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&p.1:Abstract A model of Lymantria dispar development
was assembled from the published literature and used to
predict the period of male moth flight in the United
States. Model predictions were compared with observations made with pheromone traps in several locations
throughout the United States but especially in Virginia,
West Virginia and North Carolina between 1995 and
1996. The model was found to provide accurate and unbiased forecasts of the dates of 5%, 50% and 95% cumulative trap catch, particularly at lower elevations. In areas
of high topographic diversity (such as West Virginia),
deviations between model output and observations were
minimized by basing predictions of 5% and 50% cumulative catch on minimum elevation within neighborhoods
of 25–81 km2. This model of L. dispar male flight phenology can be used to time the deployment and retrieval
of pheromone traps in intensive or extensive monitoring
programs. However, a better understanding of moth
movement is needed to fully explain the patterns of local
trap catch.
&kwd:Key words Flight · Gypsy moth · Modeling ·
Pheromone traps · Seasonality&bdy:

Introduction
Lymantria dispar L. (the gypsy moth) was introduced
from Europe into North America around 1869 near Boston, Massachusetts, and its present range encompasses
the northeastern United States, including portions of
Michigan, Ohio, West Virginia, Virginia and North Carolina, as well as portions of southeastern Canada (Liebhold et al. 1992). Isolated populations have been detectJ. Régnière (✉)
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ed in several western states and western Canada but they
have either failed to establish or have been eradicated
(Hunter and Lindgren 1995).
Monitoring and management of L. dispar populations
requires accurate information about its seasonal biology.
Because pesticide treatments are applied against small
larvae, most previous studies of L. dispar phenology focused on eggs and early larval stages. Johnson et al.
(1983) developed a degree-day model for development
of L. dispar eggs. This model was later improved (Sheehan 1992) by modifying predicted hatch synchrony as a
function of cumulative exposure to temperatures below
5°C (Masaki 1965). Waggoner (1984) published a model
of egg development that incorporated individual variation in development rate. Other empirical non-linear egg
hatch models were proposed by Lyons and Lysyk (1989)
and Hunter (1993). More sophisticated models of egg diapause were developed by Tauber et al. (1990) and Gray
et al. (1994). The development of L. dispar larvae and
pupae was studied by Casagrande et al. (1987), and these
data were used in a series of phenological models (Logan et al. 1991, Sheehan 1992). Russo et al. (1993) developed a method to generate landscape-wide predictions
of egg hatch based on the model of Johnson et al. (1983).
Schaub et al. (1995) integrated a model of L. dispar phenology with a geographic information system to predict
spatial patterns of population development which can be
readily used for management purposes.
The use of pheromone traps for monitoring L. dispar
populations has increased in the last decade. Moth catches are generally poor predictors of expected defoliation
(Liebhold et al. 1995), but they are useful for detecting
low-density populations beyond the expanding front of
the species’ range (Schwalbe 1981; Leonard and Sharov
1995). Also, they can be used for delineating areas for
egg mass sampling (Kolodny-Hirsch and Schwalbe
1990; Ravlin et al. 1990) and for measuring the rate of
population spread (Sharov et al. 1996).
The proper use of pheromone traps requires knowledge of the phenology of L. dispar male flight. Usually,
traps are set for the entire flight season and thus it is nec-
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Fig. 1 Location of the 1995
and 1996 pheromone traps used
in the validation of the Lymantria dispar flight phenology
model&ig.c:/f

essary to place all traps before moth flight starts and to
collect them only once it has ended. Large sampling programs operate with >10,000 traps and the processes of
trap setup and removal must be optimized for cost and
efficacy. Thus, timing is an important aspect of the management of pheromone traps as sampling tools, and accurate adjustment of trap operations to local conditions
requires modeling of the phenology of L. dispar male
flight.
Another area of application of pheromone traps is the
detection of long-range moth dispersal. Bimodal moth
capture patterns were observed for several years in the
Michigan Upper Peninsula (B.C. Pijanowski, personal
communication, Michigan State University). It was suggested that the first peak corresponded to migrants traveling over Lake Michigan from the Lower Peninsula of
Michigan and that the second peak corresponded to local
populations. There is a considerable delay in moth flight
between the Upper and Lower Peninsula that makes it
possible to distinguish resident moths from migrants. Information on the phenology of male moth flight may reveal other areas where long-distance dispersal of moths
can be detected from the patterns of moth capture in
pheromone traps.
Despite intensive research efforts in modeling L. dispar phenology, the only published attempt to apply existing models to the forecasting of male moth flight was
that of Hunter and Lindgren (1995).
In this paper we report on the performance of a model, assembled from published literature, that predicts
male L. dispar flight. We compare its output with extensive pheromone trapping data from various locations in
the United States. Differences between expected and observed timing of moth capture are interpreted in the context of short-range movement of moths.

Materials and methods
Pheromone traps in southern states
USDA milk-carton pheromone traps baited with (+)-disparlure impregnated dispensers (Schwalbe 1981) were used to monitor the
dynamics of male moth flight in Virginia, West Virginia and North
Carolina in 1995 and 1996 (Fig. 1). The location of traps was read
from standard 1:24,000 topographic maps. The efficiency of L.
dispar pheromone traps dramatically declines as they become saturated at about 500 male moths per trap (Elkinton 1987). Therefore, we restricted our analysis to areas where population densities
were sufficiently low to prevent trap saturation. Traps were set before the start of moth flight (23 May–5 July, depending on location). Moths were counted and removed from traps twice a week.
There were several instances when a trap was not checked as
scheduled, but intervals between trap inspections never exceeded 1
week. Traps were generally removed after three consecutive zero
captures. However, five traps at high elevation in West Virginia in
1996 were removed earlier (on 29 August), before the termination
of moth flight. Probably <2% of moths were missed because of
early removal of these traps (estimated assuming a symmetrical
moth flight curve). Because the loss of moths was low, it had a
negligible effect on the results. We therefore included the data
from these traps in our analysis.
Traps were placed in an area with large variation in elevation
to cover as much as possible of the regional variation in the phenology of male moth flight. In 1995, 20 traps were set in Virginia
(five in each of Buena Vista, Millboro, Bath Alum, and Sunrise)
and 19 traps were set in West Virginia (Fig. 1). In 1996, 20 traps
were set in Virginia at the same locations as in 1995, and 25 traps
were set in new locations in West Virginia. Additional clusters of
traps were set in 1996 in central and eastern Virginia (Kelly, four;
Farmsville, two; Chesterfield, four) as well as in isolated infestations in North Carolina (11 traps). Five of the 11 North Carolina
traps caught fewer than ten moths and were not used in the analysis. Within clusters, traps were set >2 km apart from each other.
Pheromone traps in northern states
Historical pheromone trapping data collected in various northern
states were used to extend the geographical range covered by this
study. Elkinton and Cardé (1984) studied the patterns of male
moth flight in a defoliated hardwood site near Amherst, Mass.
(Prescott Peninsula, Quabbin Reservoir) in 1981. Pheromone traps
were inspected daily.
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More data were obtained from reports on sterile insect release
programs conducted by the USDA Animal and Plant Health Inspection Service (V. Mastro, Otis Methods Development Center,
USDA APHIS, personal communication). We used pheromone
trap catch data (wild L. dispar) from Bellingham Co. (Wash.),
1985–1986; Allen Co. (Ohio), 1986–1987; Benton Harbor
(Mich.), 1980–1981 and Kent Co. (Md.), 1983 and 1985. All sites
had low L. dispar density.
Pheromone traps were checked at intervals of 1–3 days except
in Kent Co., where traps were checked weekly. Several traps were
operated in each location and the catch data were pooled by location. Exact trap locations were not known, so the coordinates of
the nearest weather station were used.
Phenology model
A temperature-driven model of L. dispar development from overwintering eggs to the end of the adult male lifespan was assembled
from published literature. Egg hatch was simulated with the degree-day model of Johnson et al. (1983), as modified by Sheehan
(1992). This submodel outputs a daily time series of expected numbers of eggs hatching from an initial population of N0 individuals.
Each day’s newly hatched eggs constitute input into the first larval
stage. Development of instars 1–4 was simulated with the submodel of Logan et al. (1991), which describes the stage-specific, nonlinear relationships between temperature and development, as well
as the associated variability. This submodel outputs time series of
the frequency of larval stages 1–4. The development of subsequent
immature stages (fifth instar, female sixth instar, and pupae) was
simulated using the degree-day models of Sheehan (1992). Differences in development rates in this model occur in the fifth and sixth
instars, as well as during the pupal stage. Longevity of adult male
L. dispar was never determined. From experience with laboratory
rearing of this species, we assumed that they lived for 10 days at
25°C and that longevity increased, up to a point, at lower temperatures as is the case in other moth species (e.g. Régnière 1983).
Thus, we used an aging rate of 0.004 days per °C above 0°C, with a
maximum longevity of 25 days (at 10°C). The model incorporates
continuous stage-specific mortality of L. dispar. However, the phenology of male moth flight is affected only by adult mortality,
which was set to 0.50 per moth life span (this value was adjusted
by graphical comparison of model output with 1995 trapping data).
Input for this phenology model was a time series of daily minimum and maximum air temperatures, starting on 1 January. Air
temperatures were interpolated within the model at a time increment of 4 h between the minima and maxima of successive days
by the method of Allen (1976). Model output consists of a daily
time series of the numbers of male moths in the population.
Weather databases
Weather data used in this study consisted of daily minima and maxima. The BioSIM simulation control system (Régnière 1996) was
used to provide the simulation model with temperature data adjusted
for differences in elevation and latitude between the source station
and the trap locations. For the 1995 and 1996 simulations, BioSIM
was provided with vertical lapse rates estimated using 30-year
monthly average minimum and maximum temperatures from 58
weather stations located in the trapping region. For the simulations of
northern locations, the vertical lapse rates estimated by Régnière and
Bolstad (1994) were used. Daily air temperature data for 1995 and
1996 for North Carolina, Virginia and West Virginia were obtained
from the Southeast Regional Climate Center, National Weather Service. For earlier years, data were extracted from the U.S. National
Climatic Data Center’s TC-3200 Summary of the Day Cooperative
Observer Network database (EarthInfo, Boulder, Colo.).
Missing temperature data were estimated using data from the
nearest weather station with a complete record for the same day.
These estimates were obtained from:
t1 = t2 + (T1 - T2)

(1)

where ti is the temperature (minimum or maximum) for a specific
day at weather station i, and Ti is the 30-year monthly average
temperature (minimum or maximum, respectively).
Elevation
Elevation data were obtained from U.S. Geological Survey
1:250,000 Digital Elevation Models (DEM) (Elassal and Caruso
1983). A 1 km2 resolution map was created by averaging elevations at four points separated by 500 m. Because of local moth
movement, there was no need for a higher resolution.
Preliminary results suggested that moth movement may affect
trap catch patterns. Elevation at the trap location may not be the
only information from which to predict the flight season, because
male moths captured in pheromone traps may have originated in
neighboring areas. We simulated L. dispar development not only
for the elevation at which a trap was located but also for the minimum, maximum and average elevation in neighborhoods of 1, 9,
25, 81 and 225 km2 consisting of square areas with the trap in the
center cell. For all possible combinations, we estimated the bias
(average difference) between simulated and observed dates of 5%,
50% and 95% cumulative catch, the correlation and the slope of
the regressions of observed versus simulated dates.
Statistical analysis
Dates of 5%, 50% and 95% cumulative moth catch were estimated
at each location by linear interpolation between cumulative catches on successive dates when traps were checked. Simulated dates
of 5%, 50% and 95% cumulative moth numbers were estimated, to
the nearest day, from cumulative output male moth frequency, under the assumption that moth capture in pheromone traps is in direct relation to moth density.
For the trapping data sets from the southern states, relationships
between dates of 5%, 50% and 95% cumulative trap catch and elevation were tested using a linear regression analysis. Differences between observed and simulated dates, or between years, were tested
using a General Linear Models (GLM) procedure, using elevation as
a covariate. In the neighborhood-elevation analysis, model bias (the
average difference between simulated and observed flight dates)
was tested for significance using t-tests. To test improvements in
model accuracy resulting from the use of neighborhood rather than
local elevations, observed dates of 5%, 50% and 95% trap catch
were regressed on simulated dates and the slopes (m) were tested for
significance as well as for deviation from unity. The first null hypothesis (H0: m = 0) was used to test if the model helped to predict
dates of L. dispar flight. If this hypothesis was not rejected then the
model had no predictive value. The second null hypothesis (H0:
m = 1) was used to compare actual and predicted dates. If this hypothesis was not rejected, the model fit observed dates without bias
over the observed range. Rejection of this hypothesis meant that the
fit between model and observations was biased over part of the
range of observed dates, but that the model may still have predictive
value given that the first null hypothesis was rejected.
Observed dates of 5%, 50% and 95% trap catch from the nine
northern data sets were regressed on simulated dates and the
slopes (m) were tested for significance (H0: m = 0) as well as for
deviation from unity (H0: m = 1). Model bias was tested with
Mann-Whitney’s rank test because of small sample size and pronounced non-normality.

Results
Data from southern states
The simulation model generated realistic patterns of
male moth abundance, based on a graphical comparison
with average cumulative catch of male L. dispar in pher-
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Fig. 2 Comparison of observed and simulated cumulative catch in
1995 (data and simulation output pooled by trap cluster): a Buena
Vista, Va.; b Bath Alum, Va.; c Millboro, Va.; d Sunrise, Va.; e
West Virginia&ig.c:/f

omone traps in the five 1995 trap clusters (Fig. 2). A
summary of the cumulative pheromone trap data from
the 1995 and 1996 trap clusters and of the corresponding
simulation model output is given in Table 1. The average
absolute difference in predicted and observed dates was
5.2 and 3.2 days in 1995 and 1996 respectively.

Simulated average dates of 5% and 50% moth catch
in 1995 were considerably later than observed (5%: 9
days, t = 7.5, P < 0.001; 50%: 7 days, t = 6.03,
P < 0.001), but the model predicted the dates of 95%
catch without significant bias (t = 0.5, P > 0.05). In
1996, average dates of simulated 5%, 50% and 95%
catch were significantly but only slightly different from
observed dates (5%: 2 days, t = 2.9, P < 0.006; 50%: 1
day, t = 2.5, P < 0.017; 95%: 3 days, t = 4.5, P < 0.001).
There were strong and significant (P < 0.05) relationships between elevation and the dates of 5%, 50% and
95% trap catch, whether simulated or observed, in 1995
and 1996 (Fig. 3, Table 2). In both 1995 and 1996, the
slopes of these regressions were significantly different
between observed and simulated dates of 5% catch
(1995: F = 69.3, df = 1,74, P < 0.001; 1996: F = 32.9,
df = 1,118, P < 0.001) and 50% catch (1995: F = 20.7,
P < 0.001; 1996: F = 10.4, P < 0.002). There were no
significant slope differences between observed and simulated dates of 95% catch in either year (1995: F = 0.02,
P > 0.876; 1996: F = 2.09, P > 0.151).
The fact that observed dates of 5% and 50% trap
catch were less dependent on elevation than simulated
dates indicates that moths originating at varying elevations may mix with each other. In 1995, moth flight at
high elevations started much earlier than predicted from
local weather conditions, but in 1996 model predictions
were far closer to observations (Table 1).
The discrepancies between simulated and observed
dates of 5% trap catch in 1995 decreased considerably
when weather conditions were predicted from the minimum elevation in 81-km2 blocks (Fig. 4a). The same was
true for dates of 50% catch (Fig. 4b). Average elevation
provided unbiased estimates of the dates of 95% catch,
regardless of neighborhood size (Fig. 4c).

Table 1 Lowest and highest elevation, total trap catch and dates of observed and simulated 5%, 50% and 95% cumulative trap catch
among the trap clusters in the southern states in 1995 and 1996&/tbl.c:&
Trap
group

n

Elevation

Total catch

Observed dates

Simulated dates

Low

High

Mean

CV

5%

50%

95%

5%

50%

95%

5
5
5
5
19

291
423
433
594
707

665
565
617
689
1129

236
265
189
266
247

56
65
69
29
78

190
178
187
193
197

195
187
197
199
209

204
197
207
214
229

191
183
191
201
212

199
191
199
208
219

209
201
210
216
227

1996
North Carolina
Chesterfield, Va.
Farmsville, Va.
Kelly, Va.
West Virginia 1
Buena Vista, Va.
Bath Alum, Va.
Millboro, Va.
Sunrise, Va.
West Virginia 2

6
4
2
4
10
5
5
5
5
15

0
61
98
156
366
282
424
431
613
575

1
66
105
220
488
653
575
66
696
1029

425
41
27
23
199
75
18
28
172
1052

126
32
26
148
25
75
111
79
51
39

169
176
178
182
189
187
186
192
201
203

178
183
188
189
205
197
202
204
210
216

192
195
198
195
216
209
212
213
222
229

165
177
176
176
193
187
190
191
200
211

173
186
186
184
201
195
198
198
208
220

185
197
196
195
211
206
210
208
217
222

&/tbl.:

1995
Bath Alum, Va.
Buena Vista, Va.
Millboro, Va.
Sunrise, Va.
West Virginia
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Fig. 3 Relationships between
local elevation and observed or
simulated dates of cumulative
trap catch of 5% (a, d), 50%
(b, e) and 95% (c, f) in 1995
(a–c) and 1996 (d– f)&ig.c:/f

Table 2 Comparison of observed and simulated dates of
5%, 50% and 95% cumulative
trap catch in relation to local
elevation among the pheromone traps set in the southern
states in 1995 and 1996&/tbl.c:&

Cumulative
catch

&/tbl.:

Observed dates

Simulated dates

Mean

Intercept

Slope

R2

Mean

Intercept

Slope

R2

1995
5%
50%
95%

192
202
217

174.7
179.4
180.4

2.54
3.33
5.49

0.56
0.51
0.59

201*
209*
218

159.1
168.1
180.1

6.28*
6.05*
5.61

0.94
0.94
0.93

1996
5%
50%
95%

190
201
213

171.6
180.9
191.6

3.90
4.41
4.57

0.88
0.90
0.89

192
200
210

167.4
175.5
187.2

5.30*
5.25*
4.95

0.95
0.94
0.94

* Significant difference, α = 0.05

Table 3 Locations and dates of observed and simulated 5%, 50% and 95% cumulative trap catch among the nine datasets from northern
states&/tbl.c:&
Trap

Amherst, Mass. 1981
Bellingham, Wash. 1985
Bellingham, Wash. 1986
Lima, Ohio 1986
Lima, Ohio 1987
Benton Harbor, Mich. 1980
Benton Harbor, Mich. 1981
Chestertown, Md. 1983
Chestertown, Md. 1985

Location

Observed dates

Simulated dates

Latitude

Longitude

Elevation

5%

50%

95%

5%

50%

95%

43° 23′
48° 48′
48° 48′
40° 43′
40° 43′
42° 8′
42° 8′
39° 13′
39° 13′

72° 32′
122° 32′
122° 32′
84° 8′
84° 8′
86° 26′
86° 26′
76° 4′
76° 4′

180
150
150
850
850
63
63
40
40

185
210
225
194
186
212
206
186
176

190
224
237
199
193
218
214
200
189

198
236
246
209
203
225
224
207
203

194
221
221
178
176
202
196
182
173

201
230
232
185
183
209
203
190
182

210
247
247
194
192
217
212
199
192

&/tbl.:

In 1996, simulated dates of 5% catch were best predicted (non-significant bias) from minimum elevation in
neighborhoods of 9 km2, although using local elevation
would have led to a slight if significant bias (Fig. 4d).
The dates of 50% catch were best predicted from local
elevation (Fig. 4e). The end of the flight season was best

predicted from average elevation in neighborhoods of
9 km2, although the use of local elevation would have
been nearly as good a predictor (Fig. 4f).
Using minimum elevation in neighborhoods of
81 km2 to predict 5% and 50% moth catch in 1995 improved model accuracy considerably. Regression slopes
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Fig. 4 Mean bias (simulated observed) in predictions of trap
catch of 5% (a, d), 50% (b, e)
and 95% (c, f) in 1995 (a–c)
and 1996 (d–f), based on minimum (l ), average (n ) and
maximum (∆) elevation in
neighborhoods of increasing dimensions. Open symbols Bias ≠
0, P < 0.05; closed symbols
bias = 0&ig.c:/f

higher elevations. This improvement in model accuracy
suggests considerable net movement upward from lowlying areas in the vicinity of trap sites in 1995. Such improvements were only marginal in 1996, suggesting that
such movement was not as important in that year.
Data from northern states

Fig. 5 Relationship between local elevation and the observed (●)
and simulated (l ) duration of the flight period among the 1995
traps&ig.c:/f

between observed and predicted dates were all significantly different from zero (5%: m = 0.552, F = 80,
P < 0.001; 50%: m = 0.80, F = 60, P < 0.001; 95%:
m = 1.01, F = 78, P < 0.001). Only for the 5% dates was
the slope significantly different from unity (5%: F = 53,
P < 0.001; 50%: F = 3.8, P > 0.057; 95%: F = 0.01,
P>0.91). Using these predictions based on neighborhood
elevations also improved considerably the correspondence between the observed and predicted duration of
the flight season (Fig. 5; observed: 25.4 ± 9.0 days; predicted: 24.2 ± 9.0 days; t = 0.67, P > 0.51). When predictions are based on local elevation only, the simulated
flight season tends to decrease slightly in duration at

Observed and simulated dates of 5%, 50% and 95% trap
catch from the nine northern data sets are presented in
Table 3. Slopes of regressions between observed and
simulated dates were all significantly different from zero
(Fig. 4; 5%: m = 0.77, F = 22, P < 0.001; 50%: m = 0.78,
F = 29, P < 0.001; 95%: m = 0.63, F = 27, P < 0.001)
but did not differ from unity (5%: F = 2.02, P > 0.199;
50%: F = 2.07, P > 0.193; 95%: F = 5.69, P > 0.048).
There was no significant overall bias in either simulated
dates (5%: Mann-Whitney’s W = 93, P > 0.535; 50%:
W = 93.5, P > 0.503; 95%: W = 92, P > 0.596) or duration of the simulated flight season (observed: 19.0 days,
simulated: 18.5 days, W = 88, P > 0.859), although the
average absolute difference between predicted and observed dates was 9.2 days, considerably larger than in the
southern states.

Discussion
The model of L. dispar phenology used here performed
well in predicting the dates of male moth flight recorded
by pheromone traps over a large geographic area. The
best predictions were generated for Virginia, West Virginia and North Carolina, where the average absolute
difference between predicted and observed dates of flight
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Fig. 6 Relationship between local elevation and observed or simulated dates of cumulative trap catch of 5% (a), 50% (b) and 95%
(c) among the nine datasets from northern states. Solid line Regression; dotted line line of equality&ig.c:/f

was 3.2–5.2 days. In northern states, predictions were
less accurate. This may have been caused by a combination of factors. Moth catch was pooled from many traps
and exact trap location was unknown. In addition, populations were much higher in many instances than in the
Virginias, and L. dispar phenology is more variable in
outbreak populations (Lance et al. 1987). Model parameters were not adjusted or calibrated, except for moth longevity and survival rate. Thus, our analysis can be considered a successful model validation.
The model predicts L. dispar flight from temperature
data. However, several other factors may also have a significant influence. Host plant quality has a considerable
effect on L. dispar development rate (Barbosa and Capinera 1977; Barbosa et al. 1983; Casagrande et al.
1987). The rate of development on poor host species like
red maple (Acer rubrum) is about 33% lower than on
preferred host species, e.g. white oak (Quercus alba). In
areas of extensive defoliation, larval development is accelerated so that pupation and moth flight occurs up to 3
weeks earlier than in the absence of defoliation (Campbell 1978). Lance et al. (1987) suggested increased exposure to sunlight as a cause of this accelerated development. The data presented here comes mostly from lowdensity L. dispar populations. However, data from Amherst (Mass.) were from a high-density area, and moth
flight dates were considerably earlier than the model output (Fig. 6; Table 3). The effect of ambient temperature
on flight activity can cause additional variability in moth
catch patterns. Lavallée et al. (1988) showed that daily
fluctuations in air temperature had a considerable effect

on the pattern of pheromone trap catch in Zeiraphera
canadensis (Mut. and Free.). Sanders et al. (1978)
showed that flight activity of the spruce budworm, Choristoneura fumiferana (Clem.), increased with temperature. It is likely that a similar effect exists in L. dispar.
Moth movement is another factor that can have considerable influence on the pattern and duration of the
moth flight period. This study indicates that short-range
movement (in the order of 5–9 km) can have considerable importance. Male L. dispar dispersal was studied
quantitatively only at small spatial scales. Mark-recapture studies of Schwalbe (1981) and Elkinton and Cardé
(1981) indicated that >95% of L. dispar males were recaptured at distance <800 m from the release point.
However, recaptured males do not represent a random
sample of all males. It may be that the males that were
not recaptured dispersed much further than recaptured
males.
There is also evidence of long-distance dispersal of
male moths. Bimodal patterns of trap catch have been reported from the Upper Peninsula of Michigan, which indicated dispersal of male moths over Lake Michigan, a
distance of >100 km (B.C. Pijanowski, personal communication). The size distribution of moths caught in pheromone traps also indicates moth migration. The majority
of moths that emerge in defoliated areas are smaller than
moths from non-defoliated areas (Carter et al. 1991),
whereas moths that emerge in non-defoliated areas tend
to be large. However, pheromone traps in non-defoliated
areas often capture large proportions of small moths
(Carter et al. 1994). These moths apparently migrated
from defoliated areas.
A better understanding of male moth movement could
considerably improve model predictions. Additional information is needed on the distance and orientation of
moth dispersal. Here, we suggested the hypothesis of
considerable population mixing in neighborhoods of
5–9 km (25–81 km2), particularly from lower to higher
elevations. In this respect, trap catch data from 1995 and
1996 differed, and this difference needs to be investigated.
Despite all these factors reducing the predictability of
L. dispar’s male flight period, the model should be a useful tool in planning the deployment of pheromone traps
over the entire present range of L. dispar in North America.
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