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Annual 

ABSIRRCT 

bv Ontario forests for the period 1977-1981 

losses Slat were about equivalent to forest growth for the period. 

RESLME 

las pertes annuelles causes par las insectes et les maladies dans les 
de 1'Ontario au cours de la periode 1977 a 1981 sont presentees: un som-

pour la province entiere, des raPLx>rts regionaux pour omq des regxons 
S^SSdWS un rapport caurnun pour trois regions administrative* du sud 
del'Cntario. Des pertes annuelles moyennes de 46,766,000 rf (volume total 
brut) ont ete enregistrees au cours de La periode. ta -jorite de ces pertes 
soit 33 573 000 m3, sont dues a la mortalite des arbres,- un volume de 9,062,000 
ra3 reprLente du bois de rebut atteint de pourriture; le^reste des pertes, soit 
4 131 000 mP, constituent la croissance perdue. Lbs donnees sont presentees par 

ravageur pour les diverses especes d'arbres hbtes. Les caries, les poumdies, 
la defoliation par la tomeuse des bourgeons de l'epinette et le chancre Hypoxy-

Lonien ont cause les pertes les plus lourdes. les regions frappees par one 

infestation massive de la tordeuse des bourgeons de l'epinette ont subi au total 
des pertes a peu pres equivalentes au volume de la croissance forestiere pour la 

periode. 
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INTRODUCTION 

insects and diseases' cause considerable destruction of timber in our 

forests. The current spruce budworm infestation in eastern Canada is causing 

extensive mortality and loss of growth. large areas with dead and dying fir and 
spruce testify to the magnitude of this drain on our wood supply. Losses caused 
by *ood decay fungi are evident as rotten culls when forests are harvested. 

In 1982, the Forest Insect and Disease Survey (FIDS) units of the 
Canadian Forestry Service (CFS) conducted a nationwide assessment of the impact 

of insects and diseases on the forest resources of Canada for the 5-year period 
1977-1981. The results of this effort were summarized by Sterner and Davidson 
(1982) in the 1981 FIDS Annual Report. Canada experienced an annual average 

volume loss of 107 million m3 to pests. Spruce budworm and wood decay were the 
most destructive pests, causing losses of 44 and 25 million m3, respectively 
Ihe cest-caused depletion was equivalent to two-thirds of the volume of wocd 

harvested in the same period, an indication that pests wsre destroying the 
forest at levels approaching the rate at which w* utilize it. In a similar 
study (flnon. 1979), losses were estimated at 88 million m* for the year 1975. 

Data for the 1977-1981 pest assessment exercise vere compiled for 

Ontario Ministry of Natural Resources (OMNR) administrative regions. The 
regions constituted working areas of a convenient size in relation to the 
Ontario Forest Resource Inventory (OFRI), which was the source of the forest 
statistics used as a data base. Loss estimates are presented herein for the 

entire province, the Northwestern (NW), North Central (NC), Northern (N), North 
eastern (NE) and Algonquin (AL) regions and the combined Central, Eastern, and 

Southwestern (C-E-SW) regions. 

Eefore submission for the national compilation, the Ontario loss esti 

mates were reviewed with CMNR personnel at a series of meetings that ultimately 

led to consideration by the Canada-Ontario Joint Forestry Research Committee 

(COJFRC) working group concerned with pest-caused depletions. Consideration by 

the working group led to the recommendation to publish these data as a means of 
determining the types of pest-loss data that are useful to forest managers. 

Plans are being formulated for estimating losses due to pests for the next 5-

year period, 1982-1986. Improved inventory data and better estimators of such 

losses can be expected to provide a more comprehensive analysis. Readers inter 

ested in different or additional data on losses are urged to contact the author. 

It is important to read the section entitled "Perspectives on losses Dae 

to Pests" before attempting to interpret the loss data contained herein. This 

reading is necessary if one is to gain an impression of the kinds of losses in 
cluded in or omitted from the report. Also, some knowledge about the nature of 

certain losses is needed to interpret them with respect to other forest statist 

ics. Some losses represent a depletion of inventoried volumes, whereas others 

are a projection of volumes that failed to accrue because of pest activity. 

Such volumes never appear in conventional inventories. 

1 A glossary of scientific nomenclature is included In the APPEH3IX. Consequently, this 

nomenclature has not been incorporated into the text. 
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Perspectives on Losses Due to Pests 

Comparability of Reports on Losses 

^ attribut^ £*S?' ■ likS m°St OtherS' featUreS a totol ^imate of losses attributable to all insects and diseases. However total l™ «-• *. S 

conparisons of pest reports ne«J to be made with caution. For examole 
the data contained herein were submitted for inclusion in H,. „ J example, 
assessment (sterner and tevidson ,», £Jt%2Z£*mZF£££Z 

^Sr2 as the Ontario portion of the nationwide situftioi 

Losses in Relation to Other Forest Statistics 

harvested voices, ^ch are usmlly reported » units of n7t 



_ o _ 

*™ ^Unrttd to reflect gross total volumes. Also, the harvested timber 

I!TZi ciTv S^at Lause sane of the pest-caus^ lOBB «**- * spe 
i ^ng utilized well below available supply, the economic impact oE a con-

Spotion of the los.es reported was slight. Similarly, losses occurred 
ih in relative tiaber value and product 

ion of the los.es reported was slig y 
to a variety of tree species with a range in relative tiaber value and product 
^ttil For example a loss of 3,803,000 ^ occurred for white b^ch bat 

p 

til. For example, a loss of 3,803,000 ^ 
about 80,000 J were harvested; therefore, the value of the loss is low 

ScLe the tLbar is not beiny utilized. *, attest was nade to ^lude an 
economic analysis. Since the data are expected to be *£^**«^J£ 
diverse backgrounds, timber drain caused by pests was considered a loss. *Wb« 
values and demand change. K>plar utilization, for example, almost doubled dor 

ing the period 1977-1981. 

ttst damage is treated in this report as loss, to keep loss statistics 
fairly basic. The loss can be depletion of timber that is present or xe 

'di appear on inventory, or it can be the type that probably wouIn no 
inventory voltes. R,r example, root rots produce stand conditions that 
i as characteristic of the natural forest. The affected stands have 

SaTSn optimal density, and the trees can have poor growth. tort losses 
caused by rote are never picked up by the inventory. 

The concept of a pest-free ecosystem needs to be considered if M are to 
appreciate fully the magnitude of past-caused losses. Such a forestj^ulc be 
vastly more prcductlve than the natural system because of enhanced growth rates 
and tetter stocked stands. Also, stands .ould remain productive over a greater 
period of time as site conditions would becaae the only limiting factor. Stem 
decay, root rot, bark beetles, and other pests that gain prominence as stands 

nature would not exist. 

The pest-free concept is idealistic, but it is a necessary starting 
point for pest appraisal. In reality, the analysis requires an mterpretatxon 

of the pest-affected natural forest to yet an impression of what could be pre 
sent if pests were excluded. With this approach, the loss estimates contained 
m this report are conservative. later discussion will show that certam kinds 
ot loss, Particularly forms of growth loss, could not be measured for many 

important pests, and therefore these were excluded. 

For planning purposes and inventory adjustment, losses estimated herein 

should be interpreted in relation to inventory volumes and P^^on *£ 
insect-caused mortality (12,482,000 ^) and disease-caused cull (9,062,000 m ) 
depleted inventoried volumes. Ihese volumes were killed or became rotten, tost 

of the growth loss caused by insects arrt diseases (4,130,000 m3) was a reduction 
in the volume of growth (CAI) predicted by the inventory. Most disease-caused 
mortality (21,091,000 0.3), however, was a volume loss that probably never 
appeared on inventory. Affected stands, «hen sampled, ted a volume of dead tim-
STthat resulted from disease activity. Without question, this timber repre 
sents a volume loss, but the loss should not be applied as an inventory adjust-
mnt. inventory methods for Ontario (Anon. 1978) record this mortality as 
rSuced stocking; affected stands Wuld have been better stocked if root rot, 
Libl absent. By contrast, most insect-caused mortality is of a catastrophic 
nature, affecting an inventoried volume that will be only partly salvaged or 

completely lost. 
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Pest-caused Losses Not Contained in the Data 

by t^ese conditions are ignored 

s=-b£S£ 
of an important ^t that causes 

Plantations valueless, tost of this 
not measured by inventory i r 

seedlings were not included i! l \ 

■=•• 

t r -
\ render entlre 

°f a type 

increase tlie time 

size when l^ZS 
cause reduced stocking hroXl 
affect mainly immature tress Jl, 
off diseases^ whi^L "iLter 

ofa 

3S^= forms of loss. Growth losses 

pests that 

WeVila' 

period under 

Killed annually £%£^T^sc^S 
stock. lfowever, growth loss data for diseases 
experienced by trees that continue Z Uve 
root rots occurs to living trees with 

magnitude of mortality caused by root rot 
sented by the mortality th T 
higher. Similar losses ^ 

°f 

i not known. 

th 

l^ss 
ro^t system L systems V1ew of the 
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Growth is also lost when growing space is occupied by trees that have 

been rendered commercially valueless by posts. Growth occurs but is never uti-
li"d Zm, wood decay fungi affect growth. Similarly, white ptne mil and 
other pests that distort trees to the point that they are no longer useful cause 
a loss Data on the amount of space occupied by cull trees WBTS not available. 
However, 1,000,000 ha seems a conservative estimate, and on the basis of the 
av e«n annual increment for C»tario of 1.5 ^ per ha (Bickerstaff etal. 
1981)! an additional pest loss of more than 1,500,000 ^ could easily have been 
included in this report. The human tendency to bypass worthless material has, 
no doubt, contributed to this situation; however, pests are responsible for 

creating this worthless material. 

Some pests of commercial-size trees are known to cause losses, but suf 

ficient information to assess the magnitude of such losses was not available, 
^ther than assume a loss figure, I excluded tiiese problems from the analyse. 
Root rot damage to broadleaved trees probably is a significant cause of loss 
Boot decay fungi often are associated with dieback and decline problems, and 
cull surveys show that these fungi are affecting many broadleaved tree species 

in Oitario. Some of the mortality reported for diebaoks (see Table 5) was 
caused by root rots, but the total loss is not reflected in the data as the mag 
nitude of this problem is unknown. feple canker is an example of a problem for 
wiSh the losses are known. Limited surveys indicate a loss of 48,000 m3 in one 
district, but losses in sane districts are negligible (Gross 1984). fence, 
maple canker probably is a significant cause of loss but additional surveys are 

necessary to gauge the problem throughout the range of maple. 

Factors That Conld Bave Inflated Loss Estimates 

Throughout the analysis, an effort was made to exclude losses caused by 

other factors [including other pests) frcm impact estimates for a specific 
pest However, loss data contained herein probably do include a volume that 
would have been lost regardless of pest influence. Sites free of a particular 
pest are often large distances from an infestation, and data to characterize the 
uninfested forest rarely exist. For example, plot data were available for esti 

mating the percentage of dead spruce and fir in stands with various histories of 
spruce budworm activity. It was assumed that all of this mortality was caused 
by budworm defoliation; however, competition and other pests could have caused 

part of the loss. Ontario does not have a continuous forest inventory system in 

place- hence, normal mortality rates are not known. According to routine 
observations by FIDS staff, however, unaffected forests experienced minor 

mortality. 

METHODS 

Inventory 

The forest statistics used as a data base for this exercise -were taken 

mostly fran the OFRI. Although that inventory was completed for only about 80% 

of the province, it was preferred to the previous inventory, The Forest 

Resources of Ontario (Dixon 1963), as it included more recent and comprehensive 
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forest growth data. ihe date base actually used was a composite of both inven 
tories and it is referred to in this report as the Ontario tost Forest Inven 
tory (OHFI) dually data from the OL'RI inventory were extrapolated to comple 
tion on the tesis of averages for the appropriate items in completed portions. 
Some antics for locations where much of the OFRI inventory was incomplete 
were taken directly from the Dixon (ibid.) report. incomplete 

Regional sections of this report feature portions o£ the OHFI because 
the forest statistics contained in it, and used for estimating pest-caused 
losses, cannot be documented elsewhere. 

The area considered currently exploitable for the OHFI (Fig. 1) includes 
some of the area considered potentially exploitable by Dixon (ibid.). OFRi 
inventory data were available for much of this area and timber is being har 
vested in some parts, Hence, the inclusion seemed logical. 

the OHFI is compared to the Dixon (ibid.) inventory in Table 1 The 
total gross standing volume for all species determined for the OHFI is about 23* 
greater than the volume reported by Dixon. tost of the difference (81%) occurs 
for the volume of black spruce which is 839,334,000 m3 higher for the OHFI 
Black spruce occurs mostly in the MV, tc, and N regions where the OFRI was more 
than 75% complete. Therefore, the higher OHFI volume seemed justified. it is 
interesting that gross volume estimates for all boreal species are somewhat 
higher for the OHFI than for the Dixon inventory. CAI data are not in the Dixon 
inventory but annual allowable cut data are. The two parameters are somewhat 
comparable, and the two inventories show good agreement (lable 1). 

Bsst-caused growth losses were calculated to be proportional to current 
annual icrement (CAI). Eickerstaff et al. (1981) estimated a mean annual incre 
ment (MAI) for all of Ontario and all tree species of 85,186,000 n.3, and they 
provided estimates by forest region and forest section (Rowe 1972) CAI and 
MAI totals are similar for large forested tracts, if allowance is made for vol 
ume growth in portions of Ontario currently rated not exploitable (Fig. 1), then 

Sri" T^ !9reeraent fOT ^ total rai anitd f 
g ), hen 

Srir" T^ !9reeraent fOT ^ total rai animated for OHFI in comparison with 
the MAI estimate reported by Bickerstaff et al. (1981) and shown in Table 1. 

Since the completion of this pest assessment, another inventory of 

^ ZT reS°UCCes beCame liable as Canada's Forest Inventory 1981 
(Bonnor 1982). This inventory features gross merchantable volume which, for 
Ontario, is based on a minimum inside-bark diameter of 10.2 cm. Data from that 
inventory are compared with data from the OHFI and from Dixon (1963) in Table 

t ^ecrVOlmes P^sented are in relative agreement if consideration is given to 
the difference between gross merchantable and gross total volume. Volumes in 
stumps tree tops and trees below merchantable size do not qualify as merchant 
able volume, with respect to inventory, considerable total volume is present in 
young stands that have little or no merchantable volume. 

Gross total volume data were preferred because all stands are included 
not only stands with trees of merchantable size. Although gross merchantable 
volume data are now available in the Canadian Forest Inventory (Eonnor 1982) 
data are presented for groups of species that often include both host and non-
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Figure 1. Area of Ontario currently containing exploitable forest. 

host species in the same group, 

ficult to extract. 

Hsnce, host merchantable volumes would be dif-

Productive forest: Productive forest, defined as the proportion of 

total land area producing commercial forest, was 

estimated for each region from land classification data in the Dixon (1963) 

report. There has been a considerable number of boundary changes since 1963, 

and estimates were based on the unweighted arithmetic average for all of the 

forest districts, as constituted in 1963, that were currently represented in a 
region. Estimates of productive forest area based on extrapolation of the OFRI 

were unrealistically high, probably because well forested areas were inventoried 

before areas of high agricultural use. Therefore, they were not used. 

total gross standing volume: Most volume estimates were based on the 

arithmetic average volume for the 

completed management units (MU) of the OFRI in each region. For the C-E-SW 

regions, volume estimates were those reported by Dixon (ibid.). In that 

instance, data for only a few Mite were available and average data from the OFRI 

generated unrealistic estimates. 



Table 1. Forest statistics* for the Ontario host forest inventory (OHFI) 

SVr tzxz^ypest i 

Tree 

species 

Red pine 

Jack pine 

Whits pine 

Black spruce 

White spruce 

Balsam fir 

Cedar 

larch 

Hemlock 

Other conifers 

Conifer total 

Volume of 

priiaary growing 

(m3) 

31,756,000 

569,864,000 

110,343,000 

1,253,459,000 

223,675,000 

266,871,000 

85,492,000 

5,742,000 

39,916,000 

68,000 

Gross total 

volume 

(OHFI) 

26,400,000 

693,299,000 

104,770,000 

2,092,793,000 

137,461,000 

323,952,000 

78,326,000 

16,835,000 

50,230,000 

176,000 

Allowable 

cutc 

484,000 

12,169,000 

1,302,000 

16,234,000 

3,331,000 

4,506,000 

808,000 

94,000 

295,000 

22,000 

Current annual 

increment 

(OHFI) 

(m3) 

231,000 

11,457,000 

1,262,000 

22,019,000 

1,362,000 

5,600,000 

513,000 

109,000 

429,000 

1,000 

2,587,186,000 3,524,242,000 39,245,000 42,983,000 

Poplar 

White birch 

Yellow birch 

Hard maple 

Red maple 

Ash 

Red oak 

White oak 

Elm 

Basswood 

Beech 

Cherry 

Other hardwoods 

795,223,000 

459,167,000 

118,532,000 

181,415,000 

24,518,000 

17,550,000 

13,276,000 

1,592,000 

30,302,000 

10,817,000 

17,833,000 

2,507,000 

6,962,000 

927,535,000 

491,142,000 

40,990,000 

200,034,000 

31,921,000 

14,207,000 

15,474,000 

1,613,000 

28,180,000 

9,008,000 

15,182,000 

2,034,000 

5,102,000 

23,856,000 

8,361,000 

1,426,000 

2,078,000 

808,000 

238,000 

194,000 

19,000 

489,000 

268,000 

178,000 

34,000 

147,000 

Hardwocd total 1,679,694,000 1,782,422,000 38,096,000 

Tbtal, all species 4,266,880,000 5,306,664,000 77,341,000 

are expressed as gross total volume 

°Dixon 1963, Table 5 

cDixon 1963, Table 6 

Note: total administrative land area 

Current exploitable land area 

Productive forest area 

96,818,000 ha 

55,976,000 ha 

43,606,000 ha 

21,833,000 

4,836,000 

695,000 

3,040,000 

555,000 

118,000 

330,000 

2,000 

107,000 

54,000 

318,000 

46,000 

27,000 

31,961,000 

74,944,000 
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■Table 2. Comparative inventory data for Ontario 

Current annual increment: CAI estimates v*?re the unweighted arithmetic 

average of CAI data for completed portions of 

MUs in the OFRI in each region. CAI for a particular species ras the average 

for the appropriate working group (WG), and this CAI estimate was used for that 

species as it existed in all other W3s . For example, CAI for black spruce was 

the average for the spruce WG and this average was applied to black spruce 

growth in all WGs. 

Pest Loss Estimates 

Estimates were prepared for each pest in each OMNR administrative region 

as follows. First, OHFI data by WG were investigated to determine the propor 

tion of the productive forest area that contained host stands. Host content 

within these stands was proportional to the host species content in a WG, on the 

basis of total gross standing volumes in a WG. Growth loss was estimated as a 

proportion of the CAI lost for host species in the host stands. Usually, 

mortality was rated as the percentage of gross standing volume that died. 
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The methodology used for estimating the loss caused by each pest is 
somewhat repetitive and a complete listing of methods would require considerable 
space. Methods are outlined for the spruce budworm as a modal of the general 

approach used for other pests for which only summary descriptions are included. 

Spruce budworm growth loss: Budwonn defoliation histories, which strat 

ified the total land area over which 
mcderate-to-severe defoliation had occurred by the number of consecutive years 
of defoliation that took place, were prepared for each region. Growth loss 
caused by budworm was a function of: 1) the proportion of the total land area 
that was productive forest; 2) the proportion of the productive forest that con-
tamed host stands; 3) the proportion of the total volume in the host stands 
that was balsam fir, black spruce, or white spruce; 4) CAI for the appropriate 
host species; and 5) the appropriate reduction in the CAI based on the number of 
years of consecutive defoliation (see Table 3). 

The host stand area that sustained impact from spruce budworm defolia 
tion was estimated from OHFI data according to the following rationale. Some 
stands containing spruce and fir are not very susceptible to budworm attack 
e.g., stands in which the density of host trees is low, pure stands of black 
spruce, and stands in which blaok spruce was associated mostly with jack pine or 
other nonhost species. The percentage of host stand content varied by WG For 
the spruce WG, host stand area (Y, ) was based on the proportion of the gross 
total volume that was balsam fir (X]}, white spruce <X2), and black spruce 
associated with balsam fir (X3, estimated as the proportion of volume that was 
black spruce, multiplied by X,) and the area of productive forest in the TO 
(2-| ): 

Y! « (X, + X2 + X3) x Z, 

X3 seemed to provide the best estimate of the amount of black spruce likely to 

be affected by budwonn. Black spruce growing in pure stands and in association 
with certain species such as jack pine does not experience much defoliation 
This method weighs black spruce content in host stands on the basis of the 
amount expected to be associated with balsam fir. 

All stands in the balsam fir WG were considered host stands. Stands in 
the jack pine VK were not included. Stands not in the spruce, jack pine or 
balsam fir WGs were included as host stand areas (Y2) if the WG contained more 
than 10% content of the host species balsam fir {X,), white spruce (X?), and 
black spruce associated with balsam fir (x3). Then the estimate of host stand 
area was based on the area of productive forest in the TO (Z-,), the proportion 
of gross total volume that was composed of host species (Xi + x> + x*> and the 
assumption that half of the host volume was probably too diffuse to be attrac-
tive to budworm: 

Y2 = 0.5 x (X-, + X2 + X3) x Z-, 

Host species content in the host stands affected (as estimated above) 

was proportional to the host species volume in the respective HGs and the total 
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volume of the WG. As was the case in calculations of host stand area black 
spruce content in the spruce WG was proportional to the content of balsam fir in 
the group. Hence, for black spruce, both the area of host stands affected and 
host content in those stands were functions of the portion that was assorted 

with balsam fir. 

The impact of spruce budworm on growth loss was interpreted from data 

reported by Kulman (1971). Regression models were fitted to those data and the 
percentage growth reduction by number of years defoliated at the moderate-to-

^evere level of damage was determined for balsam fir, white spruce, and black 
spruce. The growth rate reductions are shown in Table 3. 

Table 3. Growth rate reductions associated with spruce budworm defoliation. 

Reduction in growth rate (9°) 

Years of 

moderate- Black spruce 

to-severe or 

defoliation vihite spruce Balsam fir 

~~~^ 22 00 
2 31 18 

3 40 35 

4 50 57 

5 60 81 

6 ™ 91 
7 78 100 

Spruce budworm mortality: Mortality caused by spruce budworm was based 
—" ' on data reported by Howse et al. (1980). The 

data show the percentage of standing volume that was dead in successive years 

following the detection of mortality in affected stands. The mcdel was used to 

estimate balsam fir mortality (Table 4). For black spruce and white spruce, 

plot data were interpreted as the percentage of spruce dead in relation to the 

percentage of balsam fir dead on a plot. This transformation permitted linear 

regression analysis on the assumption that the shape of spruce mortality models 

was the same as that of the balsam fir model. Both black spruce and white 

spruce mortality had good correlation with balsam fir mortality (r>.625); the 

respective mortality rates are shown in Table 4. 

Estimates of losses due to mortality were based on the total gross 

standing volume of the host species that was considered susceptible to budwonn 

and on the proportion of land area mapped as experiencing mortality in propor 

tion to total land area. topped land areas were stratified by the number of 

years that areas had experienced mortality, and appropriate mortality factors 

(Table 4) were applied. The volume of host species that was considered suscep 

tible was determined as follows: All of the jack pine WG was considered non-

host. For all other WSs, volumes of host species susceptible to budworm 
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4. Percentage of volume loss based on the number of years that mortality 
caused by spruce badworm was present in a stand. 

included all of the white spruce and balsam fir and a volume of black spruce 

ssr^S^r"* of *****fir in *■ — wg -— *-

Forest tent caterpillar: Host stand was determined differently for the 

NW, NC and HO regions and the HE, AL, and 
C-E-SW regions For the former group, all stands in the poplar and white birch 
WGs were considered host stands. Any other WG that had more than 10% poplar and 
white biroh was considered to have a host stand area susceptible to defoliation 
that was proportional to half the content of poplar and white birch in the WG on 
the basis of gross standing volumes. For the ME, M,, and C-E-SW regions, all 
hardwood WGs ^re considered host stands and the conifer WGs were excluded. 
Host species content in a WG was the gross standing volume of poplar, white 

p, 

andt; v r ' 9 P' aSh' ^ v*' WhUe «*• ^' ̂ -vLd, beech! 
and black cherry, summed and divided by the total gross standing volume of the 
WG. Growth rate reductions were based on data from Rose (1958) and on plot data 
for sugar maple (Gross, unpublished data). Reductions were 0.75 for 

i ^ ^ ̂ °40 ^ i -^ ^ ^ Oth6r SI*CieS- fete ^tions were 
applied to poplar and sugar maple whenever moderate-to-severe defoliation was 

defoliation ^ ̂ ^ ̂ ^ ̂^ ̂  COnsecutive ^ears of moderate-to-severe 

Mortality loss data were accumulated by special surveys of areas experi 
encing mortality. *-

Other Insect Defoliators 

In most instances the total land area affected was recorded by aerial 
sketch mapping procedures similar to methods used for spruce budworm and forest 
tent caterpillar defoliation. Then the affected host stand area was based on 
the logical WG content. For a few pests, defoliated stands were delineated and 
considered to be totally host type. 
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Root Rot 

Damage to spruce and balsam fir caused by root rot was described for 
northwester, Ontario by Whitney E1976>. B* also had unpublished data that were 

useful for estimating root rot damage for other parts of Qottrto. Hoover, most 
o the stands sampled in his studies were not randomly selected Many were o, 
upland sites where he noted that the amount of root rot is significantly higher 
than" on lowland sites. Oi the basis of consultation with Whitney, and of 
adStional unpublished data, the damage levels detected in northwestern Ontario 
were adjusted to reflect average stand conditions for each region. Damage 

levels ire reduced to 30% for the NW and K regions, 21% for the S region, and 
24% for all other regions. This adjustment was intended to make the data repre 

sentative of the general level of rcot rot in all spruce or fir stands bycom-
pensating for a larger percentage of stands that are on lowland sites and for 

other stands with little or no root rot. 

levels of mortality caused by root rots of spruce and fir were derived 
from Table 1 in Whitney (1976). The percentage of trees that were dead was 
assumed to have accrued over a 10-year period. for growth loss of black spruce, 
white spruce and balsam fir, the weighted average diameter loss reported by 
Whitney (ibid.) was considered to represent 22, 10, and 9% volume loss, and the 
percentage of host trees that had root rot was 60, 65, and 79%, respectively. 

Wood Decay 

Loss caused by wocd decay was estimated as the proportion of CM that 

was defective on the basis of the average amount of defect for all age classes 

reported for each species by torawski et al. (1958) or Basham and Itorawski 

(1964). Thus, annual losses were proportional to annual growth. 

Hypoxylon Canker 

Mortality of aspen caused by Hypoxylon canker was based on an average of 

2% of trees with cankers and a mortality rate for cankered trees of 33%. Two 

surveys conducted in the N and vc regions indicated that about 2% of the tremb 

ling aspen had stem cankers. Survey data also indicated that recently dead 

cankered trees were about as prevalent as live cankered trees. Anderson and 

Martin (1981) found that aspen die within 6 years of the time cankers are ini 

tially detected on the stem below the live crown. Their data indicated that the 

average period of survival after trees became cankered was 3 years. Growth and 

cull losses were excluded as unimportant because most cankered trees die rapidly 

and most of the loss occurs as mortality. We are currently investigating the 

kind and amount of cull loss that occurs when cankers are found in the live 

crown. Trees affected in this way often survive, but suffer stem deterioration. 
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Sweetfern Blister Rust Canker 

Die&acifcs 

*■ eXCeptiOn °f ^^ b«<* dieback, losses from mortality were 
eys or plot data. For white birr-h M*h»,+ m Y 

PEST-CAUSED LOSSES IN ONTARIO 

JntrcuJuction 

Pest-caused losses in Ontario (Fig. 2, Table 5) averaged 46,766,000 m3 
grosS total volume annually over tta. period 1977-1981. About one-third of tL 
loss was caused by .nsects and the remainder by diseases. Defoliation by spruce 
budwona, causing an annual average loss of 13,252,000 ^, was the most unporLnt 
problem. Ix^ss caused by wood decay was estimated at 9,045,000 m3 arid ro^ ™ 
were res^ns.ble for mortality and growth loss of n,853,000 m3 annually, 
pests causai the remaking loss (12,616,000 m3). te digcQgsed in ^ s^ 

several forms of loss ^re not included in the analysis 
a 

Ontario is largely a forested province, and for the currently exploit 
able portion (Fig. 1), about 80% is productive forest (Table 1). Three manor 
forest regions (Rowe 1972) are represented: Boreal (62%), Great iTkesSt 
Lawrence (35%), a^ Deciduous (3%). teta for the OHFI are Prized by tree 
species m Table 1. A net volume of about 17,000,000 m^ of timber is hJvest^d 
annually, but the allowable annual cut is more than double the volume 'har 
vested it is difficult to compare net volumes harvested with past losses 
reported as gross total volumes. ttowever, one can assume that thV ratio' of 
gross total volume to net merchantable volume is about 2:1. At this ratio pest 
losses occurred at 1.5 times the harvest rate. R>plar, white birch, and i 

tude^f ^ it *• S°tHaU3' f°C tiieSe •«*«- "« ^~ tude of losses caused by pests among these species is at least partially due to 
low utilization and a resultant large volume of overmature timber Forest 
stands cannot last forever, and as they age, susceptibility to p,sts increases 
in a sense, pests are utilizing this leftover part of the forest. Low utilisa 
tion reduces the importance of losses among these hosts; however, pest-caused 
loss and defect are major reasons for the unpopularity of poplar, white birch 
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Table 5. Average annual pest-caused losses in Ontario Forests3. 

Total, diseases 1,120,000 9,062,000 21,091,000 31,273,000 

Total, all pests 4,130,000 9,062,000 33,573,000 46,766,000 

aData are expressed as gross total volume. 
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Figure 2. Pest-caused timber losses in Chtario totalled 46,766,000 m3 annually (equiva 

lent to 62% of the growth (CAI) during the period 1977-1581). 

Spruce Budworm 

The current spruce budworm infestation started in 1967. The infestation 
seemed to reach a peak in 1980 when moderate-to-severe defoliation was present 
on a total area of just under 18.9 million ha {Table 6), Another 1.6 million ha 

suffered negligible defoliation, but previous defoliation had devastated the 
balsam fir. Hence, the total area of infestation was 20,5 million ha or about a 
third of the currently exploitable area of the province. By tne end of 1981 
Ontario forests had experienced a cumulative volume loss of 74,000,000 m3 o'f 
which 64,000,000 irr* occurred as mortality and 10,000,000 m3 ag iost growth 

(Fig* 3). Average annual growth loss for the period 1977-1981 was 1,459 000 m3 
and mortality averaged 11,793,000 n.3 (Table 5). Total loss for the 5-year 
period *as 66,246,000 m3. ^Out 75% of this loss occurred to balsam fir. 
remainder was about equally split between white spruce and black 
Summary data by host species are given in Tables 5 and 7. 

spruce 
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Table 6. Areas affected by spruce budworm in Oitario, 1977-1981. 

aMost of the area mapped as having mortality vras contained in the area mapped as 

defoliated; however, stands in some areas were devastated to the extent that 

very little current defoliation was present, as most host trees w=re dead. 

80-i 

60H 

O 
o 

o 

o 
o 

O 40 

til 

13 

o 
> 20 

0 

MORTALITY 

GROWTH LOSS 

1965 1970 

Figure 3, Cumulative volume of mortality and growth loss caused by the current spruce 

budworm infestation. By the end of 1981, total Losses were more than 

74,000,000 m3. 
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Table 7. Volume of growth loss and mortality3 resulting from defoliation caused 

by spruce budworm in Ontario, 1977-1981. 

Year 

1977 

1978 

1979 

1980 

1981 

Total: 1977-1931 

Tree 

species 

balsam fir 

white spruce 

black spruce 

balsam fir 

white spruce 

black spruce 

balsam fir 

whi te spruce 

black spruce 

balsam fir 

white spruce 

black spruce 

balsam fir 

white spruce 

black spruce 

balsam fir 

white spruce 

black spruce 

Growth 

loss 

713,000 

114,000 

204,000 

1,031,000 

829,000 

125,000 

235,000 

1,189,000 

989,000 

149,000 

280,000 

1,418,000 

1,204,000 

175,000 

320,000 

1,699,000 

1,398,000 

195,000 

364,000 

1 ,957,000 

5,133,000 

758,000 

1,403,000 

7,294,000 

Mortality 

5,298,000 

457,000 

358,000 

6,113,000 

7,835,000 

1,147,000 

871,000 

9,853,000 

9,034,000 

1,819,000 

1,318,000 

12,171,000 

10,908,000 

2,020,000 

1,613,000 

14,541,000 

12,254,000 

2,242,000 

1,778,000 

16,274,000 

45,329,000 

7,685,000 

5,938,000 

58,952,000 

are expressed as gross total volume. 
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Annual soruce budworm reports v^re published by FIDS for E&terio (Howse 

arrf Harnden, 1978, 1979, 1980; Ifowse at «1. 1981; Heating «t al. 1982). These 
provide infestation histories and other interesting information. The muta 
tion seemed to start and expand in three general areas that are featured in 
these FIDS reports as the southern, northeastern, and northwestern infesta 
tions in the present report, data are presented by CMNR administrative 

regions; hoover, the regional data do approximate the data for 4te three 
Sestakons. The southern infestation corresponds to budworm activity mostly 
in the AL and C-E-SW regions, with a small amount of infestation m the NE 
Region. The northeastern infestation occurred mainly in the NO and NE regions, 
with minor extensions into the NC and AL regions. The northwestern infestation 

occurred in the NW and NC regions. 

Forest Tent Caterpillar 

TWO large forest tent caterpillar infestations were present in 1977. 

One infestation affected a total area of about 8 million ha in the NW Region and 
another infestation covered about 6 million ha in the K>, NE, AL and C-E-SW 
reqions m 1978, the northwestern infestation nearly doubled in size am 

extended into about 0.2 million ha in the NC Region, but the infestation in 
northeastern and southern Cntario began to collapse, and only 2.2 million ha 
were mapped as moderately to severely defoliated. In 1979, both infestations 

were virtually gone. Then, In 1980, several new infestations started in the N 

Region. 

About 78% of the 6,742,000 m3 growth loss occurred in 1977 and 1978 

(■able 8). in part of the AL and C-E-SW regions, many of the sugar maple stands 
had suffered three or more years of severe defoliation by the end of the 1977 
season, and mortality of maple trees had started. By midseason m 1978, maple 
mortality vas widespread in the Cwen Sound, Bracebridge, and Parry Sound dis 

tricts of the AL and C-E-SW regions. About 3,265,000 m3 of valuable sugar maple 
timber was dead. Maples began recovering after the infestation collapsed, and 
since then, mortality has been negligible. Logging operations salvaged seme of 

the dead trees, but more than half of the mortality was an outright loss. 

Aspen Defoliator Complex 

In addition to forest tent caterpillar, a variety of other defoliating 

insects caused growth loss of aspen totalling 775,000 m3 for the period 1977-
1981. Aspen leafroller vas the principal insect causing this damage. In com 

parison with the forest tent caterpillar, this insect was relatively unimportant 

as a pest of aspen in this period. 

White Birch Defoliator Complex 

White birch was also defoliated by a variety of insects in addition to 

forest tent caterpillar. These caused a total growth loss of 210,000 m3 in the 
period 1977-1981. Birch skeletonizer and spearmarked black moths were the most 

prominent of the insects reported. 
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Table 8. Volume of growth loss and mortality* resulting fro, defoliation caused 
by torest tent caterpillar in Cntario, 1977-1981. 

b 
T - Trace (less than 500 m3) 



- 21 -

Oak Defoliator Complex 

Defoliating insects, mostly the oak leaf shredder, caused growth loss of 

red oaks totalling about 35r000 m3 over the period 1977-1981. Mortality seemed 
to be more intense in stands with histories of defoliation. Hence, 180,000 nv> 
of the mortality associated with oak dieback was considered to be caused by 

insect defoliation. 

Wood Decay 

Call volume loss caused by wood decay 'was 45,225,000 m3 for the entire 
period 1977-1981. Average annual loss data by species are listed in Table 9. 

As a group, hardwoods were far more defective than conifers and had 19.6% cull 
in comparison with 6.5% cull for conifers. Cedar, hemlock, and balsam fir were 

the most defective conifers. Tolerant hardwood species were the most defective 

hardwoods. 

Root Rot 

Conifer mortality totalling 53,825,000 m3 and growth loss totalling 
5,440,000 m3 were caused by root rots in the period 1977-1981. losses to 

broadleaved species were not estimated. Average annual data by species are 

listed in Table 9. 

Hypoxylon Canker 

Hypoxylon canker of aspen caused losses resulting from mortality that 

totalled 30,920,000 m3 for the period 1977-1981. Most of this damage seemed to 

occur in stands over 30 years of age. 

Sweetfern Blister Rust Canker 

Sweetfern blister rust canker caused a total growth loss of 160,000 m3 
and 85,000 m3 of mortality in the period 1977-1981. Hie disease is probably 

more important as a killer of young pines. 

Diebacks 

Diebacks of broadleaved species caused a total loss of 20,710,000 m3 as 

a result of mortality in the period 1977-1981. Most of this mortality {89%) 

affected white birch, which is not a commercially valuable species. However, 

the remainder of the loss was in valuable red oak and sugar maple. Also, die-

backs probably cause growth loss, as is evidenced by the dieback and growth loss 

associated with defoliation by forest tent caterpillar in the AL and C-E-SW 

regions. Growth loss caused by diebacks that were not associated with defolia 

tion was not estimated in this analysis. In addition, 3,267,000 m3 of the mor 

tality caused by forest tent caterpillar occurred as maple decline and 180,000 
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Table 9. Average annual timber volume losses* caused by wood decay and root rot 
diseases in Ontario, 1977-1981. 

Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 
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n3 of red a* .ortaUty cause, by e* «*-«*- occurred as o* diebacK. 
These losses are listed as caused by insects. 

Summary 

- nSH 

timber resource of the province 
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PEST-CAUSED LOSSES IN THE NORTHWESTERN REGION 

Introduction 

Pest-caused losses in the NW Region averaged about 6,762,000 m3 gross 
total volume annually in the period 1977-1981 (Table 10, Fig. 4). This was 
equivalent to 35% of the growth (CAI) and about the same as the amount of timber 

harvested annually in that period. The major pests (Table 10) were forest tent 
caterpillar, root rot, wood decay and Hypoxylon canker. Efforts to control 
spruce budworm in the late 1960s and early 1970s had been largely successful, 

and the infestation was just beginning to expand at the end of the period 1977-

19S1 . 

Forest Resources 

The HW Region is mostly forested. About half of the total area of 

22,466,000 ha is currently exploitable. The area administered extends far^into 

the north. The exploitable forest is considered to extend up to about 52° 301 
north latitude (Fig. 1). Dixon (1963) indicated that considerable area north of 

this latitude contains potentially exploitable forest, but the current inventory 

and harvesting operations do not yet extend farther north. 

The southern part of the Region is in the £\ietico Section of the Great 

Lakes-St. Lawrence forest region and the remainder is in the Boreal forest 

region (Rows 1972). Forests of the Ouetico Section are somewhat boreal in 

character. The poplar and balsam fir stands of the NW Region are highly produc 

tive, averaging about 3 and 2.5 m3/ha annual growth (CAI), respectively. Growth 

for jack pine stands was rated at 1.5 m3 and for spruce and white birch stands 

at just over 1 m3/ha. About 90% of the OFRI was complete. Data for the OHFI 

are summarized by tree species in Table 11. 

Spruce Budworm 

There was some defoliation by spruce budworm throughout the period 1977-

1981 (Table 12). The total area affected in 1977 was 147,000 ha. This in 

creased to 256,000 ha in 1978 and the infestation remained at about 256,000-

350,000 ha through 1981. Budworm-caused mortality was first noted in 1977 and 

by 1981 the area of mapped mortality was 88,000 ha, which included about 9,000 

ha of host stands. A total of 39,000 m3 of mortality occurred in the period 
1977-1981 (Table 12), and in 1981 the percentage of host species dead in these 

stands was 14% for balsam fir, 3% for white spruce, and 2% for black spruce. 

Growth loss for the period was estimated at 31,000 m3, of which 60% was balsam 

fir. The cumulative loss from the start of the infestation through 1981 was 

43,000 m3 of growth loss and 39,000 m3 of mortality. 
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Pest 

Spruce budworm 

Forest tent 

caterpillar 

Aspen complex 

White birch 

canplex 

annual losses* in m _ 1977_1981_ 

Tree 

species 

Growth 

loss 

(m3) 
Cull Mortality 

black spruce 2,000 

white spruce t* 

balsam fir 4,000 

1,000 

T 

7,000 

6,000 

poplar 562,000 

white birch 21,000 

8,000 

583,000 

Poplar 12,000 

white birch t 

Total 

(rr.3) 

3,000 

T 

11,000 

14,000 

562,000 

21,000 

583,000 

12,000 

T 

Total, insects 

Root rot 

Wood decay 

601,000 

conifers 352,000 

conifers 

hardwoods 

8,000 

786,000 

992,000 

Hypoxylon canker poplar 

Diebacks white birch 

b T = trace (less than 500 m3) 

609,000 

2,553,000 2,905,000 

786,000 

992,000 

1,778,000 1,778,000 

1,046,000 1,046,000 

424,000 424,000 
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Figure h. Pest-caused timber losses in Lhe NW Region totalled 6,762,000 nv5 annually 
(equivalent to 3 53 of the growth (CAI) during the period 1977-1981). 

Forest Tent Caterpillar 

Extensive areas of forest were defoliated by the forest tent 

caterpillar (Fig. b) in 1977, 1973, and 1979 (Table 13). The population started 

to collapse in 1979 and no significant defoliation occurred thereafter, r-fost of 

the 2,917,000 m3 of yrowth loss caused by defoliation occurred in 1978 (Table 

13), when almost all of the ■ area in the NW Region considered exploitable had 

sane defoliation, the actual area affected in 1978 extended well north of the 

exploitable area and the total area of mapped defoliation was 14,500,000 ha. 

Aspen accounted for 96% of the growth loss r 

Aspen Defoliator Complex 

Aspen was defoliated by the aspen leafroller i_n 1977 and 1978, The area 

affected by aspen leafroller was just south and west of that defoliated by for 

est tent caterpillar* lhe total area affected by leafrollers was 130,000 ha in 

1977 and 360,000 ha in 1978. flbout 11% of this area was considered host type. 

Growth loss was estimated at 16,000 m3 in 1977 and 43,000 m3 in 1978. 
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Total, all species 993,989,000 100 19,404,000 100 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 

Note: Total administrative land area in region 22,466,000 ha 

Current exploitable forest area in region 15,525,000 ha 

Productive forest area 10,854,000 ha 
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**» of ^ l~ and mortality 

caused by spruce budwom in the NW Region, 

Erc defoliation 

a Data are expressed as gross total volume, 

b t = trace (less than 500 m3) 
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1978 

1979 

Ibtal area 

affected 

(ha) 

13,009,000 

3,120,000 

lost, 1977-1931 

tost stands 

defoliated 

(ha) 

579,000 

1,163,000 

206,000 

Growth 

loss 

2,917,000 

Data are expressed as gross total volume. 

Figure 5. Defoliation damage 

caused by the 

forest tent cater 

pillar 
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Root Rot 

Root rots (Fig. 6) caused an estimated 1,760,000 m? growth loss; 
12 765 000 m3 mortality over the 5-year period. Eighty-one percent of this loss 
was in black spruoe, which is by far the most important species in the Region as 
far as standing volume a«l timber value are concerned. For black spruce, losses 
due to root rot were equivalent to 32% of the growth [Oil. Average annual 

losses for conifer species are shown in Table 14. 

Root rots likely had a considerable impact on broadleaved species, as 

cull studies (Basham and torawski 1964} and other surveys indicate that root-

rotting organisms are common in the butt and roots of most species. For 
example, a survey o£ young aspen stands in 1977 (Gross and Bisham 1981) 
irriicated that about 50% of the immature aspen had stain or rot defect in the 

roots. 

tosses due to root rot among coniEer species can be expected to be lower 

in the future. Root rot damage increased with stand age among spruce and balsam 

fir (Whitney 1976). Stands managed on the basis of appropriate rotation ayes 
can be expected to experience fewer losses from root rot than the overmature 

stands now present in many areas. 

Figure 6. Damage caused by root rot in a spruce-fir stand (photograph courtesy of R.0. 

Whitney) . 
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Table 14. Average annual timber volume* losses caused by TOOd decay and mot 
rot diseases In the M7 Region, 1977-1981. 

a Data are expressed as gross total volume. 
b T = trace (less than 500 m3) 

Wood Decay 

Total volume loss (cull) caused by TOod decay fungi for the period 

1977-1981 was 8,890,000 m3. The majority of this was in poplar (52%), with jack 
pine (28%) and black spruce (11%) accounting for most of the remainder. Average 

annual losses by tree species are shown in Table 14. Timber utilization is 
expected to eliminate the highly defective overmature stands, and thus reduce 
decay losses. 



Hypoxylon Canker 

Hypoxylon canker caused losses of 5,230,000 m3 as . result of MtUU^ 
in aspen during the period 1977-1981. Average annual loss was equivalent to 22% 

of the aspen growth fCAI) . 

Diebacks 

Dieback of white birch caused 2,120,000 s? mortality. ^ actual past 
or nests associated with this problem can vary, and climatic and site factors 
seem to be implicated as well as pests. Drought seems to have been a major con 

tributing factor to the white birch mortality that occurred in the NW Region in 

this 5-year period. 

Summary 

The m Region experienced pest-caused losses of about 7,000,000 m3 over 
the period 1977-1981. R>plar and black spruce were the species most affected. 
Poplar lost the equivalent of about 60% of its growth to Hypoxylon canker, wood 

decay and insect defoliators. Black spruce lost the equivalent of 34% of its 

growth, mostly to root rot. Granted, much of the loss vas among paplar and 

white birch, which are not highly valued species. However, the utilization of 

poplar is increasing rapidly and even the white birch resource could be a valu 

able asset in the future. 
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PEST-CADSED LOSSES IN THE NORTH CENTRAL REGION 

Introduction 

pest-caused losses in the NC Region averaged 8,609,000 w? annually in 
the pericd 1977-1981 {Table 15, Fig. 7). This was equivalent to 41% of the 
growth (CM), and about 75% of the Umber harvested annually in that period. 

The major pests were wood decay, root rot, Hypoxylon canker and birch dieback. 

Insect activity was low. Spruce budworm infestations encroached on the Region 

from both east and west; however, the total area influenced increased to only 

393,000 ha by the end of the period. The extensive forest tent caterpillar 

infestation in the NW Region moved into only a small part of the NC region in 

1977 and 1978. 
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Figure 7, Pest-caused timber losses in the NC Region totalled 8,609,000 m' annually 

(equivalent to 41K of growth (CAI) during the period 1977-19B1). 
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Table 15. Average annual past-caused losses* in the NC Region, 1977-1931. 

Aspen complex 

White birch 

complex 

30,000 

poplar 5,000 

white birch 1,000 

Total, insects 

Root rot 

Wood decay 

44,000 

conifers 402,000 

conifers 

hardwoods 

757,000 

1,482,000 

Hypoxylon canker poplar 

Diebacks white birch 

Total, diseases 

Total, all pests 

1 Data are expressed as gross total volume. 

30,000 

5,000 

1 ,000 

44,000 

3,289,000 3,691,000 

757,000 

1,482,000 

2,239,000 2,239,000 

1,603,000 1,603,000 

1,032,000 1,032,000 

402,000 2,239,000 5,924,000 8,565,000 

446,000 2,239,000 5,924,000 8,609,000 

Forest Resources 

The NC Region is mostly a forested area. About three-quarters of the 
total area is currently exploitable, but the area administered extends far to 
the north. The exploitable forest is considered to extend up to about 52° 30' 
north latitude (Fig. 1), which includes most of the area rated potentially 
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le by Dixon (1963) . One Region is mostly la the Boreal forest region 

ShoS the southwestern part of the Thunder Bav District ia.to the Great 
Lkesit. Lawrence region (Rowe 1972). ihe forests are mostly boreal in char 
ter with extensive stands of black spruce, jack pine, poplar and white 
birch The poplar stands are the rnost productive and grow at 3.5 m* per ha 
annually. Jack pine, balsam fir, and spruce stands are moderately P*£«*™; 
at just over 2 m3/ha for pine and fir and about 1.5 nP/ha for spruce. *out 70* 
of the current OFRI was complete. Data for the OHFI are summarized by tree 

species in Table 16. 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 

Note: -total administrative land area in region 19,080,000 ha 

Current exploitable forest area in region 15,133,000 ha 

Productive forest area 11,558,000 ha 
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Spruce Budworm 

There was some defoliation by spruce budworm throughout the period 1977-
1981. The Region was adjacent to the massive infestation in northeastern 
Ontario and tee were small pockets of defoliation in the astern part of the 
Region. The total area affected by defoliation expanded from 65,000 ha in 1977 
to 393,000 ha in 1981. The intensification of budworm defoliation over the 
5-year period is shown in Table 17. Mortality was not detected until 1982 
Growth loss totalling 41,000 m3 occurred during the period 1977-1981 and about 
60% of this loss was in balsam fir. 

Forest Tent Caterpillar 

The raassive forest tent caterpillar infestation in the NW Region ex 
tended into the Atikokan District in 1977 and increased in size to about 138 000 
na in 1978. Also, an isolated infestation in the Thunder Eay District increased 
in size to about 70,000 ha that year. Other small scattered infestations 
present in the Nipigon District in 1977 were gone in 1978. The remaining in 
festations collapsed in 1980, and no significant defoliation occurred in 1981 
(Table 18). For the 5-year period the total growth loss was 149,000 m3, 96% of 
which was in poplar. 

Aspen Defoliator Complex 

The aspen leafroller also defoliated aspen in 1977 and 1978. Total area 
influenced and host stand area defoliated were 119,000 ha and 15 000 ha 
respectively in 1977, and 15,000 ha and 700 ha in 1978. Octal growtlAoss was 
23,000 mJ, 94% of which occurred in 1977. 

White Birch Defoliator Complex 

The birch skeletonizer defoliated birch on a total area of about 300,000 
ha that had a host stand area of about 26,000 ha in 1981. Growth loss was 5,500 
m° that year. 

Root Rot 

Root rots caused 2,010,000 m3 of growth loss and 16,445,000 m3 of 
mortality daring the period 1977-1981. Ninety percent of this loss was in black 
spruce, which is by far the most important species in the Region in terms of 
standing volume and timber value. For black spruce, losses due to root rot were 
equivalent to 42% of the growth (CAI). ihe average annual losses for conifer 
species are shown in Table 1 9. 

Much of the research that provided data for estimating the effect of 
root rot on spruce and fir (Whitney 1976) ^s done in this Region. The data 
show distinct increases in losses caused by root rots as stands increase in 
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Table 17. Volume of growth lossa resulting from defoliation caused by spruce 

budwonn in the tC Region, 1977-1981. 

Year 

Total area 

affected 

(ha) 

Host stands 

defoliated 

(ha) 

Tree 

species 

Growth 

loss 

Cm3) 

1977 

1978 

1979 

1980 

1931 

65,000 

87,000 

188,000 

459,000 

393,000 

Volume lost, 1977-1981 

8,000 

11,000 

24,000 

59,000 

50,000 

41,000 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 
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Table 18. Volume of growth lossa resulting from defoliation caused by forest 

tent caterpillar in the tc: Region, 1977-1981. 

Year 

Total area 

affected 

(ha) 

Host stands 

defoliated 

(ha) 

Tree 

species 

Growth 

loss 

1977 3,000 

1978 240,000 

1979 259,000 

1980 54,000 

Volume lost, 1977-1981: 

1,000 

33,000 

36,000 

7,000 

poplar 

white birch 

poplar 

white birch 

poplar 

white birch 

poplar 

white birch 

poplar 

white birch 

1,000 

1,000 

62,000 

T 

62,000 

66,000 

5,000 

71,000 

14,000 

1,000 

15,000 

143,000 

6,000 

149,000 

a Eata are expressed as gross total volume. 

b T = trace (less than 500 m3) 

age. Consequently, losses in the future will be reduced as overmature stands 

are replaced by managed stands on shorter rotations. 

Root rots likely had considerable impact on broadleaved species. Cull 

studies (Basham and ftorawski 1964) and other surveys indicate that root rotting 

organisms are common in the butt and roots of most species. For example, a sur 

vey of young aspen in 1977 (Gross and Basham 1981) indicated that about 66% of 

the immature aspen in this Region had rot or stain defect in the roots. 

Wood Decay 

Volume loss (cull) caused by vraod decay fungi for the period 1977-1981 

was 11,195,000 m3. Most of this was in poplar (63%), with jack pine (15%), 
black spruce (9%), and balsam fir (8%) accounting for most of the remainder. 

Average annual losses by tree species are shown in Table 19. Timber utilization 
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-teble 19. Average annual timber volume* losses caused by wood decay and root 

rot diseases in the iC Region, 1977-1981 . 

Root rot 

Tree 

species 

Mortality 

(in3) 

Growth 

loss 

(m3) 

Jack pine 

White pine 

Black spruce 

White spruce 

Balsam fir 

Cedar 

larch 

Other conifers 

Conifer total 

203,000 

2,000 

2,975,000 

58,000 

52,000 

757,000 3,290,000 

7,000 

318,000 

5,000 

71,000 

401,00G 

Poplar 

White birch 

Other hardwoods 

Etirdwood total 

1,414,000 

68,000 

1,000 

1,483,000 

Total, all species 2,240,000 3,290,000 401,000 

a Data are expressed as gross total volume 

b T = trace (less than 500 m3) 

is expected to reduce losses due to decay as the highly defective overmature 

stands are harvested. 

Bypoxylon Canker 

Hypoxylon canker of aspen caused 8,015,000 m3 of mortality in the period 

1977-1981. Average annual loss was equivalent to about 25% of the growth 
(CAI). A recent survey indicates that the percentage of trees affected by the 

canker is about 2%. 

Diebacks 

Dieback of white birch accounted for 5,160,000 m3 of mortality loss dur 
ing the period 1977-1981. The actual past or pests associated with this problem 
can vary, and climatic and site factors seem to be implicated as well as pests. 
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Summary 

In the NC Region, pests accounted for a volume loss equivalent to 41% of 

the growth for the period 1977-1981. Aspen and black spruce were the species 

most affected, each losing a volume equivalent to about half the growth (CAI). 

Aspen utilization is increasing in the Region, and even the impact of white 

birch dieback could be important in the future. 
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PEST-CAUSED LOSSES IN THE NORTHERN REGION 

Introduction 

Pest-caused losses in the N Region averaged 16,072,000 m3 annually in 
the period 1977-1981 (Table 20, Fig. S). This figure was 8% higher than the 

growth (CAIi figure for the Region and about twice the amount of timber har 

vested. Defoliation by spruce budworm, the most serious pest problem, accounted 

for about 45% of total loss. Other imporcant pests were root rot, wood decay, 

and Hypoxylon canker. Ml pest-caused losses are summarized in Table 20. 
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Figure 0. Pest-caused timber losses in the Northern Region totalled 16,072,ODD m' 

annually (equivalent to 10B!i of the growth (CAI) during the period 1977-19B1). 
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Table 20. Average annual psst-caused lossesa in the N Region, 1977-1981 . 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 
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Forest Resources 

The N Region is mostly a forested area. About one-third of the total 

administrative area has currently exploitable forest, but the area administered 

extends far to the north. Ihe exploitable forest extends to about 51° north 
latitude (Fig. 1), and includes about one-third of the area considered poten 

tially exploitable by Dixon (1963). All of this exploitable area is in the 

Boreal forest region (Raws 1972), and extensive stands of spruce, spruce-fir, 

jack pine, and poplars are present. Poplar and balsam fir stands are the most 

productive, with growth (CAI) for these WGs rated at 2.3 and 2.5 m^/ha 
annually. Jack pine, spruce, and white birch stands are moderately productive 

at 1.6, 1.2, and 1.3 m3/ha CAI. About 67% of the OFRI is complete for the area 

considered exploitable. The OHFI is summarized by species in ifcble 21. 

Spruce Budworm 

An extensive spruce budworm (Fig. 9) infestation in 1977 affected a 

total area of 9,005,000 ha that contained about 1,184,000 ha of susceptible host 

type. Budwonn-caused mortality (see cover photo) was evident in about 25% of 

this area, and for stands experiencing mortality, the percentage of volume dead 

were as follows: balsam fir 21%, white spruce 3%, and black spruce 2%. By 

1981, a total area of 10,450,000 ha containing 1,374,000 ha of host stands was 

affected and 60% of this area was experiencing mortality. Ihe percentage of 

volume dead increased to 41% for balsam fir, 13% for white spruce, and 8% for 

black spruce. Virtually all (93%) of the commercially valuable host forest of 

the Region was affected by spruce budworm. 

Figure 9, Defoliation by spruce budworm caused on average annual loss of more than 

7,000,000 m3 in the N Region in the period 1977-1901. 
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Table 21. Forest statistics3 Eor the H Region. 

White oak 

Elm 

Basswood 

Beech 

Cherry 

Other hardwoods 

Hardwocd total 

T 

T 

466,742,000 28 

T 

T 

T 

6,142,000 

T 

T 

1 

41 

Total, all species 1,672,981,000 100 15,136,000 100 

a Data are expressed as gross total volume, 

b T = trace (less than 500 m3) 

Note: lofcal administrative land area in region 

Current exploitable forest area in region 

Productive forest area 

34,549,000 ha 

11, 182,000 ha 

9,483,000 ha 
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Losses caused by the spruce budworm for the period 1977-1981 were just 

over 36,000,000 m3, of which 4,080,000 m3 was growth loss and 31,958,000 ra3 was 

mortality (Table 22). By the end of 1981 the cumulative loss due to defoliation 

amounted to 34,530,000 m3 of mortality and 5,263,000 in3 of growth loss (Fig. 

10). While 75% of this damage occurred to balsam fir, white spruce and black 

spruce also sustained considerable losses (Table 22}. The volume and growth 

data for balsam fir in TSible 21 are really an indication of what would be 

present if budworm had not existed. For balsam fir, about two-thirds of the 

growth did not occur and about one-third of the standing volume died. 

40 ̂  

30-

O 
o 

o 

o" 
o 

o 

LLJ 

20-

10-

MORTALITY 

GROWTH LOSS 

1965 1970 1985 

Figure 10. Cumulative growth loss and mortality caused by the current spruce budworm 

infestation in the N Reginn oF Ontario. By the end of 1981, the total volume 

lost was 39,793,000 rn3. 

Forest Tent Caterpillar 

There was a large forest tent caterpillar infestation in the Region in 

1977. Favorable weather conditions resulted in the expansion of the infestation 

in 1977 to 1,979,000 ha, containing 292,000 ha of host stands (Table 23). The 

infestation remained fairly static in 1978, declined appreciably to about 

226,000 ha in 1979, and completely collapsed in 1980. 'Ihe small infestation 

that started in the southwestern part of the Cochrane District in 1979 expanded 

and affected a total area of about 93,000 ha in 1980 and 1981. 
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Table 22. Volume of growth loss and mortality3 resulting from 

caused by spruce budwonn in the N Region, 1977-1981. 

defoliation 

a Data are expressed as gross total volume. 
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Total growth losses for the 5-year period were 1,076,000 m3 (Table 23), 
91% of which were sustained by aspen and the remainder by white birch. 

Aspen Leafroller 

There was a large infestation of aspen leafroller in 1977 just south of 

the Sorest tent caterpillar infestation previously described. A total area of 

3,334,000 ha containing 550,000 ha of host stands ves defoliated in 1977. The 

area infested was greatly reduced in 1978, and there was no significant defolia 

tion after 1979. Total growth loss was estimated at 647,000 m3, and 95% of this 

loss occurred in 1977. 

fv*hite Birch Defoliator Complex 

White birch was affected by several other defoliating insects including 

the birch skeletonizer, birch leafminer, fruittree leafroller, and speamarked 

black moth, in addition to the forest tent caterpillar. These other defoliators 

caused a total growth loss of 93,000 m3 for the period 1977-1981. 

There was birch leafminer damage each year throughout the period. The 

scattered nature and varying levels of defoliation recorded made impact assess 

ment difficult. Growth loss was estimated to be about 10,000 m3 for the 5-year 

period. 

Fruit tree leafroller caused significant defoliation in a total area of 

750,000 ha in 1977, and there were low levels of defoliation in 1978 and 1979. 

Growth loss in 1977 was estimated at 15,000 m3. 

Defoliation by birch skeletonizer and spearmarked black moth affected 

2,804,000 ha and 456,000 ha, respectively, in 1981, and caused growth losses of 

59,000 m3 and 9,000 m3, respectively. 

ROOt Rot 

Root rots caused an estimated 1,080,000 m3 of growth loss and 17,170,000 

m3 of mortality over the 5-year period (Table 24). In other northern regions, 

most of the damage occurred to black spruce, which is the most important species 

in terms of standing volume and timber value. For black spruce, losses due to 

root rot were equivalent to 51% of the current annual volume increment. Average 

annual losses for conifer species are shown in Table 24. 

m 

Root rots probably had considerable impact on broadleaved species as 

cull studies and other surveys indicate that root rotting organisms are common 

in the butt and roots of most hardwood species. For example, a survey of young 

aspen stands in 1977 (Gross and Easham 1981) indicated that about 45% of the 

root systems had stain or decay defect. 
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Table 23. Volume of growth lossa resulting from defoliation caused by forest 
tent caterpillar in the N Region, 1977-1981. 

Data are expressed as gross total volume. 

The root rot losses for conifer species can be expected to be lower in 

the future. As the overmature stands are harvested, younger stands managed by 
appropriate rotation ages can be expected to suffer fewer losses from root rot 
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Table 24. Average annual timber volumes iosses caused by wx>d decay and root 

rot diseases in the N Region, 1977-1981 . 

a Eata are expressed as gross total volume, 

b T = trace (less than 500 m3). 

Wood Decay 

Volume loss (cull) caused by wed decay fungi for the period 1977-1981 

was 7,955,000 m3. tost of this loss was in poplar (64%), with jack pine (8%), 

balsam fir (10%), and black spruce (9%) accounting for most of the remainder. 

Average annual losses due to decay are shown by species in Table 24. As for 

losses due to root rot, timber utilization is expected to eliminate the highly 

defective overmature stands, and thus reduce losses due to vraod decay as well. 

Hypoxylon Canker 

Hypoxylon canker of aspen caused 10,750,000 m3 of mortality during the 
period 1977-1981. The average annual loss was equivalent to 41% of the current 
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annual volume increment. The 2% of trees cankered seems low, but in a recent 
survey in the Karkland lake District, that level of cankering 4s detected 

Sweetfern Blister Rust Canker 

pest problem of preco-ercial-size trees have been left out tf 

Diebacks 

Mortality v^s rated for maple dieback and birch dieback. Mortality for 
birch P accounted for 10,000 m3 of sugar maple and 1,078,000 £ of 
■iahfa^t-oH v...t- ,-,„,-.„ n _ ■ . _ " e range of maple was It ̂ ^^ Slmilar to tiiat Present ^c-^out ^ range of 

but sugar maple is not prevalent in the Region. Dieback 
birch was part of a general birch decline. The actual pests involved ln these 
probes vary, and cli.atic and site factors see, to be^piicatefas in as 

Summary 

Die H Region experienced pest-caused losses of about 16,000,000 tr,3 dur-
ing the period 1977-1981. feisajn fir was depleted at a rate of 4,391 000 ^ 
annually, which is three times the expected annual growth. Black spmce and 
poplar were depleted at 80% and 69% of the annual growth rate, res'ecivSy a"d 
as s^ted initially, total depletion by pests was greater than the cLe t 
annual increment expected for the Region. The total loss of 80,330,000 m3 for 
the 5-year period ^s approximately 5% of the gross standing volume Cable 21) 
^turally, the inclusion of species that are being utilized well beTow the r 
potential such as white birch, aspen, and balsam fir makes this loss less sig 
nificant. Ffawever, as current and projected utilisation of aspen indicates 

Sr^trends change teal1 of **• «* i L£KFS 
j 
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PEST-CAUSED LOSSES IN THE NORTHEASTERN REGION 

Introdact ion 

Pest-caused losses in the NE Region averaged 8,188,000 m3 annually over 
the period 1977-1981. This loss was equivalent to 83% of the annual growth 

{CAI) for the Region (Table 25, Elg. 11) and represents about twice the amount 

of timber harvested annually in that period. Defoliation by spruce budworm had 

the greatest impact and accounted for about 47% of the total loss (Fig. 12). 

Other important pests were forest tent caterpillar, diebacks, root rot, wood 

decay and Hypoxylon canker (Table 25). 

Forest Resources 

The NE Region is largely a forested area, 89% of it productive. The 

Region is mostly in the Great Lakes-St. Lawrence forest region, with some of the 

northern portion in the Boreal forest region (Rowe 19721. Tolerant hardwood 

forests and oak forests prevail east of lake Superior and in the southern part 

of the Region. Growth (CAI) in these forests is about 1 liP/ha/year. To the 
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Figure 11. Pest-caused timber iosses in the NE Region totalled 8,188,000 m3 annually 

(equivalent to 83?i of growth (CAI) for the period 1977-1981). 
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Table 25. Average annual pest-caused losses3 in the HE Region, 1977-1981. 

Forest tent 

caterpillar 

Aspen complex 

White birch 

complex 

□ak complex 

Cull 

poplar 

white birch 

sugar maple 

other 

poplar 

white birch 

red oak 

539,000 

66,000 

10,000 

5,000 

1,000 

82,000 

2,000 

22,000 

Hartality 

260,000 

547,000 

2,610,000 

3,417,000 

TDtal 

Cm3) 

334,000 

612,000 

3,010,000 

3,956,000 

66,000 

10,000 

5,000 

1,000 

82,000 

2,000 

22,000 

Total, insects 64 5,000 3,417,000 4,062,000 

Root rot 

Hood decay 

Hypoxylan canker 

Sweet fern rU3t 

Diebacks 

conifers 

conifers 

hardwoods 

06,000 783,000 069,000 

poplar 

jack pine 

sugar maple 

white birch 

red oak 

415,000 

1,012,000 

15,000 

1,427,000 

8,000 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3). 
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north, forests containing black spruce, jack pine, poplar, white birch, and bal 

sam fir cover most of the land. The poplar and balsam fir stands are highly 

productive, averaging about 3 and 2.5 m3/ha growth (CM) annually, respec 

tively. Average annual growth (CAI) in spruce stands and jack pine stands is 

about 1.5 m3 per ha; however, well stocked stands of these species grow at sev 

eral times the average rate. The current OFRI is about 70% completed. The data 

for the OHFI are summarized by tree species in Table 26. 

Spruce Budworm 

There vras a massive spruce budworm infestation throughout the period 

1977-1981. In 1977, spruce budworm affected a total land area of 4,443,000 ha 

and a host stand area of 592,000 ha. Mortality occurred in about 44% of this 

area, and for host stands experiencing mortality, the percentage of volume dead 

for balsam fir, white spruce, and black spruce was 25%, 5%, and 3% respec 

tively. &/ 1981, virtually the entire Region, 7,200,000 ha of the total land 

area, and 1,001,000 ha of the host stand area, had been attacked by budworm. 

The size of the area experiencing mortality increased to 3,321,000 ha of the 

total land area, and mortality increased to 60% for balsam fir, 20% for white 

spruce and 12% for black spruce. Budworm-caused damage is summarized by year in 

Table 27. Losses for the 5-year period were estimated at 2,693,000 m3 of growth 

loss and 17,086,000 m3 of mortality. By the end of 1981, the cumulative result 

of the defoliation was 19,292,000 m3 of mortality and 3,974,000 m3 of growth 
loss (Fig. 12). While 75% of this loss was in balsam fir, white spruce and 

black spruce also suffered considerable damage [Table 27). The balsam fir con 

tent of the forest changed dramatically, and by 1981 many of the stands had very 

little balsam fir remaining. 

Forest Tent Caterpillar 

In 1977, a large forest tent caterpillar infestation affected a total 

area of 783,000 ha and defoliated trees in 125,000 ha of host stands. Most of 

the defoliation was in the southern parts of the Sudbury, tforth Bay, and Espan-

ola districts. Parts of the Sault Ste. Marie and Temagami districts were also 

affected. In 1978, the area defoliated was about half this size, and by 

1979, total area affected was only 45,000 ha. h few areas of defoliation per 

sisted through 1980, and a few scattered new locations suffered defoliation that 

year. Growth loss for the 5-year period was 409,000 m3 (Table 28). Some mor 
tality of sugar maple in the Sault Ste. Iferie District seemed to be at least 

partially the result of defoliation by the forest tent caterpillar. However, 

the association of mortality with defoliation in this Region uas not as obvious 

as it was in the Algonquin and Southwestern regions. Hence, all maple mortality 

was reported as caused by maple dieback. 

Aspen Defoliator Complex 

In addition to forest tent caterpillar, a variety of other defoliating 

insects affected aspen during the period 1977-1981, Most of the damage occurred 

in 1978 and 1979, and was caused by the aspen leafroller. Cnly 8,000 ha of host 
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stands were defoliated, and growth loss totalled 10,000 ra3 for the 5-year 
period. 
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Figure 12. Cumulative growth loss and mortality resulting from the current spruce bud-

worm infestation in the NE Region of Ontario. By the end of 1981, the total 

volume lost was 23,266,000 m3. 

White Birch Defoliator Complex 

White birch suffered extensive defoliation by the birch skeletonizer and 

the spearmarked black moth in 1981. The total area affected by these two 
insects vras 2,480,000 ha and 316,000 ha, respectively. Hast stand area defoli 
ated totalled 532,000 ha, and growth loss was 

attributed to birch skeletonizer defoliation. 
113,000 m3 of which 90% was 

Swaine Jack Pine Sawfly 

This sawfly defoliated several hundred hectares of jack pine in 1980 and 

spread to an additional 4,663 ha in 1981. Some yrowth reduction was evident. 

The rate of reduction is being studied, and a conservative estimate of growth 

loss is about 2,000 m3. Itowever, this volume loss is not included in the data 
presented in liable 25, as impact studies are not complete. 
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Table 26. Forest statistics"3 for the NE Region. 

a Cata are expressed as gross total volume. 

b T = trace (less than 500 m3) 

Itote: Ibtal administrative land area in region 

Cuirent exploitable forest area in region 

Productive forest area 

7,974,000 ha 

7,272,000 ha 

6,499,000 ha 
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■mble 27. \folume of growth loss and mortality resulting from 

caused by spruce budwonn in the NE Region, 1977-1981. 

defoliation 

a Data are expressed as gross total volume. 



Ta e 28. Volume of growth lossa resulting from defoliation caused by the 

forest tent caterpillar in the NE Region, 1977-1981. 

Ye 

19 

TDtal area 

affected 

(ha) 

Hast stands 

defoliated 

(ha) 

Tree 

species 

Growth 

loss 

783,000 125,000 

325,000 52,000 

■: 79 45,000 6,000 

30 122,000 19,000 

Volume lost, 1977-1981: 

poplar 

white birch 

sugar maple 

yellow birch 

other hardwoods 

203,000 

31,000 

15,000 

1,000 

3,000 

409,000 

Data are expressed as gross total volume. 

T = trace (less than 500 m^) 
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Root Rot 

Root rot caused an estimated 430,000 m3 of growth loss and 3,915,000 m3 
of mortality in the period 1977-1981. Average annual losses for conifer species 

are shown in Table 29. Most of the root rot was in balsam fir and black spruce, 

which accounted for 35% and 41% of the estimated total loss, respectively. 

Losses can be expected to be lower in the future as die highly defective stands 

are harvested. 

Table 29. Average annual timber volumea losses caused by wood decay and root 

rot diseases in the NE Region, 1977-1981. 

Tree 

species 

Red pine 

Jack pine 

White pine 

Black spruce 

White spruce 

Balsam fir 

Cedar 

Hemlock 

Other conifer 

Conifer total 415,000 783,000 86,000 

Poplar 698,000 

White birch 75,000 

Yellow birch 40,000 

Sugar maple 126,000 

Red maple 51,000 

Ash 8,000 

Red oak 6,000 

Elm 1,000 

Basswood 2,000 

Beech 4,000 

Other hardwoods 1,000 

Hardwood total 1,012,000 

Total, all species 1,427,000 783,000 86,000 

a Data are expressed as gross total volume. 
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Root rots probably have a considerable impact on broadleaved species. 

Cull studies and other surveys indicate that root-rotting organisms are common 

in the butt and roots of most species, and Armillaria root rot is frequently 

present on trees affected by dieback probLa-ns. 

Wood Decay 

Volume losses (cull) caused by wood decay fungi (Fig. 13) were 7,135,000 

m3 for the 5-year period, and average annual losses are shown in Table 29. Most 
of this decay was in poplar (49%), jack pine (8%), balsam fir (9%), and sugar 

maple (9%). Utilization of the highly defective overmature stands can be 

expected to reduce losses to wood decay in jack pine and spruce. Defect data 

were available only for stands that had not been cut previously, and the defect 

for second-growth stands could be somewhat higher, especially when stands are 

not clear cut at the final harvest. 

Figure 13. Cull necessitated by wood decay results in losses of about 1.5 million 

annually in the NE Region, (photo courtesy of R.D. Whitney). 

Hypoxylon Canker 

It was estimated that Hypoxylon canker caused a total of 4,105,000 m3 of 

aspen mortality over the 5-year period. Hence, this one disease is killing a 

volume equivalent to 23% of the current annual increment of aspen. 
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Dlebacks 

It was estimated that maple dieback caused 325,000 nP of sugar maple 

mortality during the 5-year period. Most of this mortality seemed to be part of 

a general maple decline that has been evident throughout the range of hard maple 

in recent years, As noted previously, defoliation by the forest tent caterpil 

lar seemed to aggravate this mortality, particularly in the Sault Ste. Marie 

District. 

Mortality was also calculated for birch dieback and oak dieback. Losses 

for the 5-year period ware 4,570,000 m3 for white birch and 35,000 m3 for red 

oak. The actual causes of diebacks vary, and climatic and site factors seem to 

be implicated, as well as insect and disease pests. Plots monitoring the pro 

gress of oak dieback do show more mortality where insect infestations were pre 

viously present. 

Suntmarij 

The NE Region experienced pest-caused losses of about 8 million m3 annu 

ally during the period 1977-1981. Balsam fir was depleted at a rate of 

3,361,000 nP annually, which is almost three times the current annual increment 

for that species, and most of this loss (87%) was attributed to budworm. Other 

species suffering extensive damage were black spruce, poplar, white birch and 

hard maple. As stated initially, pest-caused depletion was almost as great as 

the current annual increment. Viewed as a loss in gross standing volume, loss 

for the period 1977-1981 totalled 40,945,000 m3, which is over 6% of the gross 

standing volume and about four times the volume harvested in this period, the 

inclusion of species such as poplar, white birch and balsam fir, that were 

being utilized well below their potential, somewhat reduces the importance of 

these losses. However, our inability to assess known pest problems such as root 

rot of broadleaved species and pest problems of precommercial-size trees makes 

the overall estimate conservative. Also, utilization trends change, and the 

future importance of pest-caused losses in aspen, and possibly white birch and 

balsam fir, may be greater than is currently apparent. Viewed in another way, 

pest-caused defect of aspen is one of the major deterrents to increased utiliza 

tion of aspen. 
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PEST-CAUSED LOSSES IN THE ALGONQUIN REGION 

Introduction 

Pest-caused losses in the AL Region averaged 5,124,000 m3 annually 

during the period 1977-1981 (Table 30, Fig. 14). This was roughly equivalent to 

the annual growth (CAI), and about twice the volume of timber harvested. 

Defoliation by spruce budworm was the most serious problem, and was equivalent 

to about three times the expected growth for the host species, spruce and balsam 

fir. Other important pests were forest tent caterpillar, diebacks, wood decay, 

root rot and Hypoxylon canker. 

100 

X 
h-

o 

§ 

80-

60-

3 

Z 
Z 

< 40 

Ll 

O 

afi 

20-

MORTALITY 

GROWTH LOSS + CULL 

ALL 

PESTS DWE°C0ADY F°TREENSTT 
CATERPILLAR 

ROOT OTHERS 
ROT 

Figure 14. Pest-caused timber loss in the AL Region totalled 5,124,000 

(equivalent to annual growth (CAI) during the period 1977-1901). 
annually 
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Table 30. Average annual pest-caused lossesa in the AL Region, 1977-1981. 

a Cata are expressed as gross total volume, 

b t = trace (less than 500 m3) 
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Forest Resources 

The M. Region is mostly forested land. Only about one-third of the cur-

cent OFRI is complete. Ihe entire Region is in the Great lakes-St. Iawrence 

forest region (Rowe 1972). In the northern part of the Region, forests contain 

considerable spruce, balsam fir, aspen and white birch. Farther south, tolerant 

hardwood forests prevail. About 84% of the area is productive forest, and much 

of the remainder is agricultural. OHFI data by species are presented in Table 

31 . 

Spruce Budworm 

The budworm infestation in 1977 and 1978 was greatly reduced from that 

of 1975. In 1979 and 1980, the infestation increased to just over 2 million ha, 

which was about the size of the area affected before 1977. In 1981 the infesta 

tion was reduced again to approximately the same size as the 1977 and 1978 in 

festations . The area defoliated is not apparent in lable 32 because areas 

experiencing mortality but no current defoliation are included as affected 

area. Ebr example, the total area affected in 1977 was 1,250,000 ha, which was 

actually the area reported as showing mortality. About 400,000 ha suffered 

defoliation in 1977. 

In 1977, the 1,250,000-ha area experiencing tree mortality contained 

host stands of 83,000 ha in which 14% of balsam fir and 1% of white spruce had 

been killed. The area with mortality increased to 1,402,000 ha by 1981, at 

which time mortality was 75% for balsam fir, 25% for white spruce, and 16% for 

black spruce. Ibtal loss for the 5-year period was approximately 10 million m3 

(Table 32, Fig. 15) . Most of this loss (82%) was in balsam fir, but white 

spruce was also severely affected. 

Forest Tent Caterpillar 

An extensive forest tent caterpillar infestation in 1977 affected a 

total area of 1,846,000 ha and trees in 743,000 ha of host stands were defoli 

ated. The infestation collapsed in 1978 and only 46,000 ha were defoliated that 

year. Growth loss for the period 1977-1981 was 1,750,000 m3 and mortality 

amounted to 2,857,000 m3 (Table 33). (tost of these losses (90%) were confined 

to sugar maple, which was more extensively damaged than other host tree species. 

Sugar maple suffered extensive mortality in 1977 and 1978 (Fig. 16).' 

While other species may have experienced some mortality, the losses ware equiva 

lent to those in nondefoliated areas. The problem was called maple dieback; 

however, the association of mortality with defoliation by forest tent cater 

pillar was distinct. Hence, 2,857,000 m3 of the mortality caused by maple die-

back in the Region ras considered to be caused by forest tent caterpillar 

defoliation. Growth studies of sugar maple defoliated for several years by 

forest tent caterpillar showed that it did not recover normal growth until 

1981. Therefore, for a host stand area of 500,000 ha, sugar maple was con 

sidered to suffer a growth loss of 249,000 m3 annually for 1977 through 1981. 
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Table 31. Forest statistics3 for the AL Region. 

a Data are expressed as gross total volume 

b T = trace (less than 500 m3) 

Note: Total administrative land area in region 

Current exploitable forest area in region 

Productive forest area 

3,931,000 ha 

3,553,000 ha 

2,972,000 ha 
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Bible 32. Volume of growth loss and mortality resulting from 

caused by spruce budwonn in the AL Region, 1977-1981. 

defoliation 

a Data are expressed as gross total volume. 
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Figure 15. The cumulative growth loss and mortality caused by spruce budworm defoliation 

in the Algonquin Region of Ontario. By the end of 1981, the total volume lost 
was 10,616,000 mJ. 

Aspen Defoliator Complex 

In addition to forest tent caterpillar, a variety of other defoliating 
insects affected aspen in the period 1977-1981. Significant defoliation by the 
aspen leaf roller and leaftier affected a host stand area of 15,000 ha in 1979 
and 1,000 ha in 1980. The defoliation caused a growth loss of about 20,000 m3. 

Oak Defoliator Complex 

Red oak was defoliated by a variety of insects throughout the period 
1977-1981. Oak leaf shredder was responsible for most of the defoliation, and 

most of the damage (90%) occurred in 1979 when a host stand area of about 25,000 

ha showed defoliation. Total growth loss for the 5-year period was 10,000'm^. 
Some mortality was probably caused by this defoliation because plots established 

to study oak dieback showed that mortality was greater in stands that had 

already been defoliated. Also, control of the oak leaf shredder in one sampled 

stand resulted in lower mortality than in an adjacent defoliated stand. The 

association of oak decline with defoliation was not as distinct as that of maple 

decline. However, some influence was apparent, and for the period 1977-1981 a 

total volume of 80,000 m? of oak mortality associated with the decline was 
assigned to defoliators. 
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Table 33. Volume of growth loss and mortality^ resulting from defoliation 
caused by forest tent caterpillar in the AL Region, 1977-1981. 

a Data are expressed as gross total volume 

Root Rot 

Root rots caused an estimated 100,000 nP of growth loss and 1,215,000 m3 
of mortality during the period 1977-1981 . Fifty-six percent of this loss was in 

balsam fir. White pine, black spruce, and white spruce suffered most of the 
remainder of the damage (Table 34). Red pine probably would have experienced 

considerable damage if control of Annosus root rot had not been practised 

following thinnings and harvest cuts. 
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Root robs likely have considerable impact on broadleaved tree species, 

as cull studies (Basham and t-torawski 1964) and other surveys show that root-

rotting organisms are common in the butt and roots of trees of most species. 

Also, the almost constant association of Armillaria root rot with dieback 

problems indicates that this root rot is at least partly responsible for the 

mortality reported to be caused by dieback disease. 

Figure 16. Maple mortality associated with defoliation by forest tent caterpillar was 

prevalent in the Parry Sound and Bracebridge districts of the AL Region in 
1978. 

Wood Decay 

Volume loss (cull) caused by wood decay during the period 1977-1981 was 

5,490,000 m3 (Table 34). Sugar maple was by far the most valuable species in 
the Region in terms of standing volume and timber value, and 40% of the cull was 

sugar maple. Other broadleaved species that were fairly defective were yellow 

birch, red maple, basswocd, and beech. Average annual decay losses by tree 
species are presented in Table 34. 
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Table 34. Average annual timber volumea losses caused by wood decay and root 

rot diseases in the AL Region, 1977-1981. 

Tree 

species 

Red pine 

Jack pine 

White pine 

Black spruce 

White spruce 

Balsam fir 

Cedar 

Bsmlock 

Other conifers 

Conifer total 

Wood decay 

1,000 

1,000 

82,000 

2,000 

7,000 

41,000 

21,000 

33,000 

1,000 

189,000 243,000 20,000 

Poplar 

White birch 

Yellow birch 

Sugar maple 

Red maple 

Ash 

Red oak 

Elm 

Bass wood 

Eeech 

Cherry 

Other hardwoods 

Hardwood total 

133,000 

18,000 

145,000 

443,000 

71,000 

8,000 

22,000 

6,000 

2,000 

56,000 

2,000 

2,000 

908,000 

TDtal, all species 1,097,000 243,000 20,000 

a Eata are expressed as gross total volume 

b T = trace (less than 500 m3) 

The reduction in loss exjjected when overmature stands are harvested may 

not occur in the tolerant hardwood stands. Cutting practices frequently left 

defective trees, and as a result, second-growth stands often have a high number 

of defective trees. Stand improvement practices that remove defective trees can 

greatly reduce future losses to wood decay. 
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Hypoxylon Canker 

Hypoxylon canker of aspen caused 1,865,000 m^ of mortality in the period 

1977-1981. Average annual loss was equivalent to 38% of the growth increment 

(CAI) for aspen. The percentage of trees cankered was estimated at 2% on the 

basis of surveys in northern Ontario. The quality of aspen seems to improve in 

the northern latitudes, so this impact estimate may be conservative. 

Diebacks 

In addition to the maple dieback associated with defoliation by forest 

tent caterpillar noted previously {Fig. 16), sugar maple was affected by a gen 

eral dieback throughout its range in Ontario. About 5% of the maples in wood 

land situations had more than 20% of the branches dead (Howse et al. 1977), and 

there was mortality associated with dieback. About 1,195,000 m3 of mortality of 
sugar maple, in addition to that caused by the forest tent caterpillar, occurred 

in the period 1977-1981. 

Oak dieback caused 130,000 m3 of mortality during this period. Studies 

on plots established to follow the progress of the dieback indicate that about 

6% of the trees died in the 5-year period. Stands that experienced defoliation 

by oak leaf shredder seem to have more oak dieback. Hence, 80,000 m3 of this 

mortality was reported as caused by insects and the remaining 100,000 m3 was 

caused by disease. 

White birch was also affected by a dieback. Overmaturity seemed to be a 

factor here; however, juvenile and mature stands often suffer dieback as a 

result of other factors such as drought and defoliation. An estimated 1,050,000 

m3 of mortality of white birch occurred in the period 1977-1981. 

Summary 

Pest-caused losses of 5,124,000 m3 occurred annually in the AL Region in 
the period 1977-1981. Defoliation by spruce budworm caused about 40% of this 

loss, and much of the balsam fir in the Region died. The forest tent cater 

pillar infestation collapsed in 1978, but up to four successive years of defoli 

ation had a devastating effect on the sugar maple in some stands. Probably the 

most affected area was along the Moon River in Parry Sound District, where about 

1,200,000 m3 of sugar maple were killed. Ihe defoliation, coupled with a gen 

eral dieback of sugar maple throughout its range, caused extensive mortality and 

also resulted in considerable growth loss. Other important pests were wood 

decay, root rot, and Hypoxylon canker. 
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PEST-CAUSED LOSSES IN THE CENTRAL, EASTERN AND SOUTHWESTERM REGIONS 

Introduction 

Pest-caused losses in the C-E-SW regions totalled 1,959,000 m3 annually 

(Table 35, Fig. 17) during the period 1977-1981. This was equivalent to about 

half of the annual growth (CAI) . Rarest tent caterpillar, spruce budTOrm, wood 

decay, root rot and dieback problems were the important pests. 
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Figure 17. Pest-caused Liraber loss for the C-E-SW regions totalled 1,959,000 

(equivalent to half the annual growth during the period 1977-1981). 

annually 

Forest Resources 

Southern Qitario is predominantly agricultural and urban land. Sbout 

27% of the C-E-SW regions is forested and about 75% of the forested land is pri 

vately owned land. A large portion of the forest is in small woodlots. Current 

OFRI data were available for only a few management units. Dixon's (1963) is the 

latest complete inventory for southern Ontario and gross standing volumes used 

for this analysis are from Table 12 of that report. A total of 231,180,000 m3 

gross standing volume was present in the area. Growth increment (CAI) based on 
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Table 35. Average annual pest-caused lossesa in the C-E-SW regions, 1977-1931, 

Pest 

Tree 

species 

Growth 

loss Cull Mortality Total 

Cm3) 

Spruce budworm 

Forest tent 

caterpillar 

Hypoxylon canker 

Diebacks 

black spruce T* 

white spruce T 

balsam fir 1,000 

1,000 

poplar 15,000 

white birch 1,000 

sugar maple 68,000 

other 4,000 

141,000 

771,000 

91 2, 000 

poplar 

sugar maple 

white birch 

red oak 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3} 

T 

12,000 

12,000 

82,000 

02,000 

20,000 

114,000 

482,000 

153,000 

T 

12,000 

1,000 

13,000 

15,000 

1 ,000 

150,000 

4,000 

170,000 

T 

25,000 

208,000 

495,000 

153,000 
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the completed portions of the current OFRI was 3,841,000 m3 annually. Data by 
species for standing volume and growth are shown in Table 36. 

Most of the C-E-SW regions are in the Great Lakes-St. Lawrence forest 

region, and about 25% of the area in the southern part is in the Deciduous for 

est region (Rowe 1972). Tolerant hardwood forests prevail, with sugar maple the 

predominant species and oak the secondary species. Conifers comprise about one-

quarter of the standing volume. Although only 27% of the area is occupied by 

forests, these woodlands are a very important resource as the timber species are 

mostly valuable hardwoods. Also, other forest values such as esthetics, recrea 

tion, and wildlife habitat are more significant in these woodlands than in other 

regions that have an abundance of forest land. 

Spruce Budworm 

Some defoliation caused by budworm persisted through the entire period 

1977-1981. The total area affected was 80,000 ha in 1977, and increased to 

about 150,000 ha by 1981 . Itost of the area affected was part of a large infes 

tation that extended well into the adjacent AL Region. Scattered pockets of 

defoliation occurred elsewhere. Host stands accounted for about one-eighth of 

the total land area that was mapped as defoliated. The assumption of this esti 

mate was that host stands were more concentrated in the mapped area and that the 

percentage that was productive forest land was greater within this area than in 

the remainder of southern Ontario. 

Mortality was present throughout most of the area affected during the 

5-year period. A total of 310,000 m3 of host timber died. Data by host species 
are shown in Table 37. In 1977, mortality in the stands affected was 9% for 

balsam fir, and negligible for black spruce and white spruce. By 1981, mortal 

ity increased to 49% for balsam fir, 9% for black spruce, and 15% for white 

spruce. Growth loss for the 5-year period was 4,300 m3, with about 75% of this 

occurring in balsam fir (Table 37). The cumulative loss caused by budworm over 

the entire infestation up to 1981 was 15,000 m3 of growth and 326,000 m3 of mor 
tality. 

Forest Tent Caterpillar 

Tnere was a large forest tent caterpillar infestation in 1977, mostly in 

the SW Region (Table 38). The total area affected was 1,534,000 ha in 1977; in 

1978 the infestation collapsed and only about 20,000 ha were mapped as defoli 

ated. Sugar maple was severely affected by the defoliation, and extensive mor 

tality occurred in 1977 and 1978 from maple dieback. In this instance, defolia 

tion was considered a key factor in the dieback problem; hence, the mortality 

associated with the defoliation is reported as caused by the forest tent cater 

pillar. There was a total of 410,000 m3 of sugar maple mortality in 1977 and 
1978. Subsequently, most maples experiencing dieback showed good crown recov 

ery. However, growth studies of defoliated trees showed that defoliation caused 

a 40% reduction in growth and that this growth reduction persisted through 



Table 36. Rarest statisticsa for the C-E-SW reyions 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 

Note: Total administrative land area in region 

Current exploitable forest area in region 

Productive forest area 

8,818,000 ha 

8,421,000 ha 

2,240,000 ha 
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37. Volume o£ growth loss and mortality3 resulting from defoliation 

caused by spruce budwonn in the C-E-SW Regions, 1977-1981. 

a Data are expressed as gross total volume. 
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Table 38. Volume of growth loss and mortality3 resulting from defoliation 

caused by forest tent caterpillar in the C-E-SW regions, 1977-1981. 

a Data are espressed as gross total volume. 

b T = trace (less than 500 m3) 

1981. Hence, impact on hard maple is reported for the entire period (Table 

38). Ttatal growth loss for all species for the period was 441,000 m3. Most of 

this loss vas in maple because of the continued growth reduction and the 

relatively large volume of sugar maple affected in comparison with other 

species. 



Oak Defoliator Complex 

Some defoliation by oak leaf shredder (Fig. 18) occurred throughout the 

period 1977-1981, but most of the activity took place in 1977 and 1978 (Table 

39). A total growth loss of 24,000 m3 occurred in red oak. Annual data are 

summarized in Table 39. The defoliation seemed to aggravate the oak dieback 

problem. fence, about 100,000 m3 of mortality in the 5-year period, or 36% of 

the total amount of mortality ascribed to oak dieback {Table 35), was considered 

to be caused by oak leaf shredder defoliation. 

. 

Figure 18. Defoliation by oak leaf shredder causes significant growth loss and seems to 

be a major factor in the dieback and mortality of oaks. 

Aspen Defoliator Conplex 

Aspen leafroller defoliation affected a total land area of 80,000 ha in 

1979 and 10,000 ha in 1980, causing a total growth loss of about 2,000 ra3. 

Root Rot 

Root rot caused an estimated 1 3,000 rrr> of growth loss and 482,000 m3 of 

mortality during the period 1977-1981 (Table 40). Efforts to control Annosus 

root rot have been largely successful; otherwise, losses in red pine would have 

been more severe. Balsam fir and white pine were the species most affected. 
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Table 39. Volume of growth loss and mortality3 resulting from defoliation by-

oak leaf shredder in the C-E-SW regions, 1977-1981. 

a Data are expressed as gross total volume. 

b T = trace (less than 500 m3) 

The total loss data (Table 40) do not represent a complete estimate of loss, as 

information on the impact of root rots on broadleaved species was not 

available. Much of the 153,000 m3 of mortality listed as caused by diebacks was 
probably associated with root rot infection, and some growth loss in broadleaved 

species was likely caused by root rots. 

Wood Decay 

Volume loss (cull) for the period 1977-1981 was 4,560,000 m3 (Table 

40). Sugar maple was affected at a cull rate of 30%. Sugar maple is probably 

the most important tree species in southern Ontario in terms of standing volume 

and timber value, and this species accounted for 38% of the total loss due to 

decay in all species. Other valuable broadleaved species such as yellow birch, 

red maple, red oak, and beech also had relatively high cull losses (see Table 

40). 

The trend to reduced cull losses with increased utilization noted for 

boreal species in the northern regions probably has not occurred for the second 

growth broadleaved species in southern Ontario. Catting practices have fre 

quently left many low-value cull trees. Timber stand improvement work, such as 

girdling undesirable trees, should be encouraged and intensified. 

Hypoxglon Canker 

Hypoxylon canker of aspen caused 955,000 m3 of mortality during the 

period 1977-1981. This figure was based on the estimated 2% incidence of canker 



- 93 -

Table 40. Average annual timber volumea losses caused by wood decay and root 

rot diseases in the C-E-SW regions, 1977-1981. 

Tree 

species 

Red pine 

White pine 

Black spruce 

White spruce 

Balsam fir 

Cedar 

Hemlock 

Other conifers 

Conifer total 141,000 482,000 13,000 

Poplar 

White birch 

Yellow birch 

Sugar maple 

Red maple 

Ash 

Red oak 

Elm 

Basswocd 

Beech 

Cherry 

Other hardwoods 

Ha rdwood to ta1 

115,000 

11,000 

97,000 

347,000 

73,000 

12,000 

38,000 

14,000 

9,000 

51 ,000 

2,000 

2,000 

771,000 

Total, all species 912,000 482,000 13,000 

a Data are expressed as gross total volume 

b T = trace (less than 500 m3) 

determined by surveys in northern Ontario. The actual amount of cankering in 

southern Ontario may be somewhat higher as aspen quality seems to improve in the 

more northern latitudes. Hence, this mortality estimate is probably conserva 

tive. 



Diebacks 

Dieback problems affect numerous broadleaved species. Maple dieback and 

oak dieback are aggravated by insect defoliation and there are sane data Eor 
quantifying losses attributable to these agents, other species are known to be 

suffering dieback, but reliable estimators were not available to rate the impact 
of problems such as ash dieback and beech dieback. Hence, there is considerable 

mortality of broadleaved tree species that does not appear in this analysis. 

Maple dieback was estimated to cause a total of 855,000 m3 oE mortality 

in sugar maple, of which 410,000 m3 fable 38) vas associated with forest tent 

caterpillar defoliation, as noted previously. Surveys indicate that about 25% 
of the sugar maples in southern Ontario show evidence of dieback, and the 

remaining 445,000 m3 of mortality were associated with the general decline of 
sugar maple throughout its range in Oitario. 

Red oaks are also affected by a dieback problem that is often intensi 

fied by insect-caused defoliation. The oak defoliator complex was considered to 
have caused 100,000 m3 of mortality loss. An additional 180,000 m3 of loss 
occurred as part of general oak decline in the C-E-SW regions. 

White birch dieback accounted for 230,000 m3 of mortality loss in the 
5-year period. 

Summary 

The impact of pests in the C-E-SW regions was equivalent to about half 

the growth (CAI) for the pericd 1977-1981. About half of this loss was 

attributed to wood decay. Diebacks and mortality associated with insect defoli 

ation caused about 20% of the loss, and mortality caused by root rots accounted 
for about 25% of the loss. 
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APPENDIX 

DISEASES 

Common Name 

Annosus root rot 

Armillaria root rot 

Hypoxylon canker 

Maple canker 

Scleroderris canker 

Sweetfern blister rust canker 

White pine blister rust 

Scientific Name 

Heterobasidium annosum (Fr.) Bres. 

Armillaria mellea (Vahl ex Fr.) Kummer 

Hupoxylon maimatum (Wahlenb.) J. Miller 

Eutypella parasitica Davidson & Lorenz 

Gr&meniella abietina (Largerb.) Morelet 

Cronartium comptoniae Arth. 

Cronartim ribicola J.C. Fischer ex. Babh 

INSECTS 

Common Name 

Aspen leafroller 

Aspen twinleaf tier 

Bark beetle 

Birch leafminer 

Birch skeletonizer 

Fc-rest tent caterpillar 

Fruittree leafroller 

Gak leaf shredder 

Spearmarked black moth 

Spruce budworm 

Swaine jack pine sawfly 

White pine weevil 

Scientific Name 

Pseudexentera oregonana Wlshm. 

Enargia decolor (Wlk.) 

Scolytidae 

Fenusa pusilia (Lep.) 

Bucculatrix canadensisella Cham. 

Halacosoma disstria Hbn. 

Archips argyrospilns (Wlk.) 

Croesia semipurpurana (Kft.) 

Rheumaptera hastata L. 

Choristoneura fumiferana (Clem.) 

Neodiprion swaiuei Midd. 

Pissodes strobi (Peck) 

Common Name 

Ash 

Aspen, trembling 

Basswod 

Beech 

Birch, white 

yellow 

Cedar 

Cherry, black 

Elm 

Fir, balsam 

Itemlock 

larch 

Maple, red 

sugar 

TREES AND HERBACEOUS PLANTS 

Scientific Name 

Fraxinus sp. 

Populus tremuloides Hichx. 

Tilia americana L. 

Fagus sp. 

Batula papyrifera Marsh. 

Betula alleghaniensis Britt. 

Thuja sp. 

Prunus serotina Ehrh. 

Ulmus sp. 

Abies balsamea (L.) Mill. 

Tsuga sp. 

Larix sp. 

Acer rubra L. 

Acer saccharum Marsh. 

(cont'd) 



TREES AND HERBACEOUS PLANTS (concl.) 

Common Name Scientific Name 

Oak, red Quercus rubra L. 

white Quercus alba L. 

Pine, jack Pinus hanksiana Iamb. 

re° Pinus resinosa Ait. 

"kite Pinus strobus L, 
p°Plarr Populus Sp. 
Spruce, black Picea maciana (Mill.) B.S.P. 

willte Picea glauca (ttoench) voss 
Sweetfern Comptonia peregrins L. 
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