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Abstract

The Acid Rain National Early Warning System (ARNEWS)
has been in place since 1984 to detect early signs of damage to
Canadian forests and to monitor changes in forest vegetation
and soils. In 1993, the ARNEWS network was expanded and
the methods for assessing crown condition were revised.
ARNEWS plots are established and assessed by the Forest
Insect and Disease Survey (FIDS) of the Canadian Forest Ser-
vice. The role of FIDS in ARNEWS is to identify the types and
degree of damage to forests, whether caused by natural factors
such as insects, diseases, and weather, or anthropogenic factors
such as management practices and air pollution. The health of
the major forest species across Canada is described. 

There has been no indication of a large-scale decline in
forest health. However, there are symptoms of forest decline
and these warrant further investigation. In the Bay of Fundy
area of New Brunswick, dieback on birch is coincident with
the presence of acid fog and high levels of tropospheric ozone.
Needle flecking has been observed on conifers in Nova Scotia
and New Brunswick, and its cause has yet to be verified.

Introduction

Canada’s forests are a valuable economic and sociological
resource whose sustainability is essential to our well-being.
Concerns about forest health in the face of environmental
change led the Canadian Forest Service (CFS) to establish the
Acid Rain National Early Warning System (ARNEWS) in
1984. This national biomonitoring network was designed to
detect early signs of the effects of acid rain on forests to enable
action to be taken to forestall anticipated damage. The term
“acid rain” encompasses all forms of air pollution, wet and dry

deposition of sulfates (SOx), nitrates (NOx), gaseous pollutants
(ozone); and airborne particles.

ARNEWS uses a common set of measurements taken on
permanent sample plots established by the CFS Forest Insect
and Disease Survey (FIDS) to assess forest health. Data col-
lected are supplemented by the results of other surveys and
investigations by FIDS and its cooperating agencies. The strat-
egy of the ARNEWS program is to detect early signs of damage
to forest trees and soils that may have been caused by acid rain
by isolating damage attributable to natural causes or manage-
ment practices, and to monitor the long-term changes in vegeta-
tion and soils attributable to acid deposition and other pollutants.
The symptoms of air pollution damage are not highly specific,
and they frequently resemble damage from other causes. The
experience of FIDS field technicians trained to distinguish these
symptoms from abnormal climatic conditions, nutrient defi-
ciencies, and the effects of insects and diseases is crucial to the
functioning of ARNEWS.

Plots have been established across Canada in eight forested
terrestrial ecozones. Emphasis was placed on the commer-
cially important tree species and in areas of known acid deposi-
tion. ARNEWS was designed to assess all forest types; however,
species that occur sporadically, such as elm (Ulmus sp.), hick-
ory (Carya sp.), ash (Fraxinus sp.), and walnut (Juglans sp.),
are not well represented in the network. 

Air pollution has subtle effects on tree physiology and soil
chemistry and the symptoms may be masked by the effects of
natural conditions. Many trees assessed by ARNEWS have been
stressed by weather conditions, insects, diseases, and other
natural processes in forest ecosystems. Individual trees are
altered by stress and become susceptible to insect and disease
organisms that attack and may kill them. Usually forest eco-
systems are not permanently damaged and recover to a state
resembling their original condition. It is usually the interaction
of several abiotic and biotic factors that produces an unhealthy
forest, rather than the effect of a single factor. It is in this con-
text that ARNEWS data are interpreted. 

Reporting of results began in 1990. This and subsequent
analyses concluded that there was no evidence of large-scale
decline in the health of Canadian forests, although it was pos-
sible that trees had been weakened or stressed by air pollution,
and that this stress was not apparent. Results to date show that
mortality has been mostly in the normal range of 1–2% and
was mostly attributed to natural factors. Nevertheless, certain
instances of forest damage have been observed where pollu-
tants may be involved.

Changes in reporting occurred in 1993 when the data were
presented on the basis of eight forested terrestrial ecozones as
described by Environment Canada, State of the Environment
Reporting Branch. This reflects the importance of an ecosystem
approach to environmental research and decision making.
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An early warning system to detect and monitor conditions
remains an essential part of the CFS commitment to the sus-
tainability of Canada’s forests. This is the fifth in the series of
annual reports on the health of Canada’s forests and presents
the results of the 1994 measurements.

Methods

ARNEWS consists of 151 permanent sample plots located
across Canada in eight forested ecozones (see the map on
the inside front cover of this report). Most ARNEWS plots are
located in semimature, natural forests, where the number of
trees would normally be expected to decline by 1–2% annually
because of competition as the stand matures. Mortality greater
than 1–2% often reflects the effects of stress, such as significant
insect defoliation, drought, windstorms, or anthropogenic causes.

Parameters measured annually, at 5-year intervals, or more
frequently as required are as follows:

A. One or more assessments per growing season
1. Insect and disease conditions
2. Acid rain symptoms
3. Seed production

B. Annual assessments
1. Tree mortality
2. Tree condition

C. Every 5 years
1. Radial growth
2. Vertical growth
3. Crown structure and density
4. Foliage nutrients
5. Soil chemistry

The trees in the plots are assessed visually; sampling and
detailed measurements requiring hand-held branch samples
are made on off-plot trees to ensure that trees in the plot are not
disturbed. Measurements reported here are tree mortality, tree
crown condition, and the type and degree of foliar damage,
including any symptoms of air pollution. Possible symptoms of
air pollution are compared with known symptoms of emission
toxicity on vegetation followed up by laboratory identification.

In 1992–93, the methods and measurements for assessing
tree condition were revised. These revisions were prompted by
problems encountered during the measurement process and in
the quality assurance/quality control program. These improve-
ments should result in a more reliable, repeatable data set for
the condition of tree crowns.

Tree Mortality

The cause of tree mortality is determined in the field, sup-
plemented by laboratory examination if necessary. The rate of

mortality is determined and compared with the “normal” mor-
tality rate, which in most of Canada’s natural forests is 1–2%.

Crown Condition—Conifers

Conifers (except larches) are classified according to the
amount of crown defoliation. Defoliation is defined as foliage
missing for whatever reason from the normal foliage comple-
ment. Bare and dead tops are considered defoliated. This takes
into account the natural loss of needles as a twig matures. The
crown condition classes are:

1 No defoliation.
2 Only current foliage defoliated, total defoliation <25%.
3 Current and/or some older foliage defoliated, total <25%.
4 25–50% total defoliation.
5 51–75% total defoliation.
6 76–90% total defoliation.
7 More than 90% total defoliation.
8 Tree died since last assessment.
9 Dead tree.

Trees are considered healthy if they are in the first three
classes. As crown defoliation approaches 40%, the health of
the tree begins to decline and it becomes susceptible to dam-
age by secondary organisms. Recovery is possible but as defo-
liation increases in extent and time, the possibility of recovery
decreases.

Crown condition—Hardwoods 

The hardwood classification system is based on the visi-
ble parts of the outer crown; the quantity and quality of foliage
in the outer crown, the percentage of the outer crown that con-
tains bare twigs, and dead branches. Larches/tamaracks are
assessed as if they were hardwoods. The condition of hardwood
tree crowns is assessed according to the following:

10 Full complement of foliage, no visible crown damage.
20 Foliage thin, off color, no dead branches or bare twigs. 
30 No dead branches, bare twigs in up to 5% of the crown.
35 No dead branches, bare twigs in more than 6% of the crown.
40 Dead branches and bare twigs in up to 15% of the crown.
45 Dead branches and bare twigs in up to 16–25% of the crown.
50 Dead branches and bare twigs in up to 26–37% of the crown.
55 Dead branches and bare twigs in up to 38–50% of the crown.
60 Dead branches and bare twigs in up to 51–75% of the crown.
65 Dead branches and bare twigs in 76% or more of the crown.
70 More than 50% of the crown dead, only small adventitious

branches present, usually at the base of the crown or stem.
08 Tree died since last assessment.
09 Dead tree.
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Hardwood trees are considered to be in a healthy condition
if they are in classes 10–40. This too is a rough guide, but as
crown dieback increases beyond this level the tree becomes less
and less able to recover and ward off other damaging insects
and diseases.

Insects and diseases on conifers and hardwoods are iden-
tified and their levels of damage are determined. Observations
are made to coincide with the life stages of the different groups
of damaging organisms. 

Air Pollution

Air pollution damage often resembles damage from other
factors. Possible symptoms of air pollution are compared with
known symptoms of pollutant damage on vegetation followed
up by laboratory identification.

The conifers reported on are eastern white pine, jack pine,
lodgepole pine, red pine, ponderosa pine, tamarack, black
spruce, Engelmann spruce, Norway spruce, red spruce, hybrid
spruce, Sitka spruce, white spruce, western hemlock, coastal
and interior Douglas-fir, alpine fir, amabilis fir, balsam fir, and
western red cedar. The hardwoods reported on include trem-
bling aspen, white birch, yellow birch, American beech, red oak,
black cherry, red maple, and sugar maple.

Data are compiled on the basis of the terrestrial ecozone
for the species assessed in that ecozone in the ARNEWS plot
network. Species that occur in more than one ecozone are des-
cribed in each of the ecozones in which they occur.

Quality Control Program in ARNEWS

The most frequently reported data from the ARNEWS
program are crown health parameters collected by ocular esti-
mation. Ocular estimates are also made of ground cover to deter-
mine whether changes are occurring on the plots; these data have
yet to be published. Ocular estimation techniques for data col-
lection may be unreliable because of observer bias and inter-
pretation error. ARNEWS monitors the condition of major forest
tree species across all forested ecozones using a common
methodology. However, the program is carried out by six region-
ally based teams operating independently. The problems that can
exist between observers and between regions raise concerns
about the consistency and reliability of tree condition measure-
ments. A quality control (QC) program was initiated in 1992
to review the quality and reproducibility of data obtained from
ARNEWS data collection.

The objectives of the ARNEWS quality control/quality
assurance program are (i) to introduce a national training pro-
gram, (ii) to conduct annual cross-checks of critical ARNEWS
variables, and (iii) to conduct tests of accuracy and reproduc-
ibility of methods.

Data have been collected since 1991; the data for 1994 are
reported here. Plots to be checked were selected based on spe-
cies without reference to crown condition. Random selection
of plots was not possible due to the extreme geographic dis-
tribution of ARNEWS. Visits were made within 2 weeks of the
visit by the regular field crew to cross-check the data. Crown
condition, crown damage, defoliation by pests, and needle reten-
tion were assessed and compared with the observations of the
regular field crews. Crown condition in softwoods and hard-
woods, needle retention, ground cover, and bare tops were also
cross-checked. Conifer crown damage is similar to crown con-
dition assessments and includes all damage including defo-
liation by pests. In addition, conifer crowns longer than 3 m were
divided into three equal parts and each portion assessed
separately for crown damage. Damage categories were 0,
1–5%, 6–15%, and thereafter in 10% classes. 

The results indicate crown condition measured for coni-
fers to be more reliable than for hardwoods (Table 1). Hard-
woods were less reliably measured. Only 62% were within the
acceptable limits of + one class. In hardwoods, it was often
difficult to separate crown condition codes 10, 30, and 40. This
does not necessarily indicate a problem in reporting because
conditions 10–40 all represent reasonably healthy trees. Coni-
fer crowns were also difficult to assign to conditions 1, 3, and 4.

The 1994 data on conifer crown damage show that crown
condition values are reproducible in the upper two portions
of the crown but less so in the lower portion. Sources of error
include demarcation of the three levels of the crown, and dis-
tinguishing damage from suppression. The crown damage rating
system appears to be superior to the tree condition code in
terms of reproducibility. 

Little defoliation was encountered on hardwood plots vis-
ited in 1994; however, some conifer plots were moderately to
severely defoliated. The defoliation results are good for both
conifers and hardwoods (Table 1).

Needle retention results were easily reproducible. The per-
centage of observations identical or within one class was 84%.
Agreement might be artificially high because needle retention
of more than 5 years is classified as a single code (code 5).

Ground cover evaluations showed poor reproducibility
(Table 2). Problems originated primarily from interpretation of
the manual and the failure to include leaf litter in the bare soil
category. The average differences between the cross-check obser-
vations and the original observations were large compared with
the total coverage for each category. The percent error of each
category increased as the coverage decreased. For example,
the “total coverage” category averaged 20 m2 and the associated
error was only 17%. The “other” category covered only 1.1 m2

on average and had an error of 127%. Often studies of plant
cover estimates for biomonitoring indicate that changes in
vegetation need to be greater than 20% before they can be
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attributed to factors other than annual fluctuation and measure-
ment error.

Bare top length was reproduced very well in conifers and
poorly in hardwoods. The mean differences between the cross-
checks and the original observations were 0.6 m for conifers
and 1.6 m for hardwoods. The discrepancy is due to the differ-
ence in interpretation of dead tops.

Forest Health in Canada’s Ecozones

Atlantic Maritime

The Atlantic Maritime Ecozone extends from the mouth
of the St. Lawrence River in Quebec southeasterly across New

Brunswick, and into Nova Scotia and Prince Edward Island. The
ecozone is dominated by the interior Appalachian upland and the
Northumberland coastal plain. The uplands of New Brunswick
and Nova Scotia are composed of granite, gneiss, and other hard,
crystalline rocks. Rough upland terrain is dominated by glacial
till and humo-ferric soils. The coastal lowland areas, with their
deeper humo-ferric soils derived from marine deposition and
glacial erosion of the underlying sedimentary bedrocks, are the
main areas of settlement. Forest stands are mixed coniferous–
deciduous, characterized by red spruce, balsam fir, yellow birch,
and sugar maple, with red pine, white pine, and eastern hem-
lock occurring frequently. Some boreal species are present
including black spruce, white spruce, balsam poplar, and white
birch. Jack pine is prominent on sandy soils and in areas of
regrowth after fires. The Atlantic Ocean and its current have
created a perhumid, moderately cool boreal climate. Forest
growth is productive except where the bedrock is exposed.
Forestry and agriculture are the major land-oriented activities.
In addition, the natural beauty of the interior and coastal envi-
ronment supports a valuable tourist industry.

There are 35 ARNEWS plots in the Atlantic Maritime Eco-
zone. The following species are described: white pine, jack pine,
red pine, larch/tamarack, black spruce, red spruce, spruce hybrids,
spruce, white spruce, balsam fir, trembling aspen, white birch,
yellow birch, beech, black cherry, red maple, and sugar maple.

Eastern White Pine (Pinus strobus L.)
There was no mortality of white pine in the ARNEWS plots

in 1994, and the average annual mortality since 1984 has been
0.9%. The crown condition of the trees deteriorated in 1994;
the percentage of trees in the healthiest classes declined from
81.1% to 59.5%. Crown condition had been stable since 1989
following an improvement over conditions in the first 3 years
of ARNEWS assessments. The deterioration in the condition
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Table 1. Percentage of observations identical and within one class of agreement for tree condition code, conifer crown damage,
and current defoliation.

Number Percent Percent within Percent within
Parameter assessed of samples identical one class two classes

Tree condition—hardwoods 437 47 62 86

Tree condition—conifers 788 54 84 97

Conifer crown damage—upper 725 48 82 92

Conifer crown damage—middle 680 37 70 86

Conifer crown damage—lower 700 23 49 72

Current defoliation—hardwoods 351 48 94 —

Current defoliation— conifers 610 58 92 —

Table 2. Results of cross-checks for ground cover.

Vegetation Average Average Percent 
type covera differenceb differencec

Mosses 2.3 0.6 26

Ferns 0.5 0.4 80

Herbs 4.1 1.6 39

Shrubs 1.6 1.5 94

Seedlings 2.4 1.2 50

Bare soil 8.1 3.0 37

Other 1.1 1.4 127

a Average cover in square metres for four subplots
by cross-check (16 m2).

bAverage difference between cross-check and original
rating in square metres for four subplots (16 m2).

c Average difference as a percent of the cross-check coverage.



of tree crowns may have been caused by a series of years of
drought in the area of Kejimkujik National Park. This is also
an area of high pollution deposition. Foliar damage by insects,
including the white pine weevil (Pissodes strobi Peck.), and
unidentified flecking on needles occurred at trace levels.

Jack Pine (Pinus banksiana Lamb.) 
During 1994, one jack pine tree died in the ARNEWS net-

work in the Atlantic Maritime Ecozone. The average annual
mortality of jack pine between 1984 and 1994 has been 1.7%.
The dead tree was in a codominant position and had been in a
weakened state since the top was broken off in 1991. While in
the weakened state, it was attacked by the pine engraver Ips
pini Say, a bark beetle.

There was slight improvement in crown condition; 61.3%
of the trees were in the healthiest classes. This is an increase
of about 10% from 1993. Trees on the plots have improved
generally since a severe storm damaged them in 1991. There was
considerable insect damage from 1987 to 1990 from spider
mites (Tetranychidae), and unidentified tip borers and gall
makers, all of which contributed to the declining condition. In
1994, several insects caused damage at trace levels, but the
health of the trees was not affected.

Red Pine (Pinus resinosa Ait.)
One tree in the network died in 1994 from damage caused

by stem cankers. There has been a general deterioration in the
condition of tree crowns since plot establishment. In 1994, the
proportion of trees in the healthiest classes fell to 12.5% from
50.0% in 1993. Most trees (83.3%) are now in class 4, an inter-
mediate stage in tree health with 26–50% defoliation. 

Many trees had yellowing of old foliage concentrated in
the lower crown. Needle retention was 3–4 years for healthy
trees and 2–3 years for trees in classes 5 and 6. Most trees were
damaged at trace levels by leafminers, and two thirds were dam-
aged by the pine mite rosette (Trisetacus gemmavitians Styer). 

Larch/Tamarack (Larix laricina [Du Roi] K. Koch)
No trees died in 1994; the average annual mortality

between 1984 and 1993 is 1.0%. No tree has died since 1991.
The condition of larch had been deteriorating gradually

since 1984. In 1994, this downward trend seems to have stopped
when there was a slight increase in the percentage of trees in
the healthiest classes, 34.4% in 1994 versus 31.3% in 1993.
There has been little mortality but about two thirds of the trees
are still in class 4 or greater. European larch canker (Lachnellula
willkommii [Hartig] Dennis) is affecting many trees mostly in
the form of branch cankers and is a factor in the decline of tree
health. Foliar damage by insects, diseases, or abiotic causes was
usually at trace levels and many trees were damaged by the
larch casebearer (Coleophora laricella [Hbn.]).

Black Spruce (Picea mariana [Mill.] B.S.P.)
One tree died in 1994; the average annual mortality rate

between 1984 and 1994 has been 1.7%. Mortality was caused
by stem damage which occurred several years previously.

The condition of black spruce has improved slightly since
1992 but most (93.2%) trees have at least some defoliation.
There was virtually no change from 1993 to 1994; about 50%
of the trees were in the healthiest classes. There was a gradual
deterioration in tree condition until 1992 when it improved.
The poor condition of trees before 1988 was caused by defolia-
tion by the eastern spruce budworm (Choristoneura fumiferana
[Clem.]) Damage by insects, diseases, or abiotic causes was at
trace levels in 1994. The most common organism on the plots in
1994 was an insect, fir harlequin (Elaphria versicolor [Grt.]),
which caused trace amounts of damage. Trace levels of foliar
damage were caused by other defoliating insects. 

Red Spruce (Picea rubens Sarg.) 
Four red spruce died in the ARNEWS plots in the Atlantic

Maritime Ecozone in 1994. The annual mortality rate since
1984 has been 0.6%. The trees had previously been damaged by
the spruce budworm and had been attacked by armillaria root
rot, and they were intermediate in crown position. The combi-
nation of suppression and insect damage killed the trees. The
condition of red spruce has gradually improved since 1991, and
crown condition in 1994 remained similar to that in 1993. About
60% are in the healthiest classes. There is some regional varia-
tion in tree condition reflecting the intensity of insect outbreaks.
For instance, 84% of the trees in the Mont Mégantic area in
southern Quebec were in class 4. Most foliar damage occurred
as needle yellowing and reddening in the lower third of the
crown.

Foliar damage by insects, diseases, or abiotic causes oc-
curred at trace levels in the plots on most of the trees. The most
commonly observed organisms were needle rust (Chrysomyxa
ledicola [Peck.] Lagerh.) and European spruce sawfly (Gilpinia
hercyniae [Htg.).

Spruce Hybrids
These trees are introgressed hybrids of red spruce and

black spruce and exhibit characteristics of both parents. No
trees died in 1994, and the average annual mortality between
1984 and 1994 is 0.7%. In 1994, 79.2% of the trees were in the
healthiest three (1–3) classes and only 9.4% were in the declin-
ing classes. This is an improvement over previous years as the
trees recover from previous insect defoliation. Foliar damage
by insects was at trace levels in 1994.

White Spruce (Picea glauca [Moench] Voss.) 
No white spruce died in 1994 and the average annual

mortality between 1984 and 1994 is 0.4%.

8 ARNEWS Annual Report 1994



The condition of white spruce has been stable since 1991
and has improved gradually since 1984. There is little mortal-
ity or deterioration, and trees are recovering from damage
from the eastern spruce budworm and becoming healthier. In
1994, 62.0% of the trees in the ARNEWS network were in the
healthy classes. There is little variation in tree health through-
out the ecozone except where previous budworm damage had
been particularly severe such as on Cape Breton Island. Foliar
damage by insects, diseases, or abiotic causes was at mostly trace
levels in 1994; some trees had light levels of damage. Spruce
budmoth (Zeiraphera sp.) was the most commonly encoun-
tered insect pest, causing trace levels of damage.

Balsam fir (Abies balsamea [L.] Mill.)
Eighteen trees died in 1994 in the ARNEWS plots in the

Atlantic Maritime Ecozone. This represents an annual mor-
tality rate of 2.5%. Dead trees were in all four crown classes
from dominant to suppressed. Most of these trees had been in
a declining and deteriorating state for several years and had
been infected by armillaria root rot, bark beetles, and other
wood boring insects. The extra mortality over the normal level
was caused by insect damage. Several trees had broken tops
caused by windstorms on trees weakened by spruce budworm
attack. Natural thinning also caused some mortality as at least
three of the dead trees had been suppressed. 

The largest group of trees were in condition class 3
(41.3%) and had less than 25% defoliation. Condition, how-
ever, varied widely throughout the ecozone depending on local
infestation levels of the eastern spruce budworm and other defo-
liators. The eastern spruce budworm occurred widely and dam-
aged trees from trace levels up to 20% of the crown. There is a
steadily increasing rate of tree mortality as insect-weakened
and suppressed trees succumb to secondary organisms or blow-
down. The most common organism in the plots was the needle
rust Uredinopsis sp. Foliar damage by insects, diseases, and
abiotic causes occurred at trace levels.

Trembling aspen (Populus tremuloides Michx.)
Three trembling aspen died in 1994, or 3.5 % of the total

in the network. The annual rate of mortality since 1984 has been
0.3%. These trees had been declining and deteriorating for
several years. In 1994, 40.7% of trees were in classes 1–3, and
another 36.0% in class 4. This is a slight deterioration from 1993
reflecting the continued deterioration of already declining
trees. A wide variety of insects and diseases were observed in
the plots causing trace or light levels of damage. The most com-
mon were serpentine leafminer (Liriomyza brassicae [Riley])
and hypoxylon canker.

White Birch (Betula papyrifera Marsh.)
Four codominant white birch in the ARNEWS network died

in 1994, the same as in 1993. All trees were on the same plot and

had thin crowns, dieback, and had been deteriorating for several
years. Three trees died from a combination of acid fog and subse-
quent stress; the pollutants are responsible for severe foliage
browning since at least 1979. The fourth tree died from wounds
and decay organisms. Armillaria root rot and the bronze birch bor-
er (Agrilus anxius Gory) also contributed to the death of the trees.

In 1994, over half (54.0%) of the trees were healthy and
approximately 28% were declining with some branch mor-
tality. There were white birch trees in all tree condition classes
and a wide variation among the plots. The condition of white
birch in the Atlantic Maritime Ecozone, apart from the situa-
tion along the Bay of Fundy, has been good; most trees have
low levels of branch and twig dieback. There is no decline in
the ecozone generally, only the area influenced by acid fogs
along the Bay of Fundy. The average annual mortality rate for
birch in the areas influenced by acid fogs has been 5% annu-
ally compared with 1.2% elsewhere in the ecozone. White birch
stands along the Bay of Fundy have been affected over an area of
438 000 ha at all levels of damage; about 93 000 ha have severe
browning in coastal and island forests.

A wide variety of insects and diseases were observed in
the white birch plots in the Maritimes—61 insects and fungi on
18 plots. The most common was the birch casebearer (Coleo-
phora serratella [L.]). Moderate damage to foliage was caused
by the forest tent caterpillar (Malacosoma disstria Hbn.), the
birch casebearer, and the early birch leaf edgeminer (Messa
nana [Klug]). More species of insects and diseases were found
on the white birch plots than in any other tree species in the eco-
zone.

Foliar damage by insects, diseases, and abiotic causes
occurred at trace levels. Insect damage was caused by birch leaf-
miners (Fenusa pusilla [Lep.] and Profenusa thomsoni [Konow])
and the birch skeletonizer (Bucculatrix canadensisella Cham.)
The most prominent disease observed was septoria leafspot
(Septoria betulae [Lib.] West) observed at levels up to 10%. It
occurred frequently, especially in association with foliage
discoloration which, in turn, was caused by acid fog.

Yellow birch (Betula alleghaniensis Britt.)
One tree died in 1994 (1.5% of the total) from mechanical

injury and armillaria root rot.
In 1994, about half (51.6%) of the trees were healthy, the

same level as in 1993. The condition of yellow birch has
remained stable since 1991 and individual trees changed among
tree condition classes. There has been a gradual decrease in
the number of vigorous trees over the years but slightly more
than half the trees have remained healthy since 1988.

Foliar damage by insects, diseases, or abiotic causes was
generally at trace or light levels although over 30 species of
insects and diseases were observed on the ARNEWS plots.
The leaf blister (Taphrina carnea Johans.) caused damage at
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moderate levels in northern New Brunswick and was the most
common organism found on the plots. In Quebec, twig and
branch mortality occurred, along with damage from skele-
tonizing insects and leafspot (Discula sp.) on up to 30% of the
foliage. Foliar damage was present on all trees mostly at trace
levels, but one third reached 10%. The leafminers Messa nana
(Klug) and Profenusa thomsoni (Konow) were the main cause
of damage. Wind damage to foliage was common on plots in
Quebec. Light levels of chlorosis were observed in plots near
the Bay of Fundy, but the cause is not known.

Beech (Fagus grandifolia Ehrh.)
No trees died in 1994 or in 1993 when measurements first

began on beech in this ecozone. Crown condition improved
slightly in 1994 compared with 1993 when 58.1% of the trees
were in the healthiest classes versus 45.2% in 1993.

Trees were generally affected by beech bark disease
(Nectria coccinea var. faginata Lohman, Watson + Ayers) which
contributed to the death of trees before plot establishment and
continues to affect surviving trees. Three insect pests caused
light levels of damage: Eupithecia, a gall mite (Eriophyidae),
and the variable oak leaf caterpillar (Lochmaeus manteo Dbly.).
Some trees were also damaged by wind.

Black Cherry (Prunus serotina Ehrh.) 
One of the 15 trees in the network died in 1994. The tree

had been declining and was damaged by stem cankers and open
stem wounds. Most trees (86.6%) were in class 4 or greater, that
is, more than 25% dieback. Foliar damage was caused by insects,
and leaf spots were present on all trees at trace or light levels. All
trees had trace level of damage caused by shot hole (Blumeriella
jaapi [Rehm] Arx.). Black knot (Apiosporina morbosa [Schwein.:
Fr.] v. Arx) occurred on crowns and occasionally on stems. 

Red Maple (Acer rubrum L.)
One tree died in 1994, 0.7% of the plot trees in this eco-

zone. The tree had been suppressed and in poor condition for
the past 3 years. The tree was infected with armillaria root rot
and the stem canker Phleospora aceris (Lib.) Sacc.

The condition of tree crowns improved in 1994 when
46.0% of crowns were in the healthiest classes, compared with
27.3% in 1993. Several insects and diseases were present on
the trees when ARNEWS was established and they continue to
affect the trees. Drought has also affected the trees and expo-
sure as residual hardwoods after logging may also have further
stressed the trees. The foliage of red maple was damaged by the
maple gallbladder mite (Vasates quadripedes Shimer) on sev-
eral plots, and at severe levels in southern New Brunswick. All
red maples in Quebec had trace or 10% foliar damage caused
by the greenstriped mapleworm (Dryocampa rubicunda
rubicunda [F.]) and trace levels of foliar damage caused by the
tar spot Rhytisma acerinum (Pers.:Fr.)Fr.

Sugar maple (Acer saccharum Marsh.) 
There has been no mortality of sugar maple on ARNEWS

plots in the ecozone since ARNEWS was established. In 1994,
the condition of the trees improved slightly; 52.0% of the trees
were in the healthiest classes, an increase from 44.9% in 1993.
There has been considerable annual fluctuation in crown
condition but no long-term trends are evident.

Foliar damage by insects, diseases, or abiotic causes
occurred at generally trace or light levels on sugar maple in the
Atlantic Maritime Ecozone. Moderate damage occurred on one
plot caused by leafspot fungus (Septoria aceris [Lib.] Berk.
and Broome). The ocellate gall midge (Acericecis ocellaris
[O.S.]) and other gall mites (Eriophyidae) caused some damage
at light levels. Defoliating insects, leaf spot, and anthracnose
at trace levels were observed on trees in Quebec. Abiotic symp-
toms also occurred on many trees at trace levels.

In summary, in the Atlantic Maritime Ecozone, levels of
mortality were mostly within the normal range for these for-
ests and the causes were identified. Foliar damage was wide-
spread on trees but generally at trace or light levels which did
not affect tree health. Symptoms of air pollution damage were
observed on white birch near the Bay of Fundy, and needle
flecking occurred occasionally on white pine. 

Mixedwood Plains

This ecozone covers the Lower Great Lakes–St. Lawrence
Valley area including the southern parts of Ontario and Quebec
and is bisected by the Canadian Shield. Underlain by carbonate
rich Palaeozoic bedrock, this nearly level to rolling plain is
dominated by a variety of deep, moraine, marine and lacustrine
deposits. In the northern portion the predominant soils are pod-
zols, luvisols, brunisols, and gleysols. The forest in the northern
portion is mixed coniferous–deciduous, dominated by white
and red pine, eastern hemlock, oak, ash, maple, and birch. A
small part of the deciduous forest, widespread in the eastern
United States, continues northwards into southeastern Ontario.
Previously abundant species include sugar maple, beech, white
elm, basswood, red oak, and white oak. Heavily forested at one
time, very little of the original forest remains today especially
in the southern portions. Much of the area is heavily settled, and
the forest vegetation is now in farm woodlots, hedgerows, and
remnant stands. The zone has a humid, mild mesic continental
climate typified by warm summers and cool winters. The
weather is highly changeable in this region since it lies within
one of the major storm tracks of North America.

This ecozone spans four of the Great Lakes and contains
important aquatic ecosystems, shipping corridors, and recre-
ation areas. The combination of agricultural soils, gentle topog-
raphy, and relatively warm summer climate have caused this
unit to be one of the most intensively used and highly populated.
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There are 18 ARNEWS plots in the Mixedwood Plains Eco-
zone. Species descriptions include eastern white pine, white
spruce, white birch, red oak, red maple, and sugar maple.
Frequently there is only one species per plot, so trends must be
interpreted cautiously.

Eastern White Pine (Pinus strobus L.)
No white pines died in the Mixedwood Plains ARNEWS

plots in 1994. Tree condition has been constant for the past
5 years. In 1994, 61.9% of the trees were in the healthiest classes
and about one fifth were in the deteriorating classes. Damaged
and missing foliage was observed on many trees in Quebec,
caused by shading of the lower branches. Many trees have been
damaged by the white pine blister rust (Cronartium ribicola
J.C. Fischer). Some trees were damaged by the Zimmerman pine
moth (Dioryctria zimmermani [Grt.]).

White Spruce (Picea glauca [Moench] Voss)
One tree died in 1994; it had been suppressed and died

from natural causes. Some defoliation by the eastern spruce
budworm occurred from 1989 to 1991 and again in 1994. This
caused the overall condition of white spruce crowns to dete-
riorate slightly; 81.6% of crowns were in the healthiest classes
compared with 96.6% in 1993.

White Birch (Betula papyrifera Marsh.)
There was no mortality of white birch during 1994. Crown

condition was generally poor as a result of overtopping and
competition from other species. Insects caused minor damage,
the most extensive was the early birch leaf edgeminer (Messa
nana [Klug]).

Red Oak (Quercus rubra L.) 
One codominant tree died in 1994 from armillaria root rot.

There has been little mortality among red oaks although most
trees have at least some dead branches in the crown. About two
thirds (63.4%) are in class 4, that is, 26–50% crown dieback.
Some improvement in crown condition occurred in 1994.

A variety of insects damaged tree crowns in 1994. These
included defoliators, leaf-sucking insects, and skeletonizing
insects. The oak skeletonizer (Bucculatrix ainsliella Murt.), pear
thrips (Taeniothrips inconsequens [Uzel.]), and oak leaffolder
(Ancylis burgessiana [Zell.]) were the most prominent. Dam-
age was at trace or light levels and so probably had little effect
on tree health.

A variety of diseases also affected foliage on most trees
at trace or light levels. These included leaf blister (Taphrina
caerulescens [Desm. & Mont.] Tul.) and anthracnose (Discula
umbrinella [Berk. & Broome) Morelet). Twigs were diseased
by Callirhytis medularis Weld. and Dothiorella advena Sacc.
Twig dieback was caused by D. advena Sacc. Some unknown

abiotic factor(s) are damaging the health of oaks in southern
Quebec. Investigations continue of the possible causes.

Red Maple (Acer rubrum L.)
One red maple died in 1994 from gradual crown dieback

and decline consistent with suppression of understory trees.
About a third of the crowns were in the healthiest classes

compared with 27.8% in 1993. The slight improvement occurred
when some trees moved into the healthier classes while a few
of the more damaged trees continued to deteriorate. A third of
the trees were in classes 4 and 5 and were affected by a variety
of insects, primarily the maple trumpet skeletonizer (Epinotia
aceriella [Clem.]) and the maple webworm (Tetralopha asper-
atella [Clem.]).

Sugar Maple (Acer saccharum Marsh.)
Three trees died in 1994, 3.2% of the trees in ARNEWS

in the ecozone. These were intermediate or suppressed trees with
broken tops and had been attacked by armillaria root rot and
stem and branch cankers. Crowns had also been damaged by the
pear thrips.

The condition of sugar maple crowns deteriorated slightly
in 1994; 38.8% of the crowns were in the healthiest classes, a
decrease from 47.8% in 1993. There was a slight increase in
the numbers of trees in classes 4 and 5 as twig and branch die-
back increased. 

Most trees were damaged at trace levels by defoliating or
skeletonizing insects. Damage at low levels was caused by two
insects; the sugar maple borer (Glycobius speciosus [Say]) and
pear thrips. Stem decay was observed occasionally and foliar
damage was caused by leaf spot and anthracnose.

In summary, in the Mixedwood Plains Ecozone, tree mor-
tality was higher than normal for two species, white spruce
and sugar maple. Causes were typical of these forests. Damage
to crowns occurred from leaf skeletonizers, defoliators, and leaf
spots. No symptoms of air pollution damage were observed on
any trees.

Boreal Shield

The Boreal Shield Ecozone extends from northern Saskat-
chewan east to Newfoundland, passing north of Lake Winnipeg,
the Great Lakes, and the St. Lawrence River. The zone is domi-
nated by broadly rolling uplands and lowlands. Precambrian
granitic bedrock outcrops interspersed with ridged to hum-
mocky, discontinuous veneers and blankets of glacial moraine,
fluvio-glacial deposits and colluvium are characteristic of its
surface. Soils range from humo-ferric podzols in the south to
brunisols in the north. The zone generally supports closed
stands of conifers, largely white spruce and black spruce, balsam
fir, and tamarack. Towards the south, there are more broadleaf
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trees: trembling aspen, balsam poplar, and white birch. Coni-
fers common in the south include white pine, red pine, and
jack pine. Throughout the contrasting areas of exposed bedrock,
this mosaic of soils and non-soils tends to be covered with a
range of communities dominated by lichens, shrubs, and forbs.
Small to medium-sized lakes are common. Climate in the eco-
zone ranges from humid, cold cryoboreal in the northwestern
part to perhumid, moderately cool boreal in the east. Its conti-
nental climate is modified by maritime conditions in its coastal
regions to the east and by cold arctic air masses from the north.

There are 57 plots in this ecozone and the following species
are described: eastern white pine, jack pine, red pine, tamarack,
black spruce, white spruce, red spruce, Norway spruce, balsam
fir, trembling aspen, white birch, yellow birch, beech, red oak,
red maple, and sugar maple. 

Eastern White Pine (Pinus strobus L.)
No trees died in 1994; mortality since ARNEWS was estab-

lished has been less than 1% annually. Tree condition is variable
throughout the ecozone but improved slightly in 1994 when
14.3% of the trees were in the healthiest classes. Crowns are
generally in poor condition in some areas and have been dete-
riorating in recent years. The missing foliage is a result of dam-
age by various defoliating insects and the shading of the lower
branches. White pine blister rust has persisted in some areas
for several years generally affecting younger trees.

Jack Pine (Pinus banksiana Lamb.)
Two trees died in 1994 from wind damage and subsequent

attack by bark beetles. Average annual mortality since the plots
were established is 0.3%.

Tree condition is generally good; 72.4% are in the health-
iest classes. There has been some deterioration during the past
5 years; 88.8% were in classes 1–3 in 1992. Tree condition
was best in Manitoba and Ontario; crown damage was highest
in Quebec where needleminer insects and skeletonizers were
prevalent. The most prevalent and damaging pests in the eco-
zone were western gall rust (Endocronartium harknessii [J.P.
Moore] Y. Hiratsuka), red squirrels (Tamiasciurus hudsonicus),
and bears (Ursus americanus). Trees were also damaged by the
larvae of the Olethreutid moth (Rhyacionia sp.).

In some areas in Ontario, tree condition has improved
since 1989; 90% of dominant/codominant trees have no appar-
ent damage. In the Manitoba portion of the Boreal Shield Eco-
zone, about 97% of the trees remained in the healthiest classes. 

Red Pine (Pinus resinosa Ait.)
No mortality has occurred in the network in this ecozone

since plot establishment. Crown condition has improved; two
thirds of the crowns are in the healthiest classes in 1994 com-

pared with 58% in 1993. Most trees (67%) had trace levels of
damage caused by shading and unidentified needleminer
insects. Some suppressed or intermediate trees remained
highly defoliated. 

Tamarack (Larix laricina [Du Roi] K. Koch)
No mortality occurred in 1994; 59.5% of the trees were in

class 4, that is, 25–50% defoliation. This was caused by crown
shading and defoliation by the larch sawfly (Pristiphora erich-
sonii [Htg.]).

Black Spruce (Picea mariana [Mill.] B.S.P.)
In 1994, no trees died in ARNEWS plots in the Boreal

Shield Ecozone. Overall, tree condition was generally good in
1994; 68.4% of the trees were in the healthiest classes com-
pared with 74.9% in 1993. Tree condition was best in New-
foundland where 76% were in the healthiest classes (1–3)
compared with 80% in 1993. Crown damage was more prev-
alent in Quebec where over half the trees were damaged by
defoliating insects and rust damage on needles. In some areas,
crown condition improved following a reduction in defoliation
by the eastern spruce budworm. Evidence of past defoliation
was common in most plots and some current defoliation was
observed. Damage was caused by needle rusts (Chrysomyxa
ledi [Alb. & Schwein.] de Bary and Chrysomyxa sp.) at trace
levels on many trees.

White Spruce (Picea glauca [Moench] Voss)
One tree died in 1994 from the effects of suppression and

defoliation by the eastern spruce budworm. 
Tree condition was generally good; 84.4% of the trees

were in the three healthiest classes, essentially unchanged from
1993. Tree condition was best in Newfoundland where 94% of
the trees were in the highest three classes. Trace levels of Euro-
pean spruce sawfly (Gilpinia hercyniae [Htg.]) damage occurred
on current foliage.

Red Spruce (Picea rubens Sarg.)
Red spruce is a common species only in the eastern part

of the ecozone in Quebec and eastern Ontario. Two red spruce
trees died in 1994 in the ARNEWS plots. One tree was sup-
pressed and had been declining for 4 years. The other had been
extensively damaged by wood borers and armillaria root rot.
The percentage of trees in the healthiest classes declined from
44.3% in 1993 to 26.8% in 1994. Most of these moved from
class 3 to class 4, or from up to 25% defoliation to over 25%
defoliation. This increase in defoliation was caused by the spruce
budworm and other defoliating insects.

Norway Spruce (Picea abies [L.] Karst.)
Norway spruce is an exotic conifer commonly planted in

reforestation programs in central and eastern Canada. It occurs
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in one plot in ARNEWS. No trees died in 1994. Crown condi-
tion was good; 87.1% of the trees were in the healthiest classes,
the same as in 1993. There were trace levels of crown damage
from several unidentified pests.

Balsam Fir (Abies balsamea [L.] Mill.)
Three balsam fir trees in the ARNEWS network in the

Boreal Shield Ecozone died in 1994 from the effects of eastern
spruce budworm defoliation on two trees; the other succumbed
to the effects of stem cankers. One of the trees died from stem
canker infection caused in turn by fir broom rust (Melamsporella
caryophyllacearum [Schroet.]). Armillaria root rot and wood
borers also killed one tree in Quebec.

Overall tree condition in balsam fir was good; 84.4% of
the trees were in classes 1–3. Some trees in western Canada were
damaged by the introduced false balsam gall midge (Dasineura
balsamicola [Lint.]), which caused occasional damage but did
not affect the health of the trees. Trees in Newfoundland were
mostly (91%) in the healthy classes. There was some defolia-
tion in 3 successive years by balsam gall midge (Paradiplosis
tumifex Gagné), and the hemlock looper (Lambdina fiscellaria
fiscellaria [Gn.]) defoliated many trees. Infestation by the bal-
sam woolly adelgid (Adelges piceae [Ratz.]) was similar to 1993.
The broom rust infected 27% of trees in one plot. Some trees
were affected by twig blight (Ascocalyx abietina [Lagerberg]
Schläpfer-Bernhard), needle blight (Cytospora sp.), and needle
cast (Lirula mirabilis [Darker] Darker).

Some trees in the intermediate crown position showed
decline symptoms and were in classes 4 or 5. In some areas,
particularly in Ontario, tree condition improved slightly as a
result of reduction in the eastern spruce budworm infestation.
Balsam fir had been subjected to moderate to severe levels of
budworm defoliation since 1988 resulting in the deterioration
in crown condition, but the budworm defoliation is reduced in
1994 compared with previous years.

Trembling Aspen (Populus tremuloides Michx.) 
Two trees died in 1994 from the effects of stem decay,

1.0% of the total in the ARNEWS plots in the Boreal Shield
Ecozone. This is closer to the normal rate and a decrease from
2.5% in 1993.

Tree condition was good for a species attractive to so many
insects and diseases. Over half of the trees (56.0%) were in the
healthiest classes, a slight decrease from 1993. Most trees had
some foliar damage and about a third had trace levels of foliar
damage caused by diseases. Damage was caused by large aspen
tortrix (Choristoneura conflictana [Wlk.]), forest tent caterpillar
(Malacosoma disstria Hbn.), and leaf beetles (Chrysomela sp.).
Decay caused by false tinder conk (Phellinus tremulae) and
poplar peniophora (Peniophora polygonia [Pers. ex Fr.] Bourd.
& Galz.) occurred frequently. Stem cankers were common.

White Birch (Betula papyrifera Marsh.)
Two white birch trees died in the ARNEWS plots in 1994,

0.6% of the total, from natural causes, suppression, and dam-
age by armillaria root rot.

The crown condition of birches declined slightly from 1993;
51.9% of crowns were in the healthiest classes compared with
66.7% previously. In Newfoundland, birch casebearer and
leafrollers were damaging trees. Crown damage was caused by
leaf-sucking insects (Elasmucha lateralis Say), and defoliating
insects, particularly the birch casebearer (Coleophora serratella
[L.]). Stress from competition also caused many dead branches.
In Ontario, infestation of birch leaf beetle (Phratora hudsonia
Brown) caused foliar browning on white birch. Anthracnose
and leaf blister was also common. Septoria leaf spot caused an
average of 10% foliar damage.

Yellow Birch (Betula alleghaniensis Britt.)
No trees died in the ARNEWS plots in 1994. The con-

dition of tree crowns improved slightly in 1994 when 61.3% of
trees were in the healthiest three classes, compared with 50.0%
in 1993. The improvement was caused by a reduction in the
numbers and amount of damage by defoliating insects. Trace
levels of damage was caused by insects, leaf blisters, and the
presence of some unknown abiotic damage. Birch casebearer
damaged trees in Newfoundland.

Beech (Fagus grandifolia Ehrh.)
One tree died in 1994 from the effects of broken branches,

a broken stem, and numerous stem cankers. Some older dead
trees are present in or near the plots caused by chronic infec-
tion by the introduced beech bark disease (Nectria coccinea var.
faginata Lohman, Watson & Ayers) and beech scale (Crypto-
coccus fagisuga Lindeman).

There was a marked improvement in crown condition in
1994 when most of the trees moved from class 4 to class 3.
Overall, 58.8% of trees were in the healthiest classes com-
pared with 11.8% in 1993. Tree foliage was damaged by defo-
liating and skeletonizing insects, and abiotic factors, usually at
light or trace levels. Anthracnose and occasionally leaf spots
were observed occasionally on trees in Quebec.

Red Oak (Quercus rubra L.)
Four trees died in the ARNEWS network in 1994 from

suppression and infection by armillaria root rot. Most trees
were in class 4 and damaged by insects. Most damage was
caused by the oak leafshredder (Croesia semipurpurana [Kft.])
which caused up to 15% defoliation on individual trees.

Red Maple (Acer rubrum L.)
One tree died from the effects of a broken stem and sev-

eral stem cankers. This is 4.5% of the 22 trees in the ecozone
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plot network. Tree condition deteriorated from 27.3% of trees
in the healthiest classes compared with 45.5% in 1993. Tree
condition has deteriorated steadily since 1989 caused by
drought-induced decline, physical damage,and associated
decay. The trees deteriorated further in 1994 when 27.3% were
in the healthiest classes. Defoliation by insects has been at
trace to light levels since 1989 and not a major factor in the
decline. The ocellate gall midge (Acericesis ocellaris [O.S.])
damaged some trees. Leaf diseases such as tar spot occur at
trace levels.

Sugar Maple (Acer saccharum Marsh.)
Sugar maple occurs along the southern fringe of the Boreal

Shield Ecozone and is assessed by ARNEWS in two plots in
Quebec. There was no mortality in the plots in 1994. Trees were
generally healthy; about half were in the healthiest classes.
Damage to crowns was at trace levels and was caused by defo-
liating and skeletonizing insects, leaf spots (Discula sp.), and
anthracnose. Approximately a third of the trees had unidentified
abiotic damage.

In summary, mortality levels in the Boreal Shield Ecozone
were within normal levels. Tree health was affected by a vari-
ety of insects (particularly the eastern spruce budworm), diseases,
and occasionally by abiotic factors. The degree of tree health
varies among species. Balsam fir, white birch, and trembling
aspen were often severely damaged by defoliating insects and
consequently were under some stress. Such damage tends to
be cyclical and tree recovery can be expected. No symptoms of
damage by air pollution were observed on trees in the Boreal
Shield Ecozone; however, declining trees might be further
stressed by pollutants.

Boreal Plains

The Boreal Plains Ecozone extends as a wide band from
the Peace River country of British Columbia in the northwest to
the southeastern corner of Manitoba. This level to gently rolling
plain is underlain by cretaceous shales and consists of hummocky
to kettled glacial moraine and lacustrine deposits. The soils are
largely luvisols and grade southwards into black chernozems
and northwards into brunisols and organics.

White spruce, black spruce, jack pine, lodgepole pine, and
tamarack are the main conifer species. Broadleaf trees, partic-
ularly trembling aspen, are most numerous in the transitional
section leading to the prairie grasslands. Other hardwoods com-
mon in the ecozone are white birch and balsam poplar. Black
spruce and tamarack dominate the more northerly parts of the
ecozone. The subhumid, moderately cold cryoboreal climate is
typified by cold winters and moderately warm summers. This
ecozone is strongly influenced by continental climatic con-
ditions. There are 11 plots in the Boreal Plains Ecozone. Forest

health results are described for jack pine, lodgepole pine, black
spruce, white spruce, and trembling aspen.

Jack Pine (Pinus banksiana Lamb.)
In 1994, one tree died in the ARNEWS plot from natural

thinning. Mortality since establishment has been 1.4% annually. 
Tree condition remained good; 85.1% of the jack pine

were in the healthiest classes. The only damaging organism
observed was the western gall rust and it was not affecting
the health of the trees. In previous years, jack pine budworm
(Choristoneura pinus pinus Free.) had damaged trees, but the
incidence of this pest is declining. Needle retention is normal.

Lodgepole pine (Pinus contorta var. latifolia Engelm.)
Two trees died in the plots in 1994 or 1.0% of the total.

Annual mortality is 1.5%. Trees died from an infection by Atro-
pellis canker (Atropellis piniphila [Weir] Lohman & Cash)
and a broken top. Atropellis canker and western gall rust are
the principal agents damaging trees.

Tree condition remained stable; 74.9% of the trees were
in the healthiest classes. About a fifth of the trees had 25–50%
defoliation. Many trees were infected by Atropellis canker and
western gall rust which reduced their vigor. Light to moderate
levels of foliar discoloration was caused by needle casts, (Lopho-
dermella concolor [Dearn.] Darker), the pine needle cast (Elytro-
derma deformans [Weir] Darker), and shading of lower needles.
Needle retention has been normal on trees not infected by needle
casts. Atropellis canker and western gall rust are reducing tree
vigor over extensive areas, resulting in sparse crowns with
considerable twig and branch mortality. 

Black Spruce (Picea mariana [Mill.] B.S.P.)
No mortality occurred in 1994; mortality since plot estab-

lishment is 1.1% annually. Most trees were healthy; 93.5%
were in the healthiest classes. The only pest found on black
spruce (near Grande Prairie) was yellow witches’ broom (Chry-
somyxa arctostaphyli Diet.). Needle retention was normal.

White Spruce (Picea glauca [Moench] Voss)
One tree died in 1994 from suppression in the ARNEWS

plots in the Boreal Plains Ecozone. This was 0.5% of the trees
in ARNEWS and represents an annual rate of 0.5%. Trees were
generally healthy in 1994; 90.5% of the trees were in the three
healthiest classes. 

In eastern Saskatchewan, many trees were damaged at
light to moderate levels by the spruce budworm. Suppression
affected the health of some trees. In other areas, pests dam-
aging trees included the spruce gall midge (Mayetiola piceae
[Felt]). Yellow witches’ broom, large-spored Labrador tea rust
(Chrysomyxa ledicola [Peck] Lagerh.), and the pine needle
cast also damaged trees. Needle retention has been normal.
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Trembling Aspen (Populus tremuloides Michx.)
One tree died in 1994 from suppression, an annual rate

of 0.7%. Tree health improved slightly in 1994 when 87.2% of
trees are in the healthiest classes compared with 81.1% in
1993. Trees are recovering from the insect and disease pests
that affected them previously.

Trees in many plots were affected by the false tinder conk,
which although widespread did not compromise tree health.
Some trees were also partly defoliated by the large aspen tor-
trix. Tree condition has fluctuated widely over the past 5 years
coincident with insect infestations and occurrence of frost. 

In summary, mortality in the Boreal Plains Ecozone was
within the normal range for these unmanaged stands, and the
trees were affected by a variety of known pests and diseases.
No symptoms of pollution damage were observed.

Taiga Plains

The Taiga Plains are mainly located in the southwesterly
corner of the Northwest Territories, northeastern British Colum-
bia and northern Alberta. This level to gently rolling plain is
underlain by cretaceous shale and covered with organic deposits,
undulating to hummocky glacial moraine, and lacustrine depos-
its. A large portion of the area is underlain by permafrost, which
perches the surface waters and promotes a regional overland
seepage system. When combined with low-angle slopes, it
creates a landscape that is seasonally waterlogged over large
areas. Patterned ground features are common. Its widespread
permafrost and poor drainage create favorable conditions for
cryosolic, gleysolic, and organic soils. Arctic tundra meadows
and wetland plant associations are common. Dwarf birch,
Labrador tea, willows, bearberry, mosses, and sedges are dom-
inant species. Upland and foothills areas and southerly locales
tend to be better drained, warmer, and to support mixedwood
forests characterized by jack pine, lodgepole pine, tamarack,
white spruce, black spruce, trembling aspen, balsam poplar,
and white birch. Its subhumid, subarctic climate is marked by
cool summers and long, very cold winters. Cold arctic air influ-
ences the area for most of the year. Some forestry, mining, and
oil/gas activities are also carried out.

This ecozone has two ARNEWS plots; conclusions are
based on ARNEWS results and those of other surveys.

White Spruce (Picea glauca [Moench] Voss)
Data were collected in this ecozone for the first time

in 1993. No mortality occurred in 1994. All trees were in the
healthiest three classes. Pests on the trees included the spruce
gall midge (Mayetiola piceae [Felt]), the eastern blackheaded
budworm (Acleris variana [Fern.]), the spruce spider mite
(Oligonychus ununguis [Jac.]), and yellow witches’ broom.
Needle retention was normal.

Trembling Aspen (Populus tremuloides Michx.)
The 1993 field season was the first in which tree condi-

tion data were collected. No trees died on the ARNEWS plots
in 1994. Crown condition was good; 95.0% of the aspen were
in classes 1–3. Pests occurring on aspen included false tinder
conk, and black galls caused by the poplar budgall mite (Aceria
parapopuli Keifer).

In summary, based on the limited data available for this
ecozone, tree health is good, and crowns were affected by few
damaging organisms. No symptoms resembling those caused
by air pollution were observed. Results are consistent with those
from other surveys.

Montane Cordillera

Most of southern British Columbia and a portion of south-
western Alberta are contained within this ecozone. It is a rug-
ged, mountainous unit that rings several major interior plains.
The plains are more extensive in the north and extend to the
intermountain valleys towards the south. The plains consist of
glacial moraine and, to some degree, fluvial and lacustrine
deposits, while the mountains consist largely of colluvium and
outcrops.

The most common soil types are luvisols and brunisols,
and podzols occurr throughout the mountainous terrain in the
east. The soils of the lower valley floor of the plains to the south
are often chernozems and support grasslands. These grade into
desert-like environments towards the Canada–U.S. border.
Ecoclimates are diverse; the alpine environment at higher ele-
vations contains various associations of herbs, lichens, and
shrubs, while the subalpine environment has tree species such
as lodgepole pine, alpine fir, and Engelmann spruce. The vege-
tation of the mountainous slopes and rolling plains contains
three species groups: lodgepole pine, Engelmann spruce, and
alpine fir; in the north and central parts of the ecozone, pon-
derosa pine, interior Douglas-fir, lodgepole pine, and trembling
aspen; and in the southeast; western hemlock, western red
cedar, interior Douglas-fir, and western white pine.

The climate ranges from subarid, mild mesic in southern
lower valleys to humid, cold subarctic in the north and higher
elevations. The ecozone is characterized by moderately long,
cold winters and short, warm summers.

Commercial forest operations have been established in
many parts of the Montane Cordillera, particularly in the north-
ern interior sections. In the eastern Rockies and Columbia
Mountains national and provincial parks have been established
for recreational use or as reserves for wildlife habitat. 

There are 12 ARNEWS plots in the ecozone. The following
species are described: lodgepole pine, ponderosa pine, Engel-
mann spruce, white spruce, western hemlock, interior Douglas-
fir, alpine fir, western red cedar, and trembling aspen.
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Lodgepole Pine (Pinus contorta var. latifolia Engelm. )
No trees in the ARNEWS plots in this ecozone died in

1994. The crowns of lodgepole pine are in good condition;
92.0% of the trees were in the healthiest three classes, although
there are more trees with defoliation in 1994 than in 1993. Some
foliar loss and chlorotic foliage was caused by summer drought
stress and shading of lower needles. Light to moderate foliar
discoloration on some trees was caused by a needle cast (Lopho-
dermella concolor [Dearn.] Darker) and an associated hyper-
parasite (Hendersonia pinicola Wehmeyer). Western gall rust
infected stems and branches, and the Sequoia pitch moth (Synan-
thedon sequoiae Hy. Edwards) damaged some trees. Some dam-
age caused by porcupines was observed. The pitch moth caused
canker-like depressions on the infested pine stems. These
infested trees are prone to stem breakage at the point of infesta-
tion. Needle retention during the last few years has been normal. 

Ponderosa Pine (Pinus ponderosa Laws.)
This species was first assessed by ARNEWS in 1992. In

1994, one tree in the ARNEWS plots died from suppression,
0.7% of the total.

Most trees were healthy; 90% had a full complement of
normal foliage. About 10% of the trees in one plot had some cur-
rent defoliation caused by a needle miner and 10% in another
plot were attached by a resin midge (Cecidomyia spp.) About
16% of the trees had current defoliation caused by a weevil
(Pachyrhinus [=Scythropus] californicus Horn). Some foliage
loss was also caused by squirrels. Trace to light levels of foliar
discoloration on 78% of the trees at one plot was caused by a
needle blight (Leptomelanconium cinereum [Dearn.] Morgan-
Jones).

Engelmann Spruce (Picea engelmannii Parry)
No trees died in 1994. Trees were healthy and 97.1% were

in the three healthiest classes. Several pests caused trace or
light levels of damage including spruce budmoth (Zeira-
phera spp.) spruce gall adelgid (Adelges cooleyi Gillette), and
Weir’s spruce cushion rust (Chrysomyxa weirii Jacks.)

White Spruce (Picea glauca [Moench]) Voss)
No trees died in the ARNEWS plots in 1994. Nearly all

trees were undamaged (89.7%) in the three healthiest classes.
The remainder were in poor condition as a result of storm dam-
age before 1993. Root and stem rot were common. 

Western Hemlock (Tsuga heterophylla [Raf.] Sarg.)
No trees died in 1994 in the ARNEWS plots in this eco-

zone. Most trees (97%) were in the healthiest three classes;
3% were dead at plot establishment. Light defoliation on current
growth was caused by western blackheaded budworm (Acleris
gloverana Wlshm). Defoliation by western hemlock looper

(Lambdina fiscellaria lugubrosa Hulst) has declined since 1993.
Needle rust (Pucciniastrum vaccinii [Wint.] Jorst.) occurred at
low levels.

Douglas-fir (Pseudotsuga menziesii var. glauca
[Beissn.] Franco)

The interior variety of Douglas-fir is a prominent species
in this ecozone. No trees have died since plot establishment.
There was no defoliation by the western spruce budworm
(Choristoneura occidentalis Free.) for the first time in 4 years.
In 1994, tree condition improved; 24% of the trees were in the
three healthiest classes compared with 6% in 1993. Only 3% of
the trees were more than 90% defoliated; the remainder were
recovering and in the 25–90% defoliation classes. 

Alpine Fir (Abies lasiocarpa [Hook.] Nutt.)
No trees died in 1994; mortality to date has been caused by

suppression in closed stands. Most trees (88%) were healthy
and had a full complement of normal foliage. The remainder had
died from previous storm damage. Trace levels of discoloration
were caused by fireweed rust (Pucciniastrum epilobii Otth).

Western Red Cedar (Thuja plicata Donn)
No trees died in 1994. About half the trees (56%) were

healthy and had a full complement of normal foliage. The
remaining trees had been defoliated to varying degrees by the
western hemlock looper, but were recovering in 1994. There
was no looper damage in 1994. 

Trembling Aspen (Populus tremuloides Michx.)
No trees died in the ARNEWS network in 1994; 4% of the

trees were dead at plot establishment. Most trees were healthy;
60% had a normal foliage complement and 25% had up to 25%
foliar loss. An additional 11% of the trees were in the 26–50%
defoliation class due to a combination of light defoliation by
forest tent caterpillar, poplar borer (Saperda calcurata Say), and
Cytospora (Valsa sordida Nits.).

In summary, in the Montane Cordillera Ecozone, tree
mortality was at normal levels and caused by known factors.
Crowns were damaged by insects, shading in dense stands,
and by storms. No symptoms resembling those caused by air
pollution were observed.

Boreal Cordillera

This ecozone is located in the midsection of the Canadian
Rocky Mountain system. It covers sections of northern British
Columbia and the southern Yukon Territory. The zone is charac-
terized by mountain ranges that contain numerous high peaks,
extensive plateaux, and intermountain plains. These plains have
been modified by glaciation, erosion, solifluction, and aeolian
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and volcanic ash deposition. Glacial drift, colluvium, and out-
crops are the main surface materials. Perennially frozen ground
(permafrost) and associated landscape features tend to be wide-
spread in the more northerly areas, and at higher elevations soils
are cryosols. In the warmer lower elevations in the southern
half, brunisols, podzols, and luvisols are common. The climate
ranges from humid to subhumid very cold subarctic to cold
cryoboreal. It is marked by long, cold winters and short, warm
summers and modified by vertical zonation and aspect. The
Pacific maritime influence is responsible for most of the pre-
cipitation that occurs in the autumn.

The vegetation consists of closed and open canopies over
much of the plateaux and valleys. Tree species include lodgepole
pine, white spruce, black spruce, alpine fir, white birch, trem-
bling aspen, and balsam poplar. In the northwest, the stands are
generally open, and lodgepole pine and alpine fir are usually
absent. Alpine tundra is prevalent at higher elevations, and sedge-
dominated meadows and lichen-colonized rock fields are
common. The forest, mineral, and large river system resources
have fostered forestry, mining, and hydroelectric developments.
Tourism and recreation activities are important economically.
There is one ARNEWS plot in the ecozone.

Lodgepole Pine (Pinus contorta Dougl. var. latifolia Engelm.)
One tree died in the ARNEWS plot in this ecozone in 1994,

an annual mortality of 1.7%. The tree died from the effects of
a broken stem caused by storm damage. About 25% of the trees
sustained 25–90% foliar loss mainly due to summer drought
and the previous effects of pine needle cast (Lophodermella
concolor [Dearn.] Darker) infections. No other organisms were
observed on the trees.

Trees assessed in this ecozone were quite healthy and no
symptoms resembling those caused by air pollution were
observed. 

Pacific Maritime

This ecozone ranges along the Pacific Coast to the Alaska
panhandle. Mountainous topography dominates, cut through by
numerous fjords and glacial valleys and bordered by coastal
plains along the ocean margin. Igneous and sedimentary rocks
underlie most of the area. Colluvium and glacial deposits are
the main surface materials. The soils are largely podzols, and
brunisols and folisols are common. The western coastal forest
is composed mostly of western red cedar, western hemlock,
Douglas-fir, mountain hemlock, amabilis fir, Sitka spruce,
yellow cedar, and alder. Douglas-fir is confined largely to the
south; in the north, amabilis fir is more common. Mountain hem-
lock occurs on the higher elevations.

The ecozone ranges from maritime-moderated, perhumid,
mild mesic coastal climate to subhumid, cool boreal to moder-

ately cool cryoboreal in the mountains. The annual precipitation
ranges from 600 mm in the lower Georgia Strait to 3000 mm
over the rest of the zone. There is little variation among the mean
monthly temperatures. 

Much of the land is commercial forest. The lowlands of
the Fraser Valley and the southeastern tip of Vancouver Island
contain mainly agricultural soils and urban lands.

There are 13 ARNEWS plots in this ecozone, the fol-
lowing species are represented, Sitka spruce, western hemlock,
Douglas-fir, amabilis fir, and western red cedar.

Sitka Spruce (Picea sitchensis [Bong.] Carr.)
No mortality occurred in 1994 in the ARNEWS plots in

the Pacific Maritime Ecozone. Most of the trees (85.7%) are in
the three healthiest classes and have a normal complement of
foliage. Trees with foliar damage were mainly understory, sup-
pressed trees with low levels of defoliation caused by budmoth
(Zeiraphera spp.) and discoloration by needle rust (Chryso-
myxa spp.). In one of the plots, 28% of the trees were damaged
by white pine weevil (Pissodes strobi [Peck]). Current and
previous weevil attacks damaged 69% of the trees, an increase
from 61% in 1993.

Western Hemlock (Tsuga heterophylla [Raf.] Sarg.)
During 1994, four trees died in the ARNEWS plots in this

ecozone, 1.6% of the total. Two trees died from suppression
and two from storms that broke off the tops. 

Nearly all trees (89.8%) were in the healthiest classes 1–3.
Most other trees with foliar loss were suppressed, understory
trees in dense, closed canopy coastal plots and a few had a
portion of the live crown damaged by storms. About 5% of the
assessed trees had trace levels of foliar discoloration, mainly
chlorotic, older foliage in the lower crown, attributed to nat-
ural shading and competition.

Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco)
Three trees died in the ARNEWS network in 1994, 0.5% of

the total. Mortality was caused by natural suppression followed
by a secondary form of armillaria root rot (Armillaria sinapina
Bérubé & Dessureault) on one of the trees.

Nearly all trees (92%) were in the three healthiest classes;
only 1% had more than 25% defoliation. This foliar damage was
caused by natural shading and competition in closed canopy
stands; Swiss needle cast (Phaeocryptopus gaeumannii [Rohde]
Petrack) caused foliar discoloration in central Vancouver Island. 

Amabilis Fir (Abies amabilis [Dougl.] Forbes)
Four amabilis fir died in 1994, 3.9% of the total. Mortality

was caused by shading and suppression in closed stands aggra-
vated by damage from the Pacific silver fir beetle (Pseudo-
hylesinus sericeus Mann.), and a secondary root rot (Armillaria
sinapina Bérubé & Dessureault) also damaged three trees. 
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Most trees had a full complement of foliage; 84.3% of the
trees were in the healthiest three classes. Tree condition in 1994
was largely unchanged from 1993. Most of the trees with red-
brown foliage were suppressed understory trees; two are dying
and had pronounced discolored, red-brown foliage. About half
the trees had about 5% foliar discoloration. The foliage has
remained chlorotic with some red-brown older foliage in the
shaded lower crown. A needle cast (Phaeocryptopus nudus
[Peck] Petrak) that caused some discoloration in the past 2 years
was not found in 1994; however, another secondary needle cast
(Lophodermium uncinatum Darker) did occur.

Western Red Cedar (Thuja plicata Donn)
No trees died in the ARNEWS network in 1994. Tree con-

dition was good and 81% of the trees were in the healthiest
three classes. Some damage was caused by shading of the
understory, suppressed trees. Trace levels of foliar discol-
oration occurred on a few trees in two plots caused by natural
shading and lower crown dieback in closed canopy stands.

In summary, trees in the Pacific Maritime Ecozone had
low mortality rates; the understory trees were killed by sup-
pression and shading and some trees were killed by storm
damage. Some foliage damage was caused by defoliating insects,
needle casts, blight fungi, and shading of understory trees and
foliage. No symptoms of pollution damage, such as needle
flecking, were observed. 

ARNEWS Plots That Have Decline
Symptoms

Decline is a continued and sustained deterioration of con-
dition ending in the death of the tree. ARNEWS has not iden-
tified any declines other than that of birches near the Bay of
Fundy where acid fog is damaging birches. However, several
ARNEWS plots had over 15% of the dominant and codom-
inant trees with greater than 50% crown damage for 3 or more
years (Fig. 1). A more detailed examination of these plots was
done to determine whether pollutants might be involved. There
were 17 plots in 3 ecozones that had these symptoms.

Atlantic Maritime Ecozone 

Nine plots with decline symptoms occurred in the Atlantic
Maritime Ecozone. Four plots were dominated by balsam fir
and one by black spruce. Damage on these plots was caused by
defoliation by the eastern spruce budworm and recovery has
been slow to occur. A declining plot of red spruce in Kejimkujik
National Park appears to be caused by the effects of a prolonged
regional drought. This plot is also in a high pollution deposition
zone and these pollutants may have inhibited tree recovery. A

coastal plot of white birch and northern paper birch (Betula cor-
difolia [Reg.] Fern.) near the Bay of Fundy was damaged by
acid fog.

Declining conditions were also observed in Quebec on two
plots containing white birch, yellow birch, and black cherry.
White birch has been damaged by Septoria leaf spot and uni-
dentified abiotic damage. Yellow birch trees have been damaged
by defoliating and skeletonizing insects but no abiotic symp-
toms were observed. The black cherry trees had crown damage
as a result of suppression and black knot as well as defoliating
insects and skeletonizers. Again, no abiotic symptoms were
observed. Some balsam fir on the plots are extensively dam-
aged and are recovering from previous budworm damage. Most
of the damage was attributed to the normal stresses affecting
forests. However, since the plots are in zones of high pollutant
deposition and abiotic symptoms are present on birch, the
situation will be monitored closely. 

Mixedwood Plains Ecozone 

Two plots in this ecozone containing trembling aspen,
white birch, and red oak also had decline symptoms. The trem-
bling aspen and white birch are growing on shallow soils and
tree condition has been poor since plot establishment in 1985.
Although there is no direct evidence of pollution damage, the
trees may be further stressed by the presence of pollutants in
the higher deposition areas. The uneven-aged stand of white
birch is undergoing a successional change to red maple. In
addition to the limiting site conditions, the trees are being
damaged by forest tent caterpillar and the bronze birch borer.

The plot containing red oak has been in a declining con-
dition for many years. The most probable causes appear to be
frost damage and insect and disease damage. The plot is also
in an area of high pollution deposition and this may be pre-
venting recovery or adding additional stress to the trees. 

Boreal Shield Ecozone 

Six plots in the Boreal Shield Ecozone had symptoms of
decline. The red oak plots contained white spruce and black
spruce. The white spruce trees had been severely infested by
the eastern spruce budworm during 1986–1989 and trees are
also infected with armillaria root rot. This damage and the fact
that the trees are on sandy soils has resulted in blowdown.
Trees have been declining and dying since these events. The
black spruce plot has overmature trees and the soils are quite
acidic. The poor condition can therefore be attributed to the
age of the trees. Pollution levels are low compared with most
ARNEWS plots, but the acidic soils prevent them from buffer-
ing any incoming acidity.

The plots containing hardwoods are in high deposition
zones and are affected by a variety of factors. Red oak, trem-
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bling aspen, and white birch are growing on shallow soils on
which drought damage occurred in 1989 and 1990. The trees
are recovering slowly from this stress. Yellow birch has been
damaged by storms and the stems have open wounds which
killed one tree in 1992. No direct symptoms of pollution have
been observed. The sugar maple trees are in poor condition
which can be expected because the plots are on the northern
range of the species and so are subject to many stresses.

The causes of these decline symptoms are largely those nor-
mal stresses affecting forests. Site conditions are a factor both
in terms of shallow nutrient-poor soils and the usual stresses
observed on trees growing at the extremes of their range. Insects
and diseases also play a part and the effects of these tend to be
greater on poor soils or on trees near the limit of their geo-

graphical range. An additional stress such as pollution could
also aggravate the situation. The fact that abiotic symptoms
have been observed on trees in poor condition in areas of high
pollution deposition is cause for concern for forest health.

Health of Canada’s Model Forests

The goal of the Model Forest Program is to develop a coop-
erative system to ensure that ecologically sound, economically
viable, and socially acceptable decisions are made about how
forests are to be managed. Knowledge of the state of the health
of these forests is necessary for the sustainable management
of the model forests. Model forests are represented within the
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ARNEWS network, and there are additional plots in nearby
forests representing the same species and/or similar forest
types and conditions. The evaluation of forest health is based
on the data from ARNEWS plots in the model forests aug-
mented by the results of other surveys by FIDS. 

Western Newfoundland Model Forest

The Western Newfoundland Model Forest covers 707 000 ha
in the Boreal Shield Ecozone. The model forest is a major tim-
ber supply area for two newsprint mills and contains large popu-
lations of moose (Alces americana), caribou (Caribou rangifera),
black bear (Ursus americanus), and a variety of small furbear-
ers including the only remaining population of Newfoundland
pine marten (Martes americana). Recreation is an important
part of the model forest since access to and use of the forest is
perceived by Newfoundlanders as an inherent right.

Traditional forest management within the area of the model
forest has concentrated on timber production rather than other
resource values. In an attempt to redress this, a multidiscipli-
nary project has been initiated to develop a management strat-
egy including timber harvesting, wildlife habitat, recreation,
and the preservation of water quality.

Forests in this area have been repeatedly damaged by insects
particularly the eastern spruce budworm, hemlock looper, and
the balsam woolly adelgid. Although the forests are in the boreal
zone, they have seldom been affected by wildfire because of
the high rainfall and humidity in this area. 

There are three ARNEWS plots in the model forest; the
major species assessed are balsam fir, white spruce, and yellow
birch. There was no mortality in these plots in 1994. Nearly all
balsam fir (97%) are in the healthiest three crown condition
classes. Light to moderate levels of defoliation occurred on up
to a third of the trees caused by the balsam gall midge (Para-
diplosis tumifex Gagné). In 1994, damage on fir was caused by
the hemlock looper. Black spruce and white spruce were
healthy and no pests were observed on them. There is some
damage on yellow birch caused by the birch casebearer.

Fundy Model Forest

The Fundy Model Forest in the Atlantic Maritime Ecozone
has a direct impact on a large portion of the population of New
Brunswick. The three largest urban centers are near the
400 000-ha model forest, and many communities that depend
directly on forest lands are within its boundaries. These commu-
nities have a keen interest in how the forest is managed and they
bring a diversity of values and visions of the forest in defining
forest management goals.

The forest has a mixture of uses: commercial, private, and
recreational. The forest also has a long history of insect damage

and defoliation by the eastern spruce budworm has the greatest
impact. Red spruce, white birch, and red maple are described
from the two ARNEWS plots in the model forest.

No red spruce trees died in 1994. Trees were in good con-
dition and 79% were in the healthiest classes (1–3). This was a
slight decrease from 1993 when 86% were in the healthiest
classes. Foliar damage occurred at trace levels from five insect
pests; no fungi or abiotic conditions affected the trees in 1994.

White birch has been extensively damaged by acid fog
since 1979 and this has continued in 1994. Most trees were in
poor condition in 1994. Half the trees are dead, and only 20%
were in the healthiest classes. Four trees died on the plot in 1994;
all were codominant trees in deteriorating condition during the
past 5 years. The trees had been damaged by the bronze birch
borer and armillaria root rot. Of the 16 species of insects and
diseases recorded on the ARNEWS plots, 14 occurred at trace
levels of defoliation and 2 at light levels. The typical birch
browning was much more prounounced in 1994 than in recent
years and varying levels of browning occurred throughout the
model forest. This is the only incidence of forest decline known
to be caused by acid rain observed by ARNEWS. 

Red maple trees were in poor condition; 22% of the trees
were in the healthiest classes compared with 30% in 1993.
A total of 16 species of insects and fungi were observed on the
trees. All but one affected trees at trace levels; the maple blad-
dergall mite damaged trees at moderate levels. One tree died
in 1994 after being attacked by armillaria root rot. The cause
of death of the other trees in the network is unknown since the
trees were dead at the time of plot establishment in 1993. 

Other forest insects and diseases active in the Fundy
National park part of the model forest include birch leafminers,
birch casebearer, Septoria leaf spot, sirococcus shoot blight,
spindle galls, and the European spruce sawfly. Winter drying
also damaged trees in 1993 and 1994. 

An Inhabited Forest

This model forest is located in the Bas-Saint-Laurent
Region, Quebec, and covers 112 000 ha. The stands of white
spruce, balsam fir, white birch, yellow birch, and sugar maple
which cover most of the area are typical of the Atlantic Mar-
itime Ecozone.

A major objective of this model forest is to demonstrate that
the concept of sustainable development can be integrated into
communities based on agriculture and forestry. To achieve this,
managers are developing models for forest farmers and for the
consolidation and diversification of the activities of owners of
small woodlots.

This forested area has been widely used in the past and is
an intimate mix of private and public lands. Fire has not played
an important role in forest succession. Forests have been dam-
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aged by various insects, particularly the eastern spruce budworm,
the forest tent caterpillar, and the hemlock looper.

Two ARNEWS plots are in the model forest and contain
white spruce, balsam fir, white birch, yellow birch, red maple,
and sugar maple. Tree condition was generally good for bal-
sam fir and white spruce. No mortality occurred in 1994.

Most conifers had considerable damage from a variety of
causes. White spruce crowns were mostly in class 4 or greater.
Foliage was damaged by defoliating insects, mostly spruce bud-
worm, and by shading of the lower crowns which caused foliage
loss. Similarly, most balsam fir (65%) were in class 4 or greater.
Again foliage loss was caused by defoliating insects and from
shading. About a quarter of the fir also had trace levels of abi-
otic damage.

Hardwoods were in good condition. White birch crowns
were healthy; 94% were in the healthiest classes. Damage to
foliage was at trace levels and caused by leaf spot and amber-
marked birch leafminers (Profenusa thomsoni [Konow]). Most
yellow birches were healthy; 71% were in the healthiest classes.
Damage to foliage was at trace or low levels and caused by
leafminers (Messa nana [Klug]) and (P. thomsoni [Konow]).
About two thirds of the trees also sustained foliage damage from
wind. Yellow birch and white birch in the model forest are quite
healthy compared with birch elsewhere in Quebec, probably
due to their younger age.

The red maple on the plots in the model forest were dam-
aged by the greenstriped mapleworm and all trees were damaged
at trace levels by tar spot (Rhytisma acerinum [Pers.:Fr] Fr.).
Sugar maple was quite healthy; 77% of the trees were in the
healthiest classes. All trees had trace levels of damage caused
by insects, leaf spots, or anthracnose.

Eastern Ontario Model Forest

The Eastern Ontario Model Forest covers 1.5 million ha of
the Mixedwood Plains Ecozone. Most of the trees in this pre-
dominantly hardwood area are less than 80 years old. Approx-
imately 88% of the forested land is privately owned. The Eastern
Ontario Model Forest’s unique uses of the forest resource
include maple syrup production and the use of black ash by the
Mohawk peoples to make traditional handicrafts. From eco-
logical woodland restoration initiatives to the establishment of
nut groves and the monitoring of forest songbird populations,
the Eastern Ontario Model Forest projects are as diverse as the
ecosystems that form the landscape. All share the common
goal of using the forest resource in a sustainable manner.

This settled area has a long history of land use as farm
woodlots; management activities consist of selective cutting
and development of fast-growing plantation species. Stress fac-
tors consist of defoliation of hardwoods by the forest tent cater-
pillar and the gypsy moth (Lymantria dispar L.)

There are two ARNEWS plots in the model forest con-
taining white spruce and sugar maple. One white spruce tree
died in 1994 from natural competition. White spruce crowns
were in good condition; 84% were in the three healthiest classes,
a decrease from 97% in 1993. There was no defoliation by
spruce budworm in 1994 but defoliation from previous years
contributed to the decline in crown condition in 1994.

Sugar maple crowns were generally healthy but had some
damage; 55% of the trees had dead branches and bare twigs on
15% of the crown. Damage was caused by the defoliating insect
maple webworm (Tetralopha asperatella [Clem.]). This insect
caused widespread damage in eastern Ontario in 1994. The severe
winter of 1993–94 also contributed to the decline in tree condi-
tion. Results from other monitoring plots in the area were similar.
For example, plots in the North American Maple Project showed
that 12% of the sugar maple also had dieback in the 6–25% range.
Plots in another network of the Forest Insect and Disease Survey
showed that 17% of trees were in the 6–20% dieback class. 

A survey of red oak in the model forest showed that 74% of
the trees had less than 20% dieback. This is an improvement
over 1993 when the comparable figure was 61%. Similarly there
were 20% of the trees in the 21–50% dieback class compared
with 32% in 1993. The condition of oak has improved contin-
uously in this area since 1992. Damage on these trees was
caused by a variety of defoliating insects, mainly gypsy moth,
coupled with the effects of drought. No symptoms of air pol-
lution damage were observed, although this model forest is in
an area of relatively high pollution.

Lake Abitibi Model Forest

The 1 094 690-ha Lake Abitibi Model Forest in northeast-
ern Ontario is in the Boreal Shield Ecozone near Cochrane and
Iroquois Falls. The model forest is characterized by flat lowland
peat sites that support mainly black spruce. 

The model forest is testing new silvicultural methods and
other projects. The goal is to protect unharvested trees more
effectively, leaving them standing and able to form the next
forest. Research projects are also studying how small mam-
mals are affected and how the fertility of these sites is affected
by harvesting.

A cultural heritage project is studying the history of the First
Nations and nonnative uses of the forest. The project has dis-
covered and recorded several archaeological sites; the informa-
tion will be used in the Timber Management Planning process
to protect these sites from disturbance.

Forests in this area are boreal, largely of fire origin, and
have been harvested over extensive areas. Damage by insects
has not played a large part in forest succession or forest health
although defoliation caused by spruce budworm and jack pine
budworm has occurred frequently. 
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There are two ARNEWS plots in the model forest con-
taining black spruce and white birch. One black spruce died in
1994 apparently from the effects of armillaria root rot. Black
spruce is in a healthy condition; 98% of the trees were in the
healthiest classes. No damage was observed on black spruce in
1994.

The white birch are also healthy; half the trees were in the
healthiest three classes. Nearly all the remainder were in class
40, that is, up to 15% crown dieback. Trace levels of defolia-
tion were observed in the plots in 1994. The slight deterioration
in the birch plot appears to have been caused by the severe
winter of 1993–94.

Manitoba Model Forest

The Manitoba Model Forest covers 1 047 069 ha and is
located 100 km northeast of Winnipeg at the longitudinal center
of Canada in the Boreal Shield Ecozone. Land ownership and
use within the area is complex and diverse, including multi-use
and wilderness parks, private woodlots, First Nations reserves,
provincial forests, and a Forest Management Area licensed to
a newsprint company.

The diversity of ecosystems and land uses within the model
forest area requires an equally diverse program of activities.
The projects include studying biophysical baseline data, such
as the songbird and plant census; the development of decision
support models for moose and caribou; the development of a for-
est ecosystem classification system; forest regeneration tech-
niques; harvesting systems; and economic diversification studies.

Forest types are composed of typical Boreal Shield forests,
many of which are of fire origin. The major insects affecting for-
ests are the jack pine budworm, and the forest tent caterpillar.

The Manitoba Model Forest contains one plot of trem-
bling aspen and balsam fir established in 1993. When the plot
was established, two thirds of the aspen were dead, caused by
natural thinning. The remaining trees were generally healthy;
about 70% of the trees were in the healthiest classes. Some defo-
liation was caused by a leaf beetle (Chrysomela sp.). Decay
by false tinder conk was observed on 33% of the living aspen
trees.

The balsam fir were healthy, and the light levels of dam-
age caused by the introduced false balsam gall midge (Dasi-
neura balsamicola [Lint.]) did not adversely affect tree condition.
Black spruce in the area was also in good condition with little
foliar damage.

Prince Albert Model Forest

The Prince Albert Model Forest covers 314 649 ha of the
Boreal Shield Ecozone in central Saskatchewan. The most
striking features of this forest are a strong commitment to

enhance the participation of First Nations people in forest
resource management, to advance the application of decision-
making tools, and to promote the integration of research into
forest management decisions. The model forest ecosystem is
characterized by large-scale disturbances, predominantly wild-
fire, and a dry cool climate. Several ecological research projects
have been established to investigate the effects of forest man-
agement practices and wildfire, on water and soil fertility, and
biodiversity.

Forests have been affected by several insects and diseases,
most particularly the jack pine budworm, the eastern spruce
budworm, and the forest tent caterpillar.

The Prince Albert Model Forest contains one ARNEWS
plot established in 1993. Most of the trees are white spruce and
trembling aspen. White spruce trees were generally healthy in
1994; 89% of the trees were in the healthiest classes compared
with 72.6% in 1993. A few of the white spruce have broken tops,
are suppressed, and in poor condition. One tree died in 1994
from suppression.

One trembling aspen tree died in the ARNEWS plot in
1994, from natural thinning. The condition of trembling aspen
was good; 97% of the trees were in class 10, that is, they had no
visible damage. The only pest organism observed on aspen was
the false tinder conk which was not affecting tree health.

Foothills Model Forest

The Foothills Model Forest covers about 1.2 million ha of
forested land in the Boreal Plains Ecozone. The model forest
is a partnership between Weldwood of Canada Ltd., the Alberta
Forest Technology School, and the Department of Environmental
Protection. Over 70 other organizations also participate.

These forests are affected by harvesting, wildfire, and
occasional abiotic damage from drying winds. The major insect
pests affecting these forests are bark beetles, forest tent cater-
pillar, and jack pine budworm.

The Foothills Model Forest contains one ARNEWS plot
established in 1993. The plot is mostly white spruce and trem-
bling aspen, with some black spruce and lodgepole pine. All
black spruce and white spruce were in the healthiest crown con-
dition classes. No pests were observed on black spruce but the
large-spored spruce-Labrador tea rust and yellow witches’-
broom were affecting white spruce. Trembling aspen were gen-
erally healthy, although 10% of the trees had dead twigs and
branches in 26–37% of the crown which will affect tree health.
This dieback was caused by crowding or natural thinning. Some
of the trees also had fire scars which may contribute to their
poorer health. The few lodgepole pine in the plot were affected
by pine needle cast (Lophodermella concolor [Dearn.]) which
contributed to their reduced vigor. The needle cast disease is
common throughout the foothills of Alberta.
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McGregor Model Forest

The McGregor Model Forest covers 181 000 ha in central-
interior British Columbia and is part of the Montane Cordillera
Ecozone. Major species include Engelmann spruce, subalpine
fir, and interior Douglas-fir. The forest is valued by local com-
munities for forest products and services, recreation, scenic qual-
ities, outdoor settings, ecological features, and cultural values.

The forest has been affected by harvesting, wildfire, and
occasional outbreaks of defoliating insects and bark beetles.
There is one ARNEWS plot in the model forest established in
1985. It contains Engelmann spruce and alpine fir as the major
species, plus a few interior Douglas-fir. Since plot establishment,
two white spruce and two alpine fir have died from stem break-
age, likely during the high winds in the winter of 1987–1988.
No trees in the ARNEWS plots died in 1994. Tree condition was
good; there was no defoliation and no insects or diseases were
observed on the plots in 1994.

Other surveys by FIDS in the model forest include the
evaluation of a silvicultural trial. The major damage was caused
by climatic factors. Heavy snow and ice accumulations have
seriously deformed 12% of the trees and caused forks and
crooks on many others. Lodgepole pine have been damaged by
the northern pitch twig moth (Petrova albicapitana [Bsk.])
and by Western gall rust. The white pine weevil also occurred
widely on Engelmann spruce in adjacent stands.

Forests in the model forest area were also damaged by
bark beetles and defoliating insects. The spruce beetle (Den-
droctonus rufipennis [Kby.]) caused mortality over 2 000 ha of
Engelmann Spruce, and Douglas-fir beetle (D. pseudotsugae
Hopk.) killed mature trees over 150 ha. The western balsam
bark beetle (Dryocoetes confusus Swaine) damaged mature
alpine fir stands causing mortality of up to 5%.

Defoliation was caused by the western hemlock looper
and the two-year-cycle budworm (Choristoneura biennis
Free.). Mature western hemlock were killed over 350 ha by the
looper, but the budworm caused only trace to light defoliation
on white spruce and balsam fir. Some damage was caused by
snow, ice, and high winds.

Long Beach Model Forest

The Long Beach Model Forest is situated on the west coast
of Vancouver Island, British Columbia, in the Pacific Maritime
Ecozone. Covering 400 000 ha, the area includes Pacific Rim
National Park and Clayoquot Sound. The forest is a patchwork
of diverse and interrelated forest ecosystems, much of it never
having been harvested. Wildfires are not common in this wet
ecozone.

Forest pests include defoliators of hemlock, cedar, and to
a lesser extent the true firs. Defoliating insects are currently at
endemic levels while only the more perennial pests such as

dwarf mistletoe, root rots (Phellinus sp., Armillaria sp.), and
spruce weevil are presently active at damaging levels. Damage
in the past has been caused by the western blackheaded bud-
worm, hemlock sawfly (Neodiprion tsugae Midd.), saddleback
looper (Ectropis crepuscularia [D. & S.]), and the greenstriped
forest looper (Melanolophia imitata [Wlk.]). Aphids, leader
weevils, and budminers are common on Sitka spruce. Dwarf
mistletoe is commonly found on western hemlock of all ages. 

Soil Sampling and Analysis

Monitoring soil chemical properties at each ARNEWS
plot was incorporated into the program at establishment. The ini-
tial sampling and analysis was made between 1985 and 1987.
These sites were re-sampled in 1990 following the same proce-
dures. Soils were collected from five sample points around the
periphery of each ARNEWS plot, and within 5 m of the plot.
Five subsamples of the most abundant F, A, and B horizons
were collected and composited into a single sample for analy-
sis. This yielded 25 samples, 5 samples of each horizon for
analysis. Samples were analyzed in CFS laboratories accord-
ing to standard procedures. Data for pH were obtained with
0.01 M CaCl2 and exchangeable potassium, calcium, and mag-
nesium, following extraction with unbuffered 1.0 M NH4Cl.
The detection methods varied because of differences in labo-
ratories and time. The more common methods were flame emis-
sion and atomic absorption spectrophotometry and inductively
coupled argon plasma (ICAP) emission spectrometry. Change
in soil properties was calculated as the difference (for pH, in pH
units; for exchangeable K, Ca, and Mg in cmol(+)/kg) between
the 1990 and earlier values. 

The principal comparison of the ARNEWS soil monitoring
was between properties of individual soils over time. Results
were related to atmospheric deposition by examining changes
in relation to the spatial variation of SO4

2- and NO3
- deposition

from 1985 to 1989. Deposition data were obtained from
Environment Canada. The ARNEWS plots were separated into
five deposition zones for SO4

2- and NO3
-. For SO4

2-, Zones 1–5
corresponded to 0–9.9, 10–14.9, 15–19.9, 20–24.9, and >25 kg
ha-1 wet SO4

2- per year. For NO3
-, Zones 1–5 corresponded to

0–4.9, 5–9.9, 10–14.9, 15–19.9, and >20 kg ha-1 wet NO3
- per

year. Means of SO4
2- and NO3

- deposition zones were calcu-
lated, plotted, and analyzed statistically. The average change
in exchangeable calcium in F, A, and B horizons from 1985 to
1990 in each deposition zone is shown in Figure 2.

Changes were detected in patterns of exchangeable cation
concentration between the two sample dates. Potassium in the
F horizon concentrations on average increased from 1985 to
1990 in zones of lower deposition, Zones 1–3, for both pollu-
tants. Decreased concentrations were recorded in the F horizons
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of Zone 4 and 5 plots, also for both sulfate and nitrate. For cal-
cium, there was little change on average in F horizon concen-
trations from 1985 to 1990 across Zones 1–3 for both SO4

2-

and NO3
- deposition; but in Zones 4 and 5 average concentra-

tions of exchangeable calcium diminished. 
Similar, although inconsistent, patterns also appeared in A

and B horizons, although the latter differences were not statis-
tically significant. A similar pattern of diminishing concentration
in relation to deposition for both pollutants occurs in F horizons

for exchangeable magnesium. Magnesium may be retained in the
mineral soil and so is not apparent in the F horizon. These reduc-
tions in F horizons of exchangeable base cation concentrations in
relation to increasing SO4

2- or NO3
- deposition are consistent

with apparent increased leaching of base cations from natural
soils. This leaching has been observed in other soil solution
chemistry studies in eastern North America. The source of those
solution cations is exchange sites in the soil, and this might
account for the observed reductions in cation concentrations.
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Figure 2. Change of exchangeable soil calcium from 1985 to 1990 by sulfate and nitrate
deposition zone. Values (bars) with same letter do not differ significantly (P=0.05).
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From these data, it can be concluded that some changes are
taking place in the soils under the ARNEWS plots. There are
suggestions that these changes may be influenced by the sul-
fate and nitrate deposition since the changes seem to be great-
est in the zones of higher deposition. Sampling and analysis of
soil during subsequent 5-year periods will be needed to
determine whether the trends observed to date continue.

Conclusions

The assessment of ARNEWS plots in 1994 indicates that
there is no large-scale decline in the health of Canadian forests
that can be directly attributed to atmospheric pollution. This con-
clusion is similar to that reached from previous assessments.
Nevertheless, damage caused by air pollution occurred on birch
in the Bay of Fundy area of New Brunswick. Localized declines
were reported on red oak and red pine. Flecking on pine needles
was observed in the Atlantic Maritime Ecozone. Several plots
in the system had decline symptoms in areas of acid-sensitive
soils. The cause of these declines is currently being investigated.

The effects of insects, diseases, drought, and storms were
observed frequently. Also, trees might have been weakened or
stressed by external factors such as air pollution but this stress
is not apparent. 

Tree mortality was 1.2% in 1994 and was caused primar-
ily by natural thinning of the stands as suppressed trees died.
Higher than average levels of mortality occurred in balsam fir
and white birch in the Atlantic Maritime Ecozone. The cause of
the increased mortality in balsam fir was blowdown, root rots,
and stem cankers aggravated by previous defoliation, primarily
the eastern spruce budworm. Air pollution was the cause of
higher than normal mortality in white birch.

In the boreal ecozones, extensive areas of forest continue
to be affected by defoliation caused by jack pine budworm, east-
ern spruce budworm, eastern hemlock looper, and forest tent
caterpillar. The results indicate a continuing recovery from the
effects of earlier droughts that had a negative impact on tree
health in the southern parts of the Boreal Shield and Mixed-
wood Plains Ecozones. In the northwestern part of the Boreal
Shield Ecozone and in the Boreal Plains Ecozone, higher than
normal mortality of trembling aspen was caused by a combi-
nation of insects, diseases, and unseasonal frosts acting on old,
unhealthy trees. In the Pacific Maritime Ecozone, most mortal-
ity was caused by storm damage. 

Data from the sampling of soil in the ARNEWS indicate that
there may be pollution-induced changes taking place in nutrients.

Canadian forests appear to be generally healthy, although
affected by insects, diseases, and abiotic factors. Air pollution
damage on white birch and possibly pines and other species is
cause for concern. Research projects will investigate the causes
of this damage. It is essential to continue the long-term moni-

toring of the health of our forests to provide the knowledge base
necessary for their sustainable development.
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