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C. Type of Project: Research 19 

D.  Objectives: 20 
This proposed project addresses risk assessment and management of grape berry moth (GBM), a key 21 

pest of grape throughout Virginia, and pheromone-based mating disruption for the management of grape 22 
root borer (GRB), a pest that has been sporadic in occurrence but locally severe and of increasing 23 
severity.  The objectives attempt to deal both with short-term control options, comparing non-disruptive 24 
approaches as well as enabling more specifically timed application of conventional tools.  The specific 25 
objectives are: 26 

Grape berry moth: 27 
1. Evaluate role of vineyard surroundings on phenology and incidence of GBM, 28 
2. Evaluate content of pheromone blends present in commercially available GBM lures. 29 
Grape root borer: 30 
3. Evaluate a more economic application rate for mating disruption for control of GRB. 31 

 32 
Objective 1.  Evaluate role of vineyard surroundings on phenology and incidence of GBM, 33 
(Two journal articles are currently in preparation based on research under this objective.) 34 
 35 

1a. Field studies for surveillance of grape berry moth, Paralobesia viteana (Clemens) 36 

(Lepidoptera: Tortricidae), in Virginia vineyards 37 

Materials and methods 38 
 Surveillance of P. viteana was done in vineyards over several years (2010: n = 20; 2011: 39 

n = 24; 2012: n=10) using sex pheromone monitoring traps, and grape cluster evaluation.  40 
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Vineyards were geographically dispersed across county, climate, and physiographic divisions 41 

(Fig. 1).  The vineyard block and its proximal wooded edge at each location were chosen for 42 

their historical incidence of grape berry moth damage.  Large plastic delta traps (AlphaScents, 43 

Bend, OR) were installed prior to bud-break of wild and cultivated grape, baited with P. viteana 44 

female sex pheromone lures (2010: ISCA; 2011-2012: Suterra), and monitored weekly from 45 

installation in late March and early April through the end of September.  We exchanged Suterra 46 

lures in place of ISCA lures in the second and third years due to differences in P. viteana 47 

attraction observed in a concurrent study (Jordan et al. 2013).  Infestation of grape clusters was 48 

evaluated at three growth stages: bloom, veraison, and preharvest.  In a concurrent modeling 49 

study, we calculated degree-days using a modified sine wave method (Allen 1976) using upper 50 

and lower development thresholds suggested by Tobin et al. 2001. 51 

 A kit containing a season’s worth of monitoring supplies was provided to each vineyard 52 

operator following installation of traps.  All kits included study instructions, a small 10× 53 

objective hand lens and a handout of enlarged and life-size images of P. viteana and sumac 54 

moth.  In order to ensure operators were correctly identifying P. viteana, we requested they 55 

submit digital photographs or mail trap liners for verification.  If an operator was incorrectly 56 

identifying moths, counts were excluded for the suspect sampling period.  Email and cellular 57 

phone submissions were used to diagnose operator uncertainties.  Often, non-target insects, in 58 

order of decreasing prevalence, such as the sumac moth, red-banded leafroller and other, small 59 

tortricid moths were observed on the trap liners. 60 

 Traps were serviced at four-week intervals, after when the liner and lure were replaced by 61 

the vineyard operator.  Weekly study updates were sent to alert operators to respond by phone or 62 

email with weekly reports containing check date, trap service date (if applicable), P. viteana trap 63 

counts, vineyard and wild grape vine development, and pest management applications. 64 

 Vineyard trapping study.  Study blocks were chosen in areas where operators reported 65 

historical incidences of P. viteana infestation (Table 1, Fig. 1).  In the first two years of the 66 

study, we evaluated the effect of trap color (green v. white) and trap location (edge v. interior) on 67 

P. viteana catch.  Due to the trap manufacturer discontinuing green traps, we were unable to 68 

fully replicate this experiment in the second year and not at all in the third year.  As such, we 69 

evaluated the effect of trap location on P. viteana catch in the third year using only white traps.   70 

 In the first two years, when trap color was a factor, the experiment was designed as a 2x2 71 

factorial.  The factorial matrix was replicated once in a study block and measured weekly over 72 

the duration of monitoring.  Placement of trap color and location was randomly assigned with 73 

two traps hung in the edge rows/panels and two traps placed in the interior of the block.  Traps 74 

were hung at 1.5 m on the trellis wire and were separated by a ground distance of at least 20 m.  75 

The block size of one and two of the vineyards in 2010 and 2011, respectively, did not permit 20 76 

m distance between traps.  Vineyard block attributes were recorded including row/vine spacing, 77 

ground management, trellising, and grape variety.  Notes about irrigation and other management 78 

aspects were acquired by interviewing individual operators. 79 

 Woods trapping study.  A single vertical trap line was installed in an accessible wooded 80 

edge near each vineyard block.  The trap line was installed using a 400 g vinyl-coated throw 81 

weight (SherrillTree, Greensboro, NC) attached to a 80 m length of 1.75 mm Zing-It™ throw 82 

line (Samson, Lafayette, LA).  The throw weight was tossed over a limb at a height enough to 83 

hang a trap at an 8 meter height.  After retrieving the weight, polypropylene Orangeline™ 84 

(Tractor Supply Company, Brentwood, TN) was tied to the throw line and hoisted over the limb 85 

until two ends of the trap line were hanging from the limb.  One end of the trap line was tied off 86 



on a branch or immovable object at an angle to prevent the hoisting line from tangling with the 87 

vertical trap line.  Enough slack was retrieved to allow the eight meter trap to be pulled down for 88 

servicing.  The bottom of the vertical trap line was anchored in the ground using a wooden stake.  89 

Individual traps were secured at 2 and 8 meters from the ground surface.  The trap line was 90 

placed no more than 10 m into the wooded edge.  Attributes of the wooded area were recorded 91 

including woods composition, depth of wooded edge, and presence of and proximity to wild 92 

grapevines.  In addition, inquiries were made as to whether wild grapevines were removed and 93 

what form of woodland management was performed in the past. 94 

 Cluster evaluation.  Fifty-four vineyard blocks were evaluated over 3 years using a 95 

randomized block split-plot design to determine the effect of sample location (edge v. interior) 96 

and grape development period on cluster infestation by grape berry moth.  Over the duration of 97 

study, vineyard blocks were revisited at three grape development periods through the growing 98 

season: bloom (2010: n=19; 2011: n = 22; 2012: n = 10), veraison (2010: n=18; 2011: n = 18; 99 

2012: n = 10), and preharvest (2010: n = 5; 2011: n = 15; 2012: n = 8).  On each visit, a total of 100 

200 clusters were inspected for the presence of P. viteana with four samples of 25 clusters per 101 

edge and interior location.  Each of the samples consisted of five clusters on each of five vines in 102 

a 5 × 5 m area.  Edge samples were within 5 m of the vineyard edge while interior samples were 103 

taken in areas >10 m from the edge.  The number of clusters out of 25 was recorded to obtain 104 

percentage infested clusters.  An effort was made not to sample within the vicinity of a 105 

pheromone trap. 106 

 Symptoms of P. viteana cluster infestation included the presence of webbing, stings and 107 

entry wounds, tunneling, mummified berries, pupae, and exit holes.  In the first year, no 108 

demarcation between different signs of infestation was recorded, although florets and berries 109 

were dissected to determine size of infesting larvae.  In the two concluding years, due to the 110 

marked introduction of brown marmorated stink bug, Halyomorpha halys, and spotted wing 111 

drosophila, Drosophila suzukii, in Virginia vineyards in 2010 and 2011 (Burrack et al. 2012, 112 

Leskey et al. 2012, Pfeiffer et al. 2012), respectively, symptoms of infestation were examined to 113 

isolate P. viteana injury apart from non-target species.  At bloom, webbing was teased apart to 114 

differentiate against other web-making arthropods.  After berry development, the most common 115 

non-target insects observed in dissected berries, in decreasing prevalence, were drosophilids, 116 

redbanded leafroller, Argyrotaenia velutinana, and grape curculio, Craponius inaequalis, larvae.   117 

 Throughout the study, evaluation of some vineyard blocks was abandoned for reasons 118 

including predation by birds, late frost, poor fruit set, poor visibility during sampling, disease, 119 

and miscommunication with operators over timing of pesticide applications or harvest.  In the 120 

first year, one vineyard location was lost to a late frost and not sampled over any period of 121 

growth.  By veraison, a second vineyard was lost due to predation from animals.  Only five 122 

vineyards were sampled during preharvest following an unusually early harvest (3-4 weeks 123 

earlier than normal).  In the second year, one vineyard was lost altogether due to poor fruit set.  124 

By veraison, two more vineyards were lost due to removal of fruit from young vines and 125 

predation by birds, and two blocks were not sampled because of heavy rain at sampling.  At 126 

preharvest, one block was lost to predation by birds and a second lost to an early harvest.  In the 127 

third year, two blocks were lost at harvest due to disease and an early harvest, respectively.  128 

Statistical analyses.   129 
Trapping.  A one-way analysis of variance (ANOVA) was used to determine the effect of trap 130 

position (High, Low, Edge, Interior) on volume and detection (presence and absence) of P. 131 

viteana at the initiation of biofix.  Biofix was initiated at the first trap catch of P. viteana at a 132 



given location.  In the analysis of these count data, a Box Cox transformation on the response 133 

was done to improve the fit of the data to a continuous distribution (Box and Cox 1964).  For the 134 

following analyses on vineyard and woods trap data, due to the variability of trap catch and a 135 

prevalence of no catch, we transformed catch data to a binomial response (presence or absence).  136 

In this way, our results indicated the probability of a trap detecting catch of P. viteana.  137 

Contingency analyses were done on binomial transformed treatment and catch data using the 138 

Pearson Chi-square test to determine whether the detection rates were the same in each treatment 139 

and Fisher’s Exact test for one- and two-sided tests of treatment in JMP 10 (SAS Institute, 2012).   140 

Cluster evaluation.  Differences of percentage cluster infestation between edge and interior 141 

sample location and development period was evaluated using ANOVA performed on arc sine [x 142 

+ 0.5] transformed data and a t test for determining differences between sample location in JMP 143 

10 (SAS Institute, 2012). 144 

 145 

Results 146 
 We were successful at obtaining > 5100 trap records across the course of the study, which 147 

represented 59% of possible reports from operators.  Of these records, a total of 5695 adult male 148 

P. viteana were recorded, with catch ranging from 0 – 88 moths per trap per week, a median of 149 

0, and mean catch of 1.1 moths per trap.  Reporting consistency fell from near 100% in the first 150 

months of a study year to < 30% at the end of sampling (Fig. 2).  The vineyards with the highest 151 

consistency in the first 2 years were chosen for sampling in the third year.  As a result, 152 

consistency was maintained at a higher rate through much of the third study season (Fig. 2).  Of 153 

the trap records obtained, 18.4, 25.7, and 34.7% of reports represented positive catch in the three 154 

years, respectively. 155 

 At the establishment of biofix, we found no effect of year on volume or detection of P. 156 

viteana (P > 0.05), leading us to pool these data across years.  A one-way ANOVA was used to 157 

test for volume and detection differences among four trap locations in and around vineyard 158 

blocks.  At biofix, catch volume (F = 21.41; df = 3, 28; P < 0.0001) and detection (F = 48.5; df = 159 

3, 28; P < 0.0001) of P. viteana were significantly greater in traps placed in the woods versus 160 

those in the vineyard.  We found post hoc comparison of means using Tukey’s HSD revealed no 161 

differences with volume or detection when comparing High versus Low or Edge versus Interior 162 

trap placement (P > 0.05). 163 

Vineyard trapping.  The objective of this study was to evaluate the effect of trap location and 164 

trap color on the detection of P. viteana in vineyard study blocks.  While vineyard trap catch was 165 

observed during the spring generation, sustained trap detection occurred with the appearance of 166 

the first generation flight.  Thereafter, vineyard trap detection gradually decreased through the 167 

season (Fig. 3).  Over the three years, contingency analyses revealed significant and non-168 

significant differences (χ2 = 5.3, P = 0.02; Pearson; χ2 = 0.8, P = 0.35; Pearson; χ2 = 3.5, P = 0.06; 169 

Pearson) between edge and interior trap catch detection, respectively.  In the first and third years, 170 

a left-tailed Fisher’s Exact test revealed a significantly greater probability of catch detection in 171 

interior than edge traps (P < 0.05).  Contingency analyses revealed non-significant and 172 

significant differences between trap color in the first and second year, respectively (χ2 = 1.4, P = 173 

0.23; Pearson; χ2 = 11.8, P < 0.001; Pearson).  In the second year, a left tailed Fisher’s Exact test 174 

revealed a significantly greater probability of catch detection in green traps.   175 

Woods trapping.  The objective of this study was to evaluate the effect of trap height on trap 176 

catch in wooded edges adjacent to vineyard study blocks.  In general, trap catch in the woods 177 

peaked prior to 1 May and decreased through the first generation (Fig. 3). This early period of 178 



flight represented the emergence of the spring generation.  Sustained trap catch in weeks seven 179 

through ten represented flight of first generation moths in eastern climates or a continuation of 180 

flight from the spring generation in Central Mountain and Southwestern Mountain vineyards.  181 

After vineyard bloom, few P. viteana were recorded in woods traps.   182 

 Over all years, Pearson chi-square contingency analyses of trap height revealed 183 

significant (χ2 = 6.5, P = 0.01; χ2 = 16.5, P < 0.0001; χ2 = 18.1, P < 0.0001) differences between 184 

treatments, respectively.  A right-tailed Fisher’s Exact test revealed a significantly greater 185 

probability of catch detection in high traps than low traps (P < 0.01) in all periods.  Odds ratio 186 

tests revealed that high traps were 1.68, 1.95, and 2.40 times more likely to detect catch than low 187 

traps in the three years, respectively. 188 

Cluster evaluation.  The objective of this study was to evaluate the effect of sampling location 189 

and growth stage on cluster infestation by grape berry moth in Virginia vineyards.  An overall 190 

ANOVA revealed that the main effect of year was significant with mean cluster infestation 191 

(proportion infested cluster ± SE) of 0.10 ± 0.007, 0.07 ± 0.005, 0.06 ± 0.007, in 2010, 2011, and 192 

2012, respectively.  Therefore, the 2010 data were analyzed separately from the 2011 and 2012 193 

pooled data. 194 

 Growth stage, sample location, and the interaction between growth stage and sample 195 

location were significant effects on cluster infestation in all periods, respectively (Table 2).  196 

Because of a significant growth stage by sample location interaction, the effect of sample 197 

location on cluster infestation within growth stage was analyzed (Table 3).  Across all growth 198 

stages and all periods, mean cluster infestation (± SE) was significantly greater in the edge 199 

sample locations than in samples in the interior (Table 3).  Mean proportion of infested clusters 200 

was highest at veraison followed by preharvest and lowest at bloom (Table 3).  While few P. 201 

viteana eggs were observed during sampling, there was evidence of overlapping generations 202 

within all sampling periods.  Indications of overlapping generations were the presence of mature 203 

larvae, pupae, and emergence holes concurrent with stings, tunneling, and early instar larvae in 204 

the same sample location.  205 

206 



 207 

Discussion 208 
 Our sex pheromone trap monitoring results were, at times, in agreement with previous 209 

studies that found more P. viteana were caught in traps in the edge of vineyards compared to 210 

traps in the interior (Biever and Hostetter 1989, Hoffman and Dennehy 1989).  Botero-Garcés 211 

and Isaacs (2003) trapped male P. viteana in the woods adjacent to vineyards and found that 212 

captures increased with the increase of trap height in the canopy.  While this study is in general 213 

agreement that detection and catch volume was highest in the woods traps, we found no 214 

difference between catch volume or detection between a trap placed at 1.5 m and one at 8 m at 215 

the initiation of biofix.  This evidence suggests growers can place a trap at 1.5 m in a wooded 216 

edge to detect emergence, as well as a trap placed in the canopy and better than traps placed in 217 

the vineyard.  During the spring and first generation flights, vineyard traps reflected similar flight 218 

patterns of P. viteana to catch in the woods, yet did not match the volume or detection of those 219 

place in the woods.  From an ease of use perspective, traps placed at chest height in the edge of 220 

either environment were easier to locate and maintain in contrast to traps hung in the canopy of a 221 

wooded edge or placed in the interior of a blocks. Based on our data, we recommend placing 222 

traps in a vineyard edge and in an adjacent wooded area to detect the earliest emergence of P. 223 

viteana at a location. 224 

 Consistent with previous studies (Hoffman and Dennehy 1989, Botero-Garcés and Isaacs 225 

2003), we observed a higher incidence of damage by P. viteana in the periphery of vineyards in 226 

all sample periods.  However, in northern grape growing regions, larval populations escalate in 227 

the vineyard causing the greatest risk of direct and indirect yield loss prior to harvest.  While 228 

pheromone monitoring can indicate female flight activity and egg-laying, the relationship 229 

between trap catch and larval infestation is not clear (Hoffman and Dennehy 1992).  The results 230 

of this study suggest that P. viteana infestation levels are highest around veraison, yet trap catch 231 

is low to non-existent in both vineyard and woods traps.  The relative absence of catch in the 232 

vineyard may be indicative of season-long applications of pesticides that are effective against the 233 

larvae and adults.  Alternatively, the abundance of calling females during veraison, when larval 234 

counts were highest, may be more attractive to male moths than sex pheromone traps.  Our 235 

infestation results are in agreement with Teixiera et al. (2009), who observed sustained 236 

oviposition around bloom, followed by a lull, and strong egg-laying at veraison.  As a result, we 237 

concluded that the experimental timing of cluster evaluation in the vineyard was an appropriate 238 

reflection of pest dynamics in Virginia vineyards.   239 

 At bloom, vineyard monitoring traps were catching first generation moths and infested 240 

clusters contained a combination of maturing first generation larvae and newly hatched second 241 

generation larvae.  While we anticipated overlapping generations of P. viteana larvae in clusters 242 

(Tobin et al. 2002), the occurrence of this overlap as early as bloom complicates management.  243 

The general activity of an insecticide and the appropriate timing of sprays must be considered 244 

during the sustained emergence period of the first generation adults and egg laying of the second 245 

generation.  More, the greater percentage of infested clusters at veraison suggests that 246 

management of spring, first and second generation P. viteana is critical for keeping populations 247 

below damaging levels.  While it was not evident that P. viteana was present in high levels prior 248 

to harvest, the threat of secondary infection by Botrytis rot is persistent from veraison to harvest.  249 

In this study, secondary Botrytis infections were only occasionally evident in red-fruited varieties 250 

such as Merlot and Cabernet Franc, but it was not observed in any white varieties. 251 



 In this study, we evaluated the extent of wooded edge and wooded area on trap catch and 252 

cluster infestation in the vineyard.  Previous research has shown greater incidence of damage at 253 

the periphery of a vineyard in close proximity to a wooded edge (Hoffman and Dennehy 1989, 254 

Botero-Garcés and Isaacs 2004).  Vineyard edge infestation exceeded 10% at veraison and 255 

preharvest, though interior samples were rarely at critical levels.  Therefore, the risk relationship 256 

of proximal wooded edges is in agreement with previous studies, regardless of extent or 257 

proximity.  In addition, the results of this study confirm the need for improved management of P. 258 

viteana in edge rows or panels using control options that target the periphery of vineyards, such 259 

as mating disruption and more insecticide applications. 260 

 The use of sex pheromone monitoring by growers can continue to provide reliable 261 

information toward signaling emergence and egg laying of P. viteana.  While a predictive model 262 

based on accumulation of degree-days from biofix is available for this pest in the northeast (Loeb 263 

and Carrol 2010), the model is not applicable to Virginia because of how the biofix was defined. 264 

Their model defined biofix as the timing of 50% flowering of Vitis riparia (Loeb and Carrol 265 

2010).  This grape species is not common in Virginia.  Beyond the variants of hybridization, ten 266 

principal American Vitis species are known to occur naturally east of the Rockies, each with its 267 

unique physiological development characteristics (Galet 1979).  Seven of the ten Vitis species, V. 268 

aestivalis, V. cinerea, V. labrusca, V. pamata, V. rotundifolia, V. rupestris, and V. riparia, have 269 

been documented with variable distributions in Virginia (James 1969, Virginia Botanical 270 

Associates 2013).  As a result, Virginia growers cannot adopt this model as stated because wild 271 

Vitis species bloom at different times.  As such, we suggest the continued use of sex pheromone 272 

monitoring for the establishment of biofix.  Further, accompanying this research, we consumed 273 

climate data from weather stations across the state to model development of P. viteana relative to 274 

pheromone monitoring and degree-day accumulations.  These data from surveillance studies 275 

provide insight into the management of P. viteana in Virginia by adapting empirically derived 276 

methods from past research. 277 

 278 
279 



 280 

 281 

Figure 1.  State-wide map denoting climatic divisions and representative study locations for 282 

vineyard-based sex pheromone monitoring and locations of weather stations used for degree-day 283 

modeling. 284 



 285 

Figure 2.  Percentage of operator reports per week across the duration of the sex pheromone 286 

trapping study for Paralobesia viteana. 287 

288 



 289 

290 

 291 

Figure 3. Mean Paralobesia viteana catch per week in vineyard and woods trap catch across the 292 

three years of study. 293 

294 



 295 

 296 
Table 1.  Exploratory data for three years of study relative to vineyards sampled and weather 297 

stations accessed for degree-day modeling. 298 

Experimental parameters   Year of study   

Sex pheromone monitoring 2010 2011 2012 

 
Study blocks (n) 20 24 10 

 
Mean reporting percentage 55% 57% 73% 

 
Blocks (n) reported ≥ 75% to 1 July 9 15 8 

Cluster infestation (n blocks)       

 
Bloom 19 22 10 

 
Veraison 18 18 10 

 
Preharvest 5 15 8 

Degree-day modeling       

 
Climate divisions represented 5 of 6 5 of 6 4 of 6 

 
Weather stations sourced (n) 17 20 19 

 
AIR 7 7 8 

 
AREC 5 4 5 

 
CWS 5 9 6 

 
Block varietals * 

Ca, Ch, Tr, Cf, 

Cs, Me, Pv 

 Ca, Ch, Tr, Vi, 

Cf, Cs, Me 

Ch, Tr, Vb, Cf, 

Me, To, Sy 

Mean ±SE distance station to block 

(km)       

 
AIR 35.9 ± 6.4 32.5 ± 8.4   40.0 ± 13.1 

 
AREC   54.7 ± 12.7   48.4 ± 11.0   43.2 ± 15.9 

  CWS   8.0 ± 2.0   9.9 ± 1.6 16.6 ± 7.7 

 * Ca = Catawba, Ch = Chardonnay, Tr = Tramminette, Vi = Viognier, Vb = Vidal Blanc, Cf = 299 

Cabernet Franc, Cs = Cabernet Sauvignon, Me = Merlot, Pv = Petit Verdot, To = Touriga, Sy = 300 

Syrah  301 

302 



 303 
Table 2.  Two-way split-plot ANOVA of cluster infestation data for fixed main effects of growth 304 

stage and sample location with block serving as a random effect. 305 

Source of variability 
2010 Pooled 2011 & 2012 

df F value P > F df F value P > F 

Block 

      Growth stage 2 36.2 < 0.001 2 21.1 < 0.001 

Block • Growth stage 

      Sample location 1 158.1 < 0.001 1 186.5 < 0.001 

GS • SL 2 43.9 < 0.001 2 31.3 < 0.001 

 306 

307 



 308 
Table 3.  Mean (±SE) percentage of Paralobesia viteana cluster infestation for fixed main 309 

effects of growth stage and sample location. 310 

Sample 

location 

Development period (No. blocks) 

Bloom (n = 19) Veraison (n = 18) Preharvest (n = 4) 

    2010   

Edge 6.2 (± 1.0) a 24.0 (± 1.6) a 14.4 (± 2.6) a 

Interior 3.4 (± 0.7) b 8.7 (± 0.9) b 5.1 (± 1.2) b 

 

  2011 & 2012   

  Bloom (n = 32) Veraison (n = 28) Preharvest (n = 23) 

Edge 3.6 (± 0.4) a 19.5 (± 1.6) a 9.6 (± 1.2) a 

Interior 0.8 (± 0.1) b 5.9 (± 0.7) b 1.5 (± 0.3) b 

 311 

312 



 313 
 314 
1b. Surveillance measures for estimating grape berry moth, Paralobesia viteana (Clemens) 315 

(Lepidoptera: Tortricidae), activity in Virginia vineyards 316 

Materials and methods 317 
 Surveillance of P. viteana was done in vineyards over several years (2010: n = 20; 2011: 318 

n = 24; 2012: n=10) using sex pheromone monitoring traps, degree-day accumulations derived 319 

from weather stations in the state, and remotely sensed land cover data.  Vineyards that 320 

participated in this study were located across different county, climate, and physiographic 321 

divisions (Fig. 4).  At each location, a vineyard block was chosen for its historical incidence of 322 

grape berry moth damage and the presence of a proximal wooded edge.  We installed large 323 

plastic delta traps (AlphaScents, Bend, OR) prior to bud-break of wild and cultivated grape, 324 

which were baited with P. viteana female sex pheromone lures (2010: ISCA; 2011-2012: 325 

Suterra), and monitored weekly from installation in late March and early April through the end 326 

of September.  In the first year, we baited traps with ISCA lures; however, we replaced these 327 

with Suterra lures in the second and third years due to observing a greater attraction of P. viteana 328 

to Suterra baited traps (Jordan et al. 2013).  Degree-days were calculated using a modified sine 329 

wave method using upper and lower development thresholds addressed by (Allen 1976). 330 

 After the set of traps were installed we provided a kit containing a season’s worth of 331 

monitoring supplies to the vineyard participant.  Kits included study instructions, a small 10× 332 

objective hand lens and a handout of enlarged and life-size images of P. viteana and sumac 333 

moth, Episimus argutanus (Clemens).  In order to ensure that P. viteana were correctly 334 

identified, we requested that participants submit digital photographs or mail trap liners for 335 

confirmation until all participants were cleared.  We excluded counts from any suspect sampling 336 

periods.  Email and cellular phone submissions were used to diagnose participant uncertainties.  337 

Often, non-target insects, in order of decreasing prevalence, such as the sumac moth, E. 338 

argutanus (Clemens), red-banded leafroller, Argyrotaenia velutinana (Walker) and other, small 339 

tortricid moths were observed on the trap liners. 340 

 The liner and lure were replaced by the participant every four weeks.  We emailed 341 

weekly study updates to alert participants to respond by telephone or email with weekly reports 342 

containing check date, trap service date (if applicable), P. viteana trap counts, vineyard and wild 343 

grape vine development, and pest management applications. 344 

 Degree-day model.  Climate data were consumed to evaluate an existing temperature-345 

dependent model for P. viteana by using trap captures and calculation of degree-days.  In this 346 

study, less than half (39%) of participants used an on-site weather station.  Therefore, we 347 

evaluated three climate monitoring platforms that were available for direct download from the 348 

internet.  The different platforms represented variable levels of instrumentation, recording 349 

parameters, and geographic proximity (Table 1; Fig. 4). 350 

 The climate data were obtained from the Virginia Agricultural Experiment Station 351 

(VAES) mesonet, the Citizen Weather Station (CWS) mesonet, and a regional airports mesonet 352 

(AIR).  Pertinent parameters of each platform were recorded for reference, including location 353 

and quality control data.  The VAES mesonet consisted of a collection of climate recording 354 

weather stations located at agricultural research stations in Virginia that maintain nearly identical 355 

recording periods, instruments, and software (VAES 2008).  Another platform, CWS, was 356 

consumed from the Citizen Weather Observers Program(Chadwick 2013).  The CWS stations 357 

were operated by citizens, public and private organizations, alike, with variable recording 358 

periods and instruments, yet the data were aggregated in one central source and monitored for 359 



quality assurance.  Lastly, consumed through the same CWS portal, AIR stations were situated at 360 

regional airports. 361 

 We developed a degree-day calculator that functioned in Microsoft Excel (Microsoft, 362 

Redmond, WA).  The calculator was modeled with lower and upper thresholds using a modified 363 

single sine method (Allen 1976).  The lower threshold cutoff was 8.41 ºC and the upper 364 

threshold cutoff was 34 ºC (Tobin et al. 2001).  Daily temperature maxima and minima were 365 

obtained by summarizing 24-hr interval data in JMP 10 (SAS Institute, 2012).   366 

 A recent introduction of a predictive model for P. viteana has suggested the use of 450 367 

degree-days (º C) to denote the period from which a female first takes flight to the egg-laying 368 

period by females of the following generation (University 2013a, University 2013b).  Although 369 

the model suggests accumulation of degree-days from 50% wild grape bloom, our degree-day 370 

accumulations were calculated for each weather station using relative biofix records from the 371 

analogous vineyard(s).  In this study, biofix was recorded as the Julian date when an operator 372 

observed the first catch of P. viteana within a season. 373 

Landscape metrics.  We consumed 2006 National Land Cover Database (NLCD) raster data, 374 

courtesy of the U.S. Geological Survey, for the geographic area of the state of Virginia (Fry et al. 375 

2011).  The NLCD map resolution using a 16-class land cover model was 30 meters per cell.  In 376 

ArcGIS 9.3 (Esri, Redlands, CA), we manually defined each vineyard block perimeter in order to 377 

assign a centroid coordinate within a polygon feature area.  This coordinate was the point used to 378 

create buffer polygons at 100 meter increments up to 500 meters in distance from the centroid.  379 

We illustrated a process tree to calculate respective wooded area and perimeter of target features 380 

around vineyards.  For our purposes, we reclassified landscape data into two groups, wooded and 381 

other.  Wooded data included all areas classed with deciduous, evergreen, and mixed forest 382 

attributes.  In some cases, new vineyard blocks were installed where existing wooded areas were 383 

shown in the NLCD data published in 2006.  We excluded these locations and others that 384 

exhibited disturbance within the 500 m buffer zone. 385 

Statistical analyses.   386 
Degree-day accumulation.  Annual catch data were filtered to include study blocks that 387 

reported > 75% of the time from the initiation of sampling through 1 July, which included 45%, 388 

63%, and 80% of study blocks in the successive years (Table 1).  Selected study block 389 

monitoring data were evaluated against the degree-day data harvested from the affiliated weather 390 

stations (Fig. 4).  Our objective was to evaluate a development model for P. viteana using 391 

seasonal catch data and accumulated degree-days at time of catch.  To begin our analyses, we 392 

assessed multiple mixed linear models to evaluate the responses of accumulated degree-days at 393 

biofix from 1 January and 1 March and accumulated degree-days within generations from 1 394 

January, from 1March, or from biofix.  For station type, our hierarchical model included random 395 

effects of Julian day of report nested in station name and station name nested in station type.  For 396 

climate division, our hierarchical model included random effects of Julian day of report nested in 397 

station name and station name nested in climate division.  Our models asserted that station type 398 

and climate division were fixed effects.  Mean separation tests were performed using Tukey’s 399 

HSD.  400 

 These analyses were based on a table constructed with columns of year, block name, 401 

station name, station type, Julian day of report, accumulated degree-days at time of report, and 402 

percent of total catch in a generation.  We calculated degree-days at biofix, which enabled us to 403 

calculate a new column, degree-days since biofix. 404 

Flight tracking. 405 



 The Julian date, accumulated degree days, and catch detection by trap type were recorded 406 

for each biofix.  A paired t test was used to differentiate catch detection at biofix in woods and 407 

vineyard traps.  In addition, a one-way analysis of variance (ANOVA) was used to further 408 

describe differences by trap location relative to catch detection on the date of the first catch.  409 

Means comparisons were done using Tukey’s HSD. 410 

 Accumulated degree-days were tabulated from 1 January, 1 March, and date of biofix to 411 

1 October for each vineyard and station pair.  To calculate percent total catch by generation, we 412 

grouped the data into intervals of 450 degree-days accumulated from the biofix.  For each catch 413 

report, we calculated percent total catch using the weekly sum of catch divided by the sum of 414 

catch in a generation.  415 

 The data were pooled across station types to model percentage total catch to accumulated 416 

degree-days within each year and generation period.  We determined degree-day accumulations 417 

at 10, 50 and 90% of catch within a generation.  These developmental steps were discerned using 418 

the relationship fitted to the Weibull function 419 

  (1) 420 

to model P. viteana catch to degree-day accumulation in each generation (Wagner et al. 1984).  421 

In equation 1, f( ) is the percent cumulative trap catch at accumulated degree-days ( ) from 422 

biofix, α is a scale parameter, and β describes the shape of the curve. We projected the 423 

cumulative distribution function (1) to a linear form to test for goodness of fit of the data to the 424 

Weibull distribution using linear regression in JMP 10 (SAS Institute Inc., Cary, NC).  A straight 425 

line indicated that the observed and predicted data fit the distribution. 426 

Landscape metrics.  We used the respective calculations of perimeter and area to assess several 427 

landscape metrics in relation to the sum of seasonal catch in each of the vineyard and wooded 428 

trap environments.  Patch density was calculated using the ratio of number of patches to total 429 

area. Edge density was calculated using the ratio of total edge to total area.  We used linear 430 

regression to assess the relationships between the sum of seasonal catch in vineyard and wooded 431 

traps to total perimeter, total area, patch density, and edge density at each of the 100 meter 432 

increments from a vineyard block centroid.  To refine the relationships, we launched the analyses 433 

based on whether or not vineyards had wild grape vines present in the proximal wooded edge. 434 

 435 

Results  436 
Degree-day accumulation.  We used mixed linear modeling to determine whether the 437 

consumption of climate data from different station types or climate divisions had any effect on 438 

the accumulation of degree days at weather stations.  Then, we applied the results to model 439 

development of P. viteana catch within a generation using degree-days.  Data were analyzed by 440 

generation for each year, vineyard and station pair.  441 

 We evaluated mixed models to test the effect of station type on accumulated degree-days 442 

for year by generation combinations.  Using an evaluation of year by generation, we found no 443 

significant effect of station type on accumulated degree-days for the second and third years of 444 

study (P > 0.05).  However, in 2010, our mixed models indicated, with degree-day accumulation 445 

from 1 January and March, the fixed effect station type was significant in the spring (F = 4.42; df 446 

= 2, 14; P = 0.033; F = 4.85; df = 2, 14; P = 0.025) and first generation (F = 4.42; df = 2, 14; P = 447 

0.033; F = 4.85; df = 2, 14; P = 0.025).  From 1 January and 1 March for the spring and first 448 

generation, respectively, mean separation tests revealed CWS stations accumulated > 18 and 449 

14% more degree-days than AREC stations; but no difference was found between AIR and 450 



AREC stations (Fig. 5).  In addition, if accumulations were initiated after biofix, no effect from 451 

station type was observed for either generation (P > 0.05). 452 

 On average, 216.3 ± 8.34 and 181.3 ± 8.5 degree-days were accumulated at biofix from 1 453 

January and March, respectively.  Our mixed models to test the effect of station type on 454 

accumulated degree-days at biofix yielded no significant results (P > 0.05).  However, our mixed 455 

models to test the effect of climate division on accumulated degree-days at biofix within a year 456 

were significant.  In the first and second years of study from 1 January and 1 March, 457 

respectively, we observed significant effects from climate division on accumulated degree-days 458 

at biofix (1 January: F = 4.82; df = 3, 12; P = 0.021; F = 4.85; df = 3, 14; P = 0.012; 1 March: F 459 

= 4.73; df = 3, 12; P = 0.022; F = 5.17; df = 3, 14; P = 0.013) (Fig. 6).   460 

Flight tracking. 461 
 Following biofix, when we plotted catch against Julian day, we observed up to five peaks 462 

in mean weekly trap catch of P. viteana adults for the three years (Fig. 7).  Using a 450 degree-463 

day interval, accumulations to 1 October enabled up to four generations in the southwestern 464 

mountains and as many as five in the rest of the state (Fig. 7).  Most often, the spring generation 465 

represented the largest peak, which comprised of 82, 38, and 54 % of the total catch in a season 466 

across the three years, respectively.  With the exception of the first generation peak in 2011, 467 

peaks of decreasing amplitude and resolution were observed in woods traps following the spring 468 

generation.   469 

 For each location in a year, we assessed the fit of the Weibull function to the cumulative 470 

percent catch within a generation to estimate accumulated degree-days at 10, 50, and 90% flight 471 

of the spring, first, and second generations (Table 2).  For third and subsequent generations, 472 

model convergence was not achieved.   473 

Landscape metrics.  474 
 Significant and non-significant linear relationships were observed between landscape 475 

metrics and field monitoring results.  Relative to trap catch, the strongest relationships were 476 

observed when data were filtered to include only blocks with peripheral presence of fruit wild 477 

grape vines (Table 3).  Particularly, trap catch data in the vineyard environment were positively 478 

and negatively related to wooded area and edge density, respectively, at each 100 m interval up 479 

to 400 m distance from the study block (P < 0.1).  The strongest relationships were with patch 480 

density at 100 m and 300 m and area at 200 m and 400 m.  481 

 Alternatively, whether or not blocks were filtered for presence of wild grapes, many 482 

significant relationships between landscape metrics and infestation were observed (Table 4).  In 483 

the absence of wild grapes, edge and patch density were positively related to infestation in both 484 

edge and interior sample locations, particularly during veraison.  Yet, the strongest relationships 485 

were observed when blocks were filtered for the presence of wild grapes.  In these cases, 486 

infestation during bloom and preharvest were positively related to edge and patch density for 487 

both edge and interior samples at 200 - 300 m and 100 - 200 m, respectively (Table 4). 488 

  489 

Discussion 490 
 Vineyard operators can use remote and field-based surveillance techniques to assess pest 491 

activity and inform management decisions.  In this study, the remote consumption of climate, 492 

landscape, and grower-assisted data demonstrated a collection of surveillance tools for assessing 493 

P. viteana at local and regional scales in Virginia. At times, reliability was an issue for remote 494 

data, including problems with relevant weather stations, dated map products, and inadequate 495 

grower reporting (Table 1) (Fig. 8).  However, the strength of the data is the depth of information 496 



merged from multiple sources over several spatial and temporal scales. Statewide, the trap 497 

monitoring and climate data were assembled to model the first three flights of P. viteana in 498 

Virginia, which showed peak (50%) emergence at 86, 465, and 1,090 degree-days °C 499 

accumulated from biofix, respectively (Table 2). Though we found station type was an important 500 

variable when considering degree-day accumulations, since AREC stations were cooler than 501 

CWS and AIR stations at the event of biofix (Fig. 5).  Thereafter, accumulations were not 502 

different among station types.  Locally, we assessed the relationship between wooded landscape 503 

and sex pheromone trap monitoring and vineyard infestation.  Edge and patch density appeared 504 

to drive the relationships with catch, which was most evident in vineyard monitoring traps 505 

(Tables 3, 4). While the same metrics were true for infestation, the relationships were poignantly 506 

different in the presence of peripheral wild grape and vineyard development stages.     507 

 Current pest management practices in Virginia target the generation infesting around 508 

bloom.  Unlike a focused management of P. viteana in the weeks following bloom, our research 509 

shows that overlapping activity of first generation moths, maturing first generation larvae, and 510 

newly hatched second generation larvae occurs at bloom.  Our research demonstrates a need to 511 

better understand the effects of spring generation larvae in the vineyard prior to and through 512 

bloom.  Larvae of the first generation reach maturity around bloom, yet are exposed and 513 

vulnerable to attack from ingested and contact insecticides in the several weeks preceding berry 514 

development.  Management of this pest may require addressing spring generation adults and or 515 

first generation larvae, in addition to traditional bloom-time management of second generation 516 

eggs and larvae. In the presence of peripheral wild grape vines, greater edge and patch densities 517 

related to increased levels of infestation at bloom is evidence for the early season invasion theory 518 

proposed by (Botero-Garces and Isaacs 2004). 519 

 Increased habitat fragmentation may host a larger area of overwintering areas for P. 520 

viteana, yet the relative availability of wild hosts to vineyard hosts may suggest the vineyard is a 521 

more attractive mating and oviposition environment.  The onset of bloom may be up to several 522 

weeks earlier on wild grape (Galet 1979), leading to a profusion of oviposition substrate relative 523 

to cultivated grape.  If wild vines are peripherally absent, then a higher density of flowering 524 

vines in vineyard interiors may attract deeper invasions from wild reservoirs or become more 525 

attractive to latent vineyard populations.  Populations may comingle between habitats when 526 

positively influenced by the presence of wild vines on the vineyard periphery.  At a greater scale 527 

the extent of wild vines in bloom among more patches may host greater areal populations.   528 

 The greater percentage of infested clusters at veraison suggests that management of 529 

spring, first and second generation P. viteana may be critical for keeping populations below 530 

damaging thresholds.  For veraison, we observed positive relationships between infestation and 531 

edge and patch density when peripheral wild grape vines were absent.  Even though a proximal 532 

source of invasion is not evident, surrounding habitats may support a population that exceeds 533 

wild food reservoirs and necessitates migrating to more optimum patches (Botero-Garcés and 534 

Isaacs 2004).  As wooded area increases, fewer edges exist where wild grape vines can establish, 535 

and increased homogeneity may dampen insect movement toward the vineyard.  Alternatively, as 536 

edge density increases, heterogeneity of the landscape increases wild grape vine habitat and may 537 

make corridors more attractive for moth movement among patches. 538 

 While it was not evident that P. viteana infestation was present in high levels near 539 

harvest, the threat of secondary infection by Botrytis rot is persistent from veraison to harvest in 540 

Virginia’s humid climate.  Though, we often observed secondary Botrytis infections following 541 

grape berry moth infestation in red-fruited varieties, such as Merlot and Cabernet Franc.  With 542 



optimum conditions for disease development and a high infesting population of P. viteana in the 543 

vineyard around harvest, conditions could be conducive to compounded losses from Botrytis.  544 

 Around the onset of commercial grape harvest, the influence of peripheral wild grape 545 

vine presence on infestation was most indicative from the positive effects of edge and patch 546 

density.  (Botero-Garcés and Isaacs 2004) suggested the abundance of wild grape berries may 547 

influence the insects’ need to distribute in the environment for optimal resource utilization.  The 548 

peripheral abundance of wild grape habitat from increased edge and patch densities might hold a 549 

larger wild population, which would lead to increased migration from high to low larval 550 

densities.  Though most late-season oviposition will result in diapausing larvae, eggs must be 551 

laid on substrate that will sustain larvae up to pupation. Through the season, from bloom up until 552 

about veraison, the wild grape food reservoir may be adequate to host a growing population of P. 553 

viteana.  However, as the season progresses, predation from birds, insects, and mammals, early 554 

ripening and possible fruit abortion may contribute to a loss of suitable oviposition substrate in 555 

the natural habitat.  In addition, habitat fragmentation may enhance migratory pathways from 556 

peripheral environments into the vineyard.  That infestation was lower preharvest than at 557 

veraison may be the result of a population based secession of diapausing larvae. 558 

 The dynamics between accumulated heat units and decreasing day length account for the 559 

variability of generations between different geographic locations, especially in comparison to 560 

states at higher latitudes.  In a study on a population from Erie, PA, (Nagarkatti et al. 2001) 561 

observed the initiation of diapause when day length was < 15 hours and 100% of individuals 562 

diapaused in photoperiods < 14 hours.  In the Great Lakes region, where early fall frosts occur, 563 

all eggs and neonates are expected to enter diapause at photoperiods < 14 hours (Nagarkatti et al. 564 

2001).  Based on the model, for Norfolk, VA, and Erie, PA, the expected final diapause dates are 565 

1 and 12 August, respectively.  (Timer et al. 2010) found that, in contrast to the Great Lakes, a 566 

12 hour photoperiod in southern states like Virginia and Texas would cause 75% of the 567 

population to enter diapause, while the other 25% continued to develop into adults.  As such, 568 

vineyards found in more northern latitudes may be exposed to P. viteana later in the season, yet 569 

the fewer generations may limit the occurrences of infestation.  Alternatively, in Virginia, 570 

numerous consecutive generations have the potential to cause damage through the several 571 

months of harvest, though only a fraction of the population will continue to infest.  In a 572 

concurrent study, we found a greater incidence of infestation at veraison than before harvest, 573 

while trap catch was rarely observed later than August. 574 

 By combining disease risk tools and insect surveillance techniques, growers may use a 575 

comprehensive picture of pest risk to better manage their crop.  Indeed, the development of a 576 

disease forecasting tool, which supplements the blog by (Nita 2013), can inform growers of a 577 

Botrytis infection risk and potentially compounded effects from P. viteana injury to berries.  578 

Unlike models based on a biofix defined as 50% flowering of Vitis riparia (University 2013a, 579 

University 2013b), a wild grape species not commonly found in Virginia (James 1969), we 580 

focused on an insect-centered biofix established from sex pheromone monitoring.  Our primary 581 

reason for addressing a different biofix was the diversity of wild grape species known to grow in 582 

Virginia.  Beyond the variants of hybridization, ten principal American Vitis species are known 583 

to occur naturally east of the Rockies, each with its unique physiological development 584 

characteristics (Galet 1979).  Seven of the ten Vitis species, V. aestivalis, V. cinerea, V. labrusca, 585 

V. pamata, V. rotundifolia, V. rupestris, and V. riparia, have been documented with variable 586 

distributions in Virginia (James 1969).  We believe that, due to the variable occurrence, or lack 587 

thereof, of multiple species of grape, growers should not initially rely on plant-based 588 



phenological cues for initiation of degree-days accumulations.  As such, variability of local 589 

landscapes mandates growers to survey insect activity relative to local plant development stages, 590 

such as wild and cultivated grape bloom. 591 

  592 

  593 

 594 

 595 

596 



 597 

 598 

 599 

600 

 601 
Figure 1: From the original description by Clemens (1860) to present day, the map (A) and 602 

graph (B) depict historical studies of Paralobesia viteana published in technical and refereed 603 

journals, where eastern temperate and northern forests dominate the ecological landscape 604 

(Agency 2010). 605 



 606 

Figure 2: Historical grape production in eastern United States from National Agricultural 607 

Statistics Service  data collected for 1979, 1989, 1999, and 2009 (Service 2013). 608 

609 



 610 

 611 

 612 

Figure 3: Proportion of total area of different landscape classes within a 1 km buffer around 613 

weather stations accessed in this study based on National Land Cover Database data from 2006 614 

(Fry et al. 2011).  Three different weather station types were sourced, including AREC: 615 

agricultural research experiment stations, AIR: regional airports, and CWS: citizen observers. 616 

617 



 618 

 619 

Figure 4: Map of Virginia denoting climate divisions and representative study sites for vineyard-620 

based sex pheromone monitoring of Paralobesia viteana and locations and types of weather 621 

stations used for degree-day modeling. 622 

623 
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Figure 5: Mean ± SE accumulated degree-days for Paralobesia viteana from 1 January in 2010 626 

across station type for the spring and first generations.  Columns within a generation with the 627 

same letter are not significantly different (P > 0.05).  628 

629 



 630 

 631 

Figure 6:  Mean ± SE accumulated degree-days at biofix for Paralobesia viteana across climate 632 

divisions in Virginia in 2010 and 2011.  Means followed with the same letter are not 633 

significantly different (P > 0.05). 634 

635 



 636 

637 

 638 

Figure 7: Mean Paralobesia viteana catch per week in vineyard and woods traps across the 639 

three years of study.640 



 641 

 642 

 643 

Figure 8: Percentage of participant reports per week across the duration of the sex pheromone 644 

trapping study for Paralobesia viteana. 645 

646 



 647 

Table  1.  Exploratory data for three years of study relative to vineyards sampled and weather 648 

stations accessed for degree-day modeling. 649 

Experimental parameters   Year of study   

Sex pheromone monitoring 2010 2011 2012 

 
Study blocks (n) 20 24 10 

 
Mean reporting percentage 55% 57% 73% 

 
Blocks (n) reported ≥ 75% to 1 July 9 15 8 

Cluster infestation (n blocks)       

 
Bloom 19 22 10 

 
Veraison 18 18 10 

 
Preharvest 5 15 8 

Degree-day modeling       

 
Clim divisions represented 5 of 6 5 of 6 4 of 6 

 
Weather stations sourced (n) 17 20 19 

 
AIR 7 7 8 

 
AREC 5 4 5 

 
CWS 5 9 6 

 
Block varietals * 

Ca, Ch, Tr, Cf, 

Cs, Me, Pv 

 Ca, Ch, Tr, Vi, 

Cf, Cs, Me 

Ch, Tr, Vb, Cf, 

Me, To, Sy 

Mean ±SE distance station to block 

(km)       

 
AIR 35.9 ± 6.4 32.5 ± 8.4   40.0 ± 13.1 

 
AREC   54.7 ± 12.7   48.4 ± 11.0   43.2 ± 15.9 

  CWS   8.0 ± 2.0   9.9 ± 1.6 16.6 ± 7.7 

 * Ca = Catawba, Ch = Chardonnay, Tr = Tramminnette, Vi = Viognier, Vb = Vidal Blanc, Cf = 650 

Cabernet Franc, Cs = Cabernet Sauvignon, Me = Merlot, Pv = Petit Verdot, To = Touriga, Sy = 651 

Syrah  652 



Table 2: Weibull model analyses for vineyards across the three years of study.  653 

Spring generation First generation Second generation

n 10% 50% 90% n 10% 50% 90% n 10% 50% 90%

2010 6 34 92 186 3 350 540 715 3 728 1103 1461 447 564

2011 12 33 81 171 10 260 455 668 11 768 1120 1447 373 665

2012 8 28 85 183 6 219 399 591 7 747 1047 1305 314 647

Mean ± SE 32 ± 2 86 ± 3 180 ± 4 276 ± 39 465 ± 41 658 ± 36 748 ± 12 1090 ± 22 1404 ± 50 378 ± 39 625 ± 31

95% CI 24 - 40 72 - 100 161 - 199 110 - 443 289 - 640 502 - 814 697 - 798 995 - 1185 1189 - 1619 213 - 544 491 - 760

Between 

spring and 

first peak

Between 

first and 

second peak

Accumulated degree-days

Year

654 
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Table 3: Linear regression statistics for the relationship between landscape metrics and sex 

pheromone trap catch of adult male Paralobesia viteana in vineyard environments where a) wild 

grape vines were absent in the wooded periphery or b) wild grape vines were present. 

a) Metric df F P r
2 Slope

100

Perimeter 1, 1 427.21 0.031 1.00 0.0403

500

Perimeter 1, 9 4.16 0.072 0.32 0.0076

b) Metric

100

Area 1, 14 7.69 0.015 0.35 -0.0027

Perimeter 1, 14 6.01 0.028 0.30 -0.0476

Edge density 1, 14 16.62 0.001 0.54 0.0764

Patch density 1, 14 17.03 0.001 0.55 6.8840

200

Area 1, 25 4.05 0.055 0.14 -0.0005

Edge density 1, 25 3.01 0.095 0.11 0.0462

300

Area 1, 28 9.26 0.005 0.25 -0.0003

Perimeter 1, 28 3.50 0.072 0.11 -0.0120

Edge density 1, 28 9.76 0.004 0.26 0.1045

Patch density 1, 28 11.05 0.003 0.28 20.9878

400

Area 1, 29 5.19 0.030 0.15 -0.0001

Edge density 1, 29 3.42 0.075 0.11 0.0545

Patch density 1, 29 4.34 0.046 0.13 11.6923

500

Area 1, 29 3.80 0.061 0.12 -0.0001
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Table 4: Linear regression statistics for the relationship between landscape metrics and vineyard 

infestation by Paralobesia viteana where a) wild grape vines were absent in the wooded periphery 

or b) wild grape vines were present. 
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a) Metric
Growth 

stage

Sample 

location
df F P r

2 Slope

100

Patch density Veraison Edge 1, 17 6.41 0.022 0.27 0.0232

200

Edge density Veraison Interior 1, 30 10.34 0.003 0.26 4.63E-05

Patch density Veraison Interior 1, 30 16.27 0.000 0.35 0.0058

300

Edge density Bloom Interior 1, 35 4.22 0.048 0.11 5.82E-05

Veraison Edge 1, 32 8.34 0.007 0.21 2.96E-04

Veraison Interior 1, 32 7.56 0.010 0.19 8.67E-05

Patch density Veraison Edge 1, 32 4.62 0.039 0.13 0.0492

Veraison Interior 1, 32 5.30 0.028 0.14 0.0159

400

Edge density Veraison Edge 1, 32 5.46 0.026 0.15 3.39E-04

Veraison Interior 1, 32 5.38 0.027 0.14 1.03E-04

b) Metric

100

Edge density Preharvest Edge 1, 15 6.40 0.023 0.30 3.29E-04

Preharvest Interior 1, 15 8.08 0.012 0.35 7.99E-05

Patch density Preharvest Edge 1, 15 13.46 0.002 0.47 0.0312

Preharvest Interior 1, 15 10.10 0.006 0.40 0.0065

200

Edge density Bloom Edge 1, 55 11.09 0.002 0.17 1.04E-04

Bloom Interior 1, 55 7.02 0.011 0.11 4.58E-05

Preharvest Edge 1, 35 16.25 0.000 0.32 3.19E-04

Preharvest Interior 1, 35 10.72 0.002 0.23 8.54E-05

Patch density Bloom Edge 1, 55 11.07 0.002 0.17 0.0187

Bloom Interior 1, 55 8.29 0.006 0.13 0.0089

Preharvest Edge 1, 35 15.33 0.000 0.30 0.0534

Preharvest Interior 1, 35 9.71 0.004 0.22 0.0140

300

Patch density Veraison Interior 1, 52 5.39 0.024 0.09 2.28E-05

Bloom Interior 1, 60 4.47 0.039 0.07 -6.58E-03

400

Patch density Bloom Interior 1, 61 4.37 0.041 0.07 -0.0053
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Objective 2.  Evaluate content of pheromone blends present in commercially available GBM lures. 

(This objective was published in the refereed journal Environmental Entomology, published by the 

Entomological Society of America.  A copy of this paper is attached to this final report.) 

 

 

 

Objective 3: Evaluate a more economic application rate for mating disruption for control of GRB. 

 

The objective was rendered moot by the widespread acceptance of the label rate of 100 pheromone 

dispensers per acre.  EPA approved a label for grape root borer mating disruption, supported by our research 

in this project.  Of the three commercial vineyards where we had placed 75 dispensers per acre, upon federal 

approval of this approach, two vineyards placed their whole acreage under disruption at the higher rate. 
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Blend Chemistry and Field Attraction of Commercial Sex Pheromone
Lures to Grape Berry Moth (Lepidoptera: Tortricidae), and a

Nontarget Tortricid in Vineyards

T. A. JORDAN,1,2 A. ZHANG,3 AND D. G. PFEIFFER1

Environ. Entomol. 42(3): 558Ð563 (2013); DOI: http://dx.doi.org/10.1603/EN13033

ABSTRACT Anecdotal reports by scientists and growers suggested commercial sex pheromone lures
were ineffective with monitoring Þeld populations of grape berry moth, Paralobesia viteana (Clem-
ens), in vineyards. This study addressed the need to evaluate commercial sex pheromone lures for
chemical purity and efÞcacy of attracting grape berry moth and a nontarget tortricid, the sumac moth,
Episumus argutanus (Clemens). The percentage of chemical components from a set of eight lures from
each manufacturer was found using gas chromatography-mass spectrometry and conÞrmed by chem-
ical standards. No lures adhered to the 9:1 blend of (Z)-9-dodecenyl acetate (Z9-12:Ac) to (Z)-11-
tetradecenyl acetate (Z11-14:Ac), though Suterra (9.1:1), ISCA (5.7:1), and Trécé (5.4:1) lures were
closest. The Trécé lures contained �98 �g Z9-12:Ac, which is 3Ð51 times more than the other lures.
The Suterra and ISCA lures were loaded with �29 and 33 �g Z9-12:Ac, and the Alpha Scents lures
only contained �2 �gZ9-12:Ac. An antagonistic impurity, (E)-9-tetradecenyl acetate (E9Ð12:Ac), was
found in all manufacturer lures at concentrations from 3.2 to 4.8%. Field attraction studies were done
in summer 2010, and again in 2011, to evaluate commercial lures for their potential to attract P. viteana
and E. argutanus in the presence of lures from other manufacturers. Separate experiments were
established in two vineyards in Augusta County, VA, one with open and the other with wooded
surroundings. In Þeld experiments, Suterra lures detected P. viteanamost often, Trécé lures detected
more E. argutanus, and ISCA lures detected P. viteana in the open vineyard the least, while Alpha
Scents lures were least attractive toE. argutanus in both environments. FewerP. viteanawere captured
in the wooded versus open vineyard, which may limit the potential for sex pheromone monitoring of
P. viteana in wooded vineyards.

KEY WORDS pest management, nontarget species, sampling, logistic regression

The grape berry moth, Paralobesia viteana (Clemens)
(Lepidoptera: Tortricidae), is a principal insect pest of
grapes throughout the central and northeastern re-
gions of North America (Dennehy et al. 1990). Vine-
yards with historical P. viteana problems and those in
close proximity to woods, where wild grapevines are
prevalent, are considered at high risk of infestation
(Hoffman et al. 1992, BoteroÐGarcés and Isaacs 2004).
In Virginia, the spring generation of overwintering P.
viteana moths emerges from early April through May
and deposit eggs on emerging foliage of wild and
cultivated grape. First generation larvae feed on foli-
age, ßowers, and developing fruit from May through
June. Later generations of larvae tunnel into the berry,
typically consuming the ßesh of a single to several
adjacent berries before pupating.

The key period for control of P. viteana in the
mid-Atlantic United States is just before bloom until

the development of pea-sized berries, speciÞcally tar-
geting Þrst and second generation eggs and larvae.
Recent studies have shown that the sole dependence
on vineyard growth stage timing may be inadequate
for management of P. viteana because phenology var-
ies among cultivars, years, and geographic location
(Tobin et al. 2001, Timer et al. 2010). Further, use
patterns of modern insecticides, such as insect growth
regulators (IGRs), depend on the seasonality of P.
viteana (Isaacs et al. 2005, Teixeira et al. 2009). Thus,
there is a need for reliable tools for scouting and
predicting P. viteana infestations in vineyards for pest
management purposes. The use of sex pheromone
traps, grape cluster evaluation, and accumulated de-
gree-days can improve the timing of insecticide sprays
(Isaacs et al. 2005). In addition, reduced-spray pro-
grams may lead to reduced impact on natural enemies
and greater levels of predation and parasitism of P.
viteana (Williamson and Johnson 2005).

Grape berry moth monitoring traps are baited with
artiÞcial lures containing a synthetic sex pheromone
Z-9-dodecenyl acetate (Z9-12:Ac) (Roelofs et al.
1971). Male moths are attracted to the traps where
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they are captured and identiÞed for monitoring pur-
poses (Hoffman and Dennehy 1989). Various formu-
lations have been developed for sex pheromone mon-
itoring and mating disruption applications (Trimble
2007). Traditionally, lures were baited with the pri-
mary component (Z9-12:Ac), alone or as a binary
blend withZ11-14:Ac (Taschenberg and Roelofs 1976,
Jubb 1973). When compared with a single component
lure, Witzgall et al. (2000) found greater male attrac-
tion to binary component lures with the addition of
Z-11-tetradecenyl acetate (Z11-14:Ac) in component
ratios of 1:5 and 1:20 ofZ11-14:Ac toZ9-12:Ac. Current
formulations in commercial lures and mating disrup-
tion have been reported as a 9:1 blend of Z9-12:Ac to
Z11-14:Ac, although the actual sex pheromone load
varies among different manufacturers and applica-
tions (Jenkins and Isaacs 2008, Teixeira et al. 2010).

The tortricid moth, Episimus argutanus (Clemens)
(Lepidoptera: Tortricidae), is similar in size and ap-
pearance to P. viteana and is active around the same
time of year (Danko and Jubb 1983). Although the sex
pheromone for E. argutanus has not been identiÞed
yet, this species was captured in the traps baited
with Z9-12:Ac, the major component of P. viteana, in
Þeld tests conducted in Pennsylvania (Jubb 1973,
Danko and Jubb 1983). Nontarget species, speciÞcally
E. argutanus, attracted to sex pheromone traps poten-
tially result in misidentiÞcation of P. viteana and re-
duction of catch potential on sticky inserts (Roelofs et
al. 1971).

This study was designed to determine how closely
the available commercial sex pheromone lures ad-
hered to the reported pheromone binary chemistry
ratio and the corresponding Þeld attraction of P. vi-
teana and E. argutanus to these different lures under
Þeld conditions. This information should prove im-
mediately applicable to lure manufacturers and vine-
yard operators invested in sex pheromone monitoring
to manage P. viteana.

Materials and Methods

Laboratory Validation.Grape berry moth sex pher-
omone lures from four manufacturers, including Al-
pha Scents, Inc. (West Linn, OR), ISCA Technologies
(Riverside, CA), Suterra (Bend, OR), and Trécé, Inc.
(Adair, OK), were compared with validate quality and
purity of the blend with respect to the reported 9:1
ratio of Z9-12:Ac to Z11-14:Ac. An Agilent 6890 gas
chromatography coupled to an Agilent 5973 Mass Se-
lective Detector (GC-MS) equipped with an auto
sampler and a 60-m by 0.25-mm ID, 0.25-�m Þlm-
thickness DB-5MS (J&W ScientiÞc Inc., Folsom, CA)
capillary column in the splitless mode with helium (1.4
ml/min) as carrier was used for quantitative analysis.
A 70 eV electron beam was used for sample ionization.
The oven temperature was programmed at 40�C for 2
min, then heated to 280�C at 10�C /min and held for
10 min.

The percentage and concentrations of chemical
components was determined from a set of eight lures
from each manufacturer by comparison to a synthetic

compound, Z9-12:Ac (10 ng/�l in hexane) with �95%
purity (Bedoukian, Danbury, CT), as external stan-
dard. No standard comparison was made to Z11-14:Ac
or E9Ð12:Ac, which might affect accurate determina-
tion of ratio and concentration of those components.
Lures from each manufacturer used in purity and Þeld
efÞcacy evaluations were from one production batch
to replicate a single order used by a single vineyard
operator. Lures were analyzed directly after removing
them from their original packaging, which were stored
in a freezer after arriving at laboratory.

Three lures from each manufacture were placed
individually into 20 ml brown glass vials and soaked
overnight with 10 ml hexane with cap closed at room
temperature before analysis. Each sample was in-
jected three times into GC-MS using an automatic
sampler, and ratios and amounts were averaged. One
lure from each manufacturer was re-extracted with 10
mlhexaneafteroriginal extractionand themajorpher-
omone component, Z9-12:Ac, was undetectable under
same GC-MS conditions.
Sex Pheromone Trapping Study. Field attraction

studies were conducted over 2 yr from June through
September in 2010 and 2011 using traps baited with sex
pheromone lures from the lure manufacturers to eval-
uate their potential to attract P. viteana and E. arguta-
nus in the presence of competing lures. The experi-
ment was conducted in two ÔConcordÕ grape vineyards
situated �4 km apart in Augusta County, VA. Vine-
yards were trellised using Geneva double curtain with
2 m vine spacing and 3 m row spacing. Although the
vineyards were approximately the same size, the
vineyard environments differed between the open
(38.0346, �78.9876) and wooded (38.0650, �78.9686)
vineyard setting. The wooded vineyard setting was
surrounded by a continuous block of woods on three
of four edges, while no edges around the open vine-
yard were exposed to woods.

In May of each study year, new, large plastic delta
(LPD) traps (Alpha Scents, Inc.) were installed with
No-Mess Sticky Card inserts (Alpha Scents, Inc.). Each
experiment consisted of four replicated trap stations
per vineyard that were observed over the course of 8
wk. A single trap station consisted of four white LPD
traps hung at 1.5Ð2 m on the trellis wire deployed 2 m
apart in a square grid with all traps facing the same
row-middle. Traps within a station were spaced 2 m
apart for the purpose of evaluating competitive at-
traction. Trap counts of P. viteana and E. argutanus
were made during weekly check periods, after which
the position of the trap and its corresponding lure was
randomly reassigned to one of the four grid vertices.
Two separate sets of sex pheromone lures were de-
ployed in traps and were replaced every 4 wk in the
Þrst and second year of study. Sticky liners were re-
placed every 2 wk.
Statistical Analysis. For each Þeld experiment, the

dependent variable of counts of P. viteana and E.
argutanus catch per week were transformed to a bi-
nomial response (1: positive catch, 0: no catch) and
analyzed using nominal logistic regression (JMP 8,
SAS Institute 2008), and odds-ratio tests were used to
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determine differences among lure manufacturers (P�
0.05, unless otherwise noted). While each Þeld exper-
iment (location) was analyzed separately, each model
was constructed with main effects of year, check pe-
riod, and lure. If year was a not signiÞcant main effect,
then data were pooled across years. The data violated
the normality and homogeneity assumptions of the
analysis of variance (ANOVA). In addition, no trans-
formations achieved to satisfy the assumptions of
ANOVA.

Results

LaboratoryValidation.Three components were ob-
served in each of the lures, while Z9-12:Ac is consid-
ered the primary chemical attractant (Fig. 1). The
Trécé lures contained 3Ð51 times more than the other
lures (Fig. 2). The Suterra and ISCA lures were loaded
with �29 and 33 �g Z9-12:Ac, and the Alpha Scents
lures only contained �2 �g Z9-12:Ac (Fig. 2). The
percentages of the minor component (Z11-14:Ac) and
the antagonist impurity (E9Ð12:Ac) varied with each

manufacturer. The range of the antagonist compo-
nent, E9Ð12:Ac, was within 3.2Ð4.8% of the major sex
pheromone component Z9-12:Ac, which did not ex-
ceed the 7.6% antagonist threshold as indicated by
Taschenberg et al. (1974).
Sex Pheromone Trapping Study. Separate trapping

experiments were conducted in an open and wooded
vineyard environment to monitor the effect of lure
manufacturer on weekly sex pheromone trap catch of
P. viteana and E. argutanus. Fewer P. viteana were
captured in the wooded vineyard (year 1 � 1; year 2 �
81) than in the open (year 1: 49; year 2 � 281). Year
was a signiÞcant source of variation for catch proba-
bility of P. viteana in the open vineyard but not in the
wooded vineyard (�2 � 12.06, df � 1, P � 0.01; �2 �
0.00, df � 1, P � 0.05). In the wooded vineyard, the
single catch of P. viteana in the Þrst year contributed
to an unstable estimation of variation of the year ef-
fect. As such, data in the wooded vineyard were not
pooledacrossyearsof study.Alternatively, therewasno
signiÞcant variation between the Þrst and second year of
study for catch probability of E. argutanus in either the
open or wooded vineyard environment (�2 � 0.06, df �
1; P � 0.05; �2 � 0.17; df � 1; P � 0.05).

In the open vineyard, manufacturer was a signiÞ-
cant source of variation in P. viteana catch probability
(year 1: �2 � 12.03, df � 3, P� 0.01; year 2: �2 � 8.02,
df � 3, P � 0.05). P. viteana were least abundant in
ISCA and Trécé traps in the Þrst year of study, while
ISCA traps were least attractive in the second year
(Fig. 3). Suterra traps were more than Þve times more
likely than ISCA to catch P. viteana in the open vine-
yard over both years (Table 1). In the wooded vine-
yard, manufacturer was a signiÞcant source of varia-
tion in P. viteana catch probability in the second year
(�2 � 48.63; df � 3; P � 0.0001) (Fig. 3). In the Þrst
year, statistical comparison was not made on manu-
facturer because only one male was captured.

In the open vineyard, manufacturer was a signiÞ-
cant source of variation in E. argutanus catch proba-
bility (�2 � 37.59; df � 3; P� 0.0001). In the wooded

Fig. 1. Percentage chemical components of grape berry
moth sex pheromone in commercial lures, compared with
expected 9:1 ratio noted by dashed lines.

Fig. 2. Amount of grape berry moth sex pheromone (�g)
loaded per lure, from four manufacturers.

Fig. 3. Paralobesia viteana mean (�SEM) catch per
week in an open and wooded vineyard environment.
Within groups, bar means with same letter not signiÞcantly
different (Logistic regression, odds ratio, P � 0.05; * odds
ratio, P � 0.1).
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vineyard, manufacturer was a signiÞcant source of
variation inE. argutanus catch probability (�2 � 49.06;
df � 3; P � 0.0001). In both vineyard environments,
Trécé lures were �14 times more likely than Alpha
Scents lures to catch E. argutanus, and ISCA and Su-
terra lures were more than Þve times more likely than
Alpha Scents to catch E. argutanus (Fig. 4; Table 1).

Discussion

Since the identiÞcation of the sex pheromone of P.
viteana, the attraction of the primary component in
the female P. viteana sex pheromone has been evalu-
ated (Taschenberg et al. 1974, Taschenberg and Ro-
elofs 1977). Later the sex pheromone was applied in
studies to develop effective mating disruption strate-
gies (Danko and Jubb 1983), monitor adult males in
vineyards (Hoffman and Dennehy 1989, Hoffman et
al. 1992), and relate sex pheromone trap catch to grape

berry moth phenology (Tobin et al. 2001). The pres-
ence of an antagonist in the lure blend may depress
attraction of P. viteana (Witzgall et al. 2000), while the
concentration of sex pheromones loaded on lures may
affect the response of nontarget and target species in
general (Baker et al. 1981). In this study, a ternary
chemical blend consisting of a primary attractant, syn-
ergist, and an antagonist was found in all P. viteana
commercial lures, while sex pheromone load and the
E/Z ratio varied among compounds and manufacturer
(Figs. 1 and 2).

Witzgall et al. (2000) used female abdomen extracts
from P. viteana to determine that E9Ð12:Ac was never
�0.03% of the primary component. Taschenberg et al.
(1974) reported signiÞcant reductions in trap attrac-
tion of when the E isomer exceeded 7.6% of the pri-
mary component. The European tortricid pest of
grapes, Eupoecilia ambiguella Hubner, is attracted to
lures baited with Z9:12Ac and the E isomer. When
traps were baited with a binary blend of the E isomer
at Þve and 20% of Z9-12:Ac, catch was not diminished
compared with the primary attractant alone (Arn et al.
1986). Our results indicated that the major sex pher-
omone component of P. viteana, Z9-12:Ac, may be
responsible for attraction of E. argutanus and activity
is proportional to the loading of Z9-12:Ac. In a binary
blend, as little as 0.2% E9Ð12:Ac of the primary at-
tractant reduced catch, and the addition of synergists
masked suppression at 10 and 20% E isomer (Knight
2002). Future studies should compare the attraction of
P. viteana to binary and multiple component blends
and whether some proportion of a synergist can mask
the suppression from the antagonist.

The presence of the E isomer in all lures indicates
an inability to achieve or maintain purity in the man-
ufacturing or storage process. Although technical
grade synthetic sex pheromones are used to load lures,
the compound standards for Z9-12:Ac and Z11-14:Ac
were rated with a 95% minimum purity (Bedoukian
Research, Inc., Danbury, CT). The shelf life of tech-
nical grade chemicals and packaged lures is about 5
and 2 yr, respectively (A.Z., unpublished data). In
addition, lure Þeld longevity is subjectively rated as
anywhere between 4 to 8 wk, depending on manu-
facturer and environmental conditions. Whether E9Ð
12:Ac is inherent in technical grade Z9-12:Ac or
isomerization occurs at some point before the end-use
of lures, contamination has the potential to lessen the
attraction of these products to target insects.

In this study, E9Ð12:Ac did not exceed 5% of Z9-
12:Ac in lures from any manufacturer. Suterra lures
deviated least from the expected 9:1 blend, and catch
of P. viteana by Suterra baited traps outperformed
other lures in both vineyard environments. Although
Trécé lures contained the highest loading (98 �g Z9-
12:Ac), Suterra (33 �g Z9-12:Ac) was the best lure for
attraction of P. viteana, indicating that male P. viteana
are highly sensitive to sex pheromone concentration.
This observation of relatively high concentration of
sex pheromone to suppress trap capture was in coin-
cidence with results reported by Taschenberg et al.

Table 1. Pheromone lure comparisons (logistic regression,
odds ratio: P < 0.05 unless otherwise noted) for annual catch of P.
viteana and pooled catch of E. argutanus in an open and wooded
vineyard environment

Insect Location Period Lure ratio Odds ratio

P. viteana Open 2010 S: T 3.2
S: I 7.7

2011 S: I 5.1
Wooded 2011 S: T 3.9a

S: A 7.4
E. argutanus Open Pooled I: A 6.4

S: A 5.2
T: A 14.1
T: S 2.7

Wooded Pooled I: A 5.0
S: A 6.8
T: A 17.3
T: I 3.4
T: S 2.5

Lure manufacturer symbolized by A (Alpha Scents), I (ISCA), S
(Suterra), and T (Trécé). Data in this table indicate signiÞcant effects.
a P � 0.067.

Fig. 4. Pooled over both study years, Episimus argutanus
mean (�SEM) catch per week in an open and wooded
vineyard environment. Within groups, bar means with same
letter not signiÞcantly different (Logistic regression; odds-
ratio; P � 0.05).
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(1974), although differences in component ratios in
this study may play a more important role.

The higher attractive activity of Suterra toP. viteana
than ISCA and Alpha Scents can be interpreted as the
different amount of the sex pheromone synergist,Z11-
14:Ac in the lures. The Suterra lures contained only
�10% Z11-14:Ac, while the ISCA and Alpha Scents
lures were loaded with �14 and 22%Z11-14:Ac. While
Witzgall et al. (2000) observed increased attraction to
lures containing a 5:1 ratio or greater, the difference
in detection between Suterra lures and ISCA and
Trécé indicates that a 9:1 ratio may enhance attraction,
which is congruent with the activation threshold hy-
pothesis proposed by Roelofs (1978). Future studies
should address this phenomenon by systematically
controlling ratios and concentrations of the three
compounds to further elucidate effects on attraction.

In addition, gray septa used by ISCA might have
effects on emission rate of some sex pheromone com-
ponents and impurity from the lures when compared
with red septa used by other manufactures. In an
orchard experiment using the codling moth, Cydia
pomonella(L.), sex pheromone to compare red rubber
and gray elastomer septa, Knight (2002) found in-
creased isomerization of the primary lure component
in gray elastomer septa, which led to contamination of
products and decreased longevity throughout the Þeld
utilization period of lures. Upon immediate use, ISCA
lures contained the least E9Ð12:Ac relative to the
primary component. In this respect, the effect of en-
vironmental exposure on the emission of sex phero-
mones from Þeld-aged P. viteana lures should be ex-
amined.

The relative abundance of E. argutanus catch in
ISCA, Suterra, and Trécé baited traps has several im-
plications for monitoring of P. viteana. First, the like-
lihood of misidentiÞcation increases with monitoring
personnel not adept at keying target species. This
phenomenon may be further enhanced when trap
liners are inundated with nontarget species, particu-
larly E. argutanus¸ that appear similar in size and ap-
pearance. To maintain liner integrity, personnel must
change liners more frequently when liners are inun-
dated with nontarget specimens.

This research has implications for management of P.
viteana because sex pheromone monitoring can be
used to detect emergence of the spring and successive
generations of male moths. Across both study years,
the open vineyard (n� 330) captured �70% more P.
viteana than traps in the wooded setting (n � 92).
Vineyard wooded borders may contain concentra-
tions of wild grape and poison oak, hosts of P. viteana
and E. argutanus, respectively. However, in this study
wild hosts were abundant around the wooded vine-
yard and few to none in the open surroundings. The
abundance of wild grapevines in Þeld margins may
serve as a preferred reservoir of the emerging P. vi-
teana spring generation until cultivated grape plant
volatiles elicit movement into the vineyard. If a pre-
dominance of the spring generation of moths emerge
in wooded borders (BoteroÐGarcés and Isaacs 2003),

then male and female moths may be more difÞcult to
detect when traps are placed in the vineyard.
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