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Using GIS t
Of Gypsy Moth Infest

The gypsy moth (Lymantria dispar) 
ig. 1) is an insect pest whose larvae feed on 
e foliage. Populations of gypsy moths 
ten cause extensive defoliation of forests 
hich sometimes results in tree mortality. 
ver the past 100 years, gypsy moth popula­
ns have spread south and westward from 
assachusetts, the site of accidental release, 
d have produced one of the most serious 
rest pest management problems in United 
ates history. By early next century, the 
panding portion of North America that is 
fested with gypsy moth populations is ex­
cted to include the Great Smoky Moun­
ins National Park (GRSM). The park, a 
7,500 ha natural area on the border of 

orth Carolina and Tennessee, serves as a 
nter of biodiversity and is the most visited 
tional park in the United States. 

This study to assess the forests of GRSM 
r potential impacts from the inevitable moth 
vasion. A personal computer version of 
rth Resources Data Analysis System 
RDAS) was the geographic information 
stem (GIS) used to model forest defoliation 
d tree mortality events in the park. The 
ree objectives of this study were to rate 
rests ofGRSM for: I )defoliation potential, 
sensitivity to environmental stress, and 3) 
e mortality potential. Evaluations of forest 
sceptibility, sensitivity, and vulnerability 
ere completed during the rating process. 

The term "susceptibility" refers to the po­
ntial that a forest will become defoliated 
ven gypsy moth invasion. The assessment 
 susceptibility in GRSM forested areas was 
hieved using a three step modeling ap­
oach. The first step involved the develop­
ent of a selection index. Forest types in the 
rk were classified and mapped using satel­
e data and image processing (MacKenzie 
91 ). Forest types were then ranked for 
eir likelihood of defoliation according to 
eir tree species composition relative to spe-

Table I 
Gypsy moth preference ratings for forest 

types of the Great Smoky Mountains 
National Park 

Preference Forest Type 

Hi hest Mes•c oak 

HI h Pu-.e-Oak 

High Pine 

Hioh Xenc Oak 

Moderate Northern Hardwood 

Moderate Cove Hardwood 

Moderate Soruce-F1r 

By Ho

cies 
Rank
gyps
Unit

Th
ing s
duct
Thes
envir
ters, 
road
zone
pecte
tion 
intro

Th
eling
ings 
bility
gyps
findi
gyps
gyps
susce
perce
to ex
the fi
tion.

S
p

Sen

H1qh

Mod

Low 

Tota
 

Low M1xed Mesic H ardwood 
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Figure 1. 
Male gypsy moth. 

preference of gypsy moths (Table 1 ). 
s were based on published studies of 
y moth susceptibility in the northeastern 
ed States. 

e second step was initiated by delimit­
ites in the park where gypsy moth intro­
ion would be influenced by humans. 
e sites include: developed campgrounds, 
onmental education centers, visitor cen­
picnic areas, and heavy or medium duty 
s. A GIS was then used to delineate a 
 around the sites which indicated ex­
d gypsy moth expansion and defolia­
within the first two years after their 
duction into the park. 

e third step involved using a GIS mod­
 program to ascertain susceptibility rat­
for each forest type. Areas of suscepti­
 to defoliation within two years after 
y moth introduction were delineated by 
ng forest types that were ranked for 
y moth preference within the zone of 
y moth expansion. The results of the 
ptibility evaluation indicated that 64 
nt of the park ( 131,972 ha) is projected 
perience some tree defoliation within 
rst two years after gypsy moth introduc­
 

Table2 
ensitivity ratings, and their hectares and 
ercent composition of the Great Smoky 

Mountains National Park 

sitivity Rat1ng Hectares Percentage of 

GRSM 
 662 03 

erate 8,852 4.3 

38,293 18.4 

l 47,807 23 0 
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orest sensitivity is the relative likelihood 
ee death after forests are disturbed. It was 
med that forest types would be most 
itive to disturbances (e.g., gypsy moth 
liation) at the extremes of their ranges 
g the topographic gradients of elevation, 
e, and aspect. These three topographic 
ables were used to create map layers from 
gital elevation model. Each map layer 
 cross tabulated with the nine forest types 
ch generated frequency distributions of 
ation, slope, and aspect for each forest 
. The distributions were then evaluated 
ormality, and confidence intervals were 
ted on each Gaussian distribution. Forest 

s outside of the 95 percent confidence 
rvals of fitted Gaussian distributions were 
sified as sub-optimal. Forested areas of 
, moderate, and low forest sensitivity to 

urbance were identified by combining 
sub-optimal sites of the elevation, slope, 
 aspect map layers (Table 2). A high 
itivity rating represented sites that were 
rmined to be sub-optimal in all three map 
rs, while a moderate sensitivity rating 
esented sites that were sub-optimal in 
 pair of the three map layers, and a rating 
w represents sub-optimal sites in a single 
 layer. 

ulnerability is the relative risk of forest 
tality following defoliation. Vulnerabil­
atings of forest types were ascertained by 
ing every possible combination of sus­
ibility and sensitivity. The combinations 
e then assigned a descriptor that indicated 
nificance value (vulnerability rating) of 
, moderate, or low. The results of the 
erability evaluation indicated that 15 
ent(30,416 ha) of the park is projected to 
t some risk to stand mortality within two 
s after gypsy moth defoliation (Table 3). 

esults from these evaluations are being 
ided to NPS staff to assist in develop­
t of management strategies priorto gypsy 

Cominued on page 27 

Table3 
ectares and land percentages of GRSM 

forests that are either high, moderate, or 
low in vulnerability to mortality within 
two years of gypsy moth introduction 

Vulnerab1l1ty Ra t•ng I Hectares I Perc:~tage 
GRSM 

h1Qh I 349 0 17 

moderate 18 279 1 8 8 1 

low 1 t 788 5 68 

total 30,416 ] 14 7 
Park Science 
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oth infestations. Strategies can be devel­
ed to protect against early infestations, and 

 focus protection efforts on those stands 
at are both vulnerable to mortality and 
nsidered critical natural resource areas. In 
dition, interpretive materials and programs 
n be developed from the results of this 
udy to educate the public on the inevitable 
nsequences of this exotic insect moving 
to the region and the efforts that the Na­
nal Park Service will take to minimize the 

sulting damage. 

Barrett is a Research Ecologist with the 
SFS at Morgantown, WV; Nodvin is with 
e NPSICPSU at U/TN, KnoJ:ville. 
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