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Surveillance of grape berry moth, Paralobesia viteana Clemens (Lepidoptera: Tortricidae), 

in Virginia vineyards 

 by 
 

Timothy Augustus Jordan 
 
 

ABSTRACT 
 
My research addressed pheromone lure design and the activity of the grape berry moth, 
Paralobesia viteana, flight and infestation across three years of study.  In my lure evaluations, I 
found all commercial lures contained impurities and inconsistencies that have implications for 
management.  First, sex pheromone concentration in lures affected both target and non-target 
attraction to traps, while the blend of sex pheromones impacted attraction to P. viteana.  Second, 
over the duration of study, 54 vineyard blocks were sampled for the pest in and around cultivated 
wine grape in Virginia.  The trapping studies indicated earliest and sustained emergence of the 
spring generation in sex pheromone traps placed in a wooded periphery.  Later, moths were 
detected most often in the vineyard, which indicated that P. viteana emerged and aggregated in 
woods prior to flying and egg-laying in vineyards.  My research supports use of woods and 
vineyard trap monitoring at both the height of 2 meters and in the periphery of respective 
environments.  These conditions should improve grower efficiency when using trapping as a 
tool.  Cluster infestation was assessed relative to vineyard growth stage and location in the 
vineyard.  My results are in agreement with historical studies that suggest infestation is highest in 
the periphery of vineyards.  However, I found that infestation peaked at veraison before falling 
somewhat around pre-harvest. This indicated that growers should manage this pest prior to 
veraison, perhaps as early as budbreak, to prevent the insect from reaching damaging levels 
when the crop is more susceptible to loss. Lastly, by combining field-based data collection with 
remote climate and landscape monitoring, growers can achieve a greater level of surveillance of 
P. viteana.  A mash up of remote and vineyard-based data can provide substantive pertinent 
information for management at both local and regional scales.  If one grower identifies moth 
emergence, then growers nearby potentially can use that same information to initiate models to 
monitor development of the moth population in their own vineyard.  This research complements 
the notion that the more a community shares information, the broader its applicability becomes 
to neighbors.  
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Chapter 1 

Introduction 

 

 The native habitat of the North American grape berry moth, Paralobesia viteana 

(Clemens) (Lepidoptera: Tortricidae), is temperate deciduous and coniferous forests found 

throughout cultivated and natural landscapes east of the Mississippi.  In 1869, a frontier 

entomologist, C. V. Riley, documented the first report of damage to cultivated grape (Vitis spp.) 

in Missouri (Walsh and Riley 1869).  Slingerland (1904) later distinguished the American grape 

berry moth from the European grape vine moth, Lobesia botrana (Lepidoptera: Tortricidae), 

based on accounts of the moth pupating in leaves, unlike its European counterpart that pupated 

on vine trunks or trellis posts.  Recent literature on the ecology of the insect has focused on 

spatiotemporal dynamics of grape berry moth, specifically how phenology and landscapes 

surrounding vineyards vary at both local and regional scales and how these factors affect 

management of the pest.  The presence of wild grape increases the complexity of managing 

grape berry moth, yet only a few studies have addressed the relationship of peripheral habitat and 

P. viteana incidence and damage in vineyards (Hoffman and Dennehy 1989, Pfeiffer et al. 1990, 

Botero-Garcés and Isaacs 2004).  

Although this microlepidopteran moth is found throughout much of the Vitis spp. host 

range in the eastern U. S., injury to grape was documented in greatest amplitude in vineyard 

edges and fruiting wild grapevines (Garlick 1935).  Wild grapevines are found around vineyards 

in tree rows, hedgerows, and forested areas.  The geographical extent of P. viteana host habitat is 

variable and is much a response to management and disturbance at local and regional scales.  To 
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understand the ecology and behavior of the moth in cultivated and wild environs, we must 

consider its host distribution, abundance, and diversity across landscapes. 

Beyond the variants of hybridization, ten principal American Vitis species are known to 

occur naturally east of the Rockies (Galet 1979).  Seven of the ten Vitis species, V. aestivalis, V. 

cinerea, V. labrusca, V. pamata, V. rotundifolia, V. rupestris, and V. riparia, have been 

documented with variable distributions in Virginia (James 1969).  Limited research has reported 

on the importance of the heterogeneity and complexity of vineyard surroundings on the 

incidence of P. viteana in vineyards (Hoffman and Dennehy 1989, Botero-Garcés and Isaacs 

2003, Botero-Garcés and Isaacs 2004, Jenkins and Isaacs 2007).  We are in need of a better 

understanding of how wild grape presence and proximity influences insect activity in and around 

vineyards. 

The American grape berry moth has posed a risk to grape growers throughout the eastern 

U.S. for over a century.  Therefore it was important that research be done to evaluate the 

relationship between the spatiotemporal development and infestation of P. viteana in Virginia 

vineyards.  By integrating spatiotemporal analyses using geographic information systems (GIS), 

scientists can adapt qualitative and quantitative facets of the environment, biology, and ecology 

(Turner and Gardner 1990, Haines-Young et al. 1993) and risk assessment (Landis 2004) to P. 

viteana activity in vineyards.  My research objectives were to develop practical assessment tools 

for surveillance of P. viteana in vineyards. This project joins attributes of grape and insect 

development, climate data, and stakeholder efforts to improve grape berry moth management.
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Chapter 2 

Literature review 

 

2.1. Profile of grape berry moth 

The current epithet and species name for the North American grape berry moth is 

Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae).  The moth was referred to as 

Endopiza viteana in the last few decades.  However, taxonomists first described the insect as 

Polychrosis viteana in 1860, which was considered the same species as the European grape vine 

moth, Lobesia botrana (Denis and Schiffermüller).  Slingerland (1904) reclassified the two by 

their distinctive habits of pupation and feeding.  He observed that the North American grape 

berry moth pupated on leaves and was considered a specialist on Vitis while the latter pupated on 

woody substrata and was somewhat polyphagous (Slingerland 1904). 

The North American grape berry moth is a specialist herbivore of grape, using the 

flowers and fruit as oviposition and development substrate.  The larvae unlike few other grape 

pests, cause direct injury to grape by consuming buds, flowers and developing fruit.  Injured 

berries from larval feeding by the European grape vine moth increases the likelihood of berry 

infestation by Botrytis cinerea, causal agent for a damaging fruit disease, typically resulting in 

aborted fruit and secondary outbreaks of mold in adjacent clusters (Schruft 1983, Fermaud and 

LeMenn 1989, Fermaud and Le Menn 1992).   

 

2.1.1 Description of life stages.   

 The original description of P. viteana life stages of the adult, larva, chrysalis (pupa) and 

egg was made by Riley (1869) following the first extensive report of damage in a Missouri 
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vineyard.  The grape berry moth is a small moth averaging about 0.5 cm in length, not more than 

2-3 mm wide, and slightly less than 1 cm in wingspan (Fig. 2.1).  The moth can be recognized 

from other torticids by the blue-gray patch on the basal part of its forewings.  Blue-gray scales 

may then terminate in the basal patch or may blend with brown and light, silvery scales that 

extend in a band from the costal margin to the posterior margin of the forewing.  Beyond this 

middle band, the posterior portion of the forewing is marked with mottled, dark and light brown 

patches of scales often with dark brown patches forming oval and circular spots among the 

mottled patches.   

 The female moth is slightly larger than the male (1-2 mm) and can be discerned by a 

broader abdomen with an evident, genital opening at the terminal end.  This is in contrast to the 

male that is slightly smaller and displays a tuft at the terminal end of the abdomen bearing 

downy claspers.  Mature larvae (4th instars) average about 1 cm in length with characteristic 

colors ranging from dark, shiny, or a translucent purplish-green.  The pupae are typically shorter 

than the average adult length and the color is variable from a light golden hue to a dark brown, 

often with dark eye spots and sometimes with the distinct blue-gray patch distinguishing the 

basal portion of the developing wing (Fig. 2.2).  Eggs are semitransparent and disc-shaped 

ranging from 0.6 to 0.9 mm in diameter, have a slightly domed surface and are grayish white in 

color, turning a clear white after eclosion (Fig. 2.3) (Slingerland 1904). 
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Figure 2.1.  Adult male moth of Paralobesia viteana trapped on sticky liner insert of plastic 

delta trap. Image taken by study participant to verify moth (3 May 2011) 

 

 

 

Figure 2.2.  Pupa of Paralobesia viteana removed from silken sack on Vitis rachis. 
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Figure 2.3.  Black arrow indicating developing egg before hatch of Paralobesia viteana on 

Marquis grape at veraison (30 July 2013). 

 

Much like tortricid pests of apple, P. viteana exhibits a slight, but distinguishable 

tendency of protandry. The first to emerge from overwintering pupae are males (Chapman and 

Lienk 1971, Tobin et al. 2002).  In Virginia, females of the first flight emerge from overwintered 

pupae prior to bloom, and after mating, will lay eggs on apical leaves just unfolding from the 

emerging shoot tip or on cluster florets.  The eggs are difficult to discern on young, pubescent 

shoots, but empty egg shells may be found in close proximity to the point of larval infestation.  

The first generation larvae emerge from eggs after four to eight days and begin feeding on the 

tender, young shoots or developing clusters (Fig. 2.4).  After eclosion from the egg, development 

into an adult occurs in 3 to 4 weeks.  Feeding commences for about 2 weeks, then mature larvae 

pupate in leaves by cutting out a crescent shaped section in the interior of a leaf and wrapping it 

over for protection. 
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Figure 2.4.  Black arrow indicating mature larva of Paralobesia viteana on Cabernet Sauvignon 

grape at fruit set post-bloom (6 June 2011). 

 

 The first generation adult moths emerge seven to ten days after pupating and restart the 

reproductive cycle, making up the second flight.  The moths in the second flight follow the same 

general habits of the first flight, with the exception that the available oviposition substrate has 

developed post-bloom to include small berries on which females will lay eggs singly or several 

per berry.  Following emergence, the second generation larvae will tunnel into berries that are 

larger than 2 to 3 mm (Fig. 2.3) by searching out entrance points where the berry attaches to the 

stem, between points where grape skins touch, or in other locations on the grape skin that have 

been marred by injury.  The larvae will channel beneath the berry surfaces consuming pulp and 

the interior of seeds, often causing a red-purple discoloration beneath the berry skin that starts 

from the bore entrance and continues throughout the length of the channeling.  As the larvae 

mature, they will tunnel into adjacent berries when the initial berry loses moisture or begins to 

mold and rot, often forming webbed tunnels between berries.   
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Figure 2.5.  Three Paralobesia viteana male moths trapped on sticky liner inserted in a plastic 

delta trap (5 May 2009). 

 

While young larvae spend most of their time feeding inside of the berry, larvae nearing 

maturation typically spend their time in the webbing between berries, only entering adjacent 

berries to feed.  The second generation larvae enter pupation and emerge as adults to form the 

third flight, repeating the reproductive cycle with second generation adults laying third 

generation eggs that may or may not complete development, potentially leading to the fourth 

flight and eventual fourth generation eggs.  The occurrence of second, third, fourth, and even 

fifth generation adults has been reported throughout the range of the moth, predicted to increase 

from north to south based on season-long degree-day accumulation (Tobin et al. 2003), while 

decreasing photoperiod delays the onset of diapause induction in southern latitudes (Nagarkatti et 

al. 2001).   
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2.1.2. Phenology and biology 

The number of generations across the range of Paralobesia viteana is dependent upon 

regional climate and weather conditions, ranging from one complete generation first observed by 

Johnson and Hammar (1912) in New York, to two or three per year in Pennsylvania (Hoffman et 

al. 1992), and potentially four or more in southern regions like Missouri and Virginia (Pfeiffer 

and Wolf 1990, Tobin et al. 2003). 

The phenology of P. viteana has been noted by several authors in grape growing regions 

through the its range (Gleissner and Worthley 1941, Biever and Hostetter 1989, Hoffman and 

Dennehy 1989, Pfeiffer et al. 1990, Pfeiffer and Wolf 1990, Hoffman et al. 1992, Martinson et 

al. 1994, Tobin et al. 2003, Tobin et al. 2008, Teixeira et al. 2009).  Most studies have monitored 

field-level movement and dispersal of P. viteana in vineyard landscapes using pheromone 

trapping of adult males (Fig. 2.5) and or grape cluster inspection for larvae in wild and vineyard 

habitats (Taschenberg and Roelofs 1977, Hoffman and Dennehy 1989, Pfeiffer et al. 1990, 

Botero-Garcés and Isaacs 2003).   Initially, pheromone traps were baited with the compound 

(Z)-9-dodecenyl acetate (Z9-12Ac), a synthesized component of the female sex pheromone 

identified by Roelofs et al. (1971).  Later the pheromone was applied in studies to develop 

effective mating disruption strategies (Taschenberg et al. 1974a, Taschenberg and Roelofs 1977), 

monitor adult males in vineyards (Danko and Jubb 1983), and relate pheromone trap catch to P. 

viteana phenology (Biever and Hostetter 1989, Hoffman and Dennehy 1989, Pfeiffer and Wolf 

1990, Hoffman et al. 1992, Martinson et al. 1994, Tobin et al. 2003).  Current research with 

pheromone trapping and mating disruption uses a blend of (Z)-9-dodecenyl acetate to (Z)-11 

tetradecenyl acetate, which was found to be more attractive to adult males than (Z)-9-dodecenyl 

acetate alone (Witzgall et al. 2000).   
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Researchers evaluated the female sex pheromone and identified a main component and 

eight compounds that act as synergists, antagonists or serve as precursors to the primary 

pheromone.  These compounds, in order of decreasing percent composition, were (Z)-9-

dodecenyl acetate, (Z)-11 tetradecenyl acetate, dodecyl acetate, tetradecyl acetate, (Z)-9-

dodecenol, (E)- 11 tetradecenyl acetate, hexadecanol, dodecanol, and tetradecanol (Witzgall et 

al. 2000).  Furthermore, in field studies, traps baited with 9:1 and 5:1 ratios of (Z)-9-dodecenyl 

acetate to (Z)-11 tetradecenyl acetate were significantly more attractive to male moths than traps 

baited singularly with the main component, the isomer of (Z)-11 tetradecenyl acetate or other 

active components.   

Anecdotal reports by professionals who have used sex pheromone lures for monitoring P. 

viteana have suggested that commercial lures were not adequate for detecting the presence of 

adults in vineyards.  As a result, a study was needed to test whether the commercial lures 

adhered to pheromone blend designs that were reportedly more attractive (Jordan et al. 2013).  If, 

for example, a lure contained Z9-12Ac (the primary attractant) and E9-12Ac (an antagonist of 

Z9-12Ac), but not Z11-14Ac (a synergist of Z9-12Ac), the efficacy of the lure attraction was 

dramatically reduced (Witzgall et al. 2000).   

While the reproductive biology of the P. viteana has not been extensively studied, studies 

on the European grape vine moth are more prevalent .  Nonetheless, little is known for either 

species about the timing of maximum pheromone release, mating or oviposition.  Witzgall et al. 

(2000) extracted pheromone from calling, female P. viteana reproductive glands when they were 

2- to 3- days-old and collected approximately 1.2 ng of pheromone from each gland.  Clark and 

Dennehy (1988) revealed that maximum oviposition occurred one hour before and after 
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scotophase and that P. viteana oviposited solely on grape.  The abundance of available substrate 

directly influenced the amount of oviposition that occurred in an area (Clark and Dennehy 1988).   

Egg-laying capacity is unknown in P. viteana.  In the European vine moth, L. botrana, 

90% of eggs were laid within the first ten days of the female’s life (Savopoulou-Soultani et al. 

1998).  If a moth lays up to 10 eggs a day, even with decreasing egg production one female may 

deposit a total of 50 – 100 eggs in less than two weeks after emergence. Teixeira et al. (2011) 

observed the initial occurrence of oviposition around wild grape bloom, with continuous but 

variable oviposition lasting through the season until harvest.  They could not attribute any 

differences between infestation from wild immigration or the latent population (Teixeira et al. 

2011), suggesting that infestation is independent of external sources of infestation in a season. 

Due to the limited research on an effective female attractant, few studies have addressed 

female trapping in the lab or field, though recent research on the response of female moths to 

host plants and host plant volatiles has revealed interesting results (Cha et al. 2008b, Cha et al. 

2008a, Loeb et al. 2011, Cha et al. 2013).  In flight tunnel studies, Cha et al. (2008a) revealed 

that developing shoot tips and mature leaves were more attractive to females than ripe or unripe 

berries.  Furthermore, a later study using gas chromatography coupled with 

electroantennographic detection revealed two blends of 11- and 7-components derived from 

grape shoot volatiles were as attractive to adult females as cut grape shoots (Cha et al. 2008a).  

The 7-component blend included (E)-linalool oxide, (Z)-linalool oxide, nonanal, (E)-4,8-

dimethyl-1,3,7-nonatriene, decanal, β-caryophyllene and germacrene-D (Cha et al. 2008a), 

though traps placed in the field with septum lures impregnated with the blend only were effective 

at attracting females to traps in consistently low numbers.  In addition to the immense costs to 

manufacture small amounts of the attractant (A. Zhang, personal communication), the limited 
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attractiveness of the lures reveals the need for further studies that evaluate alternative host cues 

and maximize attractiveness.  Therefore, most research up until now has focused on moth 

phenology in relation to sex pheromone trapping of adult males and evaluation of larval 

infestation in the vineyard.   

Sampling for P. viteana in vineyards and uncultivated habitats has revealed asynchrony 

in voltinism and diapause termination (Tobin et al. 2001, 2002) and induction (Nagarkatti et al. 

2001).  Indeed, differences in temperature across regions in Virginia may support the variation in 

number of generations of P. viteana due to temperature-dependent development of eggs, larvae, 

pupae, and adults (Milonas et al. 2001, Tobin et al. 2001, 2003).  Overwinter survival of pupae 

was studied by Hoffman et al. (1990).  They found up to 80% of pupae were killed when 

temperatures reached -21 ºC, although pupae insulated by snow cover had higher survival rates 

(Hoffman et al. 1990).  Initial attempts to predict P. viteana activity and development used a 

base temperature threshold of 10º C temperature for development (Hoffman and Dennehy 1989).  

More recent research has suggested that a lower base development threshold of 8.41º C be used 

to calculate degree-days and recommended a degree-day requirement for egg-to-adult 

development of 423.9 (Tobin et al. 2001).  Later, diapause maintenance and termination of P. 

viteana was studied by the same authors.  Length of diapause ranged from 5.5 to 10 months 

under natural conditions, and diapause was maintained until adult emergence occurred at 148 

degree-days accumulated from 1 January (Tobin et al. 2002).  Chen et al. (2011) projected an 

increased number of P. viteana generations under the scenario of a warming climate, thus 

increasing the risk of this pest throughout its range. 

Diapause induction is functionally related to photoperiod according to research on L. 

botrana and P. viteana, which revealed how decreasing photoperiod contributed to an increasing 
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proportion of larvae that developed into diapausing pupae instead of completing development to 

adults (Nagarkatti et al. 2001, Roditakis and Karandinos 2001).  On 13 August in North East, 

Pennsylvania, approximately 14 hours of daylight were recorded at the time when all larvae 

developed into diapausing pupae (Nagarkatti et al. 2001).  In Virginia, only a few degrees of 

latitude differentiate southern and northern regions, so the effect of photoperiod on diapause 

induction may be considered minimal when compared to the difference between Virginia and 

Pennsylvania.  Nonetheless, diapause is theoretically induced a week earlier in southern Virginia 

latitudes, since 100% of larvae are expected to enter diapause on 1 and  8 August in the southern 

and northern extremes of the state, respectively (T. Jordan, unpublished). Timer et al. (2010) 

observed the potential for partial generations after the theoretical 100% induction dates, noting 

that, in some cases, a quarter of individuals will develop into adults and complete another 

generation. This was observed in insects reared from southern latitudes like Virginia, Missouri, 

and Texas (Timer et al. 2010). 

 These biological traits, like many others, respond to geographical gradients that vary 

over spatiotemporal scales.  Therefore, it would be reasonable to discern differences of 

photoperiod and degree-day accumulation across space and time on insect activity. Phenological 

events such as diapause termination and induction, peak emergence and oviposition, and a 

general idea of developmental periods and flight activity can be assessed.    

 

2.1.3 Vineyard landscape and infestation risk 

 The broad distribution and variable biology of P. viteana across vineyard landscapes 

contributes to the motivation for improving our understanding of its biology and ecology within 

and around native host habitat.  Despite the fact that P. viteana presence and pressure varies by 
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year, vineyard, and even within vineyards (Hoffman and Dennehy 1989), P. viteana is a 

persistent pest in Virginia viticulture (Pfeiffer et al. 1990).  Wild grape habitat is present around 

most vineyards in Virginia, thus increasing the potential for natural populations of the pest to 

invade vineyards and cause damage.  The role of forested edges around vineyards has been 

studied to evaluate the movement, distribution, and abundance of P. viteana adults and larvae in 

wild and cultivated grapes (Hoffman and Dennehy 1989, Botero-Garcés and Isaacs 2003, 

Williamson and Johnson 2005, Jenkins and Isaacs 2007b).  In general, incidence of damage 

across most vineyard landscapes consistently shows greater larval infestation at the periphery of 

a vineyard, particularly in vineyards adjacent to forested edges (Hoffman and Dennehy 1989, 

Botero-Garcés and Isaacs 2004).  When forested edges were adjacent to vineyards, Pfeiffer and 

Wolf (1990) noted the potential for heightened vineyard infestation in the absence of substantial 

sex pheromone trap catch. 

 The relationship between forested surroundings, low trap catch, and higher incidence of 

damage near the vineyard edge reveals a complex interaction between vineyard surroundings and 

vineyard proximity to forested edges.  How forest canopy coverage, edge and interior structure, 

vegetation types and terrain relate to P. viteana dispersal in vineyards is not entirely clear.  In 

addition, vineyard attributes such as cultivar, row orientation, ground cover, soil type and insect 

pest management tactics influence the variability of pest pressure across the vineyard landscape.   

 Research has revealed the relationship between grape cultivar and distribution of L. 

botrana in Israeli vineyards by evaluating four varieties with unique phenological traits with 

respect to infestation of the moth at different times of the growing season (Sharon et al. 2009).  

They found that the European vine moth was most abundant in the generation present at harvest 

in all cultivars; however, early-developing white varieties had higher levels of infestation than 
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late-ripening reds (Sharon et al. 2009).  Though, differences of hairiness on floral structures 

between red and white fruited grape may be partially to blame for infestation differences early in 

the season.  Pavan et al. (2009) found that earlier flowering Chardonnay and Pinot Gris were at 

greater risk of infestation by L. botrana due to lower levels of inflorescence hairiness.  They 

suggested that oviposition preference by L. botrana was for smooth surfaces, which is increased 

with earlier ripening, less pubescent florescence.  Some evidence exists for oviposition-deterring 

pheromones that regulate egg distribution in vineyards (Renwick and Chew 1994).   If feeding or 

egg-laying has occurred and suitable substrata are diminished, factors such as egg-bearing 

semiochemicals that deter oviposition and lack of food resources may lead the insect to migrate 

to lower population densities and more resource rich environments (Gabel and Thiéry 1992, 

Renwick and Chew 1994, Gabel and Roehrich 1995). 

Hoffman and Dennehy (1989) related injury in vineyards to distance from the edge of a 

vineyard with and without a forested edge.  Although injury occurred in both instances, higher 

and more penetrating infestations were observed in the vineyards with forested surroundings 

(Hoffman and Dennehy 1989).  Furthermore, Johnson and Hammar (1912) attributed the variable 

injury from P. viteana in vineyards along hedgerows and forested areas to the structural 

protection offered to overwintering pupae.  Areas such as hedgerows, forested borders, and low 

lying basins collect vineyard leaf litter, thus increasing the probability of the P. viteana emerging 

from these locations and infesting grapes in close proximity (Goodwin 1916).  

Botero-Garcés and Isaacs (2003) studied the vertical and horizontal movement of the 

moth between cultivated and uncultivated habitats, the relationship between uncultivated habitat 

type and injury to grape inside of vineyards (Botero-Garcés 2004a), and the movement and 

displacement of moths within vineyard and uncultivated habitats in Michigan (Botero-Garcés 
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and Isaacs 2004b).  Trapping studies along a gradient from wild grape habitat to the vineyard 

revealed 75% of moths trapped in the wild habitat were found above 15 m, few were trapped in 

the interface, and 90% of moths captured in the vineyard were trapped 1.5 m above the ground 

(Botero-Garcés and Isaacs 2003).  As a result, the vertical distribution of the grape canopy and 

fruiting zones in vineyard and wild host habitats is closely related to the distribution of moths 

present in either environment.  There was convincing evidence that uncultivated habitat types, 

specifically deciduous and mixed woods, strongly influenced the abundance of P. viteana and 

wild Vitis spp. in those habitats, yet only a weak positive correlation was found between the 

occurrence of fruiting wild grape in uncultivated habitats and larval infestation in vineyards 

(Botero-Garcés and Isaacs 2004a).  Though deciduous and mixed woods were more likely to 

support wild grape than coniferous or grass habitats, damage in vineyards was evident where 

wild grape was not present in the forested edge. 

As a result, forested habitats may serve as distribution pathways to P. viteana due to the 

moth’s association with the habitat where Vitis are commonly found.  Even when wild grape is 

not observed in uncultivated habitat, before leaf-fall in deciduous forests it can be difficult to 

determine the presence of wild grape in addition to whether or not a vine is fruiting in a tree 

canopy.  Therefore, the presence and proximity of habitat suitable to wild grape and habitat 

preferred by the moth must be considered when assessing the risk of P. viteana infestation in 

vineyards.  In addition, the interhabitat movement of P. viteana among suitable habitat patches, 

e.g. from wild to cultivated habitat, is important to understand how presence and proximity of 

wild habitat may reflect the incidence of P. viteana in cultivated habitat.  

Little research has assessed the flight capacity of P. viteana within and around vineyards.  

Mark-release-recapture studies were undertaken by Botero-Garcés and Isaacs (2004b) to evaluate 
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how field conditions, like wind speed and wind duration, affect interhabitat movement of male 

and female moths.  They reported that wind speeds in excess of 0.6 m per second reduced 

displacement of both sexes, while in response to wind direction males tended to fly upwind and 

females flew tangent to the prevailing wind direction.  Average maximum flight distance by 

males flying between the vineyard and cultivated habitat was greater than 100 m, while flight 

within the vineyard was less than 50 m.  One female moth was captured that flew almost 80 m in 

interhabitat travel.  The average distance traveled by both sexes in the vineyard was less than 15 

m (Botero-Garcés and Isaacs 2004b).    

 

2.1.4. Control of grape berry moth  

 Initial management options for P. viteana relied on lead arsenate and sanitation measures 

like removal of fallen leaves and infested berries.  These methods provided positive but 

sometimes ambiguous results.  Isely (1917) reported that plowing of the vineyard floor to destroy 

overwintering pupae potentially could increase infestation risk by providing artificial protection 

by insulating pupae from extreme elements. This insulating effect is much like how snow cover 

may act as insulation from cold in northern latitudes (Hoffman et al. 1990).  Removal of wild 

hosts and untamed cultivated grapes was recommended as a way to manage the moth in 

vineyards adjacent to these infestation sources, although recent research has shown that wild 

grape removal from surrounding habitat does not afford increased protection from P. viteana 

(Jenkins and Isaacs 2007). 

In addition to lead arsenate, conventional insecticide recommendations were Bordeaux 

mixture and DDT (Hutson 1940).  In time, the Bordeaux mixture was deemed ineffective.  Prior 

to the development of reduced-risk and selective chemicals and the loss of registration of some 
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effective broad-spectrum chemicals, insecticides were applied for prophylactic reasons.  Early 

registrations that were repealed were lead arsenate, methyl-parathion, and DDT.   Newer 

pesticide technologies were needed when more recent registrations of azinphosmethyl and 

phosmet were lost.  

Following the discovery of P. viteana sex pheromone components and work with 

pheromone impregnated lures and bait traps that released constant amounts of pheromone in the 

vineyard, research with mating disruption resulted in an effective, yet costly management 

method (Roelofs et al. 1971, Taschenberg et al. 1974b, Taschenberg et al. 1974a).  The 

effectiveness of mating disruption was verified when attraction of male moths to pheromone 

traps was prevented, thus limiting reproductive potential in vineyards (Taschenberg and Roelofs 

1977). 

 Albeit recent work targeted at developing host-plant chemical lures for female P. viteana 

is promising for management (Cha et al. 2008b, Cha et al. 2008a, Loeb et al. 2008, Loeb et al. 

2011, Cha et al. 2013), conventional and integrated pest management tactics are most commonly 

employed against the moth.  Because overlapping generations are likely across the range of this 

pest, the timing of controls becomes especially difficult.  Among the management tactics 

available to growers, chemical, cultural, and biological controls provide varying levels of control 

and exact variable environmental consequences (Taschenberg and Roelofs 1976, Nagarkatti et al. 

2002b, Jenkins and Isaacs 2007a, Jenkins and Isaacs 2007b, Jenkins and Isaacs 2008).   

A combination of well-timed conventional and reduced-risk insecticides and mating 

disruption allows growers to effectively manage P. viteana (Jenkins and Isaacs 2007a, Trimble 

2007, Jenkins and Isaacs 2008).  Timing is important in the season in order to limit population 

growth later in the season.  Recently, application rate of mating disruption pheromone dispensers 
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was investigated for managing this pest.  Isaacs et al. (2012) found both high and low dispenser 

rates reduced male orientation to pheromone traps in both edge and interior vineyard 

environments while no effect was observed from treatments on cluster infestation relative to an 

untreated control. 

Some research has addressed economic injury levels to maintain populations below a 

damaging level (Hoffman and Dennehy 1987, Hoffman et al. 1992, Roubos et al. 2013).  Most of 

this research has taken place in northern latitudes where grapes are grown for purposes other 

than wine, like juice, fresh consumption, and jelly.  Early on, Hoffman and Dennehy (1987) 

suggested an action threshold of 6% infested clusters before veraison indicated a need for a 

subsequent pesticide application.  Later, Hoffman et al. (1992) revised these estimates to 17 and 

3% infested clusters for early and late harvested varieties, respectively, for samples taken at 

veraison.  Roubos et al. (2013) followed up on this research and estimated provisional thresholds 

based on the chemical controls used in a season.  For pyrethroid and diamide insecticides, they 

proposed economic injury levels of roughly 10 and 18% infested clusters where yield loss 

equaled the cost of insecticide inputs.  This translated to 5 and 10% infested clusters for action 

thresholds for treatments at harvest (Roubos et al. 2013). 

Predicting when oviposition is likely to occur can be helpful for timing the first spray and 

potentially limit the need for a follow-up spray sooner or later in the season (Teixeira et al. 

2009).  This applies to the use of mating disruption, which must be applied before mating of 

adult moths.  Therefore, it is pertinent to identify and forecast adult emergence.  New techniques 

for mating disruption application, such as SPLAT-GBM, when applied to areas of greatest 

infestation risk, e.g. vineyard edges, result in lower levels of infestation at harvest when 

compared to non-disruption, conventional control (Teixeira et al. 2010). Use of anti-ovipositional 
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extracts, e.g. Bifora radians, may be used in anticipation of oviposition to reduce egg laying and 

hatch of P. viteana (Gökçe et al. 2011). Monitoring of male moths may be a good predictor of 

peak emergence of the moth in the spring.  However, approximately 50-99% of P. viteana 

captured in pheromone traps in a season are trapped before the first oviposition peak (Teixeira et 

al. 2009).  This limits the suitability of solely relying on trap data for timing controls against 

subsequent generations.   

 

2.2. Grapevine biology and ecology 

As we improve our understanding of how Paralobesia viteana interacts with wild and 

cultivated habitats, it is pertinent that we attempt to understand landscape attributes that 

characterize suitability to P. viteana and its host Vitis.  Clemens (1860) first described the insect. 

Although the larval stage is presumed to be a selective herbivore of grape, alternate hosts have 

been documented, such as Sassafras (Lauraceae) and Rubus (Rosaceae) blossoms, and Amorpha 

(Fabaceae) leaves and stems and sumac berries and seeds (Slingerland 1904).  Forced rearing of 

insects on suspected hosts has revealed development on other species, notably from the 

Polychrosis genus including P. liriodendrana Kearfott, P. slingerlandana Kearfott, and P. 

rhoifructana Kearfott (1904).  Nonetheless, Slingerland (1904) concluded that P. viteana 

exclusively fed on grape blossoms and forming berries, and he noted the misidentification of P. 

viteana was a result of the relatively recent discovery of the moth and the lack of information on 

other co-occurring species.  Indeed, a commonly misidentified tortricid found in vineyard and 

uncultivated landscapes is the sumac moth, Episimus argutanus (Clemens) (Lepidotera: 

Tortricidae), which often occurs in greater abundance than P. viteana in pheromone traps (Jubb 

1973).  

22



 

 
 

Based on the varied accounts of alternative hosts for P. viteana, some similar species 

were described as different and some alternate hosts were ruled out.  There remains the question 

of whether some plant species are alternate hosts, specifically Rubus and Sassafrass.  These 

possible alternate hosts are found in and near the same habitat as wild grape, potentially 

complicating the interaction and distribution of P. viteana within local and regional 

environments in Virginia where each of these species can be found. 

The native distribution of P. viteana is closely related to the extent of its natural host, 

Vitis spp., which occurs throughout North America and with greatest diversity and abundance 

east of the Mississippi River.  Related to Vitis distribution from Texas to east of the Mississippi, 

the geographical coverage of reported damage by P. viteana extends from Canada south through 

the U.S. to Missouri and Florida, and northeast through Virginia, Pennsylvania, New York and 

the Great Lakes region of North America (Johnson and Hammar 1912, Pfeiffer et al. 1990, 

Botero-Garcés and Isaacs 2003, Tobin et al. 2003, Botero-Garcés and Isaacs 2004a).  Although 

more than 40 species of wild grape are native to North America, only seven of the principle 

species have been reported in Virginia (James 1969, Galet 1979).  Despite variable biology of 

the native species, P. viteana will feed on grape as long as flowers and fruit are produced.  The 

factors that influence the distribution of wild grape across different landscapes are related to the 

biological interaction with field- and regional-level landscape dynamics.   

Grapevines are in the family Vitaceae and are part of a larger complex of organisms 

known as lianas.  Liana and vine species occupy terrestrial habitats throughout the world, with 

the exception of Polar Regions.  Because temperature, precipitation, soil conditions, and access 

to light are important factors in the distribution of lianas, vine diversity is greatest in tropical 

regions where these factors are at the optimum, decreasing with distance from the equator, and 
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are generally greater along the periphery of large land masses (Gentry 1991).  In eastern North 

America, lianas greater than 2.5 cm in diameter average 50 lianas per hectare in temperate 

forests in comparison to more than 700 lianas on average per hectare in the tropical forests 

(Gentry 1991). 

Lianas and vines occur throughout North America, especially in deciduous forests 

(Penfound 1966).  Within forest communities, forest maturity and canopy structure are key 

factors that limit the amount of light that penetrates to the forest floor.  Notwithstanding, Vitis 

species are especially adapted to obtaining access to light in open, semi-shaded, and closed 

canopies.  Often, when a grapevine penetrates the canopy of its support, the increased 

competition for light can result in crown deformation or increased risk to ice damage (Lutz 1943, 

Siccama et al. 1976).  The increased incidences of limb and trunk fracture contribute to the death 

of trees (Penfound 1966), thus creating more opportunity for vines to grow in areas of localized 

disturbance. 

The colonization success of wild grape in edge communities and disturbed habitats is 

related to structural host adaptations that allow vines to succeed in variable light conditions.  

Specifically, vines are different from other lianas in the world because they are adapted to climb.  

In Gentry’s (1991) review of liana diversity, he classified grape species as vine lianas, which are 

thin-stemmed, non-epiphytic climbers that pervade disturbed habitats or edges of forests much 

unlike epiphytic lianas that are most prolific in closed forest canopies.  Unlike lianas that wrap 

themselves around hosts, Vitis species are classified as ‘climbers’ since they use tendrils as a 

mechanism to latch on to structural hosts or support vegetation (Darwin 1875).  Tendrils afford 

vines the ability to grasp on to rough objects such as bark, leaf petioles, branches and other vines 

(Teramura et al. 1991).  Therefore, the climbing mechanism of climbing Vitis species does not 
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restrict growth to vegetation supports with small diameter stems, which permits establishment in 

newly emerging forested areas, mature forests with large diameter trees, or nonliving supports 

such as wooden or metal fencerows.  Therefore, woody vegetation and existing fencerows or 

hedgerows provide the structural supports necessary for grape to access light in competitive 

environments. These growth habits of grape are reflected in its distribution throughout forested 

habitats in its native range.  Grape species found in Virginia are vigorous to very vigorous 

climbers, with the exception of V. rupestris that exemplifies bushy growth.  Atypical of grape 

habitat in the rest of the state, V. rupestris was found in dry, sparse woodland in one county in 

southwest Virginia (James 1969). 

Adaptations to light, water, and soil factor into the success of grape colonizing a 

landscape.  For example, increased solar irradiance, temperature fluctuations, and leaf-to-air 

water vapor concentrations on vines in an exposed site limit the growth of a vine that is better 

suited for development beneath a forest canopy (Teramura et al. 1991).  Vitis species can 

responsively adapt to growing conditions by managing photosynthesis and water use efficiency 

(Teramura et al. 1991).  Carter and Teramura (1988) pointed out that temperate vines with tendril 

climbing mechanisms possess photosynthetic plasticity enabling them to grow from a shaded 

forest floor into the forest canopy where light exposure is greatest. 

At a local landscape scale, structural and environmental factors such as land disturbance, 

newly developing forest stands, soil and vegetation types, local topography, and extent of 

forested edges comprise greater abundance of grape than in surrounding habitats lacking these 

characteristics (Hegarty and Caballe 1991, Morano and Walker 1995).  Alternatively, at a 

regional scale, factors related to climate, such as temperature and precipitation, and regional 

topography, like geographic barriers and distribution corridors, will limit the range and diversity 
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of species distributions (Hegarty and Caballe 1991).  Researchers must consider how geography 

relates to vegetation diversity and distribution (Abella 2003, Abella et al. 2003) in order to 

understand the role of vegetation surroundings on insect distributions across landscapes (Andow 

1991, Liebhold et al. 1993).   

 

2.3. Benefits and uses of geographic information systems 

 Traditionally, the distribution and abundance of plants and animals across landscapes was 

investigated at fine spatial and diverse temporal scales.  Analysis of ecological processes at 

broader spatial scales intrinsically was limited due to the lack of computational processing power 

and space limitations for management of dense data sets.  With the advent of the computer age, 

these limitations were gradually lifted and ecological processes could be investigated at 

increasingly broader, data rich scales.  The increase in computational support required new and 

innovative means of analyzing data, and one such development was a new discipline called 

geographic information analysis and the application of geographic information systems (GIS).  

Geographic information systems  have been employed for qualitative and quantitative 

exploration and analysis of landscape ecology (Turner and Gardner 1990) and landscape 

evaluation for environmental and ecological risk assessment (Griffith 1980, Moss and Nickling 

1980, Landis 2004).  A GIS enables spatial data manipulation in preparation, analysis, and 

presentation of spatial and statistical analysis and spatial modeling of patterns than operate in the 

spatial realm (O'Sullivan and Unwin 2003)  

 Current GIS relate spatial entities in reality to objects in databases using two 

representative data types, vector and raster.  This process reduces complex information from a 

study area into a spatially referenced database.  A vector dataset represents points, lines, and 
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areas with unique location coordinates, and is commonly used to represent objects in space.  

Raster datasets are grids overlaid on the surface area of study that form a tessellation of pixels 

representing discrete elements in each pixel.  Generally, raster data form field views, as opposed 

to object views, by relating the grouping and or separation of discrete fields in space.   

The occurrence and description of entity attributes through space and time requires that 

scale be considered.  Scale may be considered in two ways: the level of spatial reference at 

which a process occurs and the level of measure.  For scale of spatial reference, we might 

consider risk to vineyards in a viticulture region, or we may consider risk within a vineyard 

block.  For scale of measurement, data may be measured in four levels, including nominal, 

ordinal, and interval and ratio measurements (O'Sullivan and Unwin 2003).  For instance, when 

assessing risk of infestation in a vineyard block, the risk at any given scale is dependent upon the 

scale of variables that the measure of risk is based (Fleischer et al. 1999).  Therefore, scale is 

important because the method in which risk is classified is entirely a result of the measurement 

level used to characterize important parameters.  Desired outcome of spatial analysis of risk must 

be considered when choosing the scale of measure, especially when nominal and ordinal data are 

limited to categorical measure while interval and ratio data support numerical measure.  
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Chapter 3 

Blend chemistry and field attraction of commercial sex pheromone lures to grape berry 

moth, Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae), and a non-target tortricid 

in vineyards 

Abstract 

This study was done to evaluate commercial sex pheromone lures for chemical purity and 

efficacy of attracting grape berry moth and a non-target tortricid, the sumac moth, Episumus 

argutanus.  The percentage of chemical components from a set of eight lures from each 

manufacturer was found using gas chromatography-mass spectrometry and confirmed by 

chemical 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 µg Z9-12:Ac, which was 3-51 times more than 

the other lures.  The Suterra and ISCA lures were loaded with ~29 and 33 µg Z9-12:Ac, and the 

Alpha Scents lures only contained ~2 µg Z9-12:Ac.  An antagonistic impurity, (E)-9-tetradecenyl 

acetate (E9-12:Ac), was found in all manufacturer lures at concentrations from 3.2 to 4.8%.  

Field studies were done in summer 2010 and 2011 to evaluate commercial lures for their 

potential to attract P. viteana and E. argutanus in the presence of lures from other 

manufacturers.  Two vineyard locations were used to contrast open and wooded vineyard 

surroundings. In field experiments, Suterra lures detected P. viteana most 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 to E. argutanus in both environments.  Fewer P. 

viteana were captured in the wooded versus open vineyard, which may limit the potential for sex 

pheromone monitoring of P. viteana in wooded vineyards.  
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3.1. Introduction 

The grape berry moth, Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae), is a 

direct insect pest of grapes throughout the central and northeastern regions of North America 

(Dennehy et al. 1990).  Vineyards 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, Botero-Garcés 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 foliage, 

flowers, and developing fruit from May through June.  Later generations of larvae tunnel into the 

berry, typically consuming the flesh of a single to several adjacent berries before pupating.   

The key period for control of P. viteana in the mid-Atlantic U.S. is just prior to bloom 

until the development of pea-sized berries, specifically targeting first 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 varies 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, depend on the developmental growth stage 

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 degree-days can improve 

the timing of insecticide sprays (Isaacs et al. 2005).  In addition, reduced-spray programs may 

lead to reduced impact on natural enemies and greater levels of predation and parasitism of P. 

viteana (Williamson and Johnson 2005). 
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Grape berry moth monitoring traps are baited with artificial lures containing a synthetic 

sex pheromone, Z-9-dodecenyl acetate (Z9-12:Ac), which was identified by Roelofs et al. (1971).  

Male moths are attracted to the traps where they are captured and identified for monitoring 

purposes (Hoffman and Dennehy 1989).  Various formulations have been developed for sex 

pheromone monitoring and mating disruption applications (Trimble 2007).  Traditionally, lures 

were baited with the primary component, (Z9-12:Ac), alone or as a binary blend with Z11-14:Ac 

(Jubb 1973, Taschenberg and Roelofs 1976).  When compared to a single component lure, 

Witzgall et al. (2000) found greater male attraction to binary component lures with the addition 

of Z-11-tetradecenyl acetate (Z11-14:Ac) in component ratios of 1:5 and 1:20 of Z11-14:Ac to 

Z9-12:Ac.  Current formulations in commercial lures and mating disruption 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 applications (Bilby 2008, Jenkins and Isaacs 2008, Teixeira et al. 

2010). 

The tortricid moth, Episimus argutanus (Clemens) (Lepidoptera: Tortricidae), is similar 

in size and appearance 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 identified yet, this species 

was captured in the traps baited with Z9-12:Ac, the major component of P. viteana, in field tests 

conducted in Pennsylvania (Jubb 1973, Danko and Jubb 1983).  Non-target species, specifically 

E. argutanus, attracted to sex pheromone traps potentially result in misidentification of P. 

viteana and reduction of catch potential on sticky inserts (Roelofs et al. 1971).   

This study was designed to determine how closely the available commercial sex 

pheromone lures adhered to the reported pheromone binary chemistry ratio and the 

corresponding field attraction of P. viteana and E. argutanus to these different lures under field 
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conditions.  This information should prove immediately applicable to lure manufacturers and 

vineyard operators invested in sex pheromone monitoring to manage P. viteana.   

 

3.2. Materials and methods 

 

3.2.1. Laboratory validation of commercial lures 

 Grape berry moth sex pheromone lures from four manufacturers, including Alpha Scents, 

Inc. (West Linn, OR), ISCA Technologies (Riverside, CA), Suterra (Bend, OR), and Trécé, Inc. 

(Adair, OK), were compared to validate quality and purity of the blend with respect to a reported 

9:1 ratio of Z9-12:Ac to Z11-14:Ac (Bilby 2008).  An Agilent 6890 gas chromatography coupled 

to an Agilent 5973 Mass Selective Detector (GC-MS) equipped with an auto sampler and a 60-m 

x 0.25-mm ID, 0.25-m film-thickness DB-5MS (J&W Scientific 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 employed 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/µl 

in hexane) with >95% purity (Bedoukian, Danbury, CT), as external standard.  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 

injected 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 ml hexane after original 

41



 
 

extraction and the major pheromone component, Z9-12:Ac, was undetectable under the same 

GC-MS conditions. 

 No standard comparison was made to Z11-14:Ac or E9-12:Ac, which might affect 

accurate determination of ratio and concentration of those components.  Lures from each 

manufacturer used in purity and field efficacy 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 the 

laboratory.   

 

3.2.2 Field studies with sex pheromone traps 

 Field attraction studies were conducted over two years from June through September in 

2010 and 2011 using traps baited with sex pheromone lures. I evaluated the attraction potential 

of different commercial lures to P. viteana and E. argutanus.  The experiment was conducted in 

two ‘Concord' grape vineyards situated approximately 4 km apart in Augusta County, Virginia.  

Vineyards 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 vineyard were exposed to woods. 

 In May of each study year, new, large plastic delta (LPD) traps (Alpha Scents, Inc., West 

Linn, OR) were installed with No-Mess Sticky CardTM inserts (Alpha Scents, Inc., West Linn, 

OR).  Each experiment consisted of four replicated trap stations per vineyard that were observed 

over the course of eight weeks.  A single trap station consisted of four white LPD traps hung at 
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1.5 – 2 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 attraction.  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 re-

assigned to one of the four grid vertices.  Two consecutive sets of sex pheromone lures were 

deployed in traps, with the first set replaced after the first 4 weeks in each of the years.  Sticky 

liners were replaced every 2 weeks.   

 

3.2.3 Statistical analysis 

 For each field experiment, the dependent variable of counts of P. viteana and E. 

argutanus catch per week were transformed to a binomial 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 determine differences among lure manufacturers (P < 0.05, unless 

otherwise noted).  While each field experiment (location) was analyzed separately, each model 

was constructed with main effects of year, check period and lure.  If year was a not significant 

main effect, then data were pooled across years.  The data violated normality and homogeneity 

assumptions of the analysis of variance (ANOVA).  In addition, transformations, including log 

(x), 1/ ln(x) and (x + 0.5)1/2 on either the independent or dependent variables did not improve data 

normality and homogeneity.  
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3.3. Results 

3.3.1. Laboratory validation of commercial lures 

 Three compounds were observed in each of the lures, while Z9-12:Ac is considered the 

primary chemical attractant (Fig. 3.1).  The Trécé lures contained 3-51 times more Z9-12:Ac 

than the other lures (Fig. 3.2).  The Suterra and ISCA lures were loaded with ~29 and 33 µg Z9-

12:Ac, and the Alpha Scents lures only contained ~2 µg Z9-12:Ac (Fig. 3.2).  The percentages of 

the minor component (Z11-14:Ac) and the antagonist impurity (E9-12:Ac) varied with each 

manufacturer.  The range of the antagonist component, E9-12:Ac, was within 3.2 – 4.8% of the 

major sex pheromone component Z9-12:Ac, which did not exceed the 7.6% antagonist threshold 

as indicated by Taschenberg et al. (1974). 
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Figure 3.1.  Percentage chemical components of grape berry moth sex pheromone in commercial 

lures, compared to expected 9:1 ratio noted by dashed lines. 
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Figure 3.2. Amount of grape berry moth sex pheromone (ug) measured per lure from four 

manufacturers.   

 

3.3.2. Field studies with sex pheromone traps 

 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 significant source of variation for catch 

probability of P. viteana in the open vineyard but not in the wooded vineyard (χ2 = 12.06, df = 1; 

P < 0.01; χ2 = 0.00; df = 1; P > 0.05).  In the wooded vineyard, the single catch of P. viteana in 

the first year contributed to an unstable estimation of variation of the year effect.  As such, data 

in the wooded vineyard were not pooled across years of study.  Alternatively, there was no 
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significant variation between the first and second year of study for catch probability of E. 

argutanus in either the open or wooded vineyard environment (χ2 = 0.06, df = 1; P > 0.05; χ2 = 

0.17; df = 1; P > 0.05). 

 In the open vineyard, manufacturer was a significant source of variation in P. viteana 

catch probability (year 1: χ2 = 12.03, df = 3; P < 0.01; year 2: χ2 = 8.02, df = 3; P < 0.05).  P. 

viteana were least abundant in ISCA and Trécé traps in the first year of study, while ISCA traps 

were least attractive in the second year (Fig. 3.3).  Suterra traps were more than five times more 

likely than ISCA to catch P. viteana in the open vineyard over both years (Table 3.1).  In the 

wooded vineyard, manufacturer was a significant source of variation in P. viteana catch 

probability in the second year (χ2 = 48.63, df = 3; P < 0.0001) (Fig. 3.3).  In the first year, 

statistical comparison was not made on manufacturer because only one male was captured. 
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Figure 3.3.  Paralobesia viteana mean (±SEM) catch per week in an open and wooded vineyard 

environment.  Within groups, bar means with same letter are not significantly different according 

to logistic regression, odds-ratio, P < 0.05; * odds-ratio, P < 0.1. 
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Table 3.1.  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.  Lure manufacturer symbolized by A (Alpha Scents), I (ISCA), S 

(Suterra), and T (Trece).  Data in this table indicate significant effects. 

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 3.9 a 

    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   
a P = 0.067 

 

In the open vineyard, manufacturer was a significant source of variation in E. argutanus 

catch probability (χ2 = 37.59, df = 3; P < 0.0001).  In the wooded vineyard, manufacturer was a 

significant source of variation in E. argutanus catch probability (χ2 = 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 Suterra lures were more than five times more likely than 

Alpha Scents to catch E. argutanus (Fig. 3.4, Table 3.1). 
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Figure 3.4.  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 are not 

significantly different according to logistic regression, odds-ratio, P < 0.05. 

 

3.4. Discussion 

Since the identification of the sex pheromone of P. viteana, the attraction of the primary 

component in the female P. viteana sex pheromone has been evaluated (Taschenberg et al. 1974, 

Taschenberg and Roelofs 1977).  Later the sex pheromone was applied in studies to develop 

effective mating disruption strategies (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 presence of an antagonist in the lure blend 
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may depress attraction of P. viteana (Witzgall et al. 2000), while the concentration of sex 

pheromones loaded on lures may affect the response of non- and target species in general (Baker 

et al. 1981).  In this study, a ternary chemical blend consisting of a primary attractant, synergist 

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. 3.1, 3.2).  

Witzgall et al. (2000) used female abdomen extracts from P. viteana to determine that 

E9-12:Ac was never more than 0.03% of the primary component.  Taschenberg et al. (1974) 

reported significant reductions in trap attraction when the E isomer exceeded 7.6% of the 

primary component.  The European tortricid pest of grapes, Eupoecilia ambiguella Hubner, is 

attracted to lures baited with Z9:12Ac and the E isomer (Roelofs and Brown 1982).  When traps 

were baited with a binary blend of the E isomer at 5 and 20% of Z9-12:Ac, catch was not 

diminished compared to the primary attractant alone (Arn et al. 1986).  My results indicated that 

the major sex pheromone 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% E9-12:Ac of the primary attractant 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 indicated an inability to achieve or maintain 

purity in the manufacturing 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 

technical grade chemicals and packaged lures is about five and two years, respectively (A. 
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Zhang, personal observation).  In addition, lure field longevity is subjectively rated as anywhere 

between four to eight weeks, depending on manufacturer and environmental conditions.  

Whether E9-12: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, E9-12: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 µg Z9-12:Ac), Suterra (33 µg Z9-12:Ac) was the best lure for 

attraction of P. viteana, indicating that male P. viteana were highly sensitive to sex pheromone 

concentration.  My observation of relatively high concentration of sex pheromone to suppress 

trap capture was in coincidence with results reported by Taschenberg et al. (1974).  However, my 

results indicated differences in component ratios may play a more important role.   

The higher attractive activity of Suterra to P. viteana than ISCA and Alpha Scents lures 

may be the result of Z11-14:Ac concentration relative to Z9-12:Ac.  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 indicated 

that a 9:1 ratio may enhance attraction, which is congruent with the activation threshold 

hypothesis 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.   
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In addition, gray septa used by ISCA might have effects on emission rate of some sex 

pheromone components 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 increased 

isomerization of the primary lure component in gray elastomer septa, which led to contamination 

of products and decreased longevity throughout the field utilization period of lures.  Upon 

immediate use, ISCA lures contained the least E9-12:Ac relative to the primary component.  In 

this respect, the effect of environmental exposure on the emission of sex pheromones from field-

aged P. viteana lures should be examined.  

The relative abundance of E. argutanus catch in ISCA, Suterra, and Trécé baited traps 

has several implications for monitoring of P. viteana.  First, the likelihood of misidentification 

increases when monitoring personnel are not adept at keying target species.  This phenomenon 

may be further enhanced when trap liners are inundated with non-target species, particularly E. 

argutanus¸ that appear similar in size and appearance.  To maintain liner integrity, personnel 

must change liners more frequently when liners are inundated with non-target specimens. 

This research has implications for management of P. viteana since sex pheromone 

monitoring can be used to detect emergence of the spring and successive generations of male 

moths.  In total, the open vineyard traps (n = 330) captured >70% more P. viteana than traps in 

the wooded vineyard (n = 92).  While this study was not replicated across multiple vineyards, it 

is possible that the greater abundance of wild grape and poison oak served as a natural, external 

reservoir for these insects.  If a predominance of the spring generation of moths emerge in 

wooded borders (Botero-Garcés and Isaacs 2003), then male moths may be more difficult to 

detect when monitoring is done in the vineyard alone.
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Chapter 4 

Surveillance of grape berry moth: Evaluation of factors that influence detection of 

emergence, cluster infestation, and flight dynamics 

Abstract 

This study was designed to evaluate factors that influence detection of emergence, cluster 

infestation, and flight dynamics of Paralobesia viteana (Clemens) using a state-wide monitoring 

effort over several growing seasons.  I used empirically derived methods to determine when to 

initiate monitoring, the variability of cluster infestation within season, and the seasonality of 

flight. Surveillance of P. viteana was done in vineyards over several years (2010: n = 20; 2011: n 

= 24; 2012: n=10).  Large plastic delta traps were installed prior to bud-break of wild and 

cultivated grape, baited with P. viteana female sex pheromone lures (2010: ISCA; 2011-2012: 

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

of September.  Two traps were suspended on a vertical line in a wooded edge, and four traps 

were placed in an adjacent vineyard block.  Over 5100 trap reports were collected, which 

included the capture of > 5600 moths.  Moths were detected in traps as early as 25 March and as 

late as 27 September.  Traps placed in the woods captured a greater number and detected the pest 

more often than those in the vineyard through the first generation, which indicated monitoring 

should be initiated as early as March in some locations.  Traps hung high (8 m) in the canopy and 

traps placed in the interior of a vineyard block were more likely to detect P. viteana than those 

hung low (2 m) or placed in the edge of the block.  Lastly, cluster infestation was significantly 

higher in the edge of vineyard blocks across all sampling periods. Infestation was highest at 

veraison, followed by bloom and preharvest. 
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4.1. Introduction 

 The grape berry moth, Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae), is a 

principal pest of grapes throughout the central, mid-Atlantic and northeastern regions of North 

America.  In Virginia, Pfeiffer and Wolf  (1990) observed spring flight of P. viteana during 

bloom around late May to June, though a sharp increase in catch at the initiation of monitoring in 

May indicated that the earliest moths were not captured.  Later, Tobin et al. (2003) approximated 

the phenology of P. viteana at different geographic locations and predicted adult emergence from 

pupae as early as 11 April in central Virginia.  In Virginia, bud break lasts from late March 

through April, followed by shoot and cluster elongation until bloom in late May to early June.  

Based on the emergence model by Tobin et al. (2003), spring generation adults would be mating 

and ovipositing first generation eggs on wild and cultivated grape.  Normal seasonal 

development follows around bloom, when the first generation adults emerge and lay eggs on 

flower clusters and developing fruit, initiating second generation eggs and larvae in the vineyard.  

Later generations of larvae tunnel into the berry, typically consuming the flesh of a single to 

several adjacent berries before pupating.   

 For growers in this region, traditional control recommendations have targeted 

management of P. viteana at bloom.  Through personal observation, I determined that mature 

larvae were seen in clusters around bloom.  This was evidence for an earlier spring generation 

not previously considered in Virginia.  In addition, Tobin et al. (2003) estimated at least four 

generations should be expected in Charlottesville, Virginia, with the first male appearing in mid 

April and the flight and trap catch of the spring generation ending by mid May.  I corroborated 

these suspicions using preliminary trapping studies in 2009 near Blacksburg, VA.  My results 

indicated presence of a flight in April followed by one around bloom in late May (Jordan, 

unpublished).     
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 Possibly a result of cohort bet-hedging, a population-based tactic to improve the odds of 

survival across a period of time, Tobin et al. (2003) concluded the spring generation flight in 

Charlottesville, VA, would last 18 days.  The drawn out spring generation flight through April 

complicates the management picture for growers in the state.  This and recent studies have 

shown that the sole dependence on vineyard growth stage timing may be inadequate for 

management of P. viteana because  plant and insect phenology vary among years and geographic 

locations (Tobin et al. 2001, Timer et al. 2010).  Further, use patterns of modern insecticides, 

such as insect growth regulators, rely on targeted application to maintain effective control (Isaacs 

et al. 2005, Teixeira et al. 2009).   

 Wine grapes are at an elevated risk of infestation in vineyard blocks in close proximity to 

woods (Hoffman et al. 1992, Botero-Garcés and Isaacs 2004). Teixeira et al. (2011) proposed 

that a combination of both dormant pupae and migrating females that invade from adjacent 

wooded habitat account for the initial vineyard infestation by the spring generation.  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 degree-days can improve the timing of insecticide sprays (Isaacs et al. 2005).  In 

addition, reduced-spray programs may lead to reduced impact on natural enemies and greater 

levels of predation and parasitism of P. viteana (Williamson and Johnson 2005).   

 This study was designed to evaluate factors that influence detection of emergence, cluster 

infestation, and flight dynamics of P. viteana using a state-wide monitoring effort over several 

growing seasons.  I utilized methodology from previous studies in order to determine when to 

initiate monitoring, the variability of cluster infestation within season, and the seasonality of 

flight across the state.  This information should prove immediately applicable to vineyard 
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operators in the Mid-Atlantic region invested in sex pheromone monitoring and cluster 

evaluations for surveillance of P. viteana.   

 

4.2. Materials and methods 

 Surveillance of P. viteana was done in vineyards over 3 years (2010: n = 20; 2011: n = 

24; 2012: n=10) using sex pheromone monitoring traps, and grape cluster evaluation.  Vineyards 

were geographically dispersed across county, climate, and physiographic divisions (Fig. 4.1).  

The vineyard block and its proximal wooded edge at each location were chosen for their 

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

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

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

in late March and early April through the end of September.  I exchanged Suterra lures in place 

of ISCA lures in the second and third years due to differences in P. viteana attraction observed in 

a concurrent study (Jordan et al. 2013).  Infestation of grape clusters was evaluated at three 

growth stages: bloom, veraison, and preharvest.  In a concurrent modeling study, I calculated 

degree-days using a modified sine wave method (Allen 1976) using upper and lower 

development thresholds suggested by Tobin et al. (2001). 
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Figure 4.1.  State-wide map of Virginia denoting climatic divisions and representative study 

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

for degree-day modeling. 

 

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

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

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

moth, Episimus argutanus (Clemens).  In order to ensure operators were correctly identifying P. 

viteana, I requested they submit digital photographs or mail trap liners for verification.  If an 

operator was incorrectly identifying moths, counts were excluded for the suspect sampling 

period.  Email and cellular phone submissions were used to diagnose operator uncertainties.  
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Often, non-target insects, in order of decreasing prevalence, such as the sumac moth, redbanded 

leafroller, Argyrotaenia velutinana (Walker) and other, small tortricid moths were observed on 

the trap liners. 

 Traps were serviced at 4 week intervals, after which the liner and lure were replaced by 

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

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

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

 

4.2.1. Vineyard trapping study 

 Study blocks were chosen in areas where operators reported historical incidences of P. 

viteana infestation (Table 4.1, Fig. 4.1).  In the first two years of the study, I evaluated the effect 

of trap color (green v. white) and trap location (edge v. interior) on P. viteana catch.  Due to the 

trap manufacturer discontinuing green traps, I was unable to fully replicate this experiment in the 

second year and not at all in the third year.  As such, I evaluated the effect of trap location on P. 

viteana catch in the third year using only white traps.   
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Table 4.1.  Exploratory data for three years of study relative to vineyards sampled for P. viteana 

in Virginia and weather stations accessed for degree-day modeling. 

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 = Traminette, Vi = Viognier, Vb = Vidal Blanc, Cf = 

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

Syrah  

†  AIR = Regional aiports, AREC = Agricultural research stations, CWS = Citizen weather 

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

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

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

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

were hung at 1.5 m on the trellis wire and, with three exceptions, were separated by a ground 

distance of at least 20 m.  The block size of one and two of the vineyards in 2010 and 2011, 

respectively, did not permit 20 m distance between traps.  Vineyard block attributes were 

recorded including row/vine spacing, ground management, trellising, and grape variety.  Notes 

about irrigation and other management aspects were acquired by interviewing individual 

operators. 

 

4.2.2 Woods trapping study 

 A single vertical trap line was installed in an accessible wooded edge near each vineyard 

block.  The trap line was installed using a 400 g vinyl-coated throw weight (SherrillTree, 

Greensboro, NC) attached to a 80 m length of 1.75 mm Zing-It™ throw line (Samson, Lafayette, 

LA).  The throw weight was tossed over a limb at a height sufficient to hang a trap at an 8 meter 

height.  After retrieving the weight, polypropylene Orangeline™ (Tractor Supply Company, 

Brentwood, TN) was tied to the throw line and hoisted over the limb until two ends of the trap 

line were hanging from the limb.  One end of the trap line was tied off on a branch or immovable 

object at an angle to prevent the hoisting line from tangling with the vertical trap line.  Enough 

slack was retrieved to allow the eight meter trap to be pulled down for servicing.  The bottom of 

the vertical trap line was anchored in the ground using a wooden stake.  Individual traps were 

secured at 2 and 8 m from the ground surface.  The trap line was placed no more than 10 m into 
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the wooded edge.  Attributes of the wooded area were recorded including woods composition, 

depth of wooded edge, and presence of and proximity to wild grapevines.  In addition, inquiries 

were made as to whether wild grapevines were removed and what form of woodland 

management was performed in the past. 

 

4.2.3 Cluster evaluation 

 Fifty-four vineyard blocks were evaluated over 3 years using a randomized block split-

plot design to determine the effect of sample location (edge v. interior) and grape development 

period on cluster infestation by grape berry moth.  Over the duration of study, vineyard blocks 

were revisited at three grape development periods through the growing season: bloom (2010: 

n=19; 2011: n = 22; 2012: n = 10), veraison (2010: n=18; 2011: n = 18; 2012: n = 10), and 

preharvest (2010: n = 5; 2011: n = 15; 2012: n = 8).  On each visit, a total of 200 clusters were 

inspected for the presence of P. viteana with four samples of 25 clusters per edge and interior 

location.  Each of the samples consisted of five clusters on each of five vines in a 5 × 5 m area.  

Edge samples were within 5 m of the vineyard edge while interior samples were taken in areas 

>10 m from the edge.  The number of clusters out of 25 was recorded to obtain percentage 

infested clusters.  An effort was made not to sample within the 20 m of a pheromone trap. 

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

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

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

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

marked effects of brown marmorated stink bug, Halyomorpha halys (Stal) and spotted wing 

drosophila, Drosophila suzukii (Matsumura) in Virginia vineyards in 2010 and 2011 (Burrack et 
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al. 2012, Leskey et al. 2012, Pfeiffer et al. 2012), respectively, symptoms of infestation were 

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

teased apart to differentiate against other web-making arthropods. 

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

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

and miscommunication with operators over timing of pesticide applications or harvest (Table 

4.1).  In the first year, one vineyard location was lost to a late frost and not sampled over any 

period of growth.  By veraison, a second vineyard was lost due to herbivory from animals.  Only 

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

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

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

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

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

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

 

4.2.4. Statistical analyses 

 Trapping.  A one-way analysis of variance (ANOVA) was used to determine the effect of 

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

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

given location.  First trap catch was irrespective of sustained trap catch on subsequent trap 

periods.  In the analysis of these count data, a Box Cox transformation on the response was done 

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

analyses on vineyard and woods trap data, due to the variability of trap catch and a prevalence of 
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no catch, I transformed catch data to a binomial response (presence or absence).  In this way, my 

results indicated the probability of a trap detecting catch of P. viteana.  Contingency analyses 

were done on binomial transformed treatment and catch data using the Pearson Chi-square test to 

determine whether the detection rates were the same in each treatment and Fisher’s Exact test for 

one- and two-sided tests of treatment in JMP 10 (SAS Institute, 2012).   

 Cluster evaluation.  Difference of percentage cluster infestation between edge and 

interior sample location and development period was evaluated using ANOVA performed on arc 

sine [x + 0.5] transformed data and a t test for determining differences between sample location 

in JMP 10 (SAS Institute, 2012). 

 

4.3 Results 

 I was successful at obtaining > 5100 trap records across the course of the study, which 

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

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

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

months of each study year to < 30% at the end of sampling (Fig. 4.2).  The vineyards with the 

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

consistency was maintained at a higher rate through much of the third study season (Fig. 4.2).  

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

three years, respectively.   
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Figure 4.2.  Percentage of operator reports per week (2010: n =20, 2011: n = 24, 2012: n = 10) 

across the duration of the sex pheromone trapping study for Paralobesia viteana. 

  

 At the establishment of biofix, I found no effect of year on number of P. viteana captured 

or the likelihood of P. viteana trap detection (P > 0.05), leading me to pool these data across 

years.  A one-way ANOVA was used to test for volume and detection differences among four 

trap locations in and around vineyard blocks.  At biofix, catch volume (F = 21.41; df = 3, 28; P < 

0.0001) and detection (F = 48.5; df = 3, 28; P < 0.0001) of P. viteana were significantly greater 

in traps placed in the woods versus those in the vineyard.  I found post hoc comparison of means 

using Tukey’s HSD revealed no differences with volume or detection when comparing High 

versus Low or Edge versus Interior trap placement (P > 0.05). 
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4.3.1 Vineyard trapping 

 The objective of this study was to evaluate the effect of trap location and trap color on the 

detection of P. viteana in vineyard study blocks.  Vineyard trap catch was observed from the 

onset of spring generation emergence until after veraison; thereafter, vineyard catch in all trap 

locations gradually decreased through harvest (Fig. 4.3).  Over the three years, there were 

significant and non-significant differences (χ2 = 5.3, P = 0.02; Pearson; χ2 = 0.8, P = 0.35; 

Pearson; χ2 = 3.5, P = 0.06; Pearson) between edge and interior trap catch detection, respectively.  

In the first and third years, respectively, a left-tailed Fisher’s Exact test revealed a significantly 

greater probability of catch detection in interior (0.17 ± 0.02; 0.32 ± 0.02) than edge (0.12 ± 

0.01; 0.26 ± 0.02) traps (P < 0.05).  Using the relative risk ratio, interior traps were 1.31 and 1.22 

times more likely to catch P. viteana than edge traps.  Also, non-significant and significant 

differences were observed between trap color in the first and second year, respectively (χ2 = 1.4, 

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

test revealed a significantly greater probability of catch detection in green (0.32 ± 0.02) versus 

white (0.21 ± 0.02) traps.  The relative risk of catch in a green trap was 1.48 times more likely 

than the white trap. 
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Figure 4.3. Mean Paralobesia viteana catch per week in vineyard and woods trap catch across 

the three years of study. 

 

4.3.2. Woods trapping 

 The objective of this study was to evaluate the effect of trap height on trap catch in 

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

prior to 1 May and diminished through the first generation (Fig. 4.3). This early period of flight 
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represented the emergence of the spring generation.  Sustained trap catch in weeks seven through 

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

from the spring generation in Central Mountain and Southwestern Mountain vineyards.  After 

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

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

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

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

probability of catch detection in high (0.31 ± 0.02, 0.37 ± 0.03, 0.59 ± 0.04) traps than low (0.21 

± 0.02, 0.24 ± 0.02, 0.38 ± 0.04) traps (P < 0.01) in all years, respectively.  Relative risk tests 

revealed that high traps were 1.46, 1.56, and 1.59 times more likely to detect catch than low traps 

in the three years, respectively. 

 

4.3.3. Cluster evaluation 

 The objective of this study was to evaluate the effect of sampling location and growth 

stage on cluster infestation by grape berry moth in Virginia vineyards.  An overall ANOVA 

revealed that the main effect of year was significant (F = 17.0; df = 2, 14; P < 0.0001) with mean 

cluster infestation (proportion infested cluster ± SE) of 0.10 ± 0.007, 0.07 ± 0.005, 0.06 ± 0.007, 

in 2010 greater than in 2011 and 2012, respectively.  Therefore, the 2010 data were analyzed 

separately from the 2011 and 2012 pooled data. 

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

location were significant effects on cluster infestation in all periods, respectively (Table 4.2).  

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

location on cluster infestation within growth stage was analyzed (Table 4.3).  Across all growth 
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stages and all periods, mean cluster infestation (± SE) was significantly greater in the edge 

sample locations than in samples in the interior (Table 4.3).  Mean proportion of infested clusters 

was highest at veraison followed by preharvest and lowest at bloom (Table 4.3).  While few P. 

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

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

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

the same sample location. 

 After bloom, the most common non-target insects observed in dissected berries, in 

decreasing prevalence, were drosophilids, redbanded leafroller, and grape curculio, Craponius 

inaequalis (Say), larvae.  Indications of injury from these insects were excluded from infested 

cluster counts.  

 

Table 4.2.  Two-way split-plot ANOVA of cluster infestation data for fixed main effects of 

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

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 
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Table 4.3.  Mean (±SE) percentage of Paralobesia viteana cluster infestation for fixed main 

effects of growth stage and sample location. 

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 

 

4.4. Discussion 

 My sex pheromone trap monitoring results were, at times, in agreement with previous 

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

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

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

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

agreement that detection and catch volume was highest in the woods traps, I found no difference 

between catch volume or detection between a trap placed at 1.5 m and one at 8 m at the initiation 

of biofix.  A practical result is that growers can place a trap at 1.5 m in a wooded edge to detect 

emergence versus placement in the wooded canopy or vineyard interior.  During the spring and 

first generation flights, vineyard traps were indicative of P. viteana activity yet did not reflect the 

abundance of catch in the woods.  From an ease of use perspective, traps placed at chest height in 

the edge of either environment were easier to locate and maintain in contrast to traps hung in the 

canopy of a wooded edge or placed in the interior of a blocks. Based on my data, I recommend 
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placing traps in a vineyard edge and in an adjacent wooded area to detect the earliest emergence 

of P. viteana at a location. 

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

2003), I observed a higher incidence of injury by P. viteana in the periphery of vineyards in all 

sample periods.  However, in grape growing regions north of Virginia, larval populations 

escalate in the vineyard prior to harvest causing the greatest risk of direct and indirect yield loss.  

While results of pheromone monitoring of adult males can indicate female flight activity and 

egg-laying, the relationship between trap catch and larval infestation is not clear (Hoffman et al. 

1992).  The results of this study suggest that P. viteana infestation levels are highest around 

veraison, yet trap catch is low to non-existent in both vineyard and woods traps.  The relative 

absence of catch in the vineyard may be indicative of season-long applications of pesticides that 

are effective against the larvae and adults.  Alternatively, the abundance of calling females 

during veraison, when larval counts were highest, may be more attractive to male moths than sex 

pheromone traps.  My infestation results are in agreement with Teixeira et al. (2011), who 

observed sustained oviposition around bloom, followed by a lull, and strong egg-laying at 

veraison.  As a result, I concluded that the experimental timing of cluster evaluation in the 

vineyard was an appropriate reflection of pest dynamics in Virginia vineyards.   

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

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

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

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

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

during the sustained emergence period of the first generation adults and egg laying of the second 
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generation.  More, the greater percentage of infested clusters at veraison suggests that 

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

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

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

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

such as Merlot and Cabernet Franc; it was not observed in any white varieties. 

 In a simultaneous study, I evaluated the extent of wooded edge and wooded area on trap 

catch and cluster infestation in the vineyard.  Previous research has shown greater incidence of 

damage at the periphery of a vineyard in close proximity to a wooded edge (Hoffman and 

Dennehy 1989, Botero-Garcés and Isaacs 2004).  Vineyard edge infestation exceeded 10% at 

veraison and preharvest, though interior samples were rarely at critical levels.  Therefore, the risk 

relationship of proximal wooded edges is in agreement with previous studies, regardless of 

extent or proximity.  In addition, the results of this study confirm the need for improved 

management of P. viteana in edge rows or panels using control options that target the periphery 

of vineyards, such as the use of mating disruption in wooded peripheries and more insecticide 

applications in vineyard edges. 

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

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

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

model is not applicable to Virginia because of how the biofix was defined. Their model defined 

biofix as the timing of 50% flowering of Vitis riparia Michaux (Cornell 2013).  This grape 

species is not common in Virginia.  Beyond the variants of hybridization, ten principal American 

Vitis species are known to occur naturally east of the Rockies, each with its unique physiological 
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development characteristics (Galet 1979).  Seven of the ten Vitis species, V. aestivalis, V. 

cinerea, V. labrusca, V. pamata, V. rotundifolia, V. rupestris, and V. riparia, have been 

documented with variable distributions in Virginia (James 1969).  As a result, Virginia growers 

cannot adopt this model as stated because wild Vitis species bloom at different times.  As such, I 

suggest the continued use of sex pheromone monitoring for the establishment of biofix.  Further, 

accompanying this research, I consumed climate data from weather stations across the state to 

model development of P. viteana relative to pheromone monitoring and degree-day 

accumulations.  These data from surveillance studies provide insight into the management of P. 

viteana in Virginia by adapting empirically derived methods from past research. 
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Chapter 5 

Surveillance of grape berry moth: Measures for estimating activity in Virginia vineyards 

 

Abstract 

Grape berry moth, Paralobesia viteana (Clemens), was monitored using remote and in-field 

surveillance tools to estimate emergence and relative flight dynamics in and around Virginia 

vineyards.  Fifty-four vineyard blocks were covered over 3 years, which were linked to climate 

data consumed from three different station types, including citizen observer, regional airports, 

and agricultural experiment stations (AREC).  Of the total vineyards, 32 blocks were used for 

predictive modeling, forming a dataset with 56 weather station-block pairs.  Accumulated 

degree-days at biofix (first catch) were significantly lower at AREC stations. Following biofix, I 

modeled the first three flights of P. viteana in Virginia, representing the first through third 

generations.  Peak emergence (50%) occurred at 86, 465, and 1,090 degree-days °C accumulated 

from biofix, respectively. Monitoring data reveal up to five flight peaks following spring 

emergence, though early flights were detected most in the woods and later flights in the 

vineyard.  My use of a remote sensing tool from the U.S. Geological Survey enabled me to 

assess the local landscape for its influence on P. viteana activity in and around vineyards.  There 

was no difference in catch or infestation when all data were included, in either environment.  

When filtered to include only blocks with wild grape vines identified in the periphery, there were 

significant positive relationships between edge and patch density and vineyard catch and cluster 

infestation data.  These results are discussed in relation to the grape berry moth flight and 

infestation and its interaction across vineyard landscapes.   
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5.1. Introduction 

 Although a complex of insect pests will attack grape, the principal floret and berry 

herbivore is the grape berry moth, Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae).  

Originally described by Clemens (1860), most of the research since was performed in Michigan, 

Pennsylvania, and New York (Fig. 5.1), while only a few technical studies have focused on the 

pest in Virginia.  Historical grape cultivation was focused in these northern states for juice 

production, while Virginia has only lately been recognized primarily for wine production (Fig. 

5.2) (USDA 2013).  Grape berry moth native hosts, Vitis sp., are found throughout the continent, 

yet 60% of the common wild species are found in the temperate deciduous and coniferous forest 

ecoregions of North America (Fig. 5.1) (Galet 1979, Dennehy et al. 1990).  Throughout the 

commercial production areas where varietals of V. vinifera, V. labrusca and V. rotundifolia are 

grown for wine, juice, and fresh consumption, coastal coniferous and inland deciduous wooded 

areas dominate natural habitat.  In these northern production areas, where V. vinifera and V. 

labrusca are most often planted, pest pressure is heightened.  However, south of Virginia, where 

V. rotundifolia is found naturally and grown commercially, the moth was considered an unlikely 

pest due in part to a hot climate, thick skinned berries and loose clusters.   
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Figure 5.1.  The map (A) and graph (B) depict historical studies of Paralobesia viteana 

published in technical and refereed journals. These research activities were carried out where 

eastern temperate and northern forests dominate the ecological landscape (EPA 2010). 
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Figure 5.2.  Historical grape production in eastern United States from National Agricultural 

Statistics Service data selected from 1979, 1989, 1999, and 2009 (USDA 2013). 

 

 Scientists have evaluated the relationship between geography and the variation of P. 

viteana activity across some of major grape and wine growing regions in eastern North America 

(Fig. 5.1).  More recently, several authors have investigated the relationships using detailed 

studies of insect phenology (Tobin et al. 2001, 2003, Timer et al. 2010).  A few studies have 

addressed the heat-driven development of P. viteana to model activity within a season and the 

potential escalation of activity due to a warming climate (Tobin et al. 2008, Timer et al. 2010). 

These studies provided the framework for evaluating the application of insect, climate, and 

landscape surveillance in Virginia vineyards.  The rising grape tonnage and value of production 

supports the need for more research with P. viteana in Virginia and, broadly, the Mid-Atlantic.  
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 An impetus for this research was anecdotal grower reports of mature larvae in clusters at 

bloom, suggesting activity of a generation not previously considered for management in 

Virginia.  Prior to this study, Pfeiffer and Wolf (1990) used sex pheromone monitoring begun in 

May and observed what appeared to be spring generation peaks occurring around bloom.  

Though, they noted mature larvae in clusters at bloom, indicating that trapping in the weeks 

before bloom may not be detecting the earliest emergence of the spring generation (Pfeiffer and 

Wolf 1990).  Later, Tobin et al. (2003) predicted that first male trap catch in Virginia would 

occur in mid April followed by up to four generations in a season.  Research by Pfeiffer and 

Wolf (1990) indicated that three to four generations were probable in Virginia, with a possible 

fifth in some vineyards.  If P. viteana did emerge in April, adults would mate and deposit first 

generation eggs on newly expressed foliage and florets of wild and cultivated grape.  Around 

bloom, first generation adults would fly and lay eggs on florets and developing fruit, initiating 

second generation eggs and larvae in the vineyard.  Latter generations of larvae then tunnel into 

the berry, typically consuming the flesh of a single to several adjacent berries before pupating. 

 In Virginia, it was believed growers should initiate control against P. viteana after bloom 

up to the development of pea-sized berries.  However, dependence alone on vine growth stage 

may be inadequate for management of P. viteana due to the geographic variability of insect 

populations  (Tobin et al. 2001, Timer et al. 2010).  Growers relying on reduced-risk insecticides 

need to maintain a defined level of vigilance on insect activity to achieve efficacy, particularly 

true for active ingredients such as methoxyfenozide and spinosyns, which must be ingested by 

larvae.  I propose that, with integrated pest management tools described here, a grower can 

survey risk of P. viteana activity using sex pheromone traps and in-field assessment of crop 

infestation, temperature-driven development models, and landscape analyses. 
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 In this study, less than half of grower participants had access to a farm-based weather 

station.  Furthermore, of those growers, only a few used biometric feedback programs designed 

to track insect activity.  To independently measure activity, I used a number of remote digital 

resources to asses P. viteana risk (VAES 2008, Fry et al. 2011, Chadwick 2013).  Using 

temperature dependent parameters tied to insect activity, I proposed growers could rely on 

nearby weather stations to integrate field-based trap activity with local climate data to forecast 

flights.  In this study, weather station types were represented by distinct landscape attributes 

(Fig. 5.3).  I anticipated that local station estimates of insect activity may vary among the 

sourcing environments due to differences in landscape. 
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Figure 5.3.  Proportion of total area of different landscape classes within a 1 km buffer around 

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

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

airports, AREC: agricultural research experiment stations, and CWS: citizen observers. 

 

 In addition to insect development models, researchers have found evidence that suggests 

proximal wooded areas contribute to an increase of trap catch and infestation in the vineyard, 

especially in the periphery (Hoffman and Dennehy 1989, Martinson et al. 1991, Botero-Garcés 

and Isaacs 2003, Botero-Garcés and Isaacs 2004).  My use of a remote sensing tool from the U.S. 

Geological Survey allowed me to assess the local landscape for its influence on P. viteana 
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activity in and around vineyards.  I proposed that landscape dynamics of the woody natural habit 

for Vitis species, and subsequently P. viteana, would affect the surveillance of this insect in and 

around cultivated grape areas. 

This study was designed to use surveillance tools, such as citizen-based monitoring and 

remote data consumption, to determine emergence, relative flight dynamics, and infestation of P. 

viteana in Virginia vineyards over several growing seasons.  I demonstrated monitoring methods 

that take into account local and regional variables such as when and where to initiate monitoring, 

whether flight dynamics vary by geography, use of remote climate data, and flight records across 

a broad area.  This information should prove immediately applicable to vineyard operators in the 

Mid-Atlantic region invested in surveillance tools to manage P. viteana.   

 

5.2. Materials and methods 

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

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

from weather stations in the state, and remotely sensed land cover data (Table 4.1, Fig. 4.1).  The 

techniques used to acquire trapping and infestation data for P. viteana were described in Chapter 

4.2.  Degree-days were calculated using a modified sine wave method using upper and lower 

development thresholds addressed by Allen (1976). 

 

5.2.1. Degree-day model 

 Climate data were consumed to evaluate an existing temperature-dependent model for P. 

viteana by using trap captures and calculation of degree-days.  In this study, less than half (39%) 

of participants used an on-site weather station.  Therefore, I evaluated three climate monitoring 

platforms that were available for direct download from the internet.  The different platforms 

87



represented variable levels of instrumentation, recording parameters, and geographic proximity 

(Table 4.1; Fig. 4.1).  

 The climate data were obtained from the Virginia Agricultural Experiment Station 

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

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

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

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

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

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

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

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

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

regional airports. 

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

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

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

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

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

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

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

period by females of the following generation (Cornell 2013, MSU 2013).  Although the model 

suggests accumulation of degree-days from 50% wild grape bloom, my degree-day 

accumulations were calculated for each weather station using relative biofix records from the 
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analogous vineyard(s).  In this study, biofix was recorded as the Julian date when an operator 

observed the first catch of P. viteana within a season.  First catch was irrespective of sustained 

catch. 

 

5.2.2. Landscape metrics 

 I consumed 2006 National Land Cover Database (NLCD) raster data, courtesy of the U.S. 

Geological Survey, for the geographic area of the state of Virginia (Fry et al. 2011).  The NLCD 

map resolution using a 16-class land cover model was 30 meters per cell.  In ArcGIS 9.3 (Esri, 

Redlands, CA), I manually defined each vineyard block perimeter in order to assign a centroid 

coordinate within a polygon feature area.  This coordinate was the point used to create buffer 

polygons at 100 meter increments up to 500 meters in distance from the centroid.  I illustrated a 

process tree to calculate respective wooded area and perimeter of target features around 

vineyards (Appendix A).  For my purposes, I reclassified landscape data into two groups, 

wooded and other.  Wooded data included all areas classed with deciduous, evergreen, and 

mixed forest attributes.  In some cases, new vineyard blocks were installed where existing 

wooded areas were shown in the NLCD data published in 2006.  I excluded these locations and 

others that exhibited disturbance of the wooded area within the 500 m buffer zone. 

 

5.2.3. Statistical analyses 

 Degree-day accumulation.  Annual catch data were filtered to include study blocks that 

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

63%, and 80% of study blocks in the successive years (Table 4.1).  Selected study block 

monitoring data were evaluated against the degree-day data harvested from the affiliated weather 
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stations (Fig. 5.4).  My objective was to evaluate a development model for P. viteana using 

seasonal catch data and accumulated degree-days at time of catch.  To begin my analyses, I 

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

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

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

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

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

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

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

HSD.  

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

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

percent of total catch in a generation.  I calculated accumulated degree-days at the Julian date of 

biofix, which enabled me to calculate a new column, accumulated degree-days since biofix. 

 Flight tracking.  The Julian date, accumulated degree days, and catch detection by trap 

type were recorded for each biofix.  A paired t test was used to differentiate trap detection of P. 

viteana at biofix in woods and vineyard traps.  In addition, a one-way analysis of variance 

(ANOVA) was used to further describe differences by trap location relative to catch detection on 

the date of the first catch.  Means comparisons were done using Tukey’s HSD. 

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

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

grouped the data into intervals of 450 degree-days accumulated from the biofix.  For each catch 
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report, I calculated percent total catch using the weekly sum of catch divided by the sum of catch 

in a generation.  

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

degree-days within each year and generation period.  I determined degree-day accumulations at 

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

the relationship fitted to the Weibull function 

	   (1) 

to model P. viteana catch to degree-day accumulation in each generation (Kamminga et al. 

2009).  In equation 1, f( ) is the percent cumulative trap catch at accumulated degree-days ( ) 

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

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

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

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

 Landscape metrics.  I used the respective calculations of perimeter and area to assess 

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

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

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

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

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

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

based on the presence or absence of wild grape vines present in a proximal wooded edge. 
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5.3. Results  

 

5.3.1. Degree-day accumulation 

 I used mixed linear modeling to determine whether the consumption of climate data from 

different station types or climate divisions had any effect on the accumulation of degree days at 

weather stations.  Then, I applied the results to model development of P. viteana catch within a 

generation using degree-days.  Data were analyzed by generation for each year, vineyard and 

station pair.  

 I evaluated mixed models to test the effect of station type on accumulated degree-days for 

year by generation combinations.  Using an evaluation of year by generation, I found no 

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

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

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

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

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

respectively, mean separation tests revealed CWS stations accumulated > 18 and 14% more 

degree-days than AREC stations (Fig. 5.4).  In addition, if accumulations were initiated after 

biofix, no effect from station type was observed for either generation (P > 0.05). 
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Figure 5.4.  Mean ± SE accumulated degree-days for Paralobesia viteana from 1 January in 

2010 across station type for the spring and first generations.  Columns within a generation with 

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

 

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

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

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

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

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

respectively, I observed significant effects from climate division on accumulated degree-days at 
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biofix (1 January: F = 4.82; df = 3, 12; P = 0.021; F = 4.85; df = 3, 14; P = 0.012; 1 March: F = 

4.73; df = 3, 12; P = 0.022; F = 5.17; df = 3, 14; P = 0.013) (Fig. 5.5).   

 

Figure 5.5.  Mean ± SE accumulated degree-days at biofix for Paralobesia viteana across 

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

significantly different (P > 0.05). 

 

5.3.2. Flight tracking 

 Following biofix, when I plotted catch against Julian day, I observed up to five peaks in 

mean weekly trap catch of P. viteana adults for the three years (Fig. 4.3).  Using a 450 degree-

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

mountains and as many as five in the rest of the state (Fig. 4.3).  Most often, the spring 

generation represented the largest peak, which comprised of 82, 38, and 54 % of the total catch 
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in a season across the three years, respectively.  With the exception of the first generation peak in 

2011, peaks of decreasing amplitude and resolution were observed in woods traps following the 

spring generation.   

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

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

of the spring, first, and second generations (Table 5.2).  For third and subsequent generations, 

model convergence was not achieved.  

 

Table 5.1.  Weibull model analyses for vineyards across the three years of study.  

 

 

5.3.3. Landscape metrics 

 Significant and non-significant linear relationships were observed between landscape 

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

observed when data were filtered to include only blocks where wild grapevines were found 

around vineyard margins (Table 5.3).  Particularly, trap catch data in the vineyard environment 

were positively and negatively related to wooded area and edge density, respectively, at each 100 

m interval up to 400 m distance from the study block (P < 0.1).  The strongest relationships were 

with patch density at 100 m and 300 m and area at 200 m and 400 m.  

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
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Table 5.2. Linear regression statistics for the relationship between landscape metrics at different 

buffer distances (m) and sex pheromone trap catch of adult male Paralobesia viteana in vineyard 

environments where wild grapevines (WGV) were absent in the wooded periphery or wild 

grapevines were present. 

WGV absent df F P r
2 Slope

100 m
Perimeter 1, 1 427.21 0.031 1.00 0.0403

500 m
Perimeter 1, 9 4.16 0.072 0.32 0.0076

WGV present

100 m
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 m
Area 1, 25 4.05 0.055 0.14 -0.0005
Edge density 1, 25 3.01 0.095 0.11 0.0462

300 m
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 m
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 m
Area 1, 29 3.80 0.061 0.12 -0.0001
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 Alternatively, whether or not blocks were filtered for presence of wild grapes, many 

significant relationships between landscape metrics and infestation were observed (Table 5.4).  

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

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

relationships were observed when blocks were filtered for the presence of wild grapes.  In these 

cases, infestation during bloom and preharvest were positively related to edge and patch density 

for both edge and interior samples at 200 - 300 m and 100 - 200 m, respectively (Table 5.4). 
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Table 5.3. Linear regression statistics for the relationship between landscape metrics at different 

buffer distances (m) and vineyard infestation by Paralobesia viteana where wild grapevines 

(WGV) were absent in the wooded periphery or wild grapevines were present. 

WGV absent
Growth 
stage

Sample 
location

df F P r
2 Slope

100 m
Patch density Veraison Edge 1, 17 6.41 0.022 0.27 0.0232

200 m
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 m
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 m
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
WGV present

100 m
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 m

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  
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5.4. Discussion 

 Vineyard operators can adapt remote and field-based surveillance techniques to assess 

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

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

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

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

inadequate grower reporting (Table 4.1) (Fig. 4.2).  However, the strength of the data is the depth 

of information merged from multiple sources over several spatial and temporal scales.  

 My model incorporated an upper development threshold (34° C, Tobin et al. 2001) 

because temperatures during Virginia summer months will often exceed this maximum.  The 

method (Allen 1976) for calculating degree-days in this study appropriately bounded 

accumulations between the lower and upper thresholds but did not negate for any period of time 

in which development would cease when above threshold.  The development model presented 

here does support the findings of previous studies (Nagarkatti et al. 2001, Tobin et al. 2001, 

2002, 2003), though some discrepancies exist that should be considered when forecasting 

development in the state of Virginia and other areas in the Mid-Atlantic region.   

 Statewide, the trap monitoring and climate data were assembled to model the first three 

flights of P. viteana in Virginia, which showed peak (50%) emergence at 86, 465, and 1,090 

degree-days °C accumulated from biofix, respectively (Table 5.2).  Spring generation emergence 

at a mean of 216.3 degree-days from 1 January was in agreement with the diapause termination 

period stated by Tobin et al. (2002).  Further, for the first generation, my data are within range of 

the findings by Tobin et al. (2003) who reported an approximate period of 424 degree-days from 

egg to adult plus 74 degree-days for female maturity, mating, and oviposition.  The mean 
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differences between peak emergences of the spring to first and first to second generation were 

379 and 650 degree-days, respectively.  The relative lack of catch later in the season suggests 

that diapause induction is taking place due to decreasing photoperiods (Nagarkatti et al. 2001), 

though the presence of infesting larvae through harvest and the occasional trap catch in 

September and October suggests that not all larvae are diapausing (Timer et al. 2010). 

 I found weather station type was an important variable when considering degree-day 

accumulations, since AREC stations were cooler than CWS stations at the event of biofix (Fig. 

5.4).  Thereafter, accumulations were not different among station types.  The difference between 

CWS and AIR stations does not appear to be affected by the local landscape (Fig. 5.4) but rather 

is more likely due to the differences in instrumentation.  All AREC stations are supported to 

maintain a balanced system on the same software and instrumentation platforms.  Often these 

systems have appropriate solar shields on temperature sensors and are sited to balance the effects 

of radiation and landscape influences.  Though not always the case, the AREC stations may 

make more appropriate substitutions for locally sited vineyard stations due to the similarities of 

their surrounding agricultural landscapes.  Alternatively, CWS stations are monitored by private 

citizens using a diversity of station platforms, and may be poorly configured or even sited close 

to buildings, which hold and emit heat.  Irrespective of analogous landscapes, the abundance of 

CWS relative to AREC stations permits an accessible tool for growers who do not maintain their 

own data.  

 Locally, I assessed the relationship between wooded landscape and sex pheromone trap 

monitoring and vineyard infestation.  Edge and patch density appeared to drive the relationships 

with catch, which was most evident in vineyard monitoring traps (Tables 5.3, 5.4).  While the 

same metrics were true for infestation, the relationships were different when evaluated for the 
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presence of peripheral wild grape across the three vineyard development stages.  The factors in 

these relationships may not explain most of the variance, but there is some evidence for 

estimating adult male and infestation activity in different environments and periods in a growing 

season.  

 Current pest management practices in Virginia target the generation infesting around 

bloom.  My research shows that overlapping activity of first generation moths, maturing first 

generation larvae, and newly hatched second generation larvae occurs at bloom.  This contrasts 

with prior, focused management of P. viteana in the weeks following bloom.  My research 

demonstrates a need to better understand the effects of spring generation larvae in the vineyard 

prior to and through bloom.  To target the spring and first generation, growers must anticipate 

mature larvae at bloom, while considering the eggs and larvae are most vulnerable to attack from 

ingested and contact insecticides in the several weeks after egg-laying until bloom.  This would 

be in addition to traditional bloom-time management of second generation eggs and larvae.   

 Though increased habitat fragmentation may allow a larger area of desirable habitat for 

P. viteana, the high density of cultivated hosts relative to sparse wild populations may suggest 

the vineyard is a more attractive mating and oviposition environment.  In addition, deeper block 

invasions from wild reservoirs or latent vineyard populations may result from absence of wild 

hosts in the periphery.  The onset of bloom can be up to several weeks earlier on wild grape 

(Galet 1979), leading to an initial swarming on wild hosts.  Thereafter, individuals may be more 

likely to comingle between habitats when negatively influenced by the lack of suitable wild 

oviposition sites.  And, at a greater scale than the vineyard periphery, the extent of blooming 

wild vines in more distant patches may host greater areal pest populations and promote 

distribution.   
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 The greater percentage of infested clusters at veraison suggests that management of 

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

damaging thresholds.  At veraison, I observed positive relationships between infestation and 

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

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

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

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

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

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

make corridors more attractive for moth movement among patches. 

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

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

Virginia’s humid climate.  I often observed secondary Botrytis infections following grape berry 

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

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

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

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

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

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

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

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

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

densities.  In northern latitudes, late-season oviposition results in mostly diapausing larvae, yet 
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eggs laid in southern climates may complete development to adult and contribute to subsequent 

partial generations.  In this case, females must seek out substrate that will sustain larvae up to 

pupation.  Through the season, from bloom up until about veraison, the wild grape food reservoir 

may be adequate to host a growing population of P. viteana.  However, as the season progresses, 

predation from birds, insects, and mammals, early ripening and possible fruit abortion may 

contribute to a loss of suitable oviposition substrate in the natural habitat.  In addition, habitat 

fragmentation may enhance migratory pathways from peripheral environments into the vineyard.  

Infestation was lower at preharvest than at veraison, which may be the result of a population-

based secession of diapausing larvae. 

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

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

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

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

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

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

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

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

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

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

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

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

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

months of harvest, though Timer et al. (2010) noted that perhaps only a quarter of the population 
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will continue to infest.  In a concurrent study, I found a greater incidence of infestation at 

veraison than before harvest, while trap catch was rarely observed later than August. 

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

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

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

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

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

2013), a wild grape species not commonly found in Virginia (James 1969), I focused on an 

insect-centered biofix established from sex pheromone monitoring.  My primary reason for 

addressing a different biofix was the diversity of wild grape species known to grow in Virginia.  

Beyond the variants of hybridization, ten principal American Vitis species are known to occur 

naturally east of the Rockies, each with its unique physiological development characteristics 

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

rotundifolia, V. rupestris, and V. riparia, have been documented with variable distributions in 

Virginia (James 1969).  I believe that, due to the variable occurrence, or lack thereof, of multiple 

species of grape, growers should not initially rely on plant-based phenological cues for initiation 

of degree-days accumulations.  As such, variability of local landscapes mandates growers to 

survey insect activity relative to local plant development stages, such as wild and cultivated 

grape bloom. 
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Chapter 6 

Summary and conclusions 

  

 This research was designed to enhance the practice of sex pheromone monitoring of the 

grape berry moth, Paralobesia viteana, by focusing on the utility and application in grape 

growing environments.  My research addressed pheromone lure integrity using lab and field 

experiments. In concurrent studies, I actively monitored this insect in and around vineyards to 

understand how the effects of trap location, vine development stage, climate, and landscape 

affect trap catch information and vineyard infestation. Results of these studies should improve 

application of monitoring P. viteana in vineyards in Virginia and other grape growing regions 

where this moth is a pest. 

After the identification of the primary attractant of the P. viteana female sex pheromone 

in the 1970s, scientists have monitored male moth activity within and around crop environments 

using traps baited with pheromone encapsulated lures.  After the discovery of a synergistic 

component, Z11-14:Ac, lures were loaded with variable blends of Z9-12:Ac and Z11-14:Ac.  The 

use of these lures for sex pheromone monitoring have come under scrutiny for several reasons, 

including the relative inefficacy of attracting P. viteana to traps, the persistence of non-target 

captures, and the inability to correlate trap capture to infestation in the vineyard.  While 

geographical differences of P. viteana sex pheromone expression and attraction were not 

evaluated in this study, we focused on the accuracy, efficacy, and applicability of commercial 

lures as tools for monitoring in Virginia.    

The approximate component ratio and concentration emitted from commercial lures will 

influence the attraction of P. viteana and E. argutanus trapped in vineyard environments.  While 
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blend ratio was more important for attraction of P. viteana, the higher dosage of sex pheromones 

increased E. argutanus trap capture.  In my study, all commercial lures contained a blend of 

three components, including the primary attractant, synergist, and an antagonist. Highest P. 

viteana attraction was achieved with the lure that most closely adhered to a 9 to 1 ratio of the 

primary attractant and synergist.  I believe future research should focus on systematically 

controlling ratios and concentrations of the three compounds to further elucidate the effects of 

varying component mixtures on attraction in both laboratory and field settings.  

The presence of the E isomer in all lures indicates a form of contamination in lures that 

were advertised to contain a two-component blend.  The technical grade chemicals, materials and 

manufacturing, packaging and storage may all affect lure efficacy. Lure substrate affects 

emission rate of sex pheromone components, potentially reducing the field longevity of 

particular lures, while the shelf life of technical grade chemicals and packaged lures is about five 

and two years, respectively.  Whether E9-12: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.  Future studies should address the effect 

of various environmental exposures on the pheromone emission from and attraction to shelf- and 

field-aged P. viteana lures. 

Non-target species in sex pheromone traps can have many unintended consequences that 

reduce the efficacy and efficiency of monitoring practices. These include liner degradation, cases 

of mistaken identity, and capture of beneficial fauna.  The occasional capture of birds, honey 

bees, and other beneficial insects can cause some personal discomfort to those who would 

otherwise preserve these species. Yet for the practical use, the over abundance of E. argutanus 

catch with commercial lures may limit P. viteana trap attraction.  When the non-target insects 
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occur at high densities on trap liners, monitoring personnel may encounter identification 

difficulties in addition to the labor and material costs incurred when liners must be replaced. 

 During these studies, I worked with over 30 vineyards, most of which never monitored 

for this insect.  The practices employed in this study were unfamiliar to participants at first, yet 

all were confident with distinguishing P. viteana in traps at the conclusion of this research.  The 

extension outreach allowed participants to gain personal insight into the dynamics of sex 

pheromone trap catch, cluster infestation, and degree-day accumulation in their vineyards.   

 Through our combined efforts, we learned to identify appropriate trap timing, placement, 

and duration of monitoring at individual locations and across grape growing regions in the state.  

I recommend traps be deployed as early as mid March in Virginia, and that they are monitored 

weekly through the duration of the spring, first, and second generation flights.  This surveillance 

at the start of the season is amenable to seasonal time constraints, since grower demands increase 

as the crop matures. Ease of use was improved by placing traps in wooded edges at chest height.  

This trap placement enables applicators to determine when spring emergence occurs in the 

moths’ natural habitat.  Further, applicators may find it easier to locate and access a wooded area 

on the periphery rather than going to the interior of a vineyard block.  This is true, especially, for 

the repeated trap access needed to install, check moth counts, and replace lures or liners.  

However, one drawback may occur if a wooded edge occurs outside of an exclusion perimeter, 

such as a deer fence.  In addition, P. viteana trap catch occurs primarily in vineyard traps after 

the first generation, necessitating traps in both environments. 

 Through the practice of weekly monitoring and seasonal cluster evaluations, I learned to 

apply data from various remote sources to gather a better picture of P. viteana in Virginia.  With 

season-long monitoring, my data provided a perspective for activity and infestation at critical 
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times of vineyard development. Efforts focused around bloom, veraison, and pre-harvest help 

quantify the risk of infestation at critical development periods when crop quantity and quality are 

susceptible.  

 Previous research indicated that female activity is very similar to male moth activity, yet 

the relationship between trap catch and vineyard infestation remains unclear.  Though 

researchers have identified relationships between egg-laying and subsequent infestation, locating 

P. viteana eggs in vineyard environments is not practical for commercial growers.  Yet, if 

applicators were to rely on trap data alone, then results are complicated by inefficacy of traps, 

misidentification, and asynchrony of trap catch to infestation.  

 A more comprehensive toolset is required to maintain active surveillance of P. viteana in 

commercial growing operations.  Combining sex pheromone monitoring with in-field cluster 

infestation data can help ascribe the need for treatment at critical control times.  More 

importantly, if a grower maintains an annual perspective of moth and larval activity in the 

vineyard, one can better determine whether control is pertinent.  In my study, I found cluster 

infestation was greatest at veraison, yet always highest in the vineyard periphery regardless of 

development stage.  During veraison, when sugar content of the grape berries elevates, the fruit 

are most susceptible to rot.  I recommend grape growers ascertain cluster infestation at intervals 

from the initiation of cluster exposure during shoot elongation through veraison to understand 

the local differences of infestation relative to their crop. This information will inform 

management decisions before the pest reaches damaging levels later in the season. Ultimately, 

my research will allow applicators to use fewer, better-timed insecticide treatments. 

 Current control practices in Virginia target the generation infesting around bloom using 

plant growth stage (post-bloom) as an indicator.  My research shows that overlapping activity of 
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first generation moths, maturing first generation larvae, and newly hatched second generation 

larvae occurs at bloom.  This contrasts with prior, focused management of P. viteana in the 

weeks following bloom.  My research demonstrates a need to better understand the effects of 

spring generation larvae in the vineyard prior to and through bloom.  To target the spring and 

first generations, growers must anticipate adult flight and egg-laying by the spring generation 

after bud break as well as the presence of overlapping generations at bloom.  Eggs and larvae are 

most vulnerable to chemical attack from ingested and contact insecticides in the several weeks 

after egg-laying.  As such, I recommend future studies target control of the spring generation, 

either through mating disruption in the wooded edges or insecticide applications in vineyard 

peripheries. 

 A management complication from overlapping generations occurs as early as bloom, 

when first generation larvae are maturing and second generation eggs are being laid.  Insecticide 

spray applications should be timed to coincide with a sustained emergence of adults and egg 

laying of females. The spring generation females may be laying eggs on wild and cultivated 

hosts as early as April, when vinifera vines are first breaking buds or experience shoot 

elongation.  Provided a higher percentage of infested clusters at veraison, management of the 

spring, first and second generations of P. viteana may be critical for keeping populations below 

damaging levels.  For this matter, I believe sex pheromone monitoring can continue to provide 

reliable information toward signaling emergence and egg laying by P. viteana.  By integrating 

development modeling with field-based data, flights and oviposition of successive generations 

may be forecasted.   

 A predictive model based on accumulation of degree-days from a plant-signaled biofix 

was developed for this pest in the northeast.  In the beginning of this research, I determined their 
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model is not applicable to Virginia because of how the biofix was defined. Their model defined 

biofix as the timing of 50% flowering of Vitis riparia Michaux.  In Virginia, growers cannot rely 

on a V. riparia biofix because many Vitis species co-occur through the state, where no single 

species is commonly found.  Furthermore, the wild Vitis species flower at different times, often 

several weeks apart, thus confounding biofix at the vineyard scale.  Instead, I designed my 

research to use sex pheromone monitoring for the establishment of biofix. In contrast to a wild 

grape bloom initiated biofix, a trap-based biofix allows growers to monitor spring generation 

flight. 

 I accompanied the sex pheromone research with the consumption of climate data from 

weather stations across the state.  My research adapted empirically derived methods for P. 

viteana development to model insect activity based on growing degree-days.  The goal of 

consuming climate data was to facilitate operator adoption of remote and field-based surveillance 

techniques to inform management decisions.  My model enabled me to identify emergence and 

flight activity of the spring up until the third generations’ oviposition period.  The duration of 

this activity coincides with grape growth from bud break until veraison, when I propose growers 

remain most vigilant with their surveillance of P. viteana. 

 Through the collection of climate data over several years across a broad geographic area, 

I learned that not all weather data are created equal.  Accumulated degree-days at biofix were 

different across weather station type.  Multiple factors on the station side affected the 

applicability of degree-day data to vineyard catch information, including differences with 

software and instrumentation, vineyard-station proximity, and landscape. 

 The local and regional landscapes play a major role in the dynamics of this pest in 

Virginia.  The state of Virginia represents a mix of coastal and inland temperate deciduous 
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forests that encompass quite a diverse range of terrain.  From flat sandy forests to cleared land 

surrounded by hedgerows to dense forests surrounding vineyards, the elements of wooded edge 

arranged near vineyards diversely impacts the relative risk of P. viteana in vineyards. The 

influences of edge and patch density were key factors related to location and timing of 

infestation. At times, pest levels appeared to increase with increasing edge and patch densities. 

The increasing fragmentation of our landscape from anthropogenic activity, through removal of 

forest patches, growth of hedge rows, and other disturbance activities, promotes the growth of 

wild grape vines.  The wild Vitis must develop over time to achieve fruit-bearing maturity but if 

left untended can allow host reservoirs for P. viteana outside of cultivated environments.  Further 

landscape fragmentation will increase the risk of this pest unless drastic measures of localized 

wild Vitis eradication are undertaken.  In most cases, this is not a feasible activity for growers. 

While this study focused on the patterns of movement and development of P. viteana in 

and around cultivated grape, future research should be directed at uncovering the major factors 

that influence wild grape habitat suitability and how structure, function and change relate to the 

patterns of wild grape across landscapes.  An attempt to interpret grape habitat suitability at local 

and regional scales should be further investigated by studying how vegetation composition, 

historical disturbance regimes, and geographic factors such as aspect and edge exposure affect 

distribution and abundance of wild grape. 

  To complement this research, the combination of disease risk tools and insect 

surveillance techniques may provide growers a more comprehensive picture of pest risk.  The 

inherent variability of local landscapes mandates growers to survey insect activity relative to 

local plant development stages, such as wild and cultivated grape bloom, as well as having up-to-

date information of general pest activity in and around the vineyard throughout the season.  

114



 

 
 

Adoption of these tools and techniques will shed light on grower management decisions, 

ultimately allowing for a more sustainable approach to grape growing. 
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Appendix C 

Techniques for surveillance of grape berry moth 

 

C.1. Introduction  

 The grape berry moth, Paralobesia viteana (Fig. C.1), larvae are native carpivores of 

Vitis species that are known as recurrent pests among vineyards in eastern North America. After 

overwintering as a pupa (Fig. C.2), the insect will emerge, mate, and lay eggs, giving rise to 3 to 

5 generations annually in Virginia.  The first evident signs of infestation tend to appear in 

vineyard edges around bloom.  Early in the season, adult females lay eggs on the florets, rachis, 

and other vegetation of vines, and after fruit set the eggs are laid directly on the berry (Fig. C.3).  

The larvae consume cluster florets or BB-sized berries at fruit set, potentially reducing crop 

potential early in the season (Fig. C.4).  Later, the infesting population disperses into the interior 

of a block causing more widespread injury.  Larvae tunnel into berries consuming the grape flesh 

and wounding the grape for entry by pathogens (Fig. C.5).  If left unchecked, the grape berry 

moth can form destructive larval populations with the potential to decimate a crop through direct 

crop loss or secondary infection from fruit rots.  I propose several surveillance techniques to help 

you better manage grape berry moth, including sex pheromone trapping, cluster inspection, 

growing degree-day modeling, and landscape assessment. 

 

C.2. Surveillance with traps 

 Monitor for the adult male grape berry moth using sex pheromone-baited traps.  I suggest 

using large plastic delta traps (Fig. C.6), which are available from a number of manufacturers, 

e.g. AlphaScents, Great Lakes IPM, ISCA-Tech, and Suterra.  Sold separately are sex 
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pheromone lures for grape berry moth and removable, sticky-liner trap inserts.  A removable 

sticky insert allows a delta trap to be inspected and interchanged easily while withstanding 

environmental factors.  Lures may be listed in catalogs under the synonyms: grape berry moth, 

Paralobesia viteana, Endopiza viteana, or Endopisa viteana.   

 A major drawback of trapping is the indiscriminant attraction to non-target species, 

which can cause problems with identification (Fig. C.7).  From undesirable flies and look-alike 

insects, to beneficial insects like honey bees, these traps can (rarely) capture unwanted organisms 

as big as small birds.  Trapping during peak summer, when insects are most abundant, may 

increase the risk of capturing small insectivorous birds, like wrens.  For grape berry moth, 

initiate trapping before bud break and continue until catch around veraison. 

 C.2.1. Materials for trapping.  The following is a list of materials to accomplish one 

season of sex pheromone trap and infestation monitoring of grape berry moth. If you have 

spatially separated vineyards, the monitoring effort should be repeated in each block.  The cost 

of monitoring materials for a single set will be about $100.  Traps can be reused for multiple 

years, while liner inserts and lures need to be replaced frequently. 

1. Large plastic delta traps = 4 traps 

2. Sticky-liner inserts = 30 inserts 

3. Sex pheromone lures = 30 lures 

4. Flagging tape 

5. 10x, 20x, or 30x objective hand lens 

 C.2.2. Trapping deployment and service.  Choose a vineyard block with a wooded 

edge nearby.  If you have many suitable edges, choose an area where infestation frequently 

occurs in the vineyard.  In both the wooded and vineyard edges, install two traps at chest height, 
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no more than 30 feet from the edge but not on branches or vines at the edge of the respective 

environments.  Be sure to separate all traps by a distance of at least 60 feet.  

 Install traps prior to bud-break of wild and cultivated grape.  Wild vines may reach bud 

break up to 2 weeks earlier than the earliest varieties in the vineyard.  Generally, deployment as 

early as March 15 should be adequate.   

 Approximately 1 week after deployment, and daily thereafter, check traps for first catch 

of grape berry moth until biofix.  After biofix, check traps weekly.  At each trap check, record 

date, trap service date (if applicable), grape berry moth count (Fig. C.8), vineyard and wild grape 

growth stages, and recent or intended pest management applications.  If catch occurs for the first 

time in the season in any trap, note the record of biofix. After recording data, remove counted 

grape berry moths from liner surface with the tip of a twig.  In addition, replace the liner if it is 

littered with debris. Service traps at 4 week intervals, replacing both the liner and lure regardless 

of the last liner replacement.   

 If you are unsure of what you see, both email and cellular phone submissions can be 

submitted to your nearest extension professional for identification.  Often, non-target insects that 

may look like grape berry moth will be observed on the trap liners (Fig. C.7).  These include the 

sumac moth, redbanded leafroller, and other, small tortricid moths.  

 

 

C.3. Surveillance of cluster infestation  

 Direct infestation of flower or fruit clusters occurs from before bloom through harvest 

creating season long pest pressure.  Before bloom, adults emerge from overwintered pupae to 

mate and lay first generation eggs on both wild and cultivated grape vegetation and flower 
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clusters.  During bloom, we see first generation adults disperse either from wild areas or disperse 

deeper into the vineyard and lay second generation eggs.  The mature larvae of the second 

generation, which overlap with the young of the third generation, are responsible for the elevated 

levels of infestation around veraison. 

 Injury from infestation can be observed after the larvae hatch and begin consuming floret 

or berry flesh.  Around bloom, look for florets tied together with silk strands, often seen with 

flower caps (calyptras) that do not shatter (Fig. C.9). After bloom, look for tied-together berries 

with webbing that are often accompanied by small or large larvae (Fig. C.10).  When berries 

grow larger than a few millimeters in diameter, the larvae will tunnel into the berry, as evidenced 

by a sting (the location of penetration) and signs of darkened flesh beneath the berry skin 

(tunneling) (Figs. C.11, C.12).  With careful dissection, the infesting larva can be found and aged 

to gauge how recent or how soon pest activity had or will occur, respectively.   

 Around veraison, infestation is more difficult to discern due to clusters closing up and 

damage being concealed on the inside of a cluster.  Often you will need to remove several berries 

in areas where webbing is found to discriminate grape berry moth from other web producing 

arthropods (Figure 6.13).  After veraison but before harvest, look for signs of webbing, 

tunneling, exit or entry wounds, mummified berries (Fig. C.14), and the appearance of rots, such 

as botrytis (Fig. C.15). 

 C.3.1. Cluster inspection methods.  Based on historical data for Virginia, cluster 

inspection should be done at bloom, veraison, and before harvest.  These timings permit an 

understanding of pest pressure at critical insect and fruit development periods.  The use of 

trapping data can improve timing of cluster inspections by informing when mature larvae have 

pupated and the subsequent egg laying of the next generation.  An increase of trap captures 
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indicates a period following when application of mating disruption or contact insecticides will be 

effective. 

 Select four locations in both the edge and interior of a vineyard block. Be sure not to 

monitor adjacent to pheromone traps or within 60 feet of other inspection locations.  At each 

location, assess a total of 25 clusters at random divided among 5 vines (5 clusters per vine).  

Record the number of infested clusters per 25 clusters sampled. Utimately, you will calculate a 

percentage of infested clusters in both edge and interior sample locations. Calculate percentage 

infested clusters using: 

 Total % infested clusters = # infested clusters / 100 clusters sampled 

 While nominal thresholds of 15% at bloom and 6% from veraison to harvest are 

suggested for table grapes, lower thresholds of infestation may be more appropriate in wine 

grapes.  With the exception of edge sample locations, infestation rarely exceeds these nominal 

levels at bloom in Virginia.  However, infestation is generally highest at varaison, necessitating 

treatments from before bloom to veraison to keep the population from creating problems later in 

the season.  

 

C.4. Surveillance using climate data and modeling 

 Virginia statewide trap monitoring and climate data were assembled to model the first 

three flights of P. viteana in Virginia, which showed peak (50%) emergence at 86, 465, and 

1,090 °C degree-days (187, 869, 1994 ºF degree-days) accumulated from biofix, respectively.  

This represents peak emergence of the spring, first, and second generations.  When attempting to 

establish biofix in a season, expect spring generation trap catch to occur around 216.3 ºC (421.3 
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ºF) degree-days from 1 January or 181.3 ± 8.5 ºC (358.3 ºF) degree-days from 1 March, 

respectively. 

 C.4.1. Using the grape berry moth development modeling tool.  The steps to 

implementing forecasting data can be time consuming and require some technical computer 

skills and software.  You will need access to the internet.  In addition, you will need to run 

Microsoft Excel to input weather data for the grape berry moth forecasting tool (GBM DD 

Calculator).   

 To access climate data relevant to your vineyard site, you may need to utilize several 

resources including a weather database and the forecasting tool from the Virginia Tech Vineyard 

Scholar web page.  The simplest way to do this is to record daily maximum and minimum 

temperature data using a personal thermometer situated near the vineyard. This may be an analog 

thermometer, or you may have a personal weather station from which you can download daily 

temperature high and low data.  Alternatively, you may use an online weather history database, 

such as the one from Weather Underground:   

 Go to: Weather Underground http://www.wunderground.com/history/ 

o Insert your ZIP code, click “Submit”.  

o Click on “Custom” tab.  

o Choose specific date range, for example: January 1 to present day. Click 

“Go”. 

o Browser to bottom of page to a header titled “Observations”. 

o Copy the table, including the columns under “Temp. (F)” of ‘high’ and 

‘low’. 

 Go to: Vineyard Scholar https://scholar.vt.edu/ 
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o Click the folder icon “Participant Submission”. 

o Access GBM DD Calculator by clicking on the item and downloading it to 

your computer. 

o Use the Temp. F ‘high’(TMAX) and ‘low’ (TMIN) data as inputs into the 

GBM DD Calculator.  Be sure to insert the high and low temperature data 

in the appropriate columns. 

o To use the tool, follow the instructions in row 1, notably under the column 

“ACTION”. 

 Be sure to begin data input (copy) starting with row 2. 

 Be sure to Select and Drag all cells in the Bold 

highlighted box to the last date entered for your data. 

 

C.5. Surveillance using landscape assessment 

 Assessment of the landscape surrounding your vineyard may help you pinpoint external 

sources of infestation.  Whether you or your neighbor owns this land, you may consider removal 

of wild grape vines to limit external disease and insect pressures.  Research has shown that the 

proximity of wooded edges and the size and distribution of wooded patches increases the impact 

of grape berry moth trap catch and infestation in the vineyard.  This is especially true when these 

areas host wild grapevines.   

 The peripheral abundance of wild grape habitat from increased edge and patch densities 

might hold a larger wild population of grape berry moth, which would lead to increased 

migration from differing larval densities.  As the season progresses, predation on wild grapes 
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from birds, insects, and mammals, early ripening and possible fruit abortion may contribute to a 

loss of suitable oviposition substrate in wooded habitats.  In addition, habitat fragmentation may 

enhance migratory pathways from peripheral environments into the vineyard.   

 Being aware of the potential for grape berry moth invasion from wild reservoirs may 

enhance your management of this pest.  There is some evidence, albeit limited, of peripheral wild 

grape vine destruction and reduced pest pressure.  This is complicated by the fact that removal of 

a reservoir will force the insect to migrate to a more favorable habitat, like your vineyard.  

Therefore, note that if you remove patches of wild grape vines, you may experience heightened 

pest pressure in the season following removal. 

 

 

 

Figure C.1.  Adult male grape berry moth, Paralobesia viteana, with wings spread. This moth 

was trapped on sticky liner insert of a white large plastic delta trap baited with a female sex 

pheromone lure.   
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Figure C.2.  Pupa of grape berry moth on Vitis rachis.  In addition to pupating directly in the 

cluster, grape berry moth may cut a fold in a grape leaf to form a silken sheath or drop to the 

ground and pupate. 
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Figure C.3.  Black arrow indicating developing egg before hatch of grape berry moth on 

Marquis grape at veraison. Often, the location of the egg becomes the location where the larva 

tunnels into the berry surface (sting). 
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Figure C.4.  Black arrow indicating mature larva of grape berry moth on Cabernet Sauvignon 

grape at fruit set post-bloom. 
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Figure C.5.  Grape berry moth-infested Vitis cluster with larval entry and exit wounds as 

indicated by holes in berry skin and webbing around the wounds.  When this cluster was 

recovered in the vineyard, all three berries were tied together with the webbing.  Note the 

presence of a mummified berry in the bottom of the image. 
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Figure C.6. Large plastic delta trap baited with a Paralobesia viteana (also known as Endopiza 

viteana in some catalogs) female sex pheromone lure.  Some lures are red rubber septa while 

others may be a grey elastomer. This trap was deployed prior to bud-break. 
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Figure C.7.  Comparison of adult grape berry moth to other common “look-alike” insects that 

are caught on sex pheromone trap liners. The insect, sumac moth (D), is found very frequently in 

traps, however the insect is a few millimeters larger, more tubular shaped, and all mottled brown.  

The insects appearing here coupled with grape berry moth are A: larch needleworm; B & C: 

redbanded leafroller; D: sumac moth.  
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Figure C.8.  A total of 3 adult grape berry moths trapped on sticky liner insert of a white large 

plastic delta trap.  You will notice that some lures catch more non-target insects while others 

catch only grape berry moth.  Suterra lures performed best in an evaluation study, but the 

company no longer manufactures lures.  Contact Suterra to demonstrate your interest in their 

lures. 
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Figure C.9.  Bunched florets are indications of grape berry moth infestation on grape flower 

cluster around bloom.  The flower caps (calyptras) have not shattered and florets are likely tied 

together with webbing.  If you tease apart the webbing, a larva may fall out.  The larvae are 

easily agitated and may fall out of the cluster on a silken thread with the slightest disturbance. 
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Figure C.10.  After bloom, grape berry moth larvae tie together small berries to feed on multiple 

berries in a single area.  Mature larvae are very active at this time and will readily fall out of the 

cluster if shaken.  Once berries are large enough, the larva will tunnel inside the berry for 

protection limiting the potential for control with contact insecticides.   
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Figure C.11.  This image of a grape berry moth larval sting (indicated by black arrow) on the 

surface of the grape berry is adjacent to discoloration beneath the berry skin.  Tunneling will 

result in oxidation of tissue, often appearing purple or brown through the skin.  You can observe 

tunneling from fruit set until veraison in red varieties or up until harvest in white varieties.  
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Figure C.12.  Careful dissection of a berry beneath the larval sting reveals tunneling 

(discoloration) and the presence of an early-instar grape berry moth larva (arrow). During your 

inspections, you can use the size of the larvae sampled to make a rough age estimate of your 

larval population.  
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Figure C.13.  Following bunch-closure and veraison, you should inspect clusters for signs of 

grape berry moth feeding and damage.  By gently bending a cluster, you can see behind berries 

to detect webbing.  If needed, you may remove several berries to identify the origin of injury.  

Symptoms such as more webbing, tunneling and entry or exit wounds will help you discriminate 

grape berry moth webbing from other arthropods. 
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Figure C.14.  Around veraison, you will begin to see mummified berries that have detached 

from the cluster pedicels but remain webbed to an adjacent berry.  Often, this is a sign of a recent 

infestation, though in this case, the mid instar grape berry moth larva was found inside the 

mummy (Blue arrow).  The exit hole on the berry in the foreground indicates use of several 

adjacent berries by the lava.  
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Figure C.15.  Before harvest, check for symptoms of grape berry moth infestation by looking for 

the presence of Botrytis bunch rot (A) accompanied by webbing in the interior of the cluster (B).  

Exit holes and mummified berries are often found on the same cluster. 
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