared base; another common type is a cylindrical tube
(Figure 14).They are rigid-walled with a diameter of 10–15 cm. All are very easy to install
over seedlings and require less time than any of the cages.

The tubes are affixed to either a 1 × 2 or a 2 × 2-inch wooden stake with plastic
electrical ties or, in the case of the conical shelters, metal rings. Stakes should at least equal
the height of the browse protector. The appropriate choice of wood will depend on cli-
mate (rates of decomposition) and the length of time that browse protection is required.

A shelter of ideal height will protect the maple’s leader until it grows to a sufficient
height, above which it can no longer be browsed. A minimum shelter height of 1.2 m is
recommended to protect seedlings against deer browsing, but 1.5 m is required for effec-
tive protection against elk. One obvious advantage of tree shelters over cages is that the
entire seedling is enclosed within the shelter, offering maximum protection against brows-
ing. In addition, tree shelters increase both height growth and survival (Potter 1988) and
protect seedlings when herbicides are used to control competing vegetation (Minter et al.
1992).
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FIGURE 14. Tubex™ rigid-walled cylinder for protection against ungulate browsing
(photograph by P.G. Comeau).



Several researchers report favourable results when using tree shelters to protect species
other than bigleaf maple. Red oak (Quercus rubra L.) seedlings planted in 1.2 × 0.14 m solid-
wall shelters (tubes) were 42% taller than unsheltered seedlings 2 years after planting
(Lantagne et al. 1990). Naturally regenerating red oak sprouts in shelters had double the
height growth than sprouts growing outside shelters (Kittredge et al. 1992). In British stud-
ies, five broadleaf species (Acer platanoides, Carpinus betulus, Prunus avium, Juglans nigra, Frax-
inus angustifolia) grown in tree shelters were significantly taller 1 year after planting than
seedlings grown in tree guards (cages) (Tuley 1983; Potter 1991; Harmer 1995).Three years
after planting, mean height growth of Sessile oak (Quercus petreae (Matt.) Leiblein) grown
in 1.2-m-tall shelters was 142 cm, compared with 45 cm for mesh guards and 27 cm for
unprotected trees. Average stem volumes for the oaks were 118, 37, and 19 cm3, for tall
shelters, mesh guards, and no protection, respectively (Tuley 1985). Preliminary data from a
pilot study using shelters near Duncan, B.C. are also very promising. Bigleaf maple seedlings
planted in 1.5-m-tall shelters (tubes) were significantly taller (>300%) 1 year after planting
than seedlings grown outside of tubes, even when ungulate browsing was not a factor
(K. Thomas, unpubl. data).

Minter et al. (1992) evaluated two types of tree shelter for their effect on survival and
growth of planted red oak seedlings. Seedling survival was not significantly different between
the shelters and unsheltered controls, but seedlings grown in the shelters were significantly
taller (62.5–63.5 cm) than unsheltered seedlings (49.2 cm).The basal diameter of the seedlings
in both types of shelter was slightly smaller (2.4–3.3 mm) than the unsheltered controls
(4.4 mm). Relative humidity was higher and levels of CO2 were elevated within the shel-
ters. The higher relative humidity may have improved leaf-surface water-potential, and the
increased CO2 levels may have reduced the periods of time when CO2 limited growth.
Frearson and Weiss (1987) also attributed improved tree growth in shelters to elevated lev-
els of CO2 and recommended that tree shelters have a good seal with the soil to minimize
updraft and elevate CO2 levels. There is speculation that the increased growth is due to
phototropism, which would be most applicable if the shelters were entirely opaque. How-
ever, the shelters used in the previously cited studies were translucent.

Bigger tree shelters are not always better! Tree stability and stem strength may be com-
promised with higher tubes (Figure 15). Researchers in Australia (Beetson et al. 1991) found
that increasing the height of tree shelters increased the height of four Australian tree species
(Eucalyptus cloeziana, Grevillea robusta, Araucaria cunninghamii, and Casuarina cunninghamiana).
Seedlings grown in 1.9- and 2.9-m tubes had poor stem form and high height:diameter
ratios, which resulted in tree instability. The researchers consequently recommended that
tree shelters exceeding 1.9 m not be used on a regular basis.Although height:diameter ratios
are usually very high for the first two growing seasons, height growth appears to return to
normal levels (Tuley 1983) and basal diameter will increase (Applegate and Bragg 1989)
when the seedlings emerge from the shelters. Further research is needed to explore the effi-
cacy of using tree shelters to enhance height growth and survival of maple seedlings and
to find optimum seedling/shelter combinations, which maximize growth yet minimize
unwanted effects to stem form.

The cost of the various protection methods will depend on site conditions and num-
ber of trees per hectare.Vexar cages, tubes, and fencing were the options considered to pro-
tect two maple genetics trials, one near Cowichan Lake (2500 trees per hectare) and the
other near Crofton (1650 trees per hectare), B.C. Because of the accessibility and stocking
of both sites, perimeter fencing was considered the most cost effective of the three choices.
The deer fencing installed near Crofton was approximately $10.50 per m, or $2.70 per tree.
The elk fencing installed near Cowichan Lake was $12.61 per m, or $2.40 per tree. The
fencing was considerably cheaper than installing Vexar with two wooden stakes ($4 per tree).
Another disadvantage to using the Vexar cages was that multiple entries would be required

62



to raise the cages until the apical bud attained a height above which the deer or elk could
no longer browse.The estimated cost per tree for a 1.5-m solid-wall tube with one wooden
stake was estimated to be $5 per tree.

When wood quality and not just fibre is the forest manager’s primary concern, the
cheapest browse protection may not be the best choice. For example, the exceptional height
growth (>300%) of seedlings in tree shelters over the first two growing seasons may shorten
rotation length, improve stem quality, and increase volume. The result is not only fibre,
but a high-quality product that would command top dollar in both the log and lumber
markets. This would effectively offset the initial cost of the shelters, and provide product
for value-added markets. Therefore, the relative long-term economic merits of each form
of browse protection should be evaluated.
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FIGURE 15. There are limits to tube height above which tree stability and stem
strength are compromised (photograph by P.G. Comeau).



4.2 Regulating Density of Bigleaf Maple

· Early control of bigleaf maple’s initial spacing is the best way to allocate
resources to desired crop trees and encourage the rapid growth of young maple.

· Research shows that when bigleaf maple seedling density is as high as 600
seedlings per square metre, first-year height growth can be reduced by more
than 50%.

Diameter growth of bigleaf maple is very responsive to increased growing space (Minore
and Zasada 1990; Niemiec et al. 1995). Managers should use spacing regimes that produce
optimal growth and maintain the benefits of crowding, to promote straight stems and limit
branching. Moderate crowding is necessary to reduce branching and forking and to induce
self-pruning. Because of the potentially rapid growth rates of bigleaf maple, densities of
about 1100 stems per hectare should be appropriate. Planting at higher densities would
require earlier entries for thinning and also result in increased mortality. A dense canopy of
bigleaf maple will suppress competing understorey vegetation and reduce the need for other
vegetation management (Niemiec et al. 1995).

Controlling maple spacing through initial planting density or pre-commercial thinning
is the best way to allocate rapid growth to crop trees at an early age (5–15 years) (Niemiec
et al. 1995). Moderate crowding of maple stands should be maintained, but intermediate
thinning for pulpwood or firewood may be needed to maintain diameter growth. Bigleaf
maple can continue to grow in diameter and respond to an increased growing space for at
least 40 years following thinning (Niemiec et al. 1995).

Existing guidelines for maintaining biodiversity during juvenile spacing (Park and
McCulloch 1993) apply to all broadleaf species and non-crop conifers and are not directed
at bigleaf maple specifically. This broad intent insures that all naturally occurring conifer
and broadleaf species are represented in the stand after spacing. To meet this objective, the
following recommendations are relevant:

· Broadleaf trees should be left standing, providing they are not competing directly with
crop trees.

· A diversity of conifer species should be retained.

· Pacific yew should not be cut.

· Broadleaf trees may be the preferred crop species on specific sites.

· Broadleaf trees and shrubs may be coppiced to enhance browse opportunities.

4.3 Management to Enhance Production of High-quality Maple Stems 

· All bigleaf maple logs sold in the province are sold as pulp-grade logs, which
thereby affords a potentially attractive profit margin for lumber manufacturers.

· Best prices will be obtained for clear or figured maple. Consequently, maple
should be managed in reasonably dense stands, or in the understorey, to
promote growth of a single main stem with few branches.

Achieving good stem quality of bigleaf maple is often undermined by the tendency for
this species to expand its crowns. Both bigleaf maple and red alder, especially in riparian
zones, have a tremendous capacity to expand their crowns laterally, to sprout epicormically,
and to use most of the available resources of a site (Emmingham and Hibbs 1997).
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Bigleaf maple log and lumber grades were established by the Oregon Forests Products
Laboratory over 40 years ago (Wollin and Pfeiffer 1955). Under these revised National Hard-
wood Lumber Association (NHLA) rules, the grades include: Selects and Better, No. 1 Shop,
No. 2 Shop, No. 3 Shop, and Frame. Unlike the standard NHLA grading rules, these grades
are generally based on the best face of the piece. Grades can be applied to rough, surfaced,
green, or dry lumber. In practice, lumber is usually dried and surfaced before grading. One
mill study conducted using NHLA standard grades, rather than the modified red alder and
maple grades, found a percentage recovery of No. 1 Common or Better green lumber from
bigleaf maple logs of 80% and 58% for grade 1 and 2 logs, respectively.This was good com-
pared to recovery rates for other Pacific Northwest broadleaf species (Niemiec et al. 1995).

Bigleaf maple is locally significant in British Columbia for the manufacture of furni-
ture (Figure 16), musical instruments, interior panelling, and other select uses such as large
bowls turned from maple burls (Figure 17). The wood of maples is typical of other sap-
wood types; it is cream coloured and unimpregnated by tannins, the component that makes
wood weather resistant. Therefore, maple wood will decompose quickly after contact with
soil or exposure to weather (van Gelderen et al. 1994). Among maple species, bigleaf maple
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FIGURE 16. This bigleaf maple rocking chair, featuring a bold curly pattern in its
wood grain, is a superb example of value-added use of this broadleaf
species (chair designed and made by R. David, Sidney, B.C.;
photograph courtesy of J. Dwyer).
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FIGURE 17. High-value bowl (a) turned from burl (b) of bigleaf maple (bowl designed
and made by R. David, Sidney, B.C.; photographs courtesy of R. David).
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is considered a softer wood, and is used to make wooden tools, kitchen utensils, furniture,
veneer, panelling, musical instruments, moulding, turnery, pallets, pulpwood, and hardwood
plywood, as well as for firewood (Kerbes 1968; Hosie 1979; Forest Products Laboratory
1987; Niemiec et al. 1995). Specialty markets exist for figured wood from bigleaf maple,
although no standard grades are applied. Craftspeople, both local and distant, may pay pre-
mium prices for burls or stems that contain curly, wavy, quilted, fiddle-back, or burl grain
patterns. This figured material is used in thin-sliced, decorative veneers for furniture and
architectural panelling (Thomas and Schumann 1993; Niemiec et al. 1995) and also for
turning high-value artistic solid products (Figures 16 and 17).

In British Columbia, most maple logs are sold as pulp grade. This, combined with the
percentage recoveries and the retail price for this fine lumber, provides the potential for
manufacturers of maple products to realize a good profit compared to other conifer and
broadleaf raw materials currently in the marketplace.

More recently, bigleaf maple has been included with three other broadleaf and conifer
species in Type 1 Portland cement for wood-cement composites (Miller and Moslemi 1991).
Cement mixes were prepared by adding air-dried wood meal (40 g) to Portland cement
(400 g). Of the broadleaf species, bigleaf maple registered the highest strength composite,
although broadleaf additions in general had lower strength than coniferous additions.

4.4 Woodlots

· Bigleaf maple is common in coastal woodlots; substantial opportunities exist
to manage maple for the production of high-value end products, as well as
firewood. Much of the land suited to maple is privately owned.

· If markets are close by, some woodlot owners will be interested in growing
bigleaf maple for lumber.

To date, one of the main uses of bigleaf maple has been for firewood. Its scattered
distribution over the coastal Pacific Northwest and southwestern British Columbia in rural
areas makes it a prime candidate as a woodlot species. The amounts of bigleaf maple
marketed as fuelwood have increased along with the use of wood stoves (Minore and Zasada
1990). Bigleaf maple has approximately 115% of the fuel value of red alder. Ovendry wood
heating values for maple are 21 million BTUs per cord (3.6 m3 of stacked wood, bark,
and air) (Sterling Wood Group Inc. 1991). To convert solid wood in tree volume tables to
volumes of wood plus bark, the conversion factors 1.10 and 1.12 are used for young trees
(pulpwood and firewood) and older trees (sawlogs), respectively. Estimated firewood rota-
tion ages for bigleaf maple were not specified, but for alder—a common associate of bigleaf
maple—rotations by site quality are 60 years on poor to fair sites, 50 years on medium
sites, and 40 years on good sites (based on fully stocked natural stands) (Sterling Wood
Group Inc. 1991). One untested idea is to grow short-rotation coppice maple on “pulp”
farms. Suitable quality unbleached pulps can be made with good yields by the kraft and
magnetite processes and as mixed species pulps (Bublitz and Farr 1971; Chang and Sarka-
nen 1973; Wang and McKimmy 1977).
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5 MANAGING BIGLEAF MAPLE IN MIXED STANDS

Bigleaf maple, with relatively high-shade tolerance, can be grown in any crown posi-
tion in stands with mixed species or age classes (Niemiec et al. 1995). Managing of mixed
stands is a complex task because stands may require periodic treatments to maintain the
growth of diverse components. For example, bigleaf maple stump sprouts may require prun-
ing to prevent the early suppression of associated seedlings. Later treatments may be needed
to maintain growth of bigleaf maple when intermixed conifers ultimately reach their supe-
rior height. Delaying the establishment of bigleaf maple seedlings in conifer plantations is
an appropriate strategy since maple naturally establishes and grows under partial cover
(Niemiec et al. 1995). Thinning and vegetation management may be necessary to maintain
adequate space for the growth of bigleaf maple. With even-aged mixtures or short delays
(<10 years) in bigleaf maple establishment, harvesting of maple sawtimber could occur along
with the harvest of associated conifers. A further option may be to plant maple on root rot
pockets and in gaps created during selective logging.

Bigleaf maple tends to establish in patches or clumps and it may be best to manage as
monospecific patches in mixture with other species.This “management in patches” approach
may be applied to groups of dominant maple sprout clumps or to patches of seedlings in
openings (Niemiec et al. 1995). When gaps provide suitable light levels, it may be possible
to produce maple sawlogs within a 40- to 50-year rotation on favourable sites. In general,
managing maple in groups seems the preferable method, especially since this reduces the
possibility for brushing crews to cut or damage maple stems during spacing treatments.

5.1 Maple-Conifer Relations 

· Maple is rarely found beneath a canopy of dense conifer or red alder stands,
but it readily regenerates in gaps occurring in these stands.

· Delayed establishment of bigleaf maple in conifer plantations is a sensible
strategy because maple naturally establishes and grows under partial cover;
however, further research is required to test this strategy.

Several studies confirm that the most intense competition to conifer regeneration from
broadleaf species occurs soon after logging or other disturbances (Brodie and Walstad 1987;
Tappeiner and Wagner 1987; Walstad and Kuch 1987; Walstad et al. 1987). Therefore, the
silviculturist intent on conifer regeneration must have knowledge of the reproductive meth-
ods of bigleaf maple.

Bigleaf maple establishment is related to the stage of stand development. For example,
research in western Oregon found that the number, age, and size of maple seedlings all
increased in pole-size (41–80 years) stands that were just beginning the understorey re-
initiation stage (Fried et al. 1988). Maple also regenerates following stand-destroying dis-
turbances such as fire or clearcutting. In these cases, however, regeneration seems restricted
to exposed mineral soil that is reasonably moist and in cool microsites. The shade created
by bigleaf maple, even at an early age because of its initial fast growth, does not allow shade-
intolerant species such as Douglas-fir to establish easily (Krajina et al. 1982). This facet of
maple–Douglas-fir relations is evident in the many productive sites that are not planted
immediately after harvest and are quickly occupied by bigleaf maple and red alder.

Light levels beneath individual bigleaf maple coppices can be below 1% of full sun-
light in midsummer (P. Comeau, unpubl. data). In a 9-year-old stand of resprouting bigleaf
maple, with approximately 200 and 400 coppices per hectare, understorey light levels (at
1 m above the ground) averaged 12 and 14% of full sunlight, respectively. In addition,
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minimum light levels were below 1% in some locations in these stands (P. Comeau and
K.Thomas, unpubl. data).These light levels are too low for reasonable growth of any coastal
conifer species. Thinning of these maple stands resulted in an increase in the amount of
light reaching the understorey. However, understorey light levels are expected to decline as
the crowns of the residual maples expand, and follow-up treatments may be required to
maintain light levels (30–60% full sunlight) suitable for growing conifer species. Some evi-
dence suggests that shade from residual maples may reduce the rate of regrowth of the
sprout clumps that were cut during spacing. However, further study is required to deter-
mine what levels of residual canopy must be retained to effectively minimize resprouting.

Bigleaf maple coppices can be serious competitors with Douglas-fir on productive sites
(Haeussler et al. 1990). Sprout clumps can rapidly occupy available growing space and over-
top planted conifers, resulting in increased mortality and reduced growth of the conifers
(Knowe et al. 1995). In the absence of any management, 200 well-distributed, resprouting
bigleaf maple per hectare can completely dominate a site within 10 years after harvesting.
When mature maples are cut, the remaining stumps can produce 50 or more sprouts that
can grow 1–2 m in height per year during the first 3 years (Roy 1955; D’Anjou 1991;
Comeau et al. 1995).

Retaining a component of bigleaf maple may be desirable in mixture with Douglas-
fir or other conifers. Fried et al. (1990) found that total soil nitrogen, organic carbon
content, and the rate of cycling of macronutrients were much greater beneath bigleaf maple
trees than beneath neighbouring Douglas-fir. Krajina et al. (1982) suggested that the mull
humus form, which develops where maple litter is deposited, may be beneficial to western
redcedar. In addition to contributing to enhanced nutrient availability, and possibly better
long-term tree production, the presence of maple contributes to both structural and species
diversity, and to aesthetics in coastal forests.

Bigleaf maple can cause substantial physical damage when it comes in contact with
branches or leaders of Douglas-fir. The heavy leaf litter from established maple stands can
smother small conifers (Packee 1976; Coates et al. 1990). Also, leaf litter from bigleaf maple
can inhibit seed germination (del Moral and Cates 1971). However, no allelopathic effects
of bigleaf maple on planted conifer seedlings are evident. Observations in 50- to 70-year-
old Douglas-fir stands suggest that Douglas-fir usually do not grow well within 5–6 m of
a resprouting maple (P. Comeau, unpubl. data). Knowe et al. (1995) developed non-linear
models to describe the effects of bigleaf maple on Douglas-fir growth as a function of prox-
imity to a maple and crown diameter of the maple. Their results for a site in Oregon
suggest that a Douglas-fir planted 3 m from a maple with a crown diameter of 3 m would
suffer a diameter growth reduction of 10%, while the growth reduction would be 25% for
a comparable site in Washington. The reasons for the differences between the two sites are
not clear. A similar approach was used to develop a model for estimating the effects of
bigleaf maple on Douglas-fir volume yield (Knowe 1994).

Bigleaf maple can grow in any crown position in a stand provided it has sufficient
space and light (Niemiec et al. 1995). Maple is rarely found in the lower canopy of dense
coniferous or broadleaf (i.e., red alder) stands, but regenerates in small gaps or where some
opening of the overstorey conifer canopy occurs through the death or removal of trees
(Fried et al. 1988;Tappeiner and Zasada 1993). Survival of bigleaf maple in the understorey
appears to require light levels exceeding 10% of full sunlight. Fried et al. (1988) found that
survival of bigleaf maple seedlings, which germinated from seed planted under Douglas-fir
stands and in the open, increased as the percentage of visible sky increased from 0 to 20%
and then levelled off. Light levels in excess of 30% were also suggested as desirable to achieve
reasonable height growth. Browsing by deer and elk often has a significant effect on growth
of maple less than 2 m tall (Fried et al. 1988).
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Controlling or thinning stump sprouts of bigleaf maple may be necessary to prevent
early suppression of nearby conifer seedlings. Thinning sprout clumps to limit the number
of shoots, compared to cutting all shoots, was observed to reduce resprouting (compared to
cutting all shoots) (D. Belz, pers. comm., 1992). These thinning treatments will increase the
amount of light penetrating the canopy for a short period of time, and may reduce the
amount of physical damage to neighbouring conifers.

Despite prolific sprouting after maple trees are cut, cutting reduces maple competition
in conifer plantations (Tappeiner et al. 1996). Following clearcutting of Douglas-fir, resid-
ual maple trees produced a sprout clump at their base that was about the same diameter
and area as sprout clumps formed from tall maple stumps that had been cut. Apparently,
residual maples produced sprouts on their lower stem, similar to those on cut trees, when
their tops were damaged during felling of the Douglas-fir. Because sprouting occurred along
the length of the stem, crown volume for uncut trees was more than twice that of sprout
clumps. Thus, in the early years of plantation establishment, shade and water use by the
large crowns of residual maples probably exert a greater influence on conifer tree growth
than would sprouting stumps. However, this situation could be prevented or mitigated by
minimizing damage to the standing maple trees.

Some of the best photographic evidence of bigleaf maple’s role in Douglas-fir stand
development portrays sites from the central Oregon Coast Ranges and focuses on three
distinct stages of succession (Tappeiner and Wagner 1987).The photograph shows a 6-year-
old Douglas-fir plantation in which sprouts from bigleaf maple stumps are dominating the
stand. An adjacent 1-year-old stand also has abundant stump sprouts. The authors suggest
that control of bigleaf maple sprout clumps in all such stands would be required to prevent
reduced and delayed yield of Douglas-fir.

Bigleaf maple is not listed among the tree species included in the management inter-
pretation section of Vancouver Forest Region’s field guide for site identification (Green
and Klinka 1994), nor is maple included among that guide’s recommended combinations
of tree species for mixed-species stands. However, maple is referred to as competing vege-
tation for several site series in the region. In this context, it is one of eight vegetation com-
plexes (defined by Newton and Comeau 1990) recognized by Green and Klinka (1994) for
harvested sites in the Vancouver Forest Region. Table 18 lists these site series, by the bio-
geoclimatic subzone or variant in which bigleaf maple is potentially a competing species
of low, medium, high, or very high severity. Table 18 also shows approximate site index
classes (based on Sections 6.3 and 6.4 of Green and Klinka 1994). These site index classes
are derived from Mitchell and Polsson’s (1988) data averaged for western redcedar and
Douglas-fir. For the site classes defined in Table 18, bigleaf maple is most prevalent on sites
of high productivity (site classes I and II).

In Washington and Oregon, interest has increased in planting bigleaf maple in centres
of laminated root rot (Phellinus weirii), as well as planting it into thinned conifer stands to
enhance wildlife and biodiversity values (Luckett and Hibbs n.d.). In coastal Oregon,Wash-
ington, and British Columbia, large patches of broadleaf species (bigleaf maple, vine maple,
Rocky mountain maple, red alder, and ocean spray) often develop in disease centres (Thies
and Sturrock 1995). As broadleaf species are immune to this fungus, manipulation involv-
ing alternative species, such as bigleaf maple, red alder, western redcedar, and western white
pine, remains the best strategy on heavily infested coastal sites.

While maple is commonly found as a codominant in red alder stands, it is rarely found
in the understorey of fully stocked red alder stands, presumably because light levels are gen-
erally below 5% in these stands. On sites where maple regenerates through resprouting, red
alder regenerating from seed will commonly achieve height growth rates equal to that of
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the maple within 2 years. However, in young stands, alder are rarely found within the
dripline of bigleaf maple sprout clumps, probably because of physical interference.

Much attention has been focussed on how to control or eliminate bigleaf maple.
Staebler (1960), Newton (1963), Hetherington (1964), and Gratkowski et al. (1973) are
papers dedicated to this topic. However, much less information is available on encouraging
this species in mixtures with other broadleaf or coniferous tree species. Only recently has
interest surfaced in a broader silvicultural role for maple. For example, the search for defi-
nitions of the most desirable stands for watershed management in the Greater Vancouver
Watershed District included susceptibility to fire as a variable. In this context, susceptibility
to fire in early developmental stages can be decreased by controlling crown density and
especially by encouraging a mixture of broadleaf species, such as bigleaf maple or red alder
(Klinka 1994).

The Oregon research by Tappeiner et al. (1996) suggested several alternatives for man-
aging bigleaf maple in young conifer plantations, including the following:

· If efficient control of competition for conifer establishment and growth is desired, then
injecting maple stems with herbicides before felling, treating stumps at the time of
cutting, or spraying sprout clumps 1–2 years after cutting can be effective treatments
(Wagner and Rogozynski 1994).

TABLE 18. Bigleaf maple’s potential as competing vegetation by subzone, variant, and
site series in the Vancouver Forest Region in sites of site index class I or II
for Douglas-fir and western redcedar. Site index classes, based on conifer
data, are shown for site series where maple is a competitor to conifer regen-
eration (Mitchell and Polsson 1988; Green and Klinka 1994).

Subzone/ Site series Severity rating of Site index
variant number and name maple competitiona classb

CDFmm 04 FdBg–Oregon grape M II
06 CwBg–Foamflower M–H II

CWHdm 05 Cw–Sword fern M–H I
07 Cw–Foamflower VH I

CWHds1 05 Cw–Solomon’s seal M–H II
07 Cw–Devil’s club VH I

CWHxm 05 Cw–Sword fern M–H I
07 Cw–Foamflower VH I

a Competing vegetation potential, as used by Green and Klinka (1994), refers to the potential of a site to pro-
duce post-logging vegetation communities that may influence establishment and growth of desired crop trees
(usually conifers). Severity ratings applied by Green and Klinka (1994) for potential competition from bigleaf
maple are as follows: M = medium; H = high; M–H = medium to high;VH = very high.

b Four site index classes are defined as follows for approximate median site indices for data on Douglas-fir site
index on site series where bigleaf maple is a potentially important competing species:

Approximate median site
index (ht [m] at age 50)

Site index class with range of medians in brackets
I 30 (24–35)
II 28 (21–29)
III 20 (15–22)
IV 10 (9–10)
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· If the goal is to reduce competition from maple sprouts while retaining some maple
in the next stand, or if herbicide treatments are not permitted, then leaving short maple
stumps is an option. Low stumps may result in less decay entering the new sprouts
from the parent stem, and increase the likelihood of sprouts developing their own root
systems, making future trees more resistant to windthrow or damage from snow and
ice storms.

The greatest reduction in maple vigour is probably achieved by cutting short stumps
several years before conifer harvest (Tappeiner et al. 1996). Additional work is needed to
verify the effects of preharvest cutting time. Depending on the treatments available, a com-
bination of herbicide and cutting to low stumps is likely an efficient way to manage maple
competition in young conifer plantations while maintaining maple into the next stand.

If maple trees in a stand are not being used, they should be left standing when the unit
is harvested to prevent resprouting. These residual maples can also provide snags and roost-
ing sites for birds. Although maple, together with red alder, cottonwood, and aspen, is among
the most hazardous species for snags (British Columbia Ministry of Forests 1990), this dan-
ger can be minimized by maintaining the snags in clumps. Bigleaf maple tends to establish
in patches or clumps, therefore one very effective approach may be to manage maple in
monospecific patches, together with patches of other species. Maple readily establishes and
grows under partial canopy cover and delayed establishment of bigleaf maple seedlings within
conifer plantations is a possible silvicultural strategy (Niemiec et al. 1995). Treatments such
as thinning and vegetation management may be necessary to maintain adequate spacing for
maple growth.With delayed (<10 years) maple establishment and even-aged mixtures, maple
sawtimber could be harvested at the same time as associated conifer crops. Small to medium
bigleaf maple are well adapted for planting in gaps created by cleaning of root-rot pockets
during commercial thinning. Recent studies have been initiated to quantify performance of
maple planted in such openings (P. Comeau and K. Thomas, unpubl. data).

5.2 Bigleaf Maple Control

· Bigleaf maple resprouts vigorously after cutting of mature trees and is gen-
erally difficult to control.

· There is silvicultural interest in encouraging maple to grow as one stem,
rather than a clump of stems, but this objective is not well researched.

Based on the Coates et al. (1990) guide to responses of competing vegetation to silvi-
cultural treatments, Table 19 summarizes bigleaf maple’s responses to overstorey removal,
manual treatments, chemical treatments, mechanical site preparation, and prescribed burn-
ing. Results from a more recent synopsis of research on factors influencing maple sprout
development in Washington and Oregon (Tappeiner et al. 1996) is summarized in Sections
3.3.2, 3.4.2, 4.1.1, and 5.1 of this handbook.Another source of information on bigleaf maple
control (D’Anjou 1993) indicated that the most effective way of controlling vigorous maple
regeneration was with triclopyr ester (Release™). If the goal of operational management is
the complete control of a sprout clump (no living sprouts), then the amount of triclopyr
ester applied is critical. Generally, the greater the amount of triclopyr ester applied (regard-
less of specific technique), the greater the chance of complete control of bigleaf maple
sprout clumps. Details of D’Anjou’s recommendations are reproduced in Appendix 3.

Bigleaf maple resprouts vigorously following cutting of mature trees and is generally
difficult to control. Regeneration of maple from seed is sporadic and rarely results in dense
stands (Coates et al. 1990; Haeussler et al. 1990).Various techniques are available to control
resprouting maple, including herbicide and cutting treatments.
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Hart and Comeau (1992) reviewed recent information on maple control in the Pacific
Northwest and British Columbia, and their review is summarized here. Roberts (1980)
found that cutting bigleaf maple in the late-foliar period (mid- to late-summer) in Wash-
ington and Oregon produced the shortest and fewest sprouts. After two growing seasons,
maple averaged 2.7 m tall and typically had three sprouts for each cut stem. Later work by
Wagner (1987) in coastal Oregon tested manual cutting during dormant, early foliar, and
late-foliar stages. First-year results showed no significant differences between the three kinds
of cutting. However, crown volume was lowest with the late-foliar cutting. All manually cut
stems developed sprouts. In general, herbicide treatments were more effective than manual
cutting. In British Columbia, research near Duncan by Boateng and Ackerman (1988) indi-
cated vigorous sprouting followed manual cutting in early September. Two years after
cutting, the height and average number of sprouts were very similar between the control
and the manual cutting. A 6% solution of glyphosate significantly reduced height and
number of sprouts.

TABLE 19. Summary of bigleaf maple’s responses to overstorey removal, manual and
chemical treatments, mechanical site preparation, and prescribed burning
(Coates et al. 1990)

Overstorey Removal
• The number of individual clumps does not generally increase following logging.
• Established plants may increase in size and vigour.
• Seedling establishment is rare and is generally restricted to moist, rich sites.
• Trees damaged during logging sprout vigorously.

Manual Treatments
• Manual treatments alone will not reduce the cover of bigleaf maple. Substantially less crown

volume regrowth occurs if glyphosate is applied to the cut surfaces immediately after cutting.
• Bigleaf maple sprouts rapidly after cutting and can grow 2–4 m in height in the first year.
• Cutting in late summer should produce the least number of sprouts.

Chemical Treatments
• To control bigleaf maple, the chemical must kill the root system, otherwise vigorous sprouting

will occur.
• Effective control is achieved with injections (hack-and-squirt) or stump treatments.
• Injections or stump treatments before or during logging will minimize the number of stems

requiring treatment.
• Stem treatments are most effective when performed during periods of slow growth or in the

dormant season.
• Hack-and-squirt treatments using glyphosate in the fall have provided effective control.
• Basal stem treatments with Garlon® have been very effective.
• Basal spray with 2,4-D ester in diesel oil provides moderate control for 2 years.
• Application of undiluted 2,4-D amine to cut surfaces in summer or late summer causes moder-

ate injury in Washington and Oregon.
• Foliar sprays with glyphosate are effective, provided the foliage of coppices is completely covered

with spray. Early fall applications may provide the best results.
• Aerial applications of 2,4-D in winter, spring, or summer have been ineffective in Washington,

Oregon, and British Columbia.

Mechanical Site Preparation
• Damaged stems sprout rapidly.
• Bigleaf maple does not usually seed-in to areas of exposed mineral soil.
• Uprooting stumps results in good control.

Prescribed burning
• Top-kill usually occurs after fire.Vigorous sprouting from the bases of damaged stems will

follow.
• Severe burns will kill some individuals.
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Elsewhere on the coast, Hart and Comeau (1992) described silvicultural trials in the
Campbell River Forest District to control bigleaf maple by cutting and enclosing the stump
in a heavy plastic bag.To be successful, this method requires that all light is eliminated, oth-
erwise sprouts will develop under the bag. This method has yielded only limited success.
Post-harvest girdling using the L’il Beaver™ tool was unsuccessful to the time of the review
by Hart and Comeau (see Albertson 1992). In summary, research suggests that bigleaf maple
sprouts vigorously after being cut or disturbed by logging. The crowns of bigleaf maple
clumps may be reduced by half after one growing season when manually cut, but sprouts
may range up to 3 m tall after two growing seasons, with up to 50 sprouts per stump. Pre-
ventative, pre-harvest measures seem more successful than post-harvest treatments. Hart and
Comeau (1992) recommended more research to clarify the pre- and post-harvest biology
and growth of maple. Greater care during logging to minimize disturbance to existing trees
and pre-harvest cutting, girdling, or herbicide treatments should be tested for comparison
with the typical post-harvest approach.

Maple clump size expands quickly, as shown by the small clump in Figure 18 (3 months
after cutting) and the larger clump in Figure 19 (4 years after cutting). This rapid clump
expansion is silviculturally important because research has shown that both distance and size
of bigleaf maple clumps are important factors influencing growth of Douglas-fir, and these
factors should be considered when prescribing vegetation management treatments (Knowe
et al. 1993).

FIGURE 18. Small maple clump 3 months after cutting (photograph by P.G. Comeau).
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5.2.1. Herbicides

· Hack and squirt treatments, involving injecting herbicide into a slit in the
bark created using a hatchet, can provide effective control of bigleaf maple.

· Foliar application of triclopyr ester at rates of 4–5 kg ae/ha during mid-
summer provides effective control of maple; control of resprouting bigleaf
maple using foliar applications of glyphosate has given variable results.

Control of resprouting bigleaf maple using foliar applications of glyphosate has given
variable results (Walstad et al. 1987). In general, glyphosate applied at a rate of 2.1 kg ai/ha,
during late summer resulted in light to severe damage to maple (Biring et al. 1996). Com-
plete spray coverage of the foliage of the coppices seems essential for achieving significant
control of resprouting maple using glyphosate (Coates et al. 1990; Haeussler et al. 1990).
Boateng and Ackerman (1988) reported 90% control of bigleaf maple 2 years following
foliar application of a 6% solution of glyphosate. Newton et al. (1986) reported good
control of maple using glyphosate at rates of 1–2 kg ai/ha, with treatment effectiveness
increasing with increasing total spray volume applied (and with associated reductions in the
herbicide concentration per unit volume). The best control was achieved with 2 kg ai/ha
applied in 700 L/ha of spray solution. Figueroa (1989) and Wagner (1987) observed poor
control of maple using foliar applications of glyphosate. Conard and Emmingham (1984a)
reported that foliar application of glyphosate at 3.4 kg ai/ha can provide effective, but vari-
able, control of maple. Late summer and fall application of glyphosate at a rate of 1–2%
formulated herbicide product in water, with spray applied to wet the foliage surface, is
reported to give effective control of bigleaf maple (Conard and Emmingham 1984b).

FIGURE 19. Rapidly expanding maple clump, 4 years after cutting (photograph by
P.G. Comeau).
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Foliar application of triclopyr ester at rates of 4–5 kg ae/ha during midsummer can
provide effective control of bigleaf maple (Biring et al. 1996). Foliar application of a 3–5%
solution of triclopyr ester in water before bud-set resulted in defoliation and stem kill of
bigleaf maple, but control was not complete (Fraser et al. 1990a). Lauterbach and Warren
(1982) reported effective control of bigleaf maple using an invert emulsion of 5% triclopyr
ester, 30% diesel oil, and 65% water (with an “inverting” agent) applied by helicopter to
cover the lower basal stems of the maple (using 4–6 L of solution per clump). Conard and
Emmingham (1984a, 1984b, 1984c) reported that foliar application of triclopyr ester at
1.0–1.6 kg ae/ha in an invert emulsion can provide effective control of bigleaf maple. Emul-
sions are rarely used in Canada.

Studies in the United States indicate that foliar application of imazapyr at 1.1 kg ae/ha
or greater can effectively control bigleaf maple if applied to all sides of the crown (Cole et
al. 1986; Cole et al. 1988; Figueroa 1989; Cole and Newton 1990; Wagner and Rogozynski
1994; Knowe 1995). Cut-stump applications of imazapyr using concentrations between 5
and 100% are also effective (Figueroa 1995). This herbicide is registered for industrial use,
but is not currently registered for forestry use in Canada. The overall assessment in the
Pacific Northwest Weed Control Handbook (William et al. 1997) ranked imazapyr in a water
carrier, picloram + 2,4-D with no carrier, and undiluted triclopyr amine as three alterna-
tives that are excellent for bigleaf maple control.Triclopyr ester in an oil carrier was ranked
as good to excellent. Herbicides ranked as fair for bigleaf maple control were: dichlorprop
carried by invert emulsion (25% oil); picloram + 2,4-D in a water carrier; and triclopyr
ester in a water carrier.

Application of either glyphosate (30–100% v/v solution in water) or triclopyr ester (10–
30% v/v solution in mineral oil) to stumps immediately following cutting provides very
effective control of bigleaf maple (Comeau et al. 1995; Biring et al. 1996). Conard and
Emmingham (1984b) indicated that application of glyphosate or triclopyr amine herbicides
to freshly cut bigleaf maple stumps can provide effective control. In one study, cut-stump
application of glyphosate resulted in some damage to a maple coppice located approximately
9 m away, presumably as a result of root connections (P. Comeau, unpubl. data). Conse-
quently, cut-stump treatment using glyphosate may not be appropriate for spacing treatments.

Triclopyr ester applied over the bark of young maple stems as either low-volume basal
or thinline treatments can provide effective control of maple (Warren 1980; Conard and
Emmingham 1984b; Figueroa 1989; D’Anjou 1990,1993; Figueroa et al. 1993; Figueroa and
Carrithers 1994; Wagner and Rogozynski 1994; Comeau et al. 1995; Figueroa 1995; Biring
et al. 1996). Low-volume basal treatments involve applying triclopyr ester, diluted from 10
to 30% concentration in mineral oil, as a 5- to 30-cm-wide band on the lower 30 cm of
the stem. Fraser et al. (1990b) and Cole and Newton (1990) suggested that triclopyr should
be applied at concentrations of 30% or greater. Thinline treatments involve applying undi-
luted herbicide in a thin horizontal line, 15 cm above the stem base, around the entire cir-
cumference of the stem. For effective control of maple, application to all sides of all stems
is required. Thinline application of imazapyr over the bark of young stems can also give
effective control of bigleaf maple (Figueroa et al. 1992; Figueroa and Nishimura 1994). In
practice, low-volume basal treatments provide more consistent control than thinline treat-
ments. Belz (D. Belz, pers. comm., 1992) suggested that thinline treatments work best when
sprout diameters are below 3 cm, and low-volume basal treatments work best when sprouts
exceed 3 cm. Cole and Newton (1990) reported that low-volume basal treatments were
more effective than thinline treatments, when applied during full leafout. While basal bark
treatments can be applied at any time of year, treatment is easier and more consistent when
applied during late winter and early spring after leaf litter has partially broken down and
been compressed by rain and snow. Leaves and debris should be removed from the base of
sprouts before spraying to ensure adequate coverage (Cole and Newton 1990).
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Hack and squirt treatments, involving injecting herbicide into a slit in the bark cre-
ated using a hatchet, can provide effective control of bigleaf maple. Warren et al. (1984)
reported that triclopyr amine (Garlon 3A) or glyphosate applied as hack and squirt treat-
ment could effectively control maples up to 30 cm dbh. They recommend that cuts into
the cambium should be spaced at 7- to 12-cm intervals on maples smaller than 25 cm dbh.
For maple with stems larger than 25 cm dbh, Warren et al. (1984) recommended creating
a continuous frill or girdle for herbicide application.

Initial results from testing the use of a native fungus (Chondrostereum purpureum) show
promise for controlling bigleaf maple (Sieber and Dorworth 1994; Shamoun and Wall 1996;
Wall 1996). The fungus is cultured for application as a mycelial suspension in a paste
formulation and then applied to freshly cut stumps. Summer or autumn applications can
prevent wound healing in target broadleaf species and thus hasten mortality (Shamoun 1997).
An earlier trial with this treatment demonstrated the need for a period of dry weather
when applying this mycoherbicide (Comeau et al. 1995). Although work is under way to
obtain registration of this product for forestry, at the time of writing it was not available
for operational application. Target weed trees treated with Chondrostereum purpureum even-
tually support fructifications (basidiocarps) that can produce large quantities of airborne
basidiocarps that may infect non-target tree species. Apple, plum, or cherry trees would be
vulnerable to infection if subjected to pruning, vegetative propagation, or other wound treat-
ments at the time of spore discharge. Results from three sets of inoculation experiments
(Wall 1997) involving red alder, birch spp., and red maple (Acer rubrum) at two locations
(New Brunswick and British Columbia) showed that fructification and basidiocarp discharge
from C. purpureum could be expected for only a few years after the treatments are applied.
Also, shortly after treated trees or stumps are killed by C. purpureum, basidiocarps cease to
form and are often replaced by secondary fungi. About 500 m is considered to be a safe
distance between broadleaf biological control activities and susceptible crop species (de Jong
et al. 1996).

5.2.2 Cutting and girdling

· Cutting maple sprouts during mid- to late-summer results in a slight reduc-
tion in vigour of resprouting bigleaf maple.

· Girdling resprouted bigleaf maple is difficult, considering the large number
of sprouts that require treatment; girdling large maple trees is generally not
successful because it is often followed by vigorous resprouting.

Hart and Comeau (1992) provided an overview of the effectiveness of cutting and
girdling for control of bigleaf maple. D’Anjou (1991) reported that bigleaf maple can recover
to heights of untreated clumps within 2 years after cutting of sprouts. Boateng and Acker-
man (1988) found that sprouts could reach 4.5 m in height, with 45 stems per stump 2
years after cutting. Comeau et al. (1995) observed that bigleaf maple reached heights of
5.5 m within 3 years after cutting. Cutting can also increase the number of live shoots, at
least temporarily (Comeau et al. 1995).

Roberts (1980) found that cutting of resprouts during mid- to late summer can result
in a slight reduction in the vigour of resprouting maple.Wagner (1987) reported that crown
volume was lower 1 year after cutting in August, compared to cutting in the winter or
spring. However, the differences were not statistically significant. All clumps regained more
than one-half of their pre-treatment crown volume and 75% of their pretreatment height
within 1 year of treatment. Kays and Canham (1991) examined the effects of cutting time
on resprouting of red maple (Acer rubrum) in southeastern New York State.They found that
cutting red maple during an 8-week period starting at the end of the major spring period
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of terminal extension (i.e., starting June 18) resulted in significant reductions in height and
basal area growth of resprouts compared to earlier or later cutting. Cutting at the begin-
ning or end of the growing season, or during the dormant season, resulted in the highest
sprout production. Higher sprout production was correlated with higher root carbohydrate
reserves during this period.

Girdling of resprouted maple is difficult, considering the large number of sprouts that
require treatment. Girdling of large trees using chainsaws or power girdling tools generally
meets with limited success and is often followed by vigorous resprouting (Albertson 1992;
Hart and Comeau 1992).

Resprouting maple clumps have been thinned as an alternative to cutting all shoots.
In some cases, thinning may reduce the amount and vigour of resprouting and may also
reduce the leaf density and competitive effects of the maple. In Washington, maple coppices
are commonly thinned to one sprout per 25 cm of stump circumference (D. Belz, pers.
comm., 1992). Comeau et al. (1995) found that leaving one stem uncut did not signifi-
cantly reduce resprouting following cutting of maple. Preliminary results from a study ini-
tiated by K. Thomas in 1996 suggest that leaving three or more stems on a clump may
reduce resprouting. Field studies are under way to provide guidance regarding the number
of stems that should be left.

Sund and Finnis (1979) observed significant mortality of bigleaf maple if mature trees
are felled during May and June. They suggested that this might relate to the exhaustion
of reserve carbohydrates in the root system during flowering, leaf expansion, and stem
elongation.



6 MANAGING BIGLEAF MAPLE FOR
NON-TIMBER VALUES

Bigleaf maple’s role in forest ecosystems of British Columbia is associated mainly with
non-timber values.This section summarizes maple’s attributes in relation to biodiversity val-
ues, stand gap dynamics, and amenity values in visually sensitive areas.

6.1 Bigleaf Maple Values for Biodiversity and Special Products

· The growing industry in special forest products in British Columbia and
the Pacific Northwest involves a variety of marketable and renewable craft
materials derived from bigleaf maple trees or ecosystems where maple is
prominent.

· Bigleaf maple, with other broadleaf species in British Columbia, is receiv-
ing greater consideration for its contribution to maintaining diverse, pro-
ductive, and resilient ecosystems.

Bigleaf maple is a relatively ubiquitous species within its natural range and therefore
has not been given particular attention in areas nominated for protected area status. One
exception is the Maple Knoll Research Natural Area about 16 km south of Corvallis,
Oregon (Franklin 1972). Stands originally consisting of Douglas-fir, grand fir, and maple
were selectively logged for conifers during World War II, resulting in a conversion to rela-
tively pure maple. This natural area is of research interest for successional studies of Garry
oak, bigleaf maple, and grasslands now that logging and grazing have been eliminated
(Franklin 1972).

In British Columbia’s system of ecological reserves, maple is not singled out as the
prominent feature of any particular reserve. However, Ecological Reserve 74 on the Uni-
versity of British Columbia Endowment Lands, selected to portray second-growth forest of
the Puget Sound Lowlands, is typical of locations where maple is now common (Ecolog-
ical Reserves Program 1992).

Traditional use of bigleaf maple by the Lower Nlaka’pamux (Thompson) people of
British Columbia included peeling and eating the young shoots raw in spring, and boiling
and eating the sprouted seeds (Turner 1975, 1995; Turner et al. 1990; Kuhnlein and Turner
1991). Maple is also known as the “paddle tree” in many First Nation languages because
the wood was used to make paddles and various other implements, and the large leaves
were used as temporary containers (Turner 1979; Pojar and MacKinnon 1994). Bark used
in medicine has also been reported as part of contemporary treatment by two elders on
southeast Vancouver Island (Turner and Hebda 1990).

As a riparian species, bigleaf maple is a contributor to coarse woody debris. In the
Lookout Creek drainage basin of the western Cascade Range in Oregon, Nakamura and
Swanson (1994) documented distribution of coarse woody debris in mountain streams in
an area characterized by conifers on hilltops and upper terraces and by bigleaf maple, red
alder, and willows on lower terraces. In that study area, maple provided the dominant
supply of coarse woody debris from broadleaf species.

The eastern Canadian maples are well known for their maple syrup, and small
commercial-scale syrup production is beginning on the prairies using Manitoba maple (Kort
and Michaels 1997). When boiled down, 30 L of eastern maple sap produces 4 L of syrup.
Such syrup is also available from bigleaf maple, although it has lower quality than that from
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sugar maple (Ruth et al. 1972). Experience in the Pacific Northwest shows that bigleaf
maple has an annual sap flow of 3–6 U.S. gal per tree, with 35 U.S. gal required to make
1 U.S. gal syrup. The sugar content of 2.5% is within the general average of 0.25–2.30%
invert-sugar for sugar maple (Willits 1965).The flow of bigleaf maple syrup is adequate for
syrup production in January and February, with late January being the optimal time; most
flow occurs before noon in the day. The flow is caused by stem pressure; in maple trees
stem pressure often exceeds root pressure, whereas in birch trees root pressure exceeds stem
pressure (Kramer and Boyer 1995). Stems of maple absorb water while freezing and exude
water while thawing, but this occurs only if sucrose is present (Johnson et al. 1987). In the
annotated bibliography on the conservation and development of non-timber forest prod-
ucts (von Hagen et al. 1996), Paré (1982) suggests feasibility studies of syrup collection from
bigleaf maple in the Pacific Northwest.

The growing industry in special non-timber forest products from Pacific Northwest
and British Columbia forests has included the following features or products of bigleaf
maple: bigleaf maple shoots for craft materials (Freed 1997); epiphytes and moss mats from
bigleaf maple and other broadleaf species for the floral and craft trade (Peck 1997a, 1997b);
charcoal production using broadleaf species, including maple (Johnson 1992); local sap pro-
duction (De Geus 1995); and native species for landscaping (Johnson 1992). Freed (1997)
indicated that worldwide demand for special forest products is expected to double in the
next 10 years. Already, the pressure of this industry is forcing attention to management and
regulation to achieve sustainability and minimize conflicts among forest resource uses (De
Geus 1995).

Native mosses growing on bigleaf maple are very popular in the floral industry, a very
active market in the Pacific Northwest (Howell 1991; Peck 1997b), and increasingly so in
British Columbia (De Geus 1995). Howell (1991) reported that wholesalers purchase moss
from collectors for about U.S. $0.30 per lb. However, little information exists about the dis-
tribution and abundance of harvestable mosses, nor is there information on the ecological
effects of this harvest practice. Peck (1997a, 1997b) lists moss species collected commercially
from sites in the Cascade Range and the Coast Range of northwestern Oregon. Peck
(1997a) noted that one locally abundant moss species (Metaneckera menziesii) typically grows
on bigleaf maple, but is not acceptable for moss harvest because older portions of the plant
turn a bright yellow-orange. The most common and abundant species for commercial har-
vest are most prevalent in stands with high broadleaf basal area.Tappeiner and Zasada (1993)
suggested alternative forms of understorey management in commercially thinned stands that
could lead to production of commercial and subsistence crops such as salal foliage and moss
growing on bigleaf maple and vine maple. They stressed the need for understanding the
reproductive biology and success in early survival of these species. This information is crit-
ical to the sustainability and success of business ventures that yield additional revenues from
forest stands with productive understories.

Research by Carey (1996) on the role of forest canopies for arboreal mammals noted
the role of bigleaf maple seeds as a nutrient source for squirrels in years of acorn crop fail-
ure. Carey’s research demonstrates the importance of arboreal rodents as a prey base for
other vertebrate predators and disseminators of seeds and fungal spores (Carey 1991). Peck
and McCune (1997) have provided recent suggestions for retention of biodiversity values
of canopy lichen communities.
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6.2 Bigleaf Maple’s Role in Stand Gap Dynamics 

· Current research interest in gap-phase processes suggests that bigleaf maple
is involved more with edaphically controlled gaps than forest development
gaps.

· Small-scale, low-intensity disturbances that create gaps are ecologically
important in wet rainforests where bigleaf maple occurs.

Bigleaf maple’s role in stand gap dynamics is influenced by the clumped distribution
of this species. Fried et al. (1988) noted that, unlike sugar maple seedlings, which often have
a relatively uniform distribution throughout the stand, bigleaf maple seedlings tend to aggre-
gate in discrete groups in the understorey of Douglas-fir stands. Furthermore, different
patches of maple tend to have different ages, stocking levels, and patch size. This suggests
that conditions favouring maple seedling establishment frequently change.Variation in canopy
density, rodent and bird predation, seed supply, and density of understorey shrubs and herbs
may account for the varying age and height distributions of maple seedlings in different
patches within stands.

Although there is not much information on gap dynamics information specific to
bigleaf maple, the general features of gap characteristics and tree species responses was the
subject of many studies in coastal coniferous forests. For example, Spies and Franklin (1989)
noted that in western hemlock forests, where fine-scale gaps are at least as common tem-
porally and spatially as large gaps, most tree species can regenerate in the large gaps cre-
ated by fire or harvesting. In contrast, less than one-half the tree species at their study sites
regenerated in small gaps formed by other processes such as insects or wind damage. Both
disturbance type and gap size must be considered when trying to predict the responses of
shade-tolerant and shade-intolerant species in canopy gaps. Recent documentation of canopy
gaps in the Tofino Creek watershed by Lertzman et al. (1996) included study locations
where bigleaf maple and red alder occur in recently disturbed riparian areas. However, this
study gave no information specific to maple’s place in gap dynamics in the CWH biogeo-
climatic zone. In the Tofino Creek watershed many of the present gaps have silvicultural
origin or are the result of patchy infilling of natural conifer regeneration and initial occu-
pancy by shorter-lived broadleaf species, including bigleaf maple. Overall, small-scale, low-
intensity disturbances that create gaps clearly have broad ecological significance in rainforests
where bigleaf maple occurs.

As far as bigleaf maple is concerned, the most important aspect of current research
interest in gap-phase processes is in relation to edaphically controlled gaps as opposed to
forest development gaps. The original interest in gap dynamics arose from questions about
patterns and modes of tree mortality and replacement. Lertzman et al. (1996) stressed that
edaphically induced gaps do not fit well into this framework because they are not loci of
tree mortality and replacement, but rather are loci of persistent open space in the matrix
of a generally closed forest canopy. Restrictions of rooting zones along stream courses, which
are sites where bigleaf maple is often found, are a source of edaphic gaps. Distinct substrates
and soil moisture status are frequently associated with edaphically induced gaps. The place
of bigleaf maple in edaphic gaps has yet to be researched in detail.

Bigleaf maple was one of the species included in recent research on hardwood gaps,
which were defined as breaks in the coniferous canopy that were filled with broadleaf tree
species and shrubs (Neitlich and McCune 1997).Their study involved bigleaf maple in gaps
(0.1–0.3 ha) of young managed forests in the Oregon Coast Ranges. Neitlich and McCune
(1997) reported that lichen diversity in these broadleaf-filled gaps was distinctly higher than
in adjacent conifer stands.
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6.3 Bigleaf Maple’s Role in Amenity Plantings and Visually Sensitive
Areas 

· Bigleaf maple is often included among native species listed for gardening
and amenity plantings.

· Bigleaf maple is suitable for planting along stream banks because of its resis-
tance to erosion and its soil-binding capabilities.

Bigleaf maple is frequently used as a shade tree in urban locations where its large
crown provides shade in parks, school grounds, public plantings, and home gardens in British
Columbia and the Pacific Northwest (Arno 1977; Straley 1992; Jensen and Ross 1994).This
maple is a visually attractive feature in public parks and across the landscape (Black 1981),
even in the leafless season (Figure 20). Records of historic bigleaf maple trees (Randall and
Clepper 1976) include the Sauvie Island maple near the confluence of the Columbia and
Willamette rivers which dates to the mid-1880s, a maple planted in 1861 by Agnes Sawyer
adjacent to the Sawyer Hotel in Kerby in what was then Oregon Territory, and a maple
known to be more than 300 years old overlooking English Camp on San Juan Island,Wash-
ington, which is now part of San Juan National Historic Park.
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FIGURE 20. Even in the leafless season, bigleaf maple is a visually attractive feature in
public parks, as shown in this example from Goldstream Provincial Park,
British Columbia.



Bigleaf maple is included among native species listed for use in gardening and amenity
plantings (Washington State University Cooperative Extension 1997). For such plantings,
seeds should be collected in September or October, and sown as soon as possible because
they do not store well. Naturally regenerated seedlings up to 1 m tall can be successfully
transplanted to desired locations.

For amenity planting, this tree is suitable for stream banks and steep slopes because of
its erosion resistance and soil-binding capabilities. It also forms moderately long-lasting, large
woody debris. Seeds produce numerous seedlings within a large radius. Seeds, leaves, and
new sprouts attract a variety of wildlife species. Flowers are an early nectar source for bees
and other insects. This maple sometimes drops large limbs, so it should not be planted near
buildings. It should also not be planted near sewer or septic lines as the roots tend to invade
pipes and clog lines (Washington State University Cooperative Extension 1997).

Since bigleaf maple is not a major forest crop tree, genetics research on this species
has focussed on cultivars for ornamental use. However, maple provenance trials have recently
been initiated in British Columbia (C.Ying, pers. comm., Sept. 1997). A red-leafed variety
of bigleaf maple (Acer macrophyllum Pursh forma rubrum) has been found in northern Cal-
ifornia. Another variety with triple samaras (Acer macrophyllum Pursh var. kimballi Harrar) is
occasionally found in Washington (Harrar 1940; Murray 1969; Niemiec et al. 1995). In their
book, Maples of the World, van Gelderen et al. (1994) recognized these two cultivars plus two
additional ones: “Seattle Sentinel” Mulligan (1954) and “Tricolor” Schwerin (1893), an old
cultivar from Germany with white-flecked leaves. The “Kimballiae,” “Rubrum,” and “Seat-
tle Sentinel” cultivars are rare in cultivation and only occasionally available in commercial
nurseries (van Gelderen et al. 1994).Vancouver Island nurseries were selling (at the time of
writing) 2-m bigleaf maple (in 23-L containers) for $30 each. Although it is not possible
to assign a commercial value, bigleaf maple disfigured by exceptionally large burls are often
points of interest in public recreation areas, as shown by several examples in the Greater
Victoria area (Figure 21).
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FIGURE 21. Unusual stem forms of bigleaf maple, as a result of burls (a), pruning practices (b), or old age (c), often result in trees of
amenity or heritage value, as shown by these three examples in Victoria, British Columbia. For scale, note metre stick on old
stem of (c).

a b c



7 RESEARCH PRIORITIES FOR BIGLEAF MAPLE
IN BRITISH COLUMBIA

Bigleaf maple seedlings are most successfully established after natural, and probably sil-
vicultural, thinning of Douglas-fir, but before a dense understorey of forbs and shrubs devel-
ops, which is characteristic of the late understorey re-initiation and old-growth stages (Fried
et al. 1988). However, more work is needed to determine how seedling establishment is
affected by understorey species composition and density.

Many of the research priorities suggested by Massie et al. (1994) for British Colum-
bia’s broadleaf species still apply to bigleaf maple and those suggestions are reproduced below
with additions from the co-authors of this handbook. No order of priority is intended
within each of the four subheadings.

7.1 Utilization Research 

· Level of management and utilization possible for bigleaf maple while maintaining the
intent of good forestry practices.

· Greater emphasis on value-added manufacturing of bigleaf maple products.

· Improved inventory of bigleaf maple and better estimates of sustainable levels of
supply.

· Improved information on acceptable harvest rates and sustainability of commercially
harvestable mosses that are epiphytic on bigleaf maple.

7.2 Silviculture Research

· Continued research for innovative ways to encourage and manage conifers and broadleaf
species in mixedwood stands.

· Better definition of the circumstances where broadleaf-conifer mixtures, including sil-
vicultural underplanting of conifer seedlings, might enhance the wood supply of both
broadleaf and softwood components.

· Improvement of background information on desirable stocking levels for broadleaf
species, particularly in relation to steps possible in incremental silviculture.

· Increased attention to silvicultural methods for maximizing the beneficial role of
broadleaf species in riparian zone management.

· More precise information on the definitions of maturity of broadleaf species in man-
aged and unmanaged stands, and in relation to the presence or absence of conifers.

· Ideal stock types and development of nursery practices to produce healthy maple
seedlings for planting.

· Field trials to develop and test stocking standards and stand-tending regimes for bigleaf
maple for the purpose of growing high-value wood products.

· Studies to determine the usefulness of thinning clumps, both for producing high-value
maple stems and for reducing competition effects of maple on conifers.

· Field trials to document and demonstrate the consequences of retaining different
amounts of maple in mixed stands.
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7.3 Ecology Research

· Better quantification of broadleaf-dominated land areas and the broadleaf biomass pro-
duction rates in the most productive ecosystems.

· Long-term studies of managed stand growth in broadleaf and mixedwood stands, and
the effects of management practices on stand dynamics, including the nutrient capital
lost from whole-tree logging.

· Continued definition of competition thresholds in various naturally occurring conifer-
deciduous mixtures.

· Increased attention to soil and humus factors that influence vegetative reproduction of
broadleaf species.

· Increased attention to broadleaf features that influence whole-tree utilization, includ-
ing tree dimensions, production structure, and physiological characteristics.

· Better information on the effects of stocking, stand density, and density management
on wood quality.

· Evaluation and demonstration of effective browse protection options on different site
series.

· Evaluation of inter-species relations in mixed maple-alder stands.

· Relationships between site factors and growth of maple as a basis for species selection
decisions.

· Factors limiting natural regeneration of bigleaf maple to produce healthy maple seedlings
for planting.

· Genetic variability of bigleaf maple as a basis for selecting rapid-growing or high-
quality genotypes and as a basis for seed transfer guidelines.

· Interactions between bigleaf maple and root diseases.

· Influence of bigleaf maple on nutrient availability, nutrient cycling, and soil properties
in both pure and mixed stands.

· Influence of maple in mixed stands on biodiversity.

· Competitive influences of bigleaf maple, including the effects of density, size, and site
factors, on the performance of a range of associated conifer species.

7.4 Forest Health Research

· Better definition of the ecological basis for the nurse-crop concept for each of British
Columbia’s main broadleaf species, including bigleaf maple.

· Increased attention to disease and insect influences in young stands of the key broadleaf
species.

· Continued documentation of circumstances and ecosystems in which broadleaf species
may have a moderating role for diseases or insects of importance in coniferous or
mixedwood stands.

· More precise definition of site series where a silvicultural choice between broadleaf
versus softwood species would aid forest health.

· Influence of gap size and planting location within gaps for survival and growth of
bigleaf maple, especially if maple is used to regenerate root-rot pockets following com-
mercial thinning of such pockets.
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APPENDIX 1. Abbreviations used in this handbook for biogeoclimatic
zones, subzones, and variants, and abbreviations, common
names, and scientific names for tree species.

Biogeoclimatic zones, subzones, and variants:

CWH Coastal Western Hemlock Zone

CWHdm Dry maritime CWH subzone

CWHxm Very dry maritime CWH subzone

CWHds1 Southern dry submaritime CWH variant

CDF Coastal Douglas-fir Zone

CDFmm Moist maritime CDF subzone

IDF Interior Douglas-fir Zone

Tree species:

Act cottonwood Populus trichocarpa

At aspen Populus tremuloides

Ba amabilis fir, Pacific Abies amabilis
silver fir

Bg grand fir Abies grandis

Cw western redcedar Thuja plicata

Dr red alder Alnus rubra

Ep paper birch Betula papyrifera

Fd Douglas-fir Pseudotsuga menziesii

Hw western hemlock Tsuga heterophylla

Mb bigleaf maple Acer macrophyllum

Qg Garry oak Quercus garryana

Ss Sitka spruce Picea sitchensis

arbutus Arbutus menziesii

Oregon ash Fraxinus latifolia

flowering dogwood Cornus nuttallii

Pacific yew Taxus brevifolia
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APPENDIX 2. Common and scientific names of mammals, birds, and inver-
tebrates mentioned in the text.

Mammals:

black-tailed deer Odocoileus virginianus

chipmunk Eutamias amoenus, Tamias townsendii

coyote Canis latrans

elk Cervas elaphus

elk, Roosevelt Cervus elaphus roosevelti

mice Peromyscus spp.

mountain beaver Aplodontia rufa

raccoon Procyon lotor

squirrel, northern flying Glaucomys sabrinus

squirrel, grey Sciurus griseus

woodrat Neotoma cinerea

Birds:

Bald eagle Haliaeetus leucocephalus

Hairy woodpecker Picoides villosus

Pileated woodpecker Dryocopus pileatus

Invertebrates:

nematode Meloidogyne spp.

slug Ariolimax spp.

roughskin newt Taricha spp.

tailed frog Ascaphus truei

western red-backed salamander Plethodon vehiculum
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APPENDIX 3. Recommendations for triclopyr control of bigleaf maple
sprouts (D’Anjou 1993).

Based on treatment of 2- or 3-year-old bigleaf maple sprout clumps (20–30 sprouts per
clump), the following methods of triclopyr ester application are recommended:

1. Triclopyr ester undiluted: “Thinline.”

Thinline effectiveness is very sensitive to application rate. Thinline application rates of
triclopyr ester per clump should be over 40 mL. Recommendations from Washington State
suggest 60 mL per sprout clump for clumps with sprouts less than 3.8 cm in diameter.
Thinline application avoids mixing with diesel oil and a relatively low volume needs to be
applied compared to the treatment mixed with diesel oil.

2. 30% triclopyr ester in diesel.

Application rate should average over 50 mL of the herbicide + diesel carrier mixture
per sprout clump. One advantage of this treatment is that less herbicide is used per sprout
clump, minimizing total herbicide application rates. Also, less precision is needed during
application compared to thinline treatments and it is easier to see the signs of herbicide
application.

Lower dilution rates (<15% triclopyr ester in diesel) are not considered practical. The
amount of material (herbicide + carrier) that must be applied to reach effective levels of
control and application time increases labour costs.

The addition of dye to the herbicide + carrier mixture is highly recommended. Appli-
cation accuracy is more readily evaluated by both applicator and personnel evaluating field
work.
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