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Abstract 

Mortality of sugar maple and red maple was observed 
throughout Pennsylvania in 1995 folfowing an outbreak In 
1994 by forest tent caterpillar and elm spanworm on sugar 
maple and red maple, respectively. Symptoms of leaf 
anthracnose caused by Discula campestris (Pass.) were 
observed during the refoliation period from July through 
September 1994: the refoliation of crowns of affected trees 
was extremely poor or almost non-existent. Subsequent 
mortality and tree condition were monitored in 15 sugar 
maple stands located in Bedford, Blair. Lycoming, Potter, 
Sullivan, Susquehanna, Tioga, and Wayne counties from 
1995-1 997. Initial mortality was 12.3% in 1995; by 1997 
cumulative mortality was 19.9% (salvaged timber excluded). 
The role of rnultiple stress factors in relation to mortality is 
discussed. 

Introduction 

Unusual levels of sugar maple (Acer saccharurn Marsh.) 
crown dieback and tree mortality have been observed 
across the northern-tier counties of Pennsylvania since the 
eariy to mid-1980s (Kolb and McCorrnick 1993. Quimby 
1997). In some cases, tree decline has been characterized 
by slow crown deterioration and eventual mortality 
occurring over five or more years: in other cases the crown 
dieback and mortality process occurs relatively rapidly in 
only a year or two. Defoliation, drought. and other climatic 
events have been associated with decline and mortality of 
sugar mapie elsewhere (Giese et al. 1964, Gross 1991, 
Bauce and Alien 1991. Ailen et al. 1992a and 1992b, 
Payette et al. 1996, Robitaille e! al. :995, Auclair et a!. 
1997). Receritly, we had an opportunity to document a 
sequence of events which resulted in rapid mortality of 
sugar maple in Pennsylvania. 

In May-June 1994, an outbreak of forest tent caterpillar 
(4i7alacosoma disstria Hhbner) on sugar maple was 
responsibie for extensive defoliation of northern hardwood 
stands throughout Pennsylvania. Affected areas included the 
northern-tier counties of Eradford. Columbia, Luzerne, 
Lycoming, McKean, Sullivan, Susquehanna, Tioga, and 
Wayne and the sou!hcentrai counties of Blair and Bedford. 
Based on estimates from aerial surveys conducted by the 
Pennsylvania Bureau of Forestry (Quimby 1995 and 1996). 
forest tent caterpillar defoliated approximately 283,000 
hectares. An additional 93,280 hectares were defoliated in 

areas infested by both forest tent caterpiliar and elm 
spanworm (Ennornos subs~gnasia Hubner) on sugar maple 
and red maple, respectively. Subsequent refoliation of trees 
in affected stands was poor; trees exhibited extensive crown 
dieback, and foiiage transparency in the range of 80 to 
95+?/, was estimated. 

in August 1994 visual inspection of foltage from affected 
sugar maple and red maple trees revealed symptoms of 
anthracnose presumably caused by !he fungal pathogen 
Discula carnpestris (Pass.) (Hall 1995). Symptoms observed 
during the refoliation period were leaf blight, expansive 
necrotic leaf lesions characteristic of anihracnose, leaf 
cupping, extensive riecrosis of succulent twig and bud 
tissue. lack of terminal bud formation, and extensive twig 
and branch dieback. in 1994 a study was initiated to 
evaluate the impact of the defoliation by forest tent 
caterpillar followed by anthracnose on sugar maple mortaiity 
in the years folloviing the initial outbreak. 

Methods 

In November 1994, plots were established in 15 srJgar mapie 
stands for a multiyear monitoring study to record changes in 
tree crown condition a ~ d  mortality foilowing heavy (30-5096) 
to severe (50+%) defoliation by forest tent caterpillar and 
damage by Discula campestris, the sugar rnapie 
anthracnose fungus, during the subsequent refoliation 
period. Verification of damage by Discula campestris was 
based on the presence of bud and twig symptoms on 
samples taken from sugar maples within or near each study 
plot between September and late October 1994. Twig 
samples were collected and incubated in a moist chamber to 
induce fungal sporulation; subsequent cultures of Discula 
campestris were made from symptomatic twigs. lsoiates of 
Discula carnpesiris were tested for pathogenicity on sugar 
maple seedlings. Af?er confirmation of anthracnose damage 
within a stand, a study plot, including 30 to 50 sugar maple 
trees that had been damaged by both forest tent caterpiliar 
and Discula carnpestris, was established. Most of the 
sampled trees were of either dominant or codominant crown 
ciass. A total of 546 trees among the 15 plots was 
monitored. These plots were revisited in !ate May and early 
June 1995, 1996, and 1997 to collect data on tree mortality, 
percent crown dieback. percent live crown cover, foliage 
condition, foliage distribution and size, insect defoliation, and 
anthracnose activity. 

Results 

Only :ree morta!ity and crown dieback are presented. Tabie 1 
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Table 1 .--Percentage of sugar maple morfaiity associated with 1994 
defoliation by Malacosoma disstria and anthracnose caused by Discula 
carnpestrfs far 15 stands located in eight' Pennsylvania counties. 

Year 

Mortaiity category 1995 1996 1997 

Annual 12.3 8.1 0.7 
(671546)"" (391479) (3427) 

Cumulative 12.3 19.4 19.9 
(671546) ( 1  061546) (1 091546) 

Salvage healthy 2.7 
(1 51546) 

Salvage unhealthy 

Total salvage 

'Bedford. Blair, Lycomtng. Potter, Sull~van. Susquehaina, Ttoga, and Wayne 
"'Actual mor talrty figures presented for each category w~th the numerator 
representing dead trees and the denominator representing the study population 

Table 2.-Percentage of crown dieback in sugar maple due to the 
1994 outbreak of forest tent caterpillar and anthracnose caused 
by Discula campestris on I S  study plots in Pennsylvania. 

Percent crown dieback by year 

Dieback class* 1995 1996 1997 

0.1 5% 48.9" 57.7 79.9 

'D~sback class based on Sugar Maple Manaqament Highlights for the 
Regiori from the Nmrh Arnerican Maple Project (Anonymous 1997). 
'"Percentage based on the number of standing jive trees at the time of 
data co1lec:ion; saivaged trees are not +ncluded. 

Table 3.-Percentage of crown dieback in sugar maple stands' 
due to the 1994 outbreak of forest tent caterpiilar and 
anthsacnose where cumulative tree mortality was below 296. 

Percent of crown dieback 

Uieback class" 1995 1096 1997 

35i'<1, 13.2 9.9 9.7 
(431326) (32!322! (31,319) 

-Data reflec!s n!ne s!ands which remain under st!idy beyi;nd 1997 
*"Dietack ciass based on Sugar FJapie Mai?age[-ner!t Higniiqhts for the 
Reqion i r3n  rhe North  American Maple Project iAnonymous '997). 
-"Percentage based or? the ~umbe i  sf s:atiding live trees zt !he lime 

Sullivan County on the Wyoming State 
Forest (Dry Run and Slab Run) each with 
50 trees had 13 and 36 dead trees, 
respectively. Of the remaining live trees, 18 
and I1 trees, respectively, had crown 
dieback of 80% or more. Only three 
addi!ional trees died in these stands in 
1996, but crown dleback was 80°/~ or more 
in 22 and 8 trees, respectively. By 1996, 52 
trees were dead, 30 trees had crown 
dieback >80%, and only 8 trees were 
healthy with dieback 125%. These stands 
were subsequently marked for salvage and 
removed from the current study after 1996. 
One plot in Wayne County on Pennsylvania 
State Game Lands #I59 was the location 
where forest tent caterpillar and 
arittiracnose were first observed and 
confirmed In 1994. Of the 30 trees in this 
plot. 4 died in 1995 and 7 in 1996. Crown 
dieback was >SO% on 22 of 30 trees in 
i 995 and 14 of 19 living trees in 1996. The 
latter plot was marked for salvage in 1996 
and rernoved from this st~idy. 

In 1995 two plots with 30 trees each, one in 
private ownership at Franklin Forks, 
Pennsyivania, in Susquehanna County and 
the other owned by the Rockport Gun Club 
in Wayne County, had only 1 dead tree 
arnorjg ?he GO; crown dieback of >80°/~ was 
observed on 7 and 4 trees, respectively. In 
1996 salvage at the Franklin Forks stand 
resuited in removal of 4 healthy trees and 
12 trees in poor heaith; salvage at the 
Rockport Gun Club resulted in removal of 8 
healthy trees, though some showed 
symptoms of crown dieback. These plots 
aiso were removed from the study in 1996. 

Table I lists mortality data for the study to 
date. Total curnuiative mortality due to 
natural causes for the 15 plots was 109 
trees out of 546 sampled trees (19.9%). 
Salvage operations in 1996 and 1997 
removed 98 of 546 trees (1 7.996) of which 
15 (2.796) were healthy and 83 (1 5.2%) 
were in poor heaith. Natural mortality and 
salvage of trees w~ th  extensive dieback 
resulted in the removal of 35.1 % (192i546) 
of the study population within !hree years of 
the forest tent caterprllar and anthracnose 
outbreak. 

To ill~lstrate the impac? of insect defoliation 
and anthracvose on crown dieback, vie 
tised information developed through the 
Noiih American Maple Project (NAMP) to 
categortze tree health among easily 
determined dieback classes jAnonyrnous 
1997:. Table 2 shows the tree distribilfion 



among three crown dieback ciasses. Trees in the 0- t 5% 
dieback class represent those with the greatest probability of 
long-!erm surv~val, while !hose with 235% dieback have a 
lower probability of survival. From I935 to 1997, the 
proportion of trees in the 0-15% dieback class increased, 
while those in the 235% dieback class decreased. 

Table 3 illustrates crown dieback distr~bution for 1995-97 
among the nine stands which remained under study after 
1997. Tree mortafity in these stands was low. In 1995, on:y 4 
dead trees were observed among :he remaining study 
population of 326 trees; 3 additional trees died in 1995 and 
3 more in 1997. L'umulative mortality for 1995-97 was 3%, 
and incidence of trees with severe dieback (>809/0) for the 
1995-97 period was 4.9%. Over the three years of data 
collection, tree crowns had less dieback and appeared to be 
recovering. Since $994 there has been little or no addltiona! 
insect defol~ation or anthracnose damage. However, a 
severe drought from late June through September 1995 may 
have contributed to tree mortality and crown damage 
expression in 1996. 

Discussion 
High mortality and extensive crown dieback were evident 
within ten months of the initial defoliation. Subseqklent crown 
recovery in residual trees was apparent by 1996 and has 
since improved throughout the remalnlng 9 stands under 
study. Many factors may interact to account for  apparent!^ 
high mortality rates following defoliation (Houston 1981). 
These include site factors such as soils that are excessively 
or poorly drained, high stand density. prior defoliation 
(Houston 1981. Bauce and Allen 1991), and defoliation 
followed by anthracnose outbreaks (kieichel et al. 1972). 
UnfortunateCy, these factors along with predefoliation crown 
condit~on could not be determined in this study. Adverse 
environmental factors such as drought or frost also may 
contribute to tree mortality following defoliation (Houston 
1981). While defoliations occurred in May and June, 
previous research has shown that June defoliations were the 
most severe, resulting in the fastest and greatest amount of 
crown damage ('$Jargo 1981). In the current study, 
deioliation was ioiiowed by precipitation patterns that 
ensured moist conditions over an extended period, providing 
a favorable environment for anttrracnose infestations 
(Heichel et al. 1972, Neely and Himelick 1363). During 
subsequent refoliation attempts, emergent leaves and 
subtending twigs were attacked by the anthracnose fungus 
which prevented any significant canopy refoiiation unt~! 
seasonal leaf drop in early November 1994. Therefore, 
affected trees with insufficient photosynthetic leaf area might 
not produce sufficient carbohydrate reserves to survive the 
winter and produce new foliage in the next growing season 
(Wargo 1981). Aiterr~atively, trees with sufficient 
carbohydrate reserves that were not consumed dur~ng initial 
fofiation and refoliation might survive, but would be cxpected 
!o exhibit damage to residual cro',.dns. 

Other maple decline studies have noted m~rtality or 
increased crown dieback associated with secondary 
organisms such as the root and collar rotting fungus 
Arniilaria rnellsa (Vahl:Fr.) P, Kurnm. or the twig and branch 
fungus Steganosporiurn ovaturn Corda. Both of these 
organisms may hasten the death or increase the amount of 
crown dieback of already stressed trees (Wargo 1981, 
Houston et al. 1990). There are no previous reports of the 
interaction between forest tent caterpi!lar and D~scula 
campestis with the fungus acting to accelerate mortality. 
However, Heichef et. al. (1972) describes a fie!d experiment 
where red oak and red maple saplings were manually 
defoliated to simulate gypsy moth or elm spanworm 
defoliation; during the subsequent refoliation period, 
emergent leaves and [wigs exhibited anthracnose symptoms 
foilowed by severe twig dieback in both species-The 
observations of Heichel et al. (1972) suggest that insect 
defoIiatlon and anthracnose can occur simultaneously to 
cause severe damage to tree crowns and could be a 
contributing factor when assessing tree decline. Given the 
difficulty of examining and sampiing the crowns of mature 
trees, the role of anthracnose diseases may have been 
previously overlooked or attr~buted to other factors, incfuding 
insect defoliation. 

While there are many reports of long-term sugar maple 
mortality, oni.y. a few s!udies have monitored mortality rates 
during decline events. In the Allegheny National Forest, 340 
stands surveyed in 1994, approximately ;en years after 
initiation of sugar mapie deciine, revealed 28% of the sugar 
maple basal area (trees >2.5 cm dbh) were dead 
(McWilliams et al. 1995). Precise mortality rates cannot be 
calculated because no pre-decline data was ava:fable from 
these plors. Averaged across seven states and four 
provinces, the six-year average annual mortality rate for 
sugar maple in all crown classes was 0.9% for 165 plots 
tocated in sugarbushes and nonsugarbushes monitored in 
the North American Maple Project (Allen et at. 1995). In 
New England, annual mortality rates (over ten years) for 
sugar maple in northern hardwood stands ranged from 
0.14% to 2.7596 or 0.0009 to 0.0204 rn2yr1 of basal area 
(Sofomon 19773. In our study, mortality was greatest 
(12.3%) the year following the defoliation and anthracnose 
infestations; average annual mortality was 6.6% from 1995 
to 1997. By 1997, annual mortality was only 0.7%, 
suggesting that the 1995 and 1996 mortaiity was episodic 
and by 1997 rates had returned to those found by Allen et 
ai. (1995) and Soiornon (1977). Periodic occurrences of 
high levels of annual mortality will influence forest 
composition, age structure, and stand density with irregular 
patterns in time and space across the landscape. Long- 
term annual monitoring of tree health may help to 
understand the influertce of specific stressor events on 
mortality patterns. 
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