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AERIAL SURVEYS

Aerial surveys are conducted in all provinces and territories 
except Prince Edward Island and Nunavut (Figure 1). These 
surveys involve the use of  fixed-wing and helicopter 
methods. Remote sensing has been tested in some 
parts of Canada, but is not currently in use operation-
ally. Many aerial surveys have a minor ground com-
ponent to verify damage agents, intensity and damage 
boundaries. While some jurisdictions delineate all for-
est health disturbances, others focus on major forest 
pests that have the potential to impact timber supply.  

Helicopters are generally used to more accurately depict 
location, often equipped with a Global Positioning System 
(GPS) or camera/video recorder with geo-referencing 
capabilities. These detailed surveys are most frequently 
used to support control efforts. Coarser scale surveys 
(often referred to as overview surveys) are generally 
conducted from fixed-wing aircraft. Aerial observers 
sketch-map disturbances onto PC tablets or hard copy 
maps. Forest insects are most commonly captured during 
overview surveys. Forest diseases are generally less vis-
ible from the height that these surveys are conducted. 
The exceptions are foliar diseases and landscape-level 
forest declines. (A decline is a generally slow, progres-
sive deterioration of tree health and vigour resulting 
from a complex of biotic and/or abiotic factors.)

GROUND SURVEYS

Across Canada, there are over 14 500 plots, some 
permanent and some temporary. These are sampled 

on an annual or variable basis, or as dictated by pest 
populations (Figure 1). Only one or two pests are usually 
monitored at most ground plots (Table 1). In some 
instances, general surveillance along the route to these 
sites is conducted, although the observations are not ad-
equately reflected in the ground monitoring summary.    

The majority of ground surveys are focused on biotic 
factors (Figure 3). Of those surveys:

•	 48% are for forest insects;

•	 17% are for forest diseases;

•	 15% are for non-pest-specific surveys; and

•	 14% are for exotics (i.e., those monitored by the CFIA).

Table 1. Summary of permanent sample plots or sites that have been monitored recently in Canada.

Province/ 
territory No. of sites % Sampled 

annually
% With multiple 
pest sampling

% With same pest sampled 
(life stages)

BC 2614 29 7 2
AB 1493 0a 2 4
SK 943 18 - -
MB 1014 21 2 -
ON 328 0 a - 22
QC 2510 0 a - -
NB 675 93 50 16
NS 885 100 35 10
NL 1817 0 a - -
PE 14 0 a - -

a Some may be assessed annually but are not considered annual plots. 
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Figure 3. Ground surveys of major forest disturbances in 
Canada, by pest group (based on 2008/2009 input from 
provinces and territories and the Canadian Food Inspection 
Agency). FHFs = forest health factors.
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Table 2. Defoliators currently being monitored by ground in Canada (not necessarily annually).

• = Established exotic pest, but does not necessarily occur in all jurisdictions; CFIA = Canadian Food Inspection Agency

Defoliator CFIA BC YT AB SK MB ON QC NB NS NL PE

Aspen serpentine leafminer •

Balsam fir sawfly • •

Douglas-fir tussock moth

Eastern blackheaded budworm • • •

Eastern hemlock looper • • • •

Eastern spruce budworm • • • • • • • •

European pine shoot moth •

Fir spruce budworm •

Forest tent caterpillar • • • • • • •

Green striped forest looper •

Gypsy moth • • • • •

Jack pine budworm • • • • • •

Large aspen tortrix •

Pale winged grey •

Rusty tussock moth • •

Spruce bud moth •

Two-year-cycle spruce 
budworm

• •

Western hemlock looper •

Western spruce budworm • •

Whitemarked tussock moth • • •

Yellowheaded spruce sawfly •
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Table 8. Compatibility for six aspects of insect pheromone monitoring between provinces and territories in Canada.
Items in italics denote established exotic pests, but these do not necessarily occur in all jurisdictions. Y = yes; N = no.

Common name

No. 
provinces 

and 
territories 
monitoring

Lure/bait 
formulation Manufacturer Lure type No. traps/  

location Trap type

Douglas-fir tussock moth 1 Y Y Y Y Y

Eastern hemlock looper 4 Y Y Y Y Y

Eastern spruce budworm 8 Y N a N a N N

European elm bark beetle 1 Y Y Y Y Y

European pine shoot moth 1 Y Y Y Y Y

Forest tent caterpillar 3 Y Y Y N Y

Gypsy moth 4 Y Y Y Y Y

Jack pine budworm 6 N b N b N b N N

Mountain pine beetle 2 Y Y Y N Y

Native elm bark beetle 2 N N N N Y

Rusty tussock moth 1 Y Y Y Y Y

Western hemlock looper 1 Y Y Y Y Y

Western spruce budworm 1 Y Y Y Y Y

Whitemarked tussock moth 2 Y Y Y Y Y

Unestablished Exotics

Banded elm bark beetle 2 Unknown N N N N

Brown spruce longhorn beetle 1 Y Y Y Y Y

Pine shoot beetle 2 Y Y Y N Y

Sirex wood wasp 2 Y Y Y Y Y

a The Suterra 2.8 mg lure and the Contech 330 ug lure are considered compatible.

b Five of five provinces and territories are compatible.

DEFOLIATOR EGG AND LARVAL SAMPLING

Defoliator surveys generally have set sampling units 
such as number of trees to sample, branches per tree, 
and branch length. Survey results are often expressed 
as an average per site, or are extrapolated to repre-
sent an average number of egg masses or larvae per 
10 m2 of foliage. The latter requires the recording of 
branch width. 

Survey results are used to make population predic-
tions based on certain thresholds. These thresholds 
are often developed locally (that is, calibrated with 
subsequent defoliation in area)—which means that the 
same average number of eggs or larva can imply differ-
ent predicted defoliation levels between jurisdictions. 

The reporting unit however (e.g., larvae per 10 m2 
of foliage) may be similar. Thus, assessing compatibility 
is complicated by local conditions and host species 
that may warrant different sampling methods and 
thresholds.    

For those defoliators that are monitored in more than 
one jurisdiction, only jack pine budworm and western 
spruce budworm egg mass sampling survey methodol-
ogies are compatible, i.e., all sample units and sub-units 
are the same (Table 9). However, reporting units (e.g., 
average egg masses per 10 m2 foliage) are similar for 
five out of seven egg mass surveys. Merely collecting 
branch width would provide for compatibility with re-
porting units for eastern blackheaded budworm.  
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Table 9. Compatibility of sampling units of egg and larval sampling for defoliators in Canada.

  Egg Larva

 

N
o. o

f trees 
sam

pled

B
ranches/
tree

B
ranch 
length

R
epo

rting 
units

N
o. o

f trees 
sam

pled

B
ranches/
tree

B
ranch 
length

R
epo

rting 
units

Eastern spruce budworm                

Jack pine budworm                

Western spruce budworm         1 1 1  1

Eastern blackheaded budworm        
No larval surveys

Eastern hemlock looper        

Balsam fir sawfly          1  1  1 1 

Forest tent caterpillar        

No larval surveys
Pale winged grey 1 1 1 1

Spruce bud moth 1 1 1 1

Two-year-cycle spruce budworm 1 1 1 1

Western hemlock looper 1 1 1 1  1 1  n/a 1 

Whitemarked tussock moth 1 1 1 1 No larval surveys

Douglas-fir tussock moth 1 1 1 1  1  1  n/a 1 

Not compatible

Compatible

1 Compatible – only in one jurisdiction

Gaps in Monitoring 
One of the underlying principles of the NFPS is an 
ecosystem-based approach, with pests being assessed 
in the context of specific or local ecological conditions. 
Most provinces and territories, however, manage forest 
pests within the context of their impact on the forest 
sector (i.e., managed forests). Given these differences, 
monitoring gaps are discussed below from three per-
spectives: forest pest, managed forest, and ecosystem.   

FOREST PESTS

Based on aerial survey coverage and monitoring plots, 
it seems that forest insects are being fairly well mon-
itored across the managed forests of Canada.

Forest pathogens, however, are being less well mon-
itored, in part because of the elusive and chronic na-
ture of some pathogens (e.g., root diseases and stem 
decays) and the associated challenge in the aerial 
sketch-mapping of these disturbances. Furthermore, 
pathogens are not cyclical like their insect counterparts, 
so monitoring population changes is less meaningful. 
Instead, plots are generally established to assess im-
pacts or responses to different silvicultural treatments.

Foliar diseases have the most distinguishable landscape-
level pattern and are generally associated with abnor-
mal climatic conditions. Declines, such as that in aspen, 
have recently become more pronounced on the land-
scape in certain portions of Canada. These are being 
recorded during aerial surveys in several jurisdictions, 
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as are foliar diseases. Although root diseases can have 
significant impacts on forest volumes or values, their 
signature at a landscape level is less readily detected 
from the scale that aerial surveys are conducted.  

FORESTS 

Today, about half of the forested3 land base in Canada 
is monitored through the use of aerial surveys4 (Fig-
ure 5, Table 10). Not all of these areas are monitored 
annually.

Sixty-four percent of the forested area that is con-
sidered managed forest is monitored aerially (Figure 
5). Coverage varies widely from province to province 
and from partial coverage to full coverage. Coverage 
can also vary from one year to the next, depending 
on funding and pest activity. For instance, Quebec has 

3	 Forest as defined by Canada’s National Forest Inventory 2001 
Land Use Classes.

4	 Based on 2008 or 2009 aerial surveys, except in Nova Scotia, 
which conducted its first provincial aerial surveys in 2010.

an extensive ground monitoring network that guides 
where aerial surveys are conducted, which means that 
coverage varies from year to year. 

ECOSYSTEMS

At an ecosystem level, monitoring gaps exist in the 
forested portions of the western and eastern boreal 
shield and taiga shield ecozones (Figure 6). These gaps 
are of significance in that the boreal west forests (west 
of Lake Winnipeg) are projected to experience the 
greatest change in frequency, size and area affected 
by biotic disturbances as a result of climate change 
(Johnston et al., 2009). These changes were projected 
to start in 2011. 

Other recent research suggests that climate change 
could extend the northern boundary of eastern 
spruce budworm, forest tent caterpillar, hemlock 
woolly adelgid and beech bark disease (Candau and 
Fleming, 2011; Dukes et al., 2009). Pest disturbances 
in these northern forests could also impact Canada’s 
carbon reserves. 

Figure 5. Aerial surveys coverage across Canada in relation to managed forests and forested areas 
(based on 2008, 2009 or 2010 aerial surveys).
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Table 10. Proportion of forests, by province and territory, monitored by aerial surveys in Canada (based on 2008, 2009 or 2010 surveys).

 
Province/ 
territory

Managed Forestsa   All Forestsb 

Total 
(millions of ha)

Surveyed 
(%)

Not 
Surveyed (%)

Total 
(millions of ha)

Surveyed 
(%)

Not Surveyed 
(%)

YT 5.87 98 2 7.42 98 2

NU 0 0 0 0.4 0 100

NT 32.6 0 100 64.23 0 100

BC 65.55 100 0 65.6 100 0

AB 32.44 83 17 32.44 83 17

SK 15.86 61 39 23.19 42 58

MB 12.27 37 63 22.27 20 80

ON 49.5 100 0 66.28 100 0

QC 53.47 12 88 92.08 8 92

NB 7.24 100 0 7.26 100 0

NSc 5.43 100 0 5.47 100 0

PE 0.33 0 100 0.34 0 100

NL 7.39 52 48 12.23 32 68

Total 287.95 64 36 399.22 51 49

a Source: Combination of Managed Forest Lands (includes Department of National Defense (DND), Indian Reserve and parks land) theme from 
NRCan Spatial Carbon Modeling Group and Canada’s National Forest Inventory (CANFI) 2001 Land Class Use.

b Forest derived from CANFI 2001 Forest Land Use Class.

c 100% coverage every other year ; alternate grid lines are flown annually.

Figure 6. Aerial survey coverage in relation to forested portions of Canada’s ecozones (based 
on 2008, 2009 or 2010 surveys).
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Proposed Scenarios for 
National Pest Monitoring
Scenarios for improvements to national pest monitor-
ing were developed by the CCFM Forest Pest Working 
Group’s Monitoring and Diagnostics Technical Advisory 
Group in 2010.  

Three scenarios have been defined: Good, Better 
and Best (Table 11). These differ in many ways, but 
most notably in the forest classification (managed or 

unmanaged) and the importance of the pest (or pests) 
being monitored. A national pest list, based on input 
from the provinces and territories (Appendix 2), iden-
tifies which pests would be monitored under different 
monitoring scenarios.  

•	 The Good scenario includes improvements already 
realized primarily as a result of better nation-wide 
communications since the advent of the NFPS.

•	 The Better scenario involves practical, easily achiev-
able improvements in national monitoring.

Table 11. Proposed national pest monitoring scenarios.

Good Better Best

Overview surveys 
(aerial or remote 

sensing)

Of partial forest 
(accessible ground 

checks)

Of all managed forests, including 
DND,a Indian Reserve and park 

lands (aerial and/or ground checks)

Of all forested (aerial and/or ground 
checks)

Ground survey 
monitoring goals

Respond to 
province or 

territory’s high 
priority major 

pests and general 
surveillance

Annual or periodic monitoring 
points, with quantitative estimates 
of all major and potential pests 
in all managed forests, including 
DND,a Indian Reserve and park 

lands

Annual monitoring points with 
quantitative estimates of all pest 
conditions in all forest (enhanced 
Forest Insect and Disease Survey 

[FIDS] program)

Ground survey sampling 
design

Conduct where 
historical 

distribution of 
major pests

50 sample points per genus for 
managed forests, including DND,a 

Indian Reserve and park lands (per 
province or territory)

50 + sample points per genus on 
all forested lands and enhanced 
surveillance (per province or 

territory)

Ecosystem-based 
reporting 

Retrospective Retrospective Retrospective

Diagnostics

In-field ID 
with access to 
diagnostics for 

more difficult IDs

Trained field staff and access 
to dedicated insect and disease 

diagnosticians. Supported by 
curated collections and e-database 

(ID, location, date).

Trained field staff and dedicated 
insect and disease diagnosticians, 

with access to taxonomist to 
confirm ID, identify exotics and 

develop or improve ID tools and 
techniques. Supported by curated 

collections and e-database. 

Improved 
communication (e.g., 

meetings, Pest Strategy 
Information System) 

Yes Yes Yes 

Harmonized best 
practices to meet NFPS 

objectives
No Yes Yes 

Ability to inform risk 
analysis

Increases with monitoring effort

a Possible Department of National Defense (DND) coverage would be variable, depending on accessibility of the area, both by ground and air (this 
varies by time of year and level of security). 
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Province/
territory Common name
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Larch, cedar and other conifers
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ntiguo
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rest types
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ther bro

adleaves
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ine

Po
plar

S
pruce

U
nspecifi

ed bro
adleaves

BC Western larch         3       2      
BC Western redcedar       3 3   0       0  
BC White birch                     0  
BC White spruce     0             0 4  
BC Whitebark pine             1   4      
BC Yellow cypress       2 3              

BC Total   6 53 51 52 9   5 2 58 5 53  
MB Alaska paper and white birch             0          
MB Ash             5          
MB Balsam fir             3     0 0  
MB Balsam poplar             3     0    
MB Black spruce                 2 2 39  
MB Bur oak             1 3   0    
MB Eastern cottonwood             5          
MB Jack pine         1   0   48 2 8  
MB Manitoba maple           2 1 0        
MB Red ash             3 0        
MB Tamarack         3         0 0  
MB Trembling aspen         1 3 3 2 0 46 3  
MB White elm             3 0        
MB White spruce                   0 3  

MB Total           5 5 27 5 50 50 53  
NB Balsam fir     17   0 2         3  
NB Beech           3            
NB Black spruce     2     0         7  
NB Eastern white cedar         2           1  
NB Eastern white pine                 3   0  
NB Intolerant hardwoods     1   1         1 3  
NB Jack pine                 5   1  
NB Poplar     2   1 3       3 2  
NB Red and white spruce         0 1         8  
NB Red maple     0     3       0 0  
NB Red pine                   0    
NB Red Spruce                     0  
NB Spruce                     3  
NB Spruce and balsam fir                     3  
NB Sugar maple     2   0 14 5       1  
NB Tamarack         3              
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Province/
territory Common name

B
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plar

S
pruce

U
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NB Tolerant hardwoods     4   1 7         4  
NB White and gray birch 5   2   0 1 0     1 2  
NB White spruce     3     0         0  

NB Total   5   33   8 34 5   8 5 38  
NL Alaska paper and white birch 0   0                  
NL Balsam fir 4   29       5       4  
NL Black spruce 1   1               26  
NL White spruce     3               0  

NL Total   5   33       5       30  
NS Balsam fir     4         1     1  
NS Black and red spruce     1         4 3   24  
NS Black spruce                     2  
NS Eastern white pine                 3      
NS Intolerant hardwoods     0       5 16 0   3  
NS Jack pine                 3      
NS Poplar                   5 0  
NS Tolerant hardwoods               9     0  
NS White spruce               0     1  

NS Total       5       5 30 9 5 31  
NT Unspecified conifers             5       50  

NT Total               5       50  
ON Alaska paper and white birch 5   0   0 1 1 0 4 4 2  
ON Balsam fir     5       0 0 0 0 0  
ON Basswood           1 0 4        
ON Beech           1 0 4        
ON Black ash         0 0 1 2 0 0   0
ON Black spruce 0       0       2 6 45  
ON Eastern hemlock       5   0   0 0      
ON Eastern white cedar         4 0   6 2 2 0  
ON Eastern white pine         0 0 0 0 6 0    
ON Ironwood               3        
ON Jack pine                 30 3 2  
ON Poplar         0 0 0 1 2 33 0  
ON Red oak             0 3 0 0    
ON Red pine               1 4      
ON Scots pine               0 0      
ON Silver and red maple         0   1 11 0 0   5
ON Sugar and black maple 0     0 0 48 1 25 1 1    



38
FOREST PEST MONITORING IN CANADA

Province/
territory Common name
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S
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U
nspecifi

ed bro
adleaves

ON Tamarack         0              
ON White ash               3        
ON White oak             1 2        
ON White spruce               2 0 1 1  
ON Yellow birch         1     4        

ON Total   5   5 5 5 51 5 71 51 50 50 5
PE Black spruce           6            
PE Poplar           3            
PE Red maple           11            
PE Tamarack           0            
PE White spruce           12            

PE Total             32            
QC Alaska paper and white birch 31         0 1   1 2 2  
QC Balsam fir 4   47   1 8 1     2 2  
QC Balsam poplar                   0    
QC Black and red spruce 0   2     0     0 1 36  
QC Black spruce 0   0     0     0 1 10  
QC Eastern hemlock 3                      
QC Eastern white cedar 0       3 0 1   0 0    
QC Eastern white pine 0         1   0 2 0    
QC Jack pine                 3 0 0  
QC Largetooth aspen                 3      
QC Red Maple           16     0      
QC Red oak           0   3   0    
QC Speckled alder                     0  
QC Sugar maple 2         22 0 3        
QC Trembling aspen 2   1   2 1 2   0 44 0  
QC White spruce                        
QC Yellow birch 9         2            

QC Total   51   50   6 50 5 6 9 50 50  
SK Balsam poplar             1   0 3 0  
SK Black spruce                 0 0 30  
SK Jack pine                 49 2 10  
SK Lodgepole pine                 3      
SK Tamarack                   3 0  
SK Trembling aspen             4   0 44 2  
SK White spruce                 0 0 9  

SK Total               5   52 52 51  
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Province/
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YT Alaska paper and white birch             0     0 0  
YT Balsam poplar                   2 1  
YT Black spruce                 4   16  
YT Lodgepole pine             1   44 0 2  
YT Subalpine fir     5   1   2     0 1  
YT Tamarack         4   1          
YT Trembling aspen             0     4 1  
YT White spruce         1       2 0 32  

YT Total       5   6   4   50 6 53  
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APPENDIX 5.  CURRENT PLOT DISTRIBUTION BY GENUS AND LEADING SPECIES, BY PROVINCE 

(Note: currently no plots in the territories)

Province Common name

  B
irch

  D
o
uglas-fi

r

  F
ir

  H
em

lo
ck

  Larch, cedar and other 
conifers

  M
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  N
o
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ntiguo
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types

  O
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adleaves

  P
ine

  Po
plar

  S
pruce

AB Balsam poplar                   1  
AB Black spruce                   3 53

AB
Douglas-fir and Rocky 
Mountain Douglas-fir

  1             1    

AB Engelmann spruce                 2   7
AB Hybrid jack and lodgepole pine                 3   4
AB Intolerant hardwoods                   15 1
AB Jack pine                 1   1
AB Lodgepole pine                 45   5
AB Poplar                   273 303
AB Subalpine fir     1                
AB Trembling aspen                   62 178
AB White spruce                     377

AB Total   0 1 1 0 0 0 0 0 52 354 929

BC
Douglas-fir and Rocky Mountain 
Douglas-fir

  643 1 11 13       40   4

BC Engelmann spruce     1                
BC Fir     94 17             2
BC Hemlock       179 1            
BC Lodgepole pine   4 1 83         366   4
BC Ponderosa pine   5                  
BC Spruce   1 30 3         1   53
BC Subalpine fir     77 21 2       2    
BC Trembling aspen       6           55 2
BC Western hemlock       556              
BC Western larch         2            
BC Western redcedar         15            
BC White spruce                     3

BC Total   0 653 204 876 33 0 0 0 409 55 68
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Province Common name

  B
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  F
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  M
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  P
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  S
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MB Balsam poplar                   5  
MB Black spruce                 7 20 1195
MB Bur oak             15        
MB Jack pine                 173 11 50
MB Red ash             12        
MB Tamarack                   2  
MB Trembling aspen             5 3 1 346 92
MB White elm             6        
MB White spruce                     8

MB Total   0 0 0 0 0 0 38 3 181 384 1345
NB Balsam fir     121   1 8         117
NB Balsam poplar                   2  
NB Beech           4          
NB Black spruce     10     4         131
NB Eastern white cedar         8           28
NB Eastern white pine                     2
NB Intolerant hardwoods     5   7         12 85
NB Jack pine                     14
NB Poplar     18     14       25 57
NB Red and white spruce           3         282
NB Red maple     2     16         20
NB Sugar maple     27     37         11
NB Tolerant hardwoods     54   1 7         83
NB White and gray birch     14   8 7       13 36

NB Total   0 0 251 0 25 100 0 0 0 52 866
NL Balsam fir     1375       5       55
NL Black spruce     7               370
NL White spruce     1                

NL Total   0 0 1383 0 0 0 5 0 0 0 425
NS Balsam fir     31         68     125
NS Black and red spruce     2         77 47   451
NS Eastern white pine                 8    
NS Intolerant hardwoods     5         181 2   49
NS Jack pine                 4    
NS Poplar                   1  
NS Tolerant hardwoods               145     3
NS White spruce               14     15

NS Total   0 0 38 0 0 0 0 485 61 1 643
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FOREST PEST MONITORING IN CANADA

Province Common name

  B
irch

  D
o
uglas-fi

r

  F
ir

  H
em

lo
ck

  Larch, cedar and other 
conifers

  M
aple

  N
o
n-co

ntiguo
us fo

rest 
types

  O
ther bro

adleaves

  P
ine

  Po
plar

  S
pruce

ON Alaska paper and white birch 1               18 2 1
ON Balsam fir     3               2
ON Black spruce                 2 6 50
ON Eastern white cedar               2      
ON Eastern white pine                 9    
ON Jack pine                 66 7 13
ON Poplar                 3 37  
ON Red oak               1   1  
ON Red pine                 2    
ON Silver and red maple               2      
ON Sugar and black maple           16   7 1    

ON Total   1 0 3 0 0 16 0 12 101 53 66
PE Black spruce           3          
PE Poplar           1          
PE Red maple           3          
PE White spruce           6          

PE Total   0 0 0 0 0 13 0 0 0 0 0
QC Alaska paper and white birch 191         4     6 17 35
QC Balsam fir 53   247   2 137 1     10 62
QC Black and red spruce 5   4     2     3 3 237
QC Black spruce 2   3     5     3 2 173
QC Eastern white cedar 3       6 4 1   1 3  
QC Eastern white pine 3         12     10 5  
QC Jack pine                 40   4
QC Poplar                 1 2  
QC Red maple           245     2    
QC Red oak           4   3   3  
QC Silver and red maple                   7  
QC Speckled alder                     1
QC Sugar maple 29         443   4      
QC Trembling aspen 20   5   6 19     6 438 14
QC Yellow birch 56         19          

QC Total   362 0 259 0 14 894 2 7 72 490 526
SK Balsam poplar             1     7  
SK Black spruce                 1 2 197
SK Jack pine                 19 13 37
SK Trembling aspen             32   2 533 74
SK White spruce             1       24

SK Total   0 0 0 0 0 0 34 0 22 555 332


