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Executive Summary
Canada's forests cover 418 million hectares (ha) and span
13 of Canada's 15 terrestrial ecozones. Only nine of these
13 ecozones are characterized by a significant forest
presence and it is these nine that form the reporting
framework.
In broad terms, a healthy forest is one that maintains
and sustains desirable ecosystem functions and
processes. Indicators of healthy forests include ones
related to biodiversity change, resilience, wildlife habitat,
aesthetic appeal, and resource sustainability. Both natural
and human influences can impact on forests in positive
and negative ways. In fact, natural influences, such as
fire and insects, are essential for the regeneration and
succession of most of our forests. This report discusses
impacts on forest health from natural influences and
human-induced activities, including air pollution and
land-use activities.
The forest health program of the Canadian Forest Service (CFS) is issuing a family of
products, including general pamphlets, technical and scientific journal papers, detailed
analyses of forest health issues and, periodically, a national, synoptic overview of the
health of Canada's major forest ecosystems. This report is the first such overview.

Several guiding principles for contributing authors served to direct the completion of this
report.

.

:;:

**
*

The repor should provide an informative synthesi of current forest health conditions
and concerns in a concise, non-technical format, aimed at a general readership with
an interest in the health of Canadian forests.
The report should be science based, relying mostly on published articles and reports.
The report should focus mainly on adverse effects on, or implications for, regional
forest ecosystems rather than on forest stand level effects.
The report should contain minimal discussion of hypotheses, methodologies or
philosophy.
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National Highlights
The forests of three ecozones, Boreal Cordillera, Taiga Plains and Taiga Shield, are
considered healthy.
Two ecozones, Mixedwood Plains and Atlantic Maritime, have much of their forest
ecosystems under stress, largely from land-use practices, including forest management
and air pollution.
The remaining four forested ecozones (Pacific Maritime, Montane Cordillera, Boreal
Plains, Boreal Shield) have major forest ecosystems under varying degrees of stress. Some
of these ecosystems are relatively healthy, while others are under considerable stress.
Acid fog and ground-level ozone impact certain forest ecosystems in the Atlantic Maritime
ecozone. In this ecozone, as well as in the Mixedwood Plains and Boreal Shield ecozones,
critical loads of sulfate and nitrate are frequently exceeded on thin or acidic soils. The
northerly forested ecozones have no noticeable adverse impacts from air pollution.
Forest management practices, such as harvesting and fire suppression, are changing the
basic ecological structure of some forest ecosystems. Long-term changes to historical
plant succession and tree species composition are occurring.
Non-native insects and diseases are increasingly a threat to the health of native tree species.

Regional Highlights'

Pacific Maritime Ecozone
The subalpine forests are considered healthy.
Approximately 27% of the rainforest within British Columbia has been logged, with all
but 3% being regenerated. Of the remaining unharvested forest, over 55% of the trees are
more than 250 years old.
The Garry oak-arbutus ecosystem in the southwest of this ecozone, specifically on southern
Vancouver Island and the Gulf Islands, is one of the rarest ecosystems in British Columbia
and does not occur anywhere else in Canada. Urbanization, invasion by exotics, and
agricultural activities are contributing to its degradation.

For certain stressors. such as acid rain. effects on forest ecosystems occur over more than one ecozone.
In these cases, impacts are highlighted within one of the aff~cted ecozones. but reference is made to all affected ecozones.
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Montane Cordillera Ecozone
The high elevation forests are considered healthy.
Throughout much of this ecozone, fire suppression is essential to protect lives and property.
It is also essential to protect commercially valuable timber, but it has resulted in some
forest health concerns.
In portions of this ecozone, fire suppression has resulted in the development of
older stands of lodgepole pine and Douglas-fir than would be present under a
natural fire regime. The presence of these older stands increases the risk of mountain
pine beetle, Douglas fir tussock moth, and Armillaria (root rot) infestations.
The sustainability of ponderosa pine ecosystems, which require light surface fires
to perpetuate, is threatened. Non-forest land uses and selective harvesting compound
this threat.
Ground debris is increasing as fires become less frequent. Paradoxically, this
increases the risk of a major wildfire event occurring.

Boreal Cordillera Ecozone
The forests are considered healthy.

Taiga Plains Ecozone
The forests are considered heal thy.

Boreal Plains Ecozone
The forests are considered healthy except for the aspen forests along the southern boundary
of the ecozone. Aspen decline has been prevalent since about 1990. It is a direct result of
forest tent caterpillar defoliation and drought, although fragmentation and land-use activities
are contributing factors.
The southern mixedwoods of this ecozone have some of the highest diversities of breeding
birds of any forest type in North America. The habitats of many of these bird species are
being placed under increasing levels of stress as a result of agricultural and industrial
development. Introduced species of vascular plants invading some pristine forests are a
threat to stand biodiversity. Dutch elm disease is a serious threat to American elm. This

6
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disease, present in the Prairies since 1975, spread there from eastern Canada where it was
originally introduced into the country in the 1940s.

Taiga Shield Ecozone
The forests are considered healthy.

Boreal Shield Ecozone
Large areas of the eastern boreal forest ecosystems, in Quebec and Ontario, receive acid
deposition above critical loads. Under such conditions, essential soil nutrients are depleted
and site productivity declines.
Acidic forest soils are unable to buffer acid deposition; the resulting runoff contributes to
the acidification of adjacent water bodies. Best estimates indicate that 162 000 fish
populations (stocks) have been lost since anthropogenic acidification of lakes within the
eastern Boreal Shield and Atlantic Maritime ecozones.
A shift from softwood to hardwood cover in Ontario is occurring in areas where harvesting
has replaced fire as the dominant disturbance. The combination of clearcutting and fire
suppression favors establishment of species such as trembling aspen and white birch to
the detriment of conifer species such as black and white spruce and jack pine.
In insular Newfoundland, the balsam fir sawfly is increasingly damaging young balsam
fir stands that are intensively managed for fiber production.

.ll.1ixedwood Plains Ecozone
Results from the North American Maple Project (NAMP) and the Acid Rain National
Early Warning System (ARNEWS) show that forests are generally healthy.
The ice storm of January 1998 lasted 6 days and covered approximately 35 000 km2 of
forest land. It damaged hardwood forests, urban trees and, to a lesser degree, softwood
forests in the southern Boreal Shield, Mixedwood Plains, and Atlantic Maritime ecozones.
Total area impacted was the largest in Canada since records have been kept. In areas of
severe freezing rain (>80 mm), 25% of the trees within the hardwood forest were killed.

7
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The Carolinian, hickory-sugar maple, and basswood-sugar maple forest ecosystems are
rapidly disappearing in Canada. Land conversion to urban and agricultural uses has severely fragmented the remaining forests. Wildlife associated with these forests is under a
similar stress.
Since the mid 1900s, non-native insects and diseases have devastated several native tree
species, including American chestnut and American elm. More recent introductions such
as butternut canker continue to pose a risk to native trees.

Atlantic Maritime Ecozone
Acid fog and ground-level ozone remain a combined threat to tree growth and vigor. The
Gulf of Maine/Bay of Fundy region receives some of the most acidic deposition recorded
in North America. Dieback and the prevention of germination of pollen in white birch
and mountain paper birch along the Bay of Fundy coast of New Brunswick are attributable
to frequent acidic fog events.
Sugar maple decline in the Appalachians of Quebec is attributable to imbalances in soil
chemistry in combination with climatic stresses. These imbalances occur in soils that
receive high levels of acid deposition, but no direct cause-and-effect relationships with
this deposition have been established.
The introduced butternut canker, already present in the Mixedwood Plains ecozone, has
recently been found in New Brunswick. It has devastated the butternut in the United
States and is a serious threat to the survival of the small numbers of this species that exist
within the Atlantic Maritime and Mixedwood Plains ecozones.
The private woodlots of the Maritimes are being over-harvested. Within New Brunswick,
the cut is estimated to be 1.5 times that of the Annual Allowable Cut (AAC). Continued
cutting at these levels undermines not only ecological sustainability, but future economic
viability of the region's forest sector.
Land-use conversion and the introduction of non-native species have severely depleted
the original forests of Prince Edward Island and the biodiversity associated with these
forests.
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Introduction
Canada's forests cover approximately 45% (418 million ha) of its land base. We are stewards
of 10% of the world's forests. The forest ecosystems form a good part of the ecological
backbone of the country and are a source of recreation,
inspiration, and wealth for many Canadians. The nation
is the world's largest exporter of forest products,
anada is steward of10%
contributing $32 billion to the countr 's balance of trade
of the world's forests.
and providing 830000 jobs for Canadians. Forests also
provide essential habitat, food, and shelter for wildlife.
The forest ecosystems
Our forests are home to 140 000 wildlife species, roughly
form a good part of the
half of which have never been described by taxonomists.
ecological backbone of the
If the health of our forests is compromised, Canada will
country and are a source of
suffer environmentally, culturally, and economically.

C

recreation, inspiration, and
As such, we need to understand the changing nature of
wealth for many Canadians.
our forests and the role people play in this change. By
synthesizing results of collective scientific research and
monitoring programs across Canada and extrapolating appropriate non-Canadian research,
we can begin to acquire this understanding and communicate it to Canadians in a clear
and concise manner.
The Forest Health Network of the Canadian Forest Service, in cooperation with partners,
has a mandate to report on the health of Canada's forests and determine if, how, and why
it is changing. This report, the first of a continuing series, addresses this mandate. Its
scope is national, using the ecological classification (ecozones) of Canada as the reporting
framework (Ecological Stratification Working Group 1996). This facilitates the reporting
of forest health, as most related issues transcend political and institutional boundaries.
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What is a Healthy Forest?
In general terms, a healthy forest is one that maintains and sustains desirable ecosystem
functions and processes. This concept of forest health is similar to the one adopted by the
U.S. Forest Service (Campbell and Liegel1996) and discussed in detail by Q'Laughlin et
ai. (1994). The condition of forest health is manifested through a spectrum of ecological
indicators, including ones related to biodiversity change, resilience, wildlife habitat, aesthetic
appeal, and resource sustainability. Forest ecosystems are naturally dynamic, often changing
species composition and abundance as the ecosystem evolves through succession or reacts
to disturbances such as wind and insects. These dynamics are an essential ingredient of a
healthy forest.
As an underlying principle, forest ecosystems may be
considered healthy when inherent ecological processes are
operating within a natural range of variability. Degradation
occurs when they are not as productive and resilient in terms
of all components of the ecosystem, after disturbance.

A healthy forest
is one that
maintains and
sustains. desirable
ecosystem
functions and
p ocesses.

Human stresses on forest ecosystems include introduced
insects, diseases, plants, and wildlife, fire suppression, air
pollution (e.g, acid rain, smog, toxic chemicals), and landuse practices, including harvesting. The real concern lies in
adverse impacts of these stresses on desirable forest
ecosystems. Generally, introduced species and pollution are
considered harmful to forest health. Land-use practices may be either beneficial or harmful.
Forest health becomes an issue when these stressors upset the natural ecological cycles
(e.g, nutrient, hydrological, fire, native insects and diseases) and result in undesirable
changes to the ecological balance of the impacted forest.

Purpose and Approach
Several guidi ng principles for contributi ng authors served to direct the completion of this
report.

=?:

**
*

The report should provide an informative synthesis of current forest health conditions
and concerns in a concise, non-technical format, aimed at a general readership with
an interest in the health of Canadian forests.
The report should be science based, relying mostly on published articles and reports.
The report should focus mainly on adverse effects on, or implications for, regional
forest ecosystems rather than on forest stand level effects.
The report should contain minimal discussion of hypotheses, methodologies or
philosophy.
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Criteria and indicators of sustainable forest management have been developed in Canada
(Canadian Council of Forest Ministers 1997) and internationally for temperate and boreal
forests (Working Group on Criteria and Indicators for the Conservation and Sustainable
Management of Temperate and Boreal Forests 1997). Both the Canadian initiative, and
the international one, own as the Montreal Process, have a common perspective of
criteria and indicators related to forest health. The framework for criteria and indicators
reflects an approach to forest management that is based on the recognition that forests are
ecosystems that provide a wide range of environmental, economic and social benefits to
Canadians. For Canada, six criteria have been identified that, when considered together,
define sustainable forest management: conservation of biological diversity, ecosystem
condition and productivity, soil and water conservation, global ecological cycles, multiple
benefits and society's responsibility (Canadian Council of Forest Ministers 1997). Indicators
are identified for each criterion to track changes in the status of forests over time and to
measure our progress towards sustainability. These broad criteria serve as a guide in ecozone
overviews of forest health.
The relative importance of an issue may vary from ecozone to ecozone. For example, acid
rain is discussed in some deta'l fI r eastern ecozones as it is seen as a majororest health
concern, but not mentioned for western ones, where the concern is minimal.

INFORMATION SOURCES

Key sources of information include the Canadian Forest Service and its partners, including
federal and provi cial!territorial agencies, industry, non-governmental organizations, and
universities. Among these sources are the Acid ain National Early Warning System
(ARNEWS) and NortAmericanMapleProject(NA P)of Key sources of information
include the Canadian Forest service and its partners, including federal and provincial!
territorial agencies, industry, non-governmental organizations, and universities. Among
these sources are the Acid Rain National Early Warning System (ARNEWS) and North
American Maple Project (NAMP) of the Canadian Forest Service.

E''',", was originally established by e Canadian Forest Service in 1984 to monitor
and detect effects of acid rain on Canadian forests. Since that time, the program has
expanded from 103 plots to 150 plots, encompassing major forest ecosystems across the
country. The mandate of ARNEWS is to monitor and detect changes and potential impacts
on vegetation and soils attributable to acid deposition and other pollutants. A primary
objective is to distinguish symptoms of degradation attributable to natural sources (eg,
climate, insects, diseases, and nutrient deficiencies) from those attributable to humaninduced causes.

11
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) is a joint project of the Canadian Forest Service and the United States Forest
Service. It was initiated in 1988 and includes 233 monitoring sites throughout the range of
sugar maple in eastern North America. Half of the sites are in sugar bushes (stands managed
for sap production) and half in stands not managed as sugar bushes. Sugar maple is one
of the most important hardwood species in eastern Canada, valued for wood and syrup
(Canada produces between 80 and 85% of the world's maple syrup). NAMP monitors the
health of this species and, if deterioration is noted, identifies the cause, or causes, of this
deterioration.
Results from m~or multi-agency forest research initiatives, such as the Fundy Ecosystem
Project within New Brunswick, the Mackenzie Basin Impact Study, and the Boreal
Ecosystem - Atmospheric Study in north-central Canada, were incorporated in the report.
Published provincial and territorial research on forest health was gleaned for relevant
material. As well, international research, with direct relevance to Canadian forest
ecosystems, was searched.

HEALTH OF FOREST ECOSYSTEMS

Three subheadings serve to focus discussion by ecozone:
i)

changing forest landscape conditions, which describes effects from land-use
activity, including forest management. The effects of insects, diseases, fire, and
other ecological processes on Canadian forests are also discussed, with the
emphasis on human-induced influences on these processes.

ii)

changing biodiversity, which describes effects on natural biodiversity as a
consequence of human-induced stressors, particularly land-use activities and
the introduction of non-native species. Although biodiversity is an integral
component of changing forest landscape conditions, it is discussed under its
own heading because many people see it as a distinct topic.

iii) changing atmospheric envimnment, which outlines effects from air pollution
and describes known impacts on forests.

Synopses for the Boreal Cordillera and the Taiga Shield ecozone are not broken out into
the above subheadings. Within the forests of the Boreal Cordillera ecozone, current human
activity is minimal and the forests are considered healthy. For the Taiga Shield ecozone,
discussion of forest health centers on flooding of forest land related to hydroelectric
development. Otherwise, the forests are considered healthy.
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Ecozones of Canada with shaded provincial I territorial boundaries and provincial capitals.
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Pacific Maritime Ecozone
Changing Forest Landscape Conditions

Healthy high-elevation forests: High-elevation forests,
dominated by mountain hemlock and subalpine fir, cover
approximately 4 million ha within the ecozone. These forests are
considered healthy.
Coastal Douglas-fir forests: Coastal Douglas-fir forests originally covered approximately
200 000 ha. Today, approximately 140 000 ha of forest remain, the rest having been
converted to urban or agricultural uses. This forest is predominantly younger than 100
years old due to a combination of harvesting and fires. These forests continue to be
converted to non-forest uses predominantly for urban and agricultural pursuits (MacKinnon
and Eng 1995).
Coastal temperate rainforest and harvesting: This ecozone contains 25% of the
remaining coastal temperate rainforest worldwide (MacKinnon and Eng 1995). The vast
majority of regenerating and young forests result from logging, as stand-destroying, natural
disturbances are very uncommon in this ecozone. Area estimates show that approximately
24% of this forest, within British Columbia, has been logged and reforested; an additional
3% of the total area has been logged and urbanized (MacKinnon and Eng 1995). Logging
is a major land-use activity within the ecozone, covering approximately 50 000 ha annually
(British Columbia Ministry of Forests 1994; Environment Canada 1995). Overall, more
than 55% of trees in the remaining rainforest, which is dominated by western hemlock
and western red cedar, are more than 250 years old (MacKinnon and Eng 1995).
Garbutt and Allen (1998) indicate that forest management practices, such as species
conversion, may be causing changes in insect and disease dynamics that differ from those
associated with the original coastal forest. Some earlier research (Tkacz and Hansen 1982)
has indicated that, in areas where Douglas-fir has been widely
planted to replace western hemlock, a slower growing species, the
incidence ofPhellinus root disease has increased. This increase is
attributable to the resultant 'pure' stands of Douglas-fir, which
have less spatial and age diversity than the original stands
dominated by western hemlock.
Changing Biodiversity

Old growth: The loss, through harvest, of the old growth of the
coastal temperate rainforest is of public concern. Once harvested,
the ecological dynamics and structure of these forests may be
permanently altered as the regenerating forest will likely be
harvested before an old-growth ecosystem is attained.
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Recently, previously unknown invertebrate species, unique to the canopies of coastal oldgrowth forests of this ecozone, ha e een 'dentifie (Hu nble et ai. 1 97). Ma ly wil life
species, including birds such as the spotted-owl and the marbled murrelet, rely on oldgrowth coastal forests (Cannings 1994). As the area of old growth is reduced, wildlife
habitat and other ecological values and functions that these ecosystems provide are also
reduced (Clayoquot Sound Scientific Panel 1995).

Garry oak - Arbutus ecosystem: This ecosystem is one of the rarest forest ecosystems in
British ~olumbia and does not occur elsewhere in Canada (British Columbia Ministry of
Environment, Lands and Parks 1993). In British Columbia, it is restricted to the southeas
coast of Vancouver Island and the southern Gulf Islands. During the last 150 years,
agricultural and urban development severely reduced its extent. The decline has been
particularly dramatic in the last three decades. Fire suppression has allowed invasion by
Douglas-fir. Overgrazing by livestock and the eastern cottontail rabbit, an introduced
species, has created conditions for the establishment of many non-native plant species.
European gypsy moth and Scotch broom, both non-native specie introdu ed through
human activity, are also continuing threats to native species. Considerable public e ort is
underway to plant Garry oak and to protect the existing tree population (British Columbia
Ministry of Environment, Lands and Parks 1993).
Changing Atmospheric Environment

Smog episodes - a concer ?: Forests in the southwestern portion of this ecozone are
exposed to damaging concentrations of tropospheric (ground-level) ozone or smog
originating from industrial and urban activity associated with the Lower Mainland of
British Columbia (Dann and Summers 1997). The Lower Mainland is, in fact, one of three
areas within Canada that regularly experience episodic events of ground-level ozone
pollution at levels injurious to both human and plant health. Ozone-like damage symptoms
have been reported on western white pines. Direct short-term effects on native species
would not be expected at measured ozone levels (Pearson and Percy 1997). Repeated
exposure over several seasons, however, can lead to cumulative growth effects or
predisposition to other stressors of forest health (Runeckles and Wright 1996).

15

Concept of Old Growth
Varying concepts of old growth have emerged, reflecting a range of values
and perspectives. From a harvesting and economic perspective, old growth
is a forest beyond its maximum mean annual increment, the point at which
the rate of accumulation of wood volume in a stand begins to decline (DeBell
and Franklin 1987). From a non-economic perspective, the connection to
old growth may be an aesthetic or spiritual one (Rolston 1989). Others feel
that any virgin or pristine, older forest (i. e., unlogged or otherwise
undeveloped) is old growth (Tyrrell 1992).
A more visual, ecological description of old growth perhaps captures the
concept best. Old growth is generally characterized by large trees for species
and site, wide variation in tree size and spacing, accumulations of large
dead standing and fallen trees, multiple canopy layers, canopy gaps and
understorey patchiness (Franklin and Spies 1991a and 1991 b; Lertzman and
Krebs 1991; Davis 1996).
These structural characteristics generally describe old growth in a wide
range of forest types in Canada including, as examples, ancient forests of
coastal British Columbia, aspen mixedwood stands of the Boreal forest, red
and white pine in Ontario, and sugar maple-beech forests of the Maritimes.
Basically, old growth evolves from processes originating with selective
mortality of single or small groups of large trees. As trees die, gaps in the
forest canopy emerge which, in turn, increase light availability for growth
of understorey trees, shrubs, and herbs. The dead trees remain as snags and
logs, decomposing over time. A wide range of tree sizes and ages develops.
Older forests continuously cycle through these processes in the absence of
large-scale disturbances (Clayoquot Sound Scientific Panel 1995).

16
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Montane Cordillera Ecozone
Changing Forest Landscape Conditions
The subalpine forests of this ecozone are considered
healthy.
Fire suppression and ecological change: Fire suppression
is essential to protect Jives and property throughout much of this
ecozone. It is also essential to protect commercially valuable timber. This
activity has resulted in some ecological change not characteristic of the fire-dominated
ecosystems before active fire suppression. F r example, successional patterns are ei g
altered in lodgepole pine stands. These stands are growing to older ages, increasing the
risk of mountain pine beetle attack (Safranyik 1995).
As well, in the absence of recurring fires, ground fuel throughout the montane forests
accumulates over time. Consequently, the fire hazard increases, including the risk of a
major wildfire event (Harding 1994).
Armillaria root rot: Forest practices such as harvesting, thinning, and spacing have altered
the normal dynamics of Armillaria root rot disease in many stands (Morrison et al. 1991).
Harvesting in stands where Armillaria is present at moderate to high levels, significantly
increases the amount of fungus in the soil and dramatically increases the amount of
mortality caused by this disease over the next rotation. Thus, the ecological role of
Armillaria is changed from an organism in equilibrium with its host and causing little
damage, to one that aggressively attacks and kills its host. Age-class structures and species
that are relatively tolerant of the disease emerge and become dominant.

17
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Changing Biodiversity

Old-growth ponderosa pine: Old-growth ponderosa pine stands are maintained by
frequent low-intensity, naturally occurring, surface fires that burn brush and prevent
maturation of the more shade-tolerant ouglas-fir. Effective fire suppression, combined
with selective harvesting of these pines, have contributed to a very dense regeneration of
almost pure Douglas-fir in these stands. The sustainability of ponderosa pine ecosystems,
already severely fragmented by non-forest land uses, is further threatened by these forest
management practices (Harding 199 ).
Changing Atmospheric Environment

Local air pollution: Localized damage to forests from sulfur and other emissions of
pollutants has occurred from point sources such as smelting operations. Mapping of
recent heavy metal and sulfur deposition indicates that dispersion of pollutants remains
local, due to a combination of emission characteristics and topography (Enns and Duncan
1998).

Boreal Cordillera Ecozone
The forests of this ecozone are healthy. Intensive landuse practices are minimal and no widespread air
pollution has been noted outside of the city of
Whitehorse (Environment Canada and Yukon
Department of Renewable Resources 1996).
There is some concern within southeast Yukon that the
harvest taking place is not being adequatel replenished
through natural regeneration. Over the 5 years from 1991 to 1995,
an estimated 4571 ha were harvested and 622 ha were replanted. Since
1993, the Yukon and federal governments have begun to plant cutover areas in order to
augment regeneration by natural means (Environment Canada and Yukon Department of
Renewable Resources 1996).

18

Ta'ga Plains Ecozone
Changing Forest Landscape Conditions
Overall, the forests of this ecozone are considered
healthy. Insect and disease outbreaks are common but
are essential to the ecological integrity of these forests.
Spruce budworm is the most widespread, being
concentrated in white spruce stands along rivers, particularly the
Mackenzie, Nahanni, and Liard rivers. Since 1989, outbreaks have covered
between 100 000 to 400 000 ha annually.

ange extension of forest tent caterpillar: Of interest is the recent outbreak, between
1995 and 1997, of forest tent caterpillar in the Liard River valley (Brandt et al. 1996, Brandt
1997). It was the first documented outbreak of the insect this far north. At its peak in
1996, the outbreak covered 225 00 ha of trembling aspen forests, resulting in moderate
to severe defoliation. One hypothesis for this occurrence is that recent warming in the
region as been fa 'orable for insect growth and reproduction (J. Brandt, Canadian Forest
Service, personal communication).

Changing Biodiversity
The overall biodiversity within these forests is not threatened. The forest wetland
ecosystems of the Taiga Plains are particularly important as they are essential to the survival
of many North American migratory species, including les e' snow geese, trumpeter swan,
Caspian tern, and lesser yellowlegs (Alexander et al. 1991).

Changing Atmospheric Environment

Potential climate change im acts: The impact of climate change on these forests is a
priority area of research. The Mackenzie Basin Impact Study (MBIS), a collaborative
research program initiated in 1990 and completed in 1996, concentrated on such potential
impacts within the Mackenzie Ri er watershed. esults indicate that a warming climate
would cause various impacts, including lower water levels, less permafrost, longer growing
seasons, increased fire frequency, increased incidence of insect infestations, and less caribou
habitat (Cohen 1997).
Other studies within the Mackenzie River Basin suggest that, with warming temperatures,
the white pine weevil would extend its natural range northwards and upward in elevation.
A warming of 3°C would increase the area of high hazard for this insect from 24 to 75%
of the commercial forest within the Basin (Sieben et ai. 1997). White pine weevil attacks
spruce and pine species throughout North America, causing reduced growth and wood
quality.
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There has been a northward shift of the permafrost boundary by ]40 km in Alberta,
Saskatchewan, and Manitoba due to general warming conditions over the last 200 years
( alsey et al. 1995). Under current projections of climate warming, this northward retreat
of the permafrost line would be accelerated. Overall warming may result in enhanced
growth and productivity of these northern forest ecosystems. However, permafrost is also
important to the survival of many of these northern ecosystems. It elevates surface soils,
allowing trees to survive because their roots remain relatively dry (Zoltai 1993, Vitt et al.
1994). In the absence of permafrost, previously elevated, dry forest soils may become
saturated with water, resulting in reduced growth and increased mortality of existing
stands.
From research carried out within this ecozone, changing weather patterns are known to
have direct and indirect impacts on boreal insects. A changing climate disrupts the life
cycle of insects. Indirectly, it impacts on hosts, predators, and competitors (Fleming and
Volney 1995). Changes in the timing offluhes of biting insects could adversely affect the
breeding success of boreal nesting songbirds a d the migratory movements of many
other birds (Herrington et al. 1997; Environment Canada 1996).

Boreal Plains Ecozone
Changing Forest Landscape Conditions

Insects and diseases - essential ecological inf uences:
Together, fire, forest tent caterpillar, lodge ole pine dwarf ,','
mistletoe, spruce budworm, and jack pine budworm typically .,
affect millions of hectares of forests each year in this ecozone.
Although they cause tree mortality, and reduction in growth
amounts to tens of millions of cubic meters of wood annually (Brandt
1995), these agents of change are essential to the ecological well-being of these
forests. However, volume losses due to these disturbances, which exceed volumes harvested,
have implications for the available timber supply in the region.
Disturbances may become more frequent, persistent, and severe if predictions of global
climate change are realized. Insects and fungi are capable of adapting quickly to a changing
environment because of their genetic makeup and short generation times, but trees are
much more slow to adapt (Fleming and Volney 1995, Fleming 1996, Volney 1996). This
difference in adaptive abilities would lead to an increased risk of insect and fungal
infestation with a changing climate.

Fragmentation of the aspen forest: Northward expansion of agriculture over the last
100 years has resulted in the loss of much of the most productive aspen forests in the
southern portion of this ecozone. A belt of land ranging in width from a few to over 100
km has been converted from trembling aspen and mixedwood forests to agricultural
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land. This deforestation has resulted in fragmented forests that are in poor condition and
prone to degradation. One such decline, caused by drought, occurred in trembling aspen
stands in the 1960s (Zoltai et al. 1991). In the early 1990s, aspen decline again became
prevalent as a result of forest tent caterpillar defoliation and drought. In contrast, trembling
aspen stands in the continuous boreal forest portion of this ecozone have not been affected
to the same degree by similar climatic conditions. This fact suggests that the fragmented
aspen forests of the southern Boreal Plains ecozone are more predisposed to natural
stressors. Roland (1993) states that large-scale forest fragmentation increases the duration
of outbreaks of forest tent caterpillar.
In addition, remnant forests, wetlands, and other 'unimproved lands' within the agricultural
belt of this ecozone are being converted to croplands or 'improved' pasture lands. Increasing
numbers of livestock are also being pastured within the remnant forests. Finally, many of
the remaining wooded areas are being cleared. All these agricultural activities have
tremendous net adverse health implications for large portions of the remaining aspendominated forest ecosystems.

Changing Biodiversity
Species richness: The southern mixedwood forests of this ecozone have among the highest
diversities of breeding birds of any forest type in North America (Westworth and Telfer
1993, Schieck et aL 1995, Kirk et aL 1996). They also support at least six bat species, the
highest concentration of bat species recorded anywhere in Canada (Kalcounis et ai. 1998).
The habitats of many of these bird and bat species are being placed under increasing
levels of stress as a result of agricultural and industrial development.
Currently, this ecozone contains a number of species considered at risk of extinction by
the national Committee on the Status of Endangered Wildlife in Canada. They include
woodland caribou, wolverine, grizzly bear, wood bison, and whooping crane. The northern
part of the Boreal Plains supports the world's only breeding area of the whooping crane
(Environment Canada 1996, Poston et aL 1990). In 1997, there were a record 51 nesting
pairs of whooping cranes in Wood Buffalo National Park and over 170 of the birds arrived
in their wintering grounds in Texas, suggesting that this species is responding positively to
the favorable habitat conditions within the National Park and ongoing recovery efforts of
conservation organizations in Canada and the United States.
Increasing development: The upsurge in forestry, oil and gas exploration, mining, and
agriculture and associated infrastructure such as roads, is adding a major stress to the
forests within the Boreal Plains. Technology improvements during the 1980s have led to a
20-fold increase in the harvesting of previously little-valued aspen (Wiken et al. 1996).
Clearcut harvesting has demonstrable impacts on a host of organisms that differ from
those associated with fire and other natural disturbances. For example, in the Prince Albert
Model Forest, post-fire communities of mycorrhizal fungi are different from those found
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in clearcuts. Forest productivity is expected to be reduced in the regenerating stands
(Zelmer et al. 1996). Some wildlife species (e.g., those that thrive in regenerating, young
forests) may benefit from this harvest approach~ others will not. Simplification of the
structure of young stands and reduction in the frequency of older stands has res Ited in
reduced abundance and diversity of flora and fauna compared with unharvested forests
(Stelfox 1995).

Introduced species: Dutch elm disease was introduced into the region in 1975. This disease
poses a serious risk to native American elm, a tree that grows in the southeastern part of
the ecozone. As settlers moved west across the continent, they brought with them many
European vascular plants. These plants have become established along roads and railways,
in aglicultural fields, and in other disturbed areas. These non-native plants are now invading
relatively pristine forest areas such as Wood Buffalo National Park (Wein et al. 1992) and,
in some cases, displacing native plants.

Changing Atmospheric Environment

No regional air pollution: Data derived from the ARNEWS network of forest health
plots indicate that tree condition, mortality rates, and regeneration are all within normal
ranges. No damage from air pollution has been detected (Brandt 1997). Acidic emissions
are low when compared to southeastern Canada. Broad-scale threats to forest ecosystems
will likely come from long-range sources rather than from within the ecozone.
Oil and gas processing and production, electrical power production, chemical plants, and
pulp and paper mills are the local industrial sources of pollutants such as sulfur dioxide,
nitrogen oxides, and volatile organic compounds. Research and monitoring over the past
25 years have examined impacts of oil and gas industry activities on forest ecosystems;
results indicate that impacts are localized (Amundson et al. 1990, Maynard et al. 1994).
Where such effects have been noted, loss of forest productivity has occurred (Legge et al.
1990).

Climate change and the boreal forest-grassland transition: Predicted climate warming
scenarios of 3°C, and decreased soil moisture may result in dramatic ecological responses
where the boreal forest meets the grasslands. A clear relationship exists between moisture
and the southern limit of the western boreal forest (Hogg 1994). If drier climates occur,
forests in the interior of the North American continent could shift to more northern latitudes.
Trees planted now to regenerate harvested forests may not be best suited to a warmer and
drier future climate. Trees weakened by drought will be susceptible to attack by insects
and diseases. Future forest structure may be greatly simplified or some plant community
types, incapable of rapidly adapting to the new conditions, may disappear.
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Taiga Shield Ecozone
The forests within this ecozone, in large part, are
considered healthy. The James ay and Churchill Fal s
hydroelectric-power develo ments have resulted in the
:..
diversion of several rivers and the floodin of large tracts
of forested land. Currently, 2 640 km 2 of land, much of it
previously forested, has been flooded as part of the Churchill
Falls project. If the Muskrat Falls and Gull Island pro 0 als are
implemented another 122 km 2 of land will be flooded (1980 Environmental
Assessment Panel Report on the Lower Churchill Hydroelectric proposal). Reservoirs
associated with the La Grande complex of the James Bay hydroelectric project have resulted
in 12 000 km2 of flooded forest land. If the Great Whale River phase of this project is
implemented, thousands of hectares of additional land . 1be ooded. Flooding of riparian
and forest land and associated wetlands is a major forest health and social concern with
the Cree that rely on these forests for their livelihood. Such flooding would impact existing
fish and wildlife and their habitat, and result in loss of traplines and other traditional
values associated with the forest (Fenge 1997).
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Boreal Shield Ecozone
Changing Forest Landscape Conditions

Forest soil acidification: In the mid-latitude
regions of Ontario and Quebec, relatively high rates
of acid deposition have resulted in adverse impacts
on soils associated with upland forests (Arp et ai. 1996). The
best evidence in support of pollutant-driven soil acidification comes
from long-term watershed studies. Research from the Turkey Lakes Watershed in central
Ontario shows that sulfate and nitrate deposition accelerates soil acidification by increased
leaching from the soils of essential nutrients (calcium, potassium, and magnesium)
(Morrison et al. 1995). On sites with inherently low nitrogen content, most of the nitrate
deposition is absorbed by conifer and broadleaf foliage or is retained in the soil (Hazlett
et ai.1995).

Major insects and diseases: In the Boreal Shield ecozone, insect defoliators are the
greatest contributors to mortality and forest change. However, only a few species routinely
infest large areas and are economically damaging to the commercial forest. The most
significant insects attacking conifers are the spruce budworm (balsam fir and spruces),
hemlock looper (balsam fir and eastern hemlock), and jack pine budworm Uack pine).
The forest tent caterpillar and the large aspen tortrix both attack poplars and are the most
damaging insects of boreal hardwoods. Root rots (mostly Armillaria species) are chronic
in older stands of both conifers and hardwoods.
Large spruce budworm outbreaks have fluctuated greatly in recent history. Changes in
forest composition associated with harvesting and fire suppression are reasons suggested
as influencing the frequency and duration of these outbreaks (Blais 1983). At its peak in
1975, the budworm defoliated 54 million ha at moderate to severe levels. Most recent
figures suggest approximately 11 000 ha of defoliation within Quebec and 141 000 ha in
Ontario in 1998 (Bordeleau 1998, Howse and Scarr 1998). By far, based on tree mortality,
the most affected area was north-central and northwestern Ontario. Eastern Ontario had
levels of infestation similar to that recorded for Quebec. The general trend of defoliation
for both provinces has been downwards (Bordeleau 1998, Howse and Scarr 1998). Growth
of balsam fir begins to be affected once 30% of the foliage is destroyed. Mortality results
after 4-5 years of moderate to severe defoliation (Hall et al. 1998). The defoliation in
Ontario resulted in 4 000 ha of tree mortality in 1998 for a total of 8.5 million ha since the
early 1980s (Howse and Scarr 1998).
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Historically, outbreaks of the jack pine budworm covered the range ofjack pine throughout
the western pOltion of the ecozone, only rarely extending into central Ontario. After 1967,
outbreaks of the insect were detected regularly in central and eastern Ontario (Howse
and Meating 1995). The reasons for the spread eastward are unknown. Outbreaks in the
Prairie provinces have increased in size over time, likely as a result of improved fire
control which means increasing the number of older stands that are susceptible to the
insect (Volney 1988). This insect causes growth declines in jack pine and occasionally
results in mortality.
Forest tent caterpillar defoliation has steadily increased in the Boreal Shield of Ontario
since 1995 from 240000 ha to nearly 3 million ha in 1998 (Howse and Scaff 1998). In
Quebec, defoliation has decreased to
minimal levels from a peak of 450 000
ha in 1988 (annual tree insect and disease
reports for Quebec 1989-1996, Bordeleau
1998). Similarly, minimal defoliation by the
Large Aspen Tortrix has been recorded
within Quebec in recent years (Bordeleau
1998), whereas, in Ontmio, some 198000
ha of defoliation were mapped in 1998
(Howse and Scaff 1998). Repeated
defoliation results in growth losses and several continuous years of defoliation result in
mortality (Hall et al. 1998).
Infestation of balsam fir sa vfly: The balsam fir sawfly is indigenous to mainland Canada
but was accidently introduced to Newfoundland in the 1920s or 1930s. It attacks intensively
managed young balsam fir stands aged 20 - 40 years. In 1996 and 1997, these stands were
severely infested, with the area affected increasing sharply from approximately 1200 ha
in 1995 to over 40 000 ha presently. These balsam fir stands are close to paper mills and
represent a significant silvicultural investment to the companies involved. Similar levels
of damage by the sawfly have not been observed in balsam fir forests not under intensive
management (D. Ostaff, Canadian Forest Service, personal communication).

Changing Biodiversity
Changing tree species mix: In Ontario, a permanent shift from softwood to hardwood
cover is occurring in areas where harvesting has replaced fire as the dominant disturbance
(Hearndon et al. 1992). Clearcutting, because it does not mimic the ecological effects of
fire, sometimes results in fundamental ecological shifts in fire-dominated ecosystems
(Carleton and MacLellan 1994). The combination of clearcutting and fire suppression
favors establishment of such species as trembling aspen and white birch to the detriment
of conifer species such as black and white spruce and jack pine. Carleton and MacLellan
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Acid Rain: Inlpacts and Risks for ForestEcos stems
As part of the 1997 Canadian Acid Rain Assessment, the llD. .~0fg
ervi e
carried out a review of recent literature on specific impac s f cl(f~ition on
I
forests (Hall et al. 1998a). Ecozone-specific research resul gar discusSed in the
appropriate section of this Assessment. Other direct and indo ~ t JJ\1pacts on ti re~t
ecosystems linked to acidic deposition include:
I

Alteration of the chemical and physical characteristics of the leaf cuticle
(£ercy and Baker 1990; Percy et al.1990) caused by dry and wet deposition.
Till may result in acceleration of the natural aging process and reduced
tree vigor (Percy and Baker 1991; Percy et al.1992).
DecJeased net photosynthesis and nutrient
u2t~e in mature red spruce trees as a result
of sulfflte exposure. These effects increase
t of sulfate absorbed (Meng
with the am
et al. 1994; McLaughlin et al. 1992).

•

Exceedance of Critical Acid Deposition
I

Reduced tree frost hardiness because of acid
mists. In red spruce, for example, a 0.1 %
increase in the sulfur content of the needles
causes a 2.7°C decline in frost hardiness
(Sheppard 1994).
Exceedance of critical acid deposition

•

II > 0 eq/(ha.yr)
• > 500 eq/( a.yr)

Altered forest soil chemistry from
prolonged acid deposition, causing a loss of soil nutrients and increasing
the concentration of aluminum, which is toxic to trees. Nutrient
deficiencies result in long-term decline in the productivity of affected
forests (Foster et al. 1992; Monison et al. 1995; Likens et al. 1996).

Critical loads of acid deposition have been developed for certain Cal d~n iOlest
soils (Arp et al. 1996). They reflect the inherent capacity of soils to buffet ilTOO....ming
acidity. When combined amounts of sulfur and nitrogen deposition are iDe ow thes
loads, forest ecosystems are buffered against adverse effects. Howev , if critIcal
loads are exceeded for long periods, nutrient imbalances will develop i acidifi d
soils and forest productivity will decline. Preliminary analyses indicate tha annual
productivity losses of 10% are associated with areas of highest exceedance of critical
loads. Critical loads are consistently exceeded in portions of the eastern Boreal Shield,
Atlantic Maritime, and Mixedwood Plains ecozones.
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(1994) found that spruce regeneration declined by 77% and aspen and birch increased
more tha threefold. In Ontario, the proportion of spruce within the activel managed
forest has diminished to 4% from an historical 21 % (Hearn on et aL 1992).

Plants under pressure: The globally rare arboreal lichen Erioderma pedicel/atum has
been eliminated from Europe and its only known significant remaining populations are
in the e foundland portion of the Boreal Shield (Ringius 1997). Vulnerable to timber
extraction, it is also highly sensitive to air pollution.
Red pine and white pine have suffered serious declines in Newfoundland; special genetic
reserves have been created to protect remnant populations. Red pine is a species that
likely experienced a "genetic bottleneck" in its evolutionary past, and has limited genetic
diversity today compared to most other boreal conifers (Mosseler et al. 1991, 1992). Both
pine species have been greatly reduced in the continental portions of their ranges. In the
case of white pine this demise is attributable to excessive harvesting and white pine blister
rust, an introduced disease. Red pine decline may be related to the reduced incidence of
wildfire.

Changing Atmospheric Environment

Acid rain - a continuing problem: Forests of the southeastern Boreal Shie1d,Mixedwood
Plains, and Atlantic Maritime ecozones are exposed to frequent acid rain (Boulet 1990).
In addition, much of the forest is growing on nutrient-poor, naturally acidic, shallow soils
(Bernier and Brazeau 1988; Camire and Ouimet 1994; Li 1985). These factors combine to
make these forests particularly susceptible to adverse effects of acid deposition (Arp et aL
1996). A hardwood forest health survey for the period 1986 to 1995 revealed a generally
healthy hardwood forest in Ontario, except in pollution-sensitive soils where a trend towards
forest deterioration is occurring. Bowers and Hopkin (1997) and Lachance et al. (1995)
also state that the forest is generally healthy. Where deterioration is occurring, pollution
is probably a contributing factor, but cause/effect relationships are inconclusive as climatic
conditions, uch as drought or other influences (insect attack), certainly affect the condition
of sugar maple and other trees (McLaughlin et al. 1996, Ryan et at. 1994).
Acid rain and boreal lakes: The effects of acid runoff from forest soils on boreal lake
ecosystems have significantly reduced fish populations (Jeffries 1997). Fish damage
estimates for eastern Canadian lakes were com ile by taking estimates of the original
pH of the lakes and relating them to historic populations of fish. Curren lake acidity
served to estimate current populations of fish in these lakes. Conservative estimates suggest
that at least 162 000 populations of fish have disappeared from the lakes of the eastern
Boreal Shield and Atlantic Maritime ecozones since th start of anthropogenic acidification
of the e lakes (Jeffries 1997). A 'population' comprises all the fish of a given species for a
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The Great Ice Storm of1998
Early in January 1998, an ice storm spread devastation throughout southeastern
Ontario and western Quebec. Damage to the hydroelectric infrastructure and
to both urban and rural property, resulted in important economic losses for
many people throughout the affected area. The 1998 ice storm was severe, but
ice storms themselves are not unique in this part of the country.
Documentation of ice storm events in
Canada began in 1955. The most
severe ice storms have occurred in
eastern Canada covering the A .
Mixedwood Plains and Atlantic .::;:'
Maritime ecozones. Until the ice
storm of January 1998, a 1956
storm that impacted the
Maritimes, covering some 32 000
km 2 , was the largest storm in
terms of area affected.
In comparison, the 6-daYl'i".
duration of the 1998 ice storm has
been deemed the most severe of
all ice storms documented since 1955. In some areas,
total accumulations of freezing rain reached 120 mm (Environment Canada
1998). Total area affected was over 50 000 km 2 • From the surveys implemented
by the Ontario Department of Natural Resources, the Quebec Department of
Natural Resources, and the Canadian Forest Service, 13 000 km2 , 18 000 km2 ,
and 4 000 km2 of forested land were impacted in Ontario, Quebec and New
Brunswick/Nova Scotia respectively. Among those, 15 000 km2 of forests were
moderately to very severely damaged mostly in Quebec and, to a lesser extent,
in Ontario. In the United States, similar state surveys showed that Maine, New
Hampshire, Vermont, and New York suffered moderately severe to severe damage
'over approximately 14500 km 2 •
Tree damage was severe in areas heavily impacted (80+ mm of freezing rain).
Preliminary estimates show that 60% of the total crown area of hardwoods in
these areas was damaged (G. Howse, Canadian Forest Service, personal
communication). The widespread damage to trees provides an opportunity to
monitor how the affected forests respond in terms of successional patterns,
species composition and abundance, and other ecological characteristics.
Information can be compiled, for example, on relationships between damaged
trees and insect and fungal attacks or continued tree vigor.
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Number of freezing rain events by province, ecozone, and decade, since 1955 in
Canada
PROVIl\CE'

Decades

BC

ON

QC

1955-59
1960-69
1970-79
1980-89
1990-98

:--;B

1
0

:--;S

ECOZONE:

PEl

1
I
0
2

1

TOTAL

16

f\;F

A..1

MWP

BS

2{ 1)

(){O

1(0)

3~0)

2(0)
5(1)
3(1 )

6(3)
6H)
5(1)
3(1)

3( 1)
1(0)
3(0)

15(3)

20(9)

9(1)

leO)

'BC. British Columbia; ON. Ontario; QC. Quebec; NB. New Brunswick; NS. Nova Scotia; PEl. Prince Edward !sland; NF, Newfoundland,
zAM. Atlantic Maritime; MWP, Mixedwood Plains; BS. Boreal Shield; figures in parentheses indicate the number of Ice storms
extending over 1009 km 2 ,
'No data available for Alberta, Saskatchewan. Manitoba. Yukon. and Northwest Territories,

Environment canada

Env!r?nnem8llt Canada

i

\.

Preliminary map of freezing rain accumulation in mm (isobars) between January 4 th and 10th ,
1998 (Updated on March 4 th • 1998).
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There are also many large urban settlements and industrial areas within the ecozone that
are sources of air pollution (Ecological MonitOling and Assessment Network, Environment
Canada 1996).
Measurements of sulfate deposition by the Quebec Department of Environment (Boulet
and Jacques 1989, 1992, 1993a, 1993b; GrimaI'd 1984,1985; Jacques and Boulet 1988,1990;
Jacques and GrimaI'd 1987) show that sulfate deposition currently ranges from 21 to 38
kg/ha/yr and has been decreasing steadily by about 3% per year since 1984. Current
nitrate deposition varies from 16 to 25 kg/ha/yr. Rain acidity has a mean annual pH
ranging from 4.1 to 4.5.

Ground-level ozone: Ground-level ozone reaches the highest peaks in Canada in this
ecozone (Thomson 1992). From April to September 1986-1993, there were 127 days with
episodes reaching harmful levels of smog in this ecozone, the highest in Canada.
Concentrations during some episodes were high enough to induce immediate, short-term
damage in sensitive plant species (Pearson and Percy 1997). For example, in 1988, there
were regional episodes of 4,5, 7, and 9 days' duration.

Atlantic Maritime Ecozone
Changing Forest Landscape Conditions
Over-harvesting of private woodlots: The National
Round Table on the Environment and the Economy
~.
concluded that current harvesting activity on Maritime
" ..
woodlots is unsustainable (National Round Table on
the Environment and Economy 1997). As an example,
the Round Table estimates the total harvest from private
woodlots for New Brunswick to be one and a half times the annual
allowable cut. In New Brunswick, more than 25% of roundwood comes from
private lands, while in Prince Edward Island, the figure rises to almost 100%. In Nova
Scotia, 60% of the roundwood supplied to the province's pulp and saw mills comes from
privately owned land.
In terms of forest health, over-harvesting upsets the age class and structural integrity of
the forest, which reduces its inherent diversity and resilience to external stressors compared
with the original forest.

Spruce budworm and forest management: The spruce budworm is a well known
indigenous insect of eastern North America's fir-spruce forests in the central and southern
Boreal Shield and Atlantic Maritime ecozones. The last widespread budworm infestation
ended around 1989 The frequency, extent, and severity of such outbreaks have increased
ignificantly in this century (Blais 1983). The reasons are directly linked to the altered
ecosystems created by forest management activities that favor fir forests. Clearcutting,
fire protection, and pesticides, among others, have each contributed to a more vulnerable
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E otic (Non-native) Insects, Diseases, and Plants
When plants, animals, and microbes are moved from their natural range to new
ecosystems, they are considered 'introduced', 'non-indigenous' or 'exotic' species.
If such species become established, they can cause serious damage to the receiving
ecosystem because they often flourish on
new hosts in the absence of their natural
Insect/Disease
Ecozone
predators and parasites. More than 300
species of exotics, excluding plants, occur
Atlantic Maritime
Balsam wooly adeigid
in North America (Campbell and
Pacific Maritime
Boreal Shield
Schlarbaum 1994).
Major vectors for introducing exotic
forest insects and diseases into Canada
are imported stock or logs, or infested
wooden crating and packing materials
used to ship cargo. Historically,
introduced species established in the
urban forest took hold near shipping
ports. However, increased global trade
and advances in shipping technology
mean that all cargo destinations in the
country are threatened. Many of these
species are now well established in
Canadian forest ecosystems. Longestablished exotics continue to shape the
character of our forests, changing
historical diversity and succession.

Tree Species

al

Risk

All firs

Beech bark disea.

'tvfixedwood Plain
A (antic Mari ime
Bortllli ~hieJd

American beech

Butternut canker

Mixetl\~ Plains
Atlantic Miritime

Butternut

Dutch elm disease

Boreal Shield
Boreal Plains
Atlantic Maritime
Mixedwood Plains

American elm

Gypsy moth

Boreal Shield
Atlantic Maritime
ixedwood Plains

Most hardwood

European larch canker

Atlantic Maritime

Eastern larch

Pine shoot beetle

Mixedwood Plains

All pines

Scleroderris canker
(European race)

BO'l\e~1 Shield
Atlantic Maritime
~edwood Plains

Most pines

White pine bli ter rust

Atlan ic Maritime
Boreal Shield
Mixedwood Plai
\1ontane Cordillera
Pacific Maritime

Eastern white pine
Limber pine
Western white pine
Whitebark pine

Snurce: Forest Health Network, Canadian Forest Service

The table (above right) summarizes ecozones where some of the more prominent
exotic insects and diseases occur.
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forest composition (Blais 1983). There is evidence that stand resistance to spruce budworm
attack can be achieved if forest management strategies favoring a greater hardwood
component within the landscape are used (Bergeron et al. 1995; Su et al. 1996).
Changing Biodiversity
Emergence of butternut canker: The Canadian Forest Service has recently documented
the presence of butternut canker in the Maritimes in west-central New Brunswick (Harrison
and Hurley 1998). This introduced disease is already established in the Mixedwood Plains
ecozone, having spread from the eastern United States (Davis et al. 1992). If the canker
continues to spread it may eliminate butternut, a tree with a limited natural range within
this ecozone. In the last 15 years, within the United States, there has been a dramatic
decrease in the number of live butternut. For example, butternut decreased by 58% in
Wisconsin and 84% in Michigan. In the 30 years that this disease has been present, butternut
has been hit so hard that it is threatened as a viable component of the eastern hardwood
forests (Ostry 1998).
Beech bark disease: This disease has been documented in eastern North America since
the mid-1920s. In addition to killing beech trees, it has affected beech regeneration in
several ways, including genetic quality, stem form, and reduced nut production. For species
such as the black bear, the effects of beech bark disease are significant. In northern areas
where beech nuts are the primary fall food source, lack of this food source strongly impacts
the bear's ability to reproduce and also the subsequent survival of young. Mating takes
place in June or July, but the reproductive process is delayed until females attain a threshold
weight before denning - a condition usually determined by availability of high-energy
fall food sources such as beech nuts (Houston 1998).
Hardwood conversion: An estimated 200 000 ha of hardwood forest once occupied the
St. John River Valley of central New Brunswick. More than half of this land base has been
cleared for farming and settlement. Less then 1% of the remaining forest consists of
hardwood-dominated forest. These hardwood forests are more typical of the forests that
characterize southern Maine and western Quebec than the typical Acadian mixedwood
forest that dominates much of the rest of the Maritimes. This existing hardwood forest is
heavily fragmented. Recent pressures to convert forest land to the production of potatoes
pose increased risk for further fragmentation and removal of these species-rich forest
assemblages. Of the 180 vascular plants and bryophyte species that now characterize these
hardwood forests, 43 are listed as rare (MacDougall and Loo 1998).
Prince Edward Island - depleted original forest: The original forest of Prince Edward
Island has largely disappeared, having been converted to agricultural lands. Some
abandoned agricultural fields are slowly reverting to forest cover, being colonized largely
by white and red spruce. Most of the existing forests are post-harvest growth and are
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much younger and more even aged than the original forest. A few areas of old growth
remain. Native species have suffered from both habitat destruction and competition for
food because of the proliferation of non-native plants and animals.
Land clearing within Prince Edward Island remains an issue: market forces and economic
development policies favor potato and blueberry production and encourage more wood
harvesting (Round Table on Resource Land Use and Stewardship 1997).

Plantations and diversity: Plantations may have a number of impacts on the health of
existing natural forest. With conversion to plantation forestry, the origi nal mixedwood
cover is generally converted to pure softwoods, uneven-aged stands are converted to evenaged stands. Naturally occurring ecological processes, such as fire or insect infestations,
are controlled. These impacts are accentuated if a large amount of land is converted from
natural forest to plantation (Freedman et al. 1994).
In the Maritimes, plantations are considered essential for the economic production of
fiber. In an attempt to meet the needs of industry while conserving and enhancing
biodiversity, the Fundy Model Forest in New Brunswick has developed biodiversity
guidelines for plantations (Greater Fundy Ecosystem Research Group 1998). These
guidelines emphasize the retention of coarse woody debris, the use of only native species
for new plantations, and other forest management considerations related to the biological
and physical attributes of the ecological unit within which the plantation is established.
The Greater Fundy Ecosystem Research Group (1998), comprising representatives of
industry, government, and universities, has also developed Forest A1anagement Guidelines
to Protect Native Biodiversity in the Fundy IVlodel Forest. These guidelines are among the
first in Canada and are currently being implemented in the field. They are integral to
forest management taking place within the Greater Fundy Ecosystem. The. include
consideration of patch sizes, disturbance regimes, connectivity, desirable stand structure
and composition, as well as retention of snags.

Changing Atmospheric Environment

Acid fog, ozone, and tree decline: Forests in this ecozone are exposed to damaging
levels of acid deposition and ground-level ozone (Cox et al. 1989). In southwestern portions,
total sulfate deposition, measured from rainfall, is likely underestimated bee' use it does
not take into account fog inputs during the summer. The Gulf of Maine/Bay of Fundy
airshed has among the most acidic precipitation recorded in North America. Coastal fogs
have been measured with pH values of <3, values that are lower than pH values recorded
for acidic mountain clouds (Kimball et al. 1988).
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Threats to Forests: Ground-Level Ozone
There are three regions in Canada where national objectives for ground-level
ozone are regularly exceeded: southern Maritimes, Windsor - Quebec corridor,
and the Lower Mainland of British Columbia. Research in Canada into the
impacts of ozone peaks on forests has been concentrated in the East. Cox et al.
(1997), using a system of branch exposure chambers, studied photosynthesis
and its response to ozone for mature eastern white pine. Results showed that
current-year needles are sensitive to short-term exposure to ozone while secondyear needles are sensitive to cumulative exposure. Needle mottling increased
" significantly on second-year needles with cumulative exposure. Results also
ugg that, for a single season reduction in net photosynthesis in eastern white
ine expo re to values greater than 11 parts
hour (ppmh) is required. Thus,
p .iriiJ·
the,-- e '!".Q
eQ ir Quality Objective for
plant
.~ipgili) (Vegetation Objective
War 'n 6r IJJ>ffi7) would protect against
sign
nt re¢uc 'on in photosynthesis in this
sensitive spe ies (Pearson and Percy 1997).

e

Field ozone monitors are currently in place in
association with the CFS ARNEWS network
of plots. Over the next couple of years, analyses
will determine the occurrence and levels of
ozone events within these plots and
implications for sensitive tree species.
Maximum seasonal sum (ppm hrs) of hourly ground-level ozone concentrations

Analysis of the most recent 1994-1996 ozone at or above 0.06 ppm (SUM06) during 1994-1996. Sums calculated using data
from 143 ozone monitoring stations in northeast US and Canada. Source: T. Dann,
concentrations fron1 140 non-urban Canadian Head of Air Toxics, Air Quality and Analysis Division, Environment Canada.
and US monitoring stations in the northeast
demonstrates that there were between 5,000
and 25,000 ppb hrs of 03 exceedance in forests wit~ the Boreal, Ml--xedwood
Plains and Atlantic Maritime Ecozones (McLaughlin n~ l?ercy 1998). 'I'hese
values do not represent the worst case, such as the UmCh..l)igher level of
exceedance recorded in 1998 (K. Percy, Canadian Forest Ser 'ee;pel~onal
communication).
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Birch leaf browning, due to acid fog exposure, has resulted in premature leaf fall and
overall loss of vigor in affected trees (Cox et al. 1996). In 1994, the area affected covered
438 000 ha within New Brunswick, extending up to 30 km inland from the Fundy coastline.
More recent spot checking indicates that the extent of browning has been greatly reduced.
This fact correlates with the occurrence of fewer episodes of acid fog over the past couple
of years (R. Cox, Canadian Forest Service, personal communication).
Bordering the ecozone to the south, red spruce coincidently has declined at coastal Maine
sites since the early 1980s (Jagels 1986). Recently, changes in leaf surface characteristics
have been correlated with fog acidity and frequency. Red spruce, which received the
most acid fog along a 500-km transect of research sites, showed adverse changes in needle
characteristics (Percy et ai. 1993). Field results were similar to experiments simulating
acid fog conditions (Percy et al. 1990, 1992, 1994).
Ozone-like damage symptoms have been recorded on white pine in areas where ozone
episodes exceeded 82 parts per billion. The interactive role of ozone with acid fog must
be considered in coastal forests. Like sugar maple in the Mixedwood Plains ecozone,
crown transparency was significantly higher in 1989 (following 1988, a year with many
episodes of ozone at levels harmful to plants), than in any other year between 1988-1993
(Lachance et al. 1995).
Sugar maple decline in the Appalachians: In the early 1980s, maple stands declined on
large areas in the Appalachians in Quebec (Bordeleau et at. 1988). Climatic extremes are
suggested as the cause of the severe decline that occurred between 1979-1981 (Payette et
al.1996). Results from research confirm those observations (Bertrand et ai.1994; Robitaille
et ai.1995); winter conditions were such that frost penetrated deeply into forest soils. This
frost retarded nutrient uptake by roots in the spring (Bertrand et at. 1994; Robitaille et al.
1995). Other causes for continued reduced growth of some maple stands include mineral
deficiencies in the soil (potassium, phosphorus, and magnesium) (Bernier and Brazeau
1988a, 1988b). Also, increased aluminum concentrations have been measured in soils, as
a result of soil acidification due to acid deposition. The presence of mobilized aluminum
retards nutrient uptak by the plants (Camire 1995). Stand thinning, repeated insect
defoliation, and stem damage caused by borers, cankers or root rot also contribute to poor
growth (Gagnon and Roy 1995; Page et ai. 1993).
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Threats to Forests: Ultraviolet Radiation (UV-B)
Stratosphetic ozone has declined approximately 6% since 1980 for northern
temperate forests (Tarasick and Fioletov 1997). Cumulative depletions of up to
30% are predicted by 2050. With this depletion is a consequent significant
increase in damaging UV-B.
While short-term effects on trees ha e been reported affecting photosynthesis,
biochemistry, growth, and biomass, the major concern for tree health is the
cumulative nature of these effects over many years (Sullivan and Teramura 1992).
Percy and Cameron (1997) and Percy and Gordon (1998) summarize significant,
deleterious V-B effects on trees at the cellular, leaf, seedling, and whole-tree
levels. UV-B doses, at current and predicted levels, pose a threat to forest health.
Impacts are compounded through interactions with increasing atmospheric CO2
concentrations, increasing ground-level ozone, and increasing frequency of
extreme climatic events (Percy and Cameron 1997).
Overall, experimental evidence shows differences in tree seedling response to
slightly enhanced UV-B. White and black spruce, and jack and Scots pine
seedlings are not affected by UV-B. White pine and red and Norway spruce are
affected negatively (Percy and Hall 1997). For the latter species, 2-year-old
seedlings were exposed to UV-B from bud break to bud set. Leaf surface wax
composition, the first line of protection from UV-B, deteriorated in all species
after 35 days of exposure (Gordon et ai. 1998a). Sugar maple is also very sensitive
to UV-B (Gordon et ai. 1998b).
Initial ork to evolve critical levels has shown that such calculations will have
to be made at the species level given the species-dependant nature of tree
response. UV-B is a co-factor of global climate change under which our forests
will be growing, and as such, should be considered in forest management
strategies.
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North American and Global Context
Canadian forests form a significant proportion of the global forest and consequently affect,
and are affected by, forest activities elsewhere. International involvement, collaboration,
and exchange of ideas are essential to the well-being of the Canadian forest sector. As an
example, several initiatives exist for the development of criteria and indicators of sustainable
forest management. Canada is one of twelve countries -participating in the 'Montreal
Process' for such criteria and indicators. As well, the 'Helsinki Process', which includes
European countries with boreal and temperate forests, has developed similar guidelines
for measming progress towards sustainability. All suggest indicators of forest health. It is
essential that Canada's initiative (Canadian Council ofForest Ministers 1997) is compatible
and comparable with the international ones, as Canada's forest sector depends heavily on
international markets. Our continuing success in the global marketplace relies on our
ability to prove to consumers that we are managing our resources in a sustainable mmmer.
The Canadian Forest Service has assumed a leading role in the integration of these
initiatives.
Air pollution is a major bilateral issue for Canada and the
United States. Acid rain is a key focus of research under
the CanadalUnited States Air Quality Accord. Canada
has fully implemented its acid rain control program
as outlined under the Accord and the United States is
well along in its program. Within Canada, emphasis is
now on finalizing a new Canada- Wide Acid Rain
Strategyfor Post-2000 to address the remaining acid rain
problem in eastern Canada and also to prevent one from
occurring in western and northern Canada (Acidifying
Emissions Task Group 1997). Canadian researchers have also undertaken
cooperative exchange programs and activities with Europe related to research on the effects
of UV-B on various tree species. Canada continues to play an active role in promoting the
activities associated with the International Cooperative Program on the Assessment and
Monitoring of Air Pollution Effects on Forests of the United Nations/Economic
Commission for Europe (UN/ECE) under the Convention on Long-Range Transport of
Air Pollution.
The North American Forestry Commission (NAFC) with the collaboration of the Forest
Services of Canada, the United States and Mexico recently published an assessment of
forest health titled 'Health of North American Forests' (Hall et al. 1996). This report states
that air pollution is a predisposing or contributing source of stress, to varying degrees, in
many North American forest ecosystems. In addition to impacts on Canadian forests
described earlier, the red spruce forests in the Appalachian Mountains and ponderosa
pine of the San Bernardino Valley in the United States have suffered from air pollution. In
Mexico, adverse effects are found for pine and fir. Forests in all three countries remain at
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risk from air pollution. Cooperative efforts and information exchange in research on
atmospheric pollution and other forest hea th issues are continuing under AFC.
Canada is engaged in technology transfer with countries having similar air pollution
concerns. In a recent initiative, the Canadian Forest Service has developed the CanOxy
PlateTM" an inexpensive passive ozone monitor. Rigorous field assessments of quality
assurance were carried out in 1996 and 1997 which confirmed the reliability of this
instrument in measuring ozone levels within forest situations. Successful field trials have
encouraged the development of a passive ozone monitoring protocol which is under trial
both in Mexico and in Spain (R. Cox, Canadian Forest Service, personal communication).
The introduction of harmful insects and diseases is a major forest health concern. Such
introductions have virtually eliminated many important tree species as viable components
of the eastern North American forests (Campbell and Schlarbaum 1994). For example, the
American chestnut, a major hardwood species at the turn of the century, has now nearly
disappeared from the eastern hardwood landscape because of the fungal chestnut blight
(by the 1950s, it had become an inconsequential species in eastern forests). Examples of
existing threats to native tree species include the butternut canker and the Asian longhorned beetle (Humphreys et al. 1998). Accidental introduction of potentiall harmful
species remains a continuing threat because of international trade activities. The rapid
spread of purple loosestlife (Catling and Cayouette 1996) into forest wetlands has dra<itically
altered these ecosystems and illustrates that the threat from introduced species is not
limited to insects and diseases.

anada, through its

C

quarantine program,

st ives

to

dangerous

prohibit
non-native

The need for countries to protect their forests from
the introduction and establishment of harmful nonnative species through border measures can have trade
implications and economic repercussions. The key
ingredient in establishing regulations is to strike a
alance between forest protection and trade
facilitation.

species from establishing

Canada has, for example, taken specific action to
prevent the entry of the Asian long-horned beetle, a
non-native species that pest risk assessments confirm
Canadian borders.
is a serious threat to Canada's forests - maple trees
in particular. Recognizing the potential of the
regulations to impact on trade, Canada is working with importers and the exporting
countries to minimize the effects.

and

sp eading

within
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Other countries have similar quarantine regulations that can impact Canadian exports.
The European Union (EU), for example, implemented regulations on softwood lumber to
address the perceived threat to the ED forests from the pinewood nematode. The regulations
effectively ban the shipment of untreated or unseasoned lumber from Canada to the ED.
As a result, Canada's share of the United Kingdom softwood lumber market alone dropped
from 36% in 1980 to 5% in 1997 (based on statistics presented at the 1997 European
Softwood Conference). The financial losses to Canada and the industry are significant,
estimated at not less than C$700 million per annum.
Canada has obligations associated with international Conventions that it has signed. For
forest health, key conventions are those on Climate Change, Biological Diversity, and
Migratory Birds. All these Conventions commit Canada to maintain healthy forests, avoid
adverse impacts on the ecological cycles of the forest, conserve biodiversity, and protect
important wildlife habitat.

Future Direction
Many facets and ecological complexities are considered in determining the health of
Canada's diverse forest ecosystems. There is a basic need to know how and why our forest
ecosystems are changing and to determine the importance of human influences on these
changes. The Canadian Forest Service is working, in partnership, with the provinces,
territories and other federal agencies to develop and implement a national monitoring
network to allow tracking of ecosystem change over time.
To assess key criteria of forest health, such as
priority for the Canadian
biodiversity, an ecological monitoring network, coveling
all ecozones, must be in place so that we can develop
Forest Service is to
and track indicators of status and change. Current forest
encourage and facilitate a
inventory programs in Canada do not provide
national monitoring network with
ecological change information and are not conducive
the p ovinces, and other federal
to broad regional and national overviews. A priority
for the Canadian Forest Service is to encourage and
agencies and partners to allow
facilitate a national monitoring network with the
tracking of ecosystem change over
provinces and other federal agencies and partners to
time.
allow tracking of ecosystem change over time. As part
of this initiative, we will examine how best existing
monitoring programs, such ARNE\VS and NAMp, can be integrated and improved to
complement and enhance such a network.

A

Data management and dissemination of information to the public are other priorities. A
major effort is required to collect, synthesize, and interpret data better by ecozones and
subunits, rather than solely by jurisdictional boundaries. The federal government, through
the Canadian Forest Service, is in the process of developing a National Forest Information
System (NFIS). This NFIS will strive to make research and monitoring results accessible
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to a broad spectrum of interested researchers, governmental and non-governmental
organizations, and the public at large. This will be accomplished by means of internet
products, information reports, and other articles both technical and non-technical in nature.
There is a need to better understand the impact of land-use practices, including forest
management, on the major natural ecological influences (e.g., fire, insects, and diseases)
on our forests. The maintenance of these key ecological drivers is essential to the
sustainability of Canada's forests.
The introduction of exotic species is of increasing concern. The Canadian Forest Service
is assessing research and monitoring needs to better address concerns related to exotic
insects, diseases, and plants that threaten the existing forest. More knowledge is needed
about how they enter the country and move within it; what threat they pose in terms of
forest health and forest economies; and what can be done to reduce the risk to forest
health posed by these species. An immediate focus is to provide scientific support to an
initiative of the North American Plant Protection Organization aimed at improving the
quality of imported dunnage and wooden packing materials, thereby reducing the
likelihood of exotic species being introduced.
Forest health research and monitoring will continue to track the extent and severity of air
pollution and its implications for forest ecosystems. Modeling and risk assessment will be
given greater weight than in the past. Acid rain, UV-B, and ground-level ozone remain
priority areas for monitoring and research. Efforts will concentrate on assessing nitrate
deposition, determining relative sensitivities of trees to pollutants, and evaluating the
cumulative impacts of stressors on forest ecosystems.
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Appendix
An Ecological Overview of Canada's Forested Ecozones

Most of Canada's forest land is dispersed over nine of the 15 terrestrial ecozones that
cover the country. These forests have evolved to their present state based on regional
geological, topographical, and meteorological influences and the effects of diseases, insects,
fire, wildlife, and humans. These forested ecozones serve as the ecological reporting
framework for this assessment. The following descriptions provide an overview of the
current ecological nature of these nine ecozones.
"fit ILl i i
ecozone occupies an area of 21.9 million ha 00.6 million ha of
The
forest) and includes Vancouver Island, the other offshore islands, and the coastal mainland
of British Columbia. It has a mostly urban population of 3 million people. Canada's most
productive forests and its biggest and oldest trees, some attaining ages of 500 years and
older and heights to 70 m and more, are found here. The forest ecosystems vary with
elevation and precipitation. Major species incl de western hemlock, western red cedar,
Douglas-fir, Sitka spruce, and subalpine fir. The ecozone is dominated by a coastal
temperate rainforest. Globally, these rainforests are scarce, with a worldwide distribution
of only 30-50 million ha (Kellogg 1992). Overall, the forests have low endemic populations
of tree-damaging insects and diseases. There is an infrequent fire history, although large
burns have occurred in the past (Environment Canada 1995).

The
ta
'').' r ecozone occupies an area of 49.2 million ha (34.9 million ha of
forest) encompassing much of the interior of British Columbia and the Alberta Foothills.
It has a mostly urban population of one million people. It is the mo t diverse of all of the
ecozones, consisting of alpine, forest, and grassland ecosystems. Major tree species include
Douglas-fir, ponderosa pine, subalpine fir, Engelma n spruce, western white pine, and
lodgepole pine. The major historical agent of disturbance has been fire. Insects and iseases,
such as the western hemlock looper, mountain pine beetle, and Armillaria root rot, have
also been primary agents of ecological change.
The
e' C
~ ecozone occupies an area of 46.5 million ha (28.8 million ha of
forest) spanning northern British Columbia and the southern Yukon. The population of
31 000 people is mostly rural. There is less diversity in tree species than in the more
southern ecozones, with subalpine fir, lodgepol ine, whi spruc, and trembling aspen
being dominant. The valley and lower slope ecosystems historically have been fire
dominated. Within the ecozone, the tree line is reached at elevations between 1 000 to 1
400m.

55

The Taiga Plains ecozone occupies an area of 64.7 million ha (50 million ha of forest)
covering the Mackenzie River Basin in the Northwest Territories and northern Alberta
and British Columbia. It has a population of 22 000 people spread among several
settl me ts. The ecozone is characterized by poor soils and frequent fires. It comprises a
transition forest between mixed forest-tundra and dense coniferous forest. Black spruce
is predominant. Within the ecozone, it generally grows slowly under open forest conditions.
A vigorous forest, however, characterizes the Mackenzie River valley and its tributary
valleys, containing some of Canada's largest white spruce and balsam poplar trees.
The Taiga Shield ecozone occupies 136.6 million ha (52.7 million ha of fores , covering
much of the Canadian Shield from Labrador to as far west and north as Great Bear Lake
in the orthwest Territories. It has a population of 34 000 people. This ecozone is an
ecological crossroads where climates, soils, plants, birds, and mammals from two biomes
- the Boreal and the Arctic - meet. Perma rost i pre alent. The open, stunted forests
are dominated by a few highly adaptable tree species, such as black spruce and tamarack.
These forests are characterized by innumerable surface waters, wetlands, and lichen rock
outcrops.
The Boreal Plains ecozone occupies an area of 73.8 million ha (49.8 million ha of forest)
and spans the central Prairies into Alberta. It has a population of 710 000 people. The
Peace River area is predominantly agricultural with ongoing forest clearing. White and
black spruce, balsam fir, lodgepole and jac pine, and trembling aspen are the dominant
tree species. Much of the forest area is dissected by seismic lines associated with oil and
gas exploration.
The Boreal Shield is the largest ecozone in Canada, covering 194.6 million ha (151.1 million
ha of forest) and stretching from ewfoundland to northeastern Alberta. The largely
urban population numbers 3 million people. Balsam fir predominates in the east; elsewhere,
black spruce, white spruce, jack pine, and balsam fir are common. The forests are typically
mixed with wetlands, lakes, and major rivers which contribute to the landscape diversity
of the ecozone. Major natural ecological influences are fire, insects, and diseases.
The 'lixedwood Plains ecozone covers the lower Great Lakes - St. Lawrence River
Valley occupying 24.4 million ha (3.7 million ha of forest). This industrial and urban
heartland of Canada has a population over 14 million people and the smallest forest land
area of all the forested ecozones. Before the arrival of Europeans, this ecozone was forested
and supported a greater diversity of trees and plants than any other part of Canada. Today,
only small pockets of the Carolinian forest, the basswood-sugar maple forest, and the
hickory-sugar maple forest remain. Most of these forests have been cleared for farms,
orchards, highways, and cities.
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The ,\,tlantic 'Iaritime ecozone covers an area of 20.4 million ha (16 million ha of forest)
encompassing the Maritime provinces and portions of Quebec south of the St. Lawrence
River. The largely urban population exceeds 2.6 million people. Centuries of forestry and
agriculture have left few pockets of old-growth forest. The typical Acadian forest is
characterized by a mix of softwood and hardwood species including red spruce, sugar
maple, beech, yellow birch, balsam fir, and white pine. Fire suppression has reduced the
role of fire in ecosystem development. Insects and diseases, particularly the spruce
budworm, remain a major ecological influence. Introduced insects and diseases pose an
increasing threat to existing plant species.
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