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Abstract Twelve stand factors affecting the harm extent of
Gypsy moths (Lymantria dispar) were studied. Through
stepwise regression analyses, three key factors were se-
lected, such as crown density, soil infertility extent, and
forestland area. The results showed that there exists a positive
correlation between soil infertility extent and the harm
extent of Gypsymoths and a significant negative correlation
between the other two key factors and the harm extent of
this insect. Using the three key factors, a multivariate linear
regression model was established by which the authors
made a risk analysis of the harm extent of Gypsy moths.
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1 Introduction

Gypsy moth (Lymantria dispar) is one of the world’s
hazardous pest insects, with a wide distribution range and a
strong ecological adaptability. As a polyphagous insect, it
has wide hosts of approximately 500 plant species. In
China, it appears from Great Xing’an Mountain in the
northeast to Taiwan Province in the south, and fromXinjiang
Autonomous Region in the west to Jiangsu Province in the
east, nearly covering all provinces throughout China. It is
also present in other places such as North Korea, Japan,
Europe, and America. Since its accidental introduction into
America from Europe in the late 1860s, this insect has now
well settled down as a serious defoliator of forest, shade
trees, fruit trees, and ornamental plants in most parts of the
Northeastern United States [1].

The Gypsy moth disaster often breaks out because of its
sharp increase in population size. Besides its intrinsic
striking reproductive ability, forest community factors,
such as climate, topography, altitude, forest trees composi-
tion, understory vegetation, and natural enemies, as well as
artificial factors, like forestry management and control
strategies, also contribute to its outbreaks [2]. Rather than
acting alone, these factors always function jointly and
mutually under natural conditions. In general, a single en-
vironmental factor cannot trigger the outbreak, ebb, and
flow of Gypsy moths. Therefore, a synthetic analysis of the
impacts of stand factors, including understory species
diversity on the harm extent of Gypsy month, is required to
screen out the key factors affecting the harm extent of this
insect.

2 Material and methods

2.1 Field site and sampling procedure

From July to August in 1999 and 2000, 40 experimental
plots were selected in 13 districts or counties in Beijing for
field investigation. The sampling procedure is described as
follows. First, forestland area was estimated after the stand
reconnoitering, and a representative sample plot (20 ×
20 m) was selected. The following factors in the sample
plot were recorded elaborately: forest tree composition,
understory shrubs, seedling trees, forest age, altitude, crown
density of the arbor layer, and total coverage of herbs and
shrubs. Ten trees in the sample plot were selected randomly
to measure their height, diameter at breast height (DBH),
and crown diameter, and their mean values were obtained.
The number of the Gypsy moths, including larvae, cocoons,
and eggs, on these 10 trees was carefully examined. At the
same time, the harm situation of each sample plot in the
past was inquired from the local forestry conservation
station. Finally, five small sample plots (1 × 1 m) were also
set in the center and four corners of the large sample plot.
In each small plot, the species, number, and coverage
of herbs and shrubs were recorded in detail, and the un-
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derstory vegetation species outside the small plots were also
recorded.

2.2 Quantification of harm extent of Gypsy moths

According to the field investigation, the harm extent of
Gypsy moths can be classified into five grades: undamaged
(no moth per plant), lightly damaged (<10 per plant),
moderately damaged (11–30 per plant), seriously damaged
(31–50 per plant), and very seriously damaged (>51 per
plant).

2.3 Species diversity index-Shannon–Weiner index

The Shannon–Weiner diversity index (H′ ) can be ex-
pressed as

H 0 ¼ �
Xs

i¼1

Pi lnPi; Pi ¼ Ni

N
;

where Ni is the individual number of the species i, N is the
number of individuals of all species in the sample plot, Pi is
the proportion of the species i, and s is the number of
species in the community [3,4].

3 Results and analysis

3.1 Selection of variables

The harm extent of the Gypsy moths is set as a dependent
variable, expressed by Y, and Y = [Yi], i = 1, 2,..., 22.

β1, β2–β4, β5, β6, β7, β8, β9, β10, β11, β12, β13, β14, and
β15 represent the basic effects on the harm extent of Gypsy
moths, soil infertility extent, altitude, forest age, DBH, tree
height, crown diameter, crown density, forestland area,
coverage of herbs and shrubs, species number of un-
derstory vegetation, total number of understory plant, and

Shannon–Weiner index, respectively. β2, β3, and β4, which
are not mutually independent, represent the effects of sand
land, stone soil, and sand loam, respectively, and show the
soil infertility extent on the whole. Twelve independent
parameters, therefore, are used for the analysis, except the
basic effects, β1 [5].

Stand factors are independent variables, and the factors
and their codes are presented in Table 1.

3.2 Model and parameter estimation

A multivariate linear regression model is established for
each stand factor and the harm extent of Gypsy moths,
where Y = 104.104 + 2.950X2 − 39.133X3 + 5.123X4 +
0.080X5 + 0.440X6 + 0.076X7 + 0.740X8 − 2.203X9 −
92.168X10 − 0.358X11 − 82.993X12 − 0.089X13 − 0.014X14 +
5.360X15, R

2 = 0.900, and adjustedR2 = 0.700. The results of
the analysis of variance (ANOVA) are shown in Table 2.
From the analysis in Table 2, the multivariate linear model
gives a reasonable result.

3.3 Selection of key factors by stepwise regression

Each stand factor and the harm extent of Gypsy moths are
subject to a stepwise regression analysis. The significance
of each factor is decided by their partial correlation
parameter (Table 3). Here, we regard that the factors that
have large a partial correlation parameter have significant
impacts on the harm extent of Gypsy moths. Based on
Table 3, the significant stand factors for the harm extent of
Gypsy moths are crown density, soil infertility extent, and
forestland area.

Table 1 Codes of variables for stand factors

Code Factor

X2–X4 Soil infertility extent
X5 Altitude
X6 Forest age
X7 DBH
X8 Tree height
X9 Crown diameter
X10 Crown density
X11 Forestland area
X12 Coverage of herbs and shrubs
X13 Species number of understory plant
X14 Total number of understory plant
X15 Shannon–Weiner index
Y Harm extent of Gypsy moths

Table 2 Analysis of all variables and the harm extent of Gypsy
moths

Error source SS f MS F value Pr >F

Model 15,309.151 14 1,093.511 4.503 0.0264
Error 1,699.940 7 242.849

Table 3 The selected variables in stepwise regression analysis

Variables code Partial R2

X2–X4 0.224
X5 0.085
X6 0.008
X7 0.035
X8 0.007
X9 0.005
X10 0.460
X11 0.095
X12 0.056
X13 0.0002
X14 0.059
X15 0.009
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3.4 Analysis between harm extent and significant
stand factors

3.4.1 Crown density and the harm extent
of Gypsy moths

A regression analysis is performed between crown density
and the harm extent of Gypsy moths, which leads to the
regression function of Y = 106.654−101.871X10. The result
of ANOVA is presented in Table 4. From this table, it can
be observed that there exists a significant negative cor-
relation between the two factors. As is generally known,
Gypsy moth is an insect that has phototaxis; thus, a stand
with enough illumination will be helpful to the habitation
of adult Gypsy moths. A low crown density, therefore,
likely aggravate the harm extent of Gypsy moths.

3.4.2 Infertile extent of soil and harm extent
of Gypsy moths

A regression analysis between the soil infertility extent and
the harm extent of Gypsy moths results in a regression
function of Y = 35.857 + 1.143X2 − 15.857X3 + 25.511X4.
The results of the ANOVA (R2 = 0.406, F = 4.09, Pr > F =
0.02) show that the regression is significant. From this
function, it can be found that the harm extent of Gypsy
moths is also correlated to the soil infertility extent and
follows an order of sand land > stone soil > sand loam >
loam. Thus, we deduce that soil infertility extent is pos-
itively correlated to the harm extent of Gypsy moths [6].

Forests susceptible to Gypsy moths usually grow on
cliffy and naked sites exposed to natural or artificial
disturbance and have a margin soil with poor water-holding
capacity. The disturbance is often greatly correlated with
insect susceptibility. Trees growing on arid and infertile
sites usually have slow growth and dwarf shape and develop
some structures with corresponding characteristics that will
provide the Gypsy moths more habitats or shelters for their
growth and development. Therefore, the leaner the soil is,
themore serious the harm extent of Gypsymoths will be [7].

3.4.3 Forestland area and harm extent of Gypsy moths

A regression analysis between the forest area and the harm
extent of Gypsy moths shows the regression function Y =
50.489−0.166X11. The ANOVA results are presented in
Table 5. This table suggests a significantly negative cor-
relation between forest area and the harm extent of Gypsy
moths.

In the field investigation, it was found that forests with a
large area always have a lighter damage by Gypsy moths
than do the small-size forests. This might be explained by
the fact that the relatively weak illumination in the central
part of a large forest is not helpful for the flying, mating,
and spawning of Gypsy moths.

3.4.4 Model of significant factors

A multivariate regression analysis is performed using the
three significant forest factors and the harm extent of the
Gypsy moths, and a regression function is obtained: Y =
112.682 − 6.827X2 + 2.983X3 − 22.502X4 − 94.355X10 −
0.146X11, R

2 = 0.655, adjusted R2 = 0.547. The results of
ANOVA are shown in Table 6.

For the purpose of making a risk evaluation of the harm
extent of Gypsy moths, a multivariate regression model is
established. Here, we use the information of all the 22
sample plots to test the predictive effect of the model. The
investigation data are put into the regression model, and
estimated values of the harm extent are obtained. A t test
shows that there is no significant difference between the
real investigation value and the estimated one. Therefore,
the above model can be applied into practice, and the harm
extent of Gypsy moths in certain stands can be evaluated
according to the environmental factors required by the
model [6,8].

4 Conclusion and discussion

Among the stand factors, crown density, soil infertility
extent, and forest area have the most significant effect on
the harm extent of Gypsy moths, according to the stepwise
regression analyses.

In this study, 40 sample plots were investigated.
However, 18 of them were neglected because they were
dominated by tree species that Gypsy moths never or
seldom damaged, e.g., Robinia pseudoacacia, Saphora
japonica, P. tabulaeformis, P. armandi, and P. bungeana.
And when raised indoors, the Gypsy moths were found to

Table 4 Variance analysis of crown density and the harm extent of
Gypsy moths

Error source SS f MS F value Pr > F

Model 7,816.273 1 7,816.273 17.005 0.0005
Error 9,192.818 20 459.641

Table 5 Variance analysis of forest area and the harm extent of
Gypsy moths

Error source SS f MS F value Pr >F

Model 2,963.695 1 2,963.695 4.220 0.053
Error 14,045.396 20 702.270

Table 6 Analysis of three significant factors and the harm extent of
Gypsy moths

Error source SS f MS F value Pr > F

Model 11,140.488 5 2,228.098 6.075 0.0025
Error 5,868.603 16 366.788
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dislike feeding on and living on these trees. Therefore,
these plots were not counted because for these stand forms,
the host plant is actually the dominant factor. Hence, only
22 fields were counted in the study.

Some measures, such as improving forest density proper
fertilization and accelerating crown closing, can used to
control or reduce the outbreaks of Gypsy moths. Some
abovementioned alternative trees repulsive to Gypsy moths
can be planted to take the place of insect-susceptible trees
like poplar and persimmon.
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