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Abstract 18 

 19 

Pheromone-mediated mating disruption (MD) is currently considered an effective strategy to 20 

control the European grapevine moth (EGVM), Lobesia botrana, with a successful 21 

interference on natural female calling during the male searching flight. However, little is 22 

known on the impact of the hour of the day on EGVM male flight. While various models 23 

forecasting the day of maximum presence of males per flight have been developed, field 24 

research on the male flight activity over the hours of the day is scarce. Hence, we used video 25 

camera-assisted pheromone traps to allow a continuous monitoring of EGVM flights over 26 

daylight and night hours, quantifying captures of males. Experiments were carried out in three 27 

vineyards located in northern Spain over two years (2016 and 2017). Results showed that 28 

EGVM flight mainly occurred between 21:00 and 23:00 hours. Furthermore, male catches 29 

significantly differed over the study year, annual flight period and vineyard. Most of the 30 

dispensers used worldwide for L. botrana MD continuously release the main sex pheromone 31 

component [(7E,9Z)-7,9-dodecadien-1-yl acetate], except for some automatic devices 32 

releasing puffs of sex pheromones at selected time intervals. The findings presented here can 33 

be useful to optimize the MD technique, identifying selected time intervals when the release 34 

of EGVM synthetic pheromones can be concentrated, boosting MD efficacy against this 35 

important pest, minimizing the release of synthetic sex pheromone molecules in the 36 

environment and reducing application costs. 37 

 38 

Keywords: chemical ecology; European grapevine moth; Integrated Pest Management; 39 

pheromone dispenser; Tortricidae 40 
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Key message 43 

 44 

x Video camera-assisted pheromone traps allowed a continuous field monitoring of 45 

EGVM male catches over 24 hours. 46 

x EGVM male activity mainly occurred between 21:00 and 23:00 h; all catches 47 

significantly differed over the annual flight period, study year and vineyard.   48 

x This study can help to optimize mating disruption programs, identifying time intervals 49 

when the release of EGVM synthetic pheromones can be restricted. 50 

x Automatic devices releasing pheromone puffs at selected time frames can be tuned, 51 

boosting mating disruption efficacy.  52 

 53 

54 
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Introduction 55 

 56 

Grapevine production is currently endangered by a number of important insect pests, 57 

among which the European grapevine moth (EGVM), Lobesia botrana (Denis & 58 

Schiffermüller) (Lepidoptera: Tortricidae) plays a key role (Reineke and Thiéry 2016). 59 

Nowadays, pheromone-mediated mating disruption (MD) is considered a reliable and 60 

effective strategy to control L. botrana (Ioriatti et al. 2008, 2011; Witzgall et al. 2010; Cooper 61 

et al. 2014; Lucchi et al. 2018). Currently, more than 249,000 hectares of vineyards are 62 

managed using MD against EGVM in Europe, with about 76,000, 60,000, 47,000 and 36,000 63 

hectares in Spain, Germany, France and Italy, respectively (Lucchi and Benelli 2018). No 64 

negative effects on human health and non-target organisms have been observed so far, 65 

allowing researchers to claim this method as fully compatible with modern Integrated Pest 66 

Management (IPM) criteria (Welter et al. 2005; Millar 2006; Miller et al. 2006; Ting and Eya 67 

2010; Ioriatti et al. 2012). 68 

In the latest decades, a rather wide array of pheromone dispensers and close-related 69 

technologies have been proposed to boost the efficacy of MD, as well as to promote the 70 

employment of biodegradable tools or to reduce the number of dispensers per hectare, thus 71 

labour cost (Lance et al. 2006; Anfora et al. 2008; Brockerhoff et al. 2012; Miller and Gut 72 

2015; Ioriatti and Lucchi 2016; Hummel 2017; Lucchi et al. 2018). The large majority of 73 

dispensers currently used for L. botrana MD are “passive” reservoir devices, which 74 

continuously release plumes of the main sex pheromone component [i.e., (7E,9Z)-7,9-75 

dodecadien-1-yl acetate], except for automatic “active” dispensers releasing puffs of sex 76 

pheromones at selected time intervals (Ioriatti and Lucchi 2016). However, the MD efficacy 77 

of synthetic sex pheromone plumes can be optimized concentrating the release of multiple 78 

synthetic plumes in the hours of the day when EGVM male flights are most abundant.  79 
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Unfortunately, little is known on the impact of the hour of the day on L. botrana 80 

flight. Earlier research focused on EGVM male flight responses to calling females, 81 

pheromone gland extracts and synthetic sex pheromones in wind tunnel assays (Witzgall and 82 

Arn 1990; El-Sayed et al. 1999), as well as on their flight trajectories, which have been deeply 83 

investigated in laboratory using computer-based devices (El-Sayed et al. 2000). Besides, 84 

remarkable attempts have been done to develop models forecasting the day of maximum 85 

flight of males per EGVM generation (also known as “peak flight”) (Götz 1939; Gabel and 86 

Stockel 1988; Gallardo et al. 2009; Amo-Salas et al. 2011).  87 

Several attempts have been made in the past to use sophisticated mechanical trapping 88 

devices (Metcalf et al. 1962). Some of them were driven by clockworks; by opening and 89 

closing slits at predetermined times, it was determined at which time flying insects would 90 

enter in the trap (Götz 1939, 1943). However, such devices were too expensive to produce in 91 

large numbers, to install and to monitor daily, thus they have been never used on a wide scale. 92 

In addition, field research on the occurrence of male flight over 24 hours of the day has never 93 

been conducted. However, in laboratory, Hurtrel and Thiéry (1999) pointed out that the 94 

circadian flight activity of females showed a peak before the onset of scotophase and 95 

sustained activity occurred during 6 hours around this peak. Notably, validating this 96 

information on male moths in the field can be crucial to understand selected time intervals on 97 

which the release of EGVM synthetic pheromones in vineyards can be concentrated, boosting 98 

mating disruption efficacy against this important pest, minimizing the release of L. botrana 99 

synthetic sex pheromone molecules in the environment, and reducing the MD application 100 

cost. 101 

Therefore, in this study, we used video camera-assisted pheromone traps to allow a 102 

continuous monitoring of the EGVM male activity for 24 hours a day, providing a detailed 103 

quantification of male catches in the field for the three flights. Experiments were carried out 104 
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in three different vineyards located in northern Spain, over two years (growing seasons 2016 105 

and 2017).  106 

 107 

Materials and methods 108 

 109 

Field experimental sites and study period 110 

 111 

The field trials were carried out in Zaragoza prefecture (Aragon region, Spain) over 112 

two consecutive years (2016 and 2017). Three vineyards located nearby Lucena de Jalón town 113 

were selected for monitoring L. botrana male flight from the end of April till the end of 114 

August, covering the three annual flights normally recorded in this area in previous years. The 115 

selected vineyards (Testigo, La Noría, El Navarro, respectively, 41°31'24.06"N - 116 

1°17'17.78"O, 41°35'16.69"N - 1°16'29.82"O, 41°32'13.18"N - 1°15'14.43"O) were 1 ha min 117 

surface, managed with a conventional IPM strategy, not based on MD. They were isolated 118 

(i.e., not surrounded by other vineyards) to avoid possible influences from vineyards relying 119 

to MD for EGVM population management. 120 

The pest daily flight was monitored with three camera traps deployed in the centre of 121 

each vineyard. The traps were baited with standard pheromone lure produced by Trécé 122 

Incorporated for L. botrana, code 3104-25 EGVM. The lure was changed every 4 weeks, as 123 

for producer instructions, during all the trial period. 124 

In 2016, the three pheromone traps were deployed in the vineyards on April 20th and 125 

removed on September 8th; in 2017, the traps were installed on April 8th and removed on 126 

August 31th. In both years, the three flight periods were determined by the first and the last 127 

catch registered in at least one of the traps. Dates and duration of each flight period of L. 128 

botrana in 2016 and 2017 are reported in Table 1. 129 
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 130 

Camera video traps 131 

 132 

Camera video traps used in the research were provided by Trapview (Hruševje, 133 

Slovenia) and customized for the trials. They were fitted with higher capacity batteries and 134 

larger solar panels, so they were able to take up to 48 photos per day (one every 30 minutes). 135 

Each automated trap placed in the field was equipped with a high-resolution camera to take 136 

pictures of the trap sticky plate in which insects were being caught, and with the temperature 137 

and relative humidity sensor. The traps used cellular network to send the data and images to 138 

the cloud for processing, where image recognition algorithms were deployed to identify and 139 

mark targeted pests. Based on the automated image processing, some basic frequency 140 

statistics were calculated by the Trapview system. Even though the insect images were 141 

processed automatically, the authors were able to access all images on a computer (through a 142 

web application, http://www.trapview.com/en) and visually review and verify the collected 143 

insects. 144 

 145 

Data collection 146 

 147 

The sticky plate pictures were revised on daily basis by one of us through the web 148 

application (http://www.trapview.com/en). The high-resolution images, taken every 30 min 149 

by the traps, were checked for a visual identification of the insects caught to confirm or refuse 150 

the identification performed by the automated image processing data provided by Trapview. 151 

The number of adult male and the time of the day when they were caught was registered. In 152 

addition, the traps were inspected in the field every week to re-confirm the record achieved 153 

with the web application (total L. botrana weekly catches) while cleaning the sticky plate. 154 
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 155 

Statistical analysis 156 

 157 

Goodness of fit tests evaluating the distribution of L. botrana male catches (n) per trap 158 

every 30 minutes for 24 hours a day showed that data were not normally distributed (Shapiro-159 

Wilk test, P>0.05), due to the high abundance of zero values during daylight hours. Thus, we 160 

employed non-parametric statistics, analysing the significance of differences in L. botrana 161 

male catches per trap every 30 minutes for 24 hours a day (Steel-Dwass test), vineyards, 162 

generations and years (Wilcoxon test). The same statistics was carried out on male catches per 163 

trap every 30 minutes from 21:00 to 23:00, since we noted that >90 % of the catches falls in 164 

that time frame. P=0.05 was selected as threshold to assess significant differences.  165 

 166 

Results 167 

 168 

In our experiments, significant differences in L. botrana male catches per trap every 169 

30 minutes for 24 hours a day were detected (χ²=3442.763; d.f.=47; P<0.001) (Figure 1). 170 

Analysing data from field trials conducted in 2016 and 2017, it was observed that EGVM 171 

male catches were significantly higher from 21:00 to 23:00, if compared to early morning 172 

(from 6:00 to 12:00) (Z=1.896; P<0.001), early afternoon (from 12:00 to 16:00) (Z=9.842; 173 

P<0.001) and late afternoon (from 16:00 to 21:00) (Z=11.904; P<0.001), with the only 174 

exception of catches recorded during the first flight period of 2017 (P>0.05) (Figure 1). 175 

Significant differences among EGVM catches over the three annual flights were detected 176 

(χ²=127.030; d.f.=2; P<0.001). Male catches per trap every 30 minutes were higher in the 177 

third flight, if compared to those of flights 1 and 2. EGVM catches were higher in 2016 over 178 

2017 (Z=14.356; P<0.001) (Figure 1).  179 
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Since 90% of L. botrana male catches were recorded from 21:00 to 23:00, we focused 180 

on this time interval to analyse our data. Figure 2a showed significant differences in EGVM 181 

male catches per trap every 30 minutes over hours of the main period of male activity (2016: 182 

χ²=68.604, d.f.=4, P<0.001; 2017: χ²=53.314, d.f.=4, P<0.001). In 2016, we observed a 183 

significant difference between catches recorded at 21:00 over those achieved at 21:30 184 

(Z=4.108; P<0.001), as well as between catches at 22:30 over those at 23:00 (Z=-3.891; 185 

P<0.001). On the other hand, male catches per trap every 30 minutes did not differ 186 

significantly between 21:00 and 23:00 (Z=-1.637; P=0.473) as well as between 21:30 and 187 

22:30 (Z=-2.202; P=0.179), outlining a rather constant male activity in the central period of 188 

the selected time frame (Figure 2a). In 2017, the overall abundance of L. botrana male 189 

catches was lower if compared to 2016. However, we still observed a significant difference 190 

between catches recorded at 22:00 over those achieved at 21:30 (Z=4.112; P<0.001) and 191 

23:00 (Z=-4.107; P<0.001) (Figure 2a). 192 

Furthermore, Figure 2b showed significant differences among L. botrana catches per 193 

trap from 21:00 to 23:00 in the three study vineyards (2016: χ²=138.109; d.f.=2, P<0.001; 194 

2017: χ²=25.922; d.f.=2, P<0.001). In both experimental years, EGVM catches were higher in 195 

the vineyard Testigo, if compared to El Navarro (2016: Z=5.108; P<0.001; 2017: Z=2.453; 196 

P=0.038) and La Noria (2016: Z=11.769; P<0.001; 2017: Z=5.039; P<0.001). The difference 197 

between catches recorded in El Navarro and La Noria was also significant (2016: Z=-7.277; 198 

P<0.001; 2017: Z=-2.762; P=0.016).  199 

Figure 3 provides an overall analysis of L. botrana catches per trap every 30 minutes 200 

in the main period of male activity (21:00-23:00). EGVM catches showed significant 201 

differences among the three flight periods (2016: χ²=122.109; d.f.=2, P<0.001; 2017: 202 

χ²=46.516; d.f.=2, P<0.001). In the vineyard El Navarro, catches during 2016 were more 203 

abundant during the third flight over the first (Z=8.884; P<0.001) and second one (Z=9.031; 204 
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P<0.001). This trend was not confirmed in the vineyards La Noria and Testigo (Figure 3). On 205 

the other hand, in all study vineyards, no differences in male catches were noted between the 206 

first and second flight (Z=0.641; P=0.797). Both in El Navarro and Testigo, most of the 2016 207 

male catches occurred between 21:30 and 23:00, with peaks reaching 69 male catches per trap 208 

every 30 minutes (Figure 3). In 2017, catches in El Navarro and Testigo were lower during 209 

the first flight over the second (Z=5.111; P<0.001) and third one (Z=6.896; P<0.001), 210 

whereas no differences were noted between the second and third flight (Z=1.958; P=0.122). 211 

No differences were detected analysing catches from La Noria vineyard (Figure 3).  212 

 213 

Discussion 214 

 215 

Moth species show specific daily activity rhythms in their sexual activities. It has been 216 

pointed out that some species are sexually active early at night, while others are sexually 217 

active late at night (e.g., about Tortricidae, Bovey 1966; Batiste 1970; Batiste et al. 1973a,b; 218 

see Groot 2014 for a recent review). It has been argued that the differentiation in daily activity 219 

rhythms of sexual activities has been probably developed to reduce communication 220 

interference among closely related moth species (Roelofs and Cardé 1974; Haynes and Birch 221 

1986; Byers 2006; Groot 2014). When searching information about the effect of the hour of 222 

the day on EGVM male flight, we experienced a severe lack of literature. Indeed, even if it 223 

has been reported that EGVM females call during the first hours of the scotophase (Harari et 224 

al. 2011, 2015; Navarro-Roldán and Gemeno 2017) and the circadian flight activity of 225 

females in laboratory was mainly concentrated in the six hours around the onset of scotophase 226 

(Hurtrel and Thiéry 1999), precise field data on flight daily activity of L. botrana males are 227 

scarce. Substantiating a preliminary evidence by Götz (1943), our field experiments using 228 

camera traps showed that male flights are mostly comprised between 21:00 and 23:00 h, with 229 
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significant differences over the study year, EGVM flight and vineyard. This substantiate 230 

earlier studies showing that the L. botrana female calling activity is mainly concentrated in 231 

these hours (Harari et al. 2011, 2015; Muller et al. 2016). Concerning the effect of the annual 232 

flight period in Spanish vineyards on daily male catches, we observed a slight advance of the 233 

daily flight period in the first flight (i.e., adults coming from the wintering generation) 234 

compared to the second and third flights. This was due to the reduced length of daylight time 235 

in late spring if compared to that of summer.  236 

From an applied point of view, the findings presented here can be useful to optimize 237 

MD technique, identifying selected time intervals in correspondence of which the release of 238 

EGVM synthetic pheromones can be restricted. Indeed, even if most of the EGVM mating 239 

disruption dispensers spread continuous sex pheromone plumes, new automatic devices 240 

releasing puffs of sex pheromones at selected time intervals (e.g., Checkmate Puffer® LB, 241 

Suterra) were recently registered and commercially used in vineyards (Ioriatti and Lucchi, 242 

2016). These aerosol formulations can be easily tuned to release pheromone plumes during 243 

the hours where males really flight, searching for mates, providing a cost-effective alternative 244 

to hand-applied dispensers. This may help boosting MD efficacy against EGVM, currently 245 

recognized as a key pest of vineyards worldwide, and minimizing the release of synthetic sex 246 

pheromone molecules in the environment. 247 
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Figure 1. Lobesia botrana male catches (n) per trap every 30 minutes for 24 hours a day; data 
from three study vineyards collected during the three flights in 2016 and 2017 were analysed. 
Box plots are given in red; quantiles and outliers are indicated by blue T-bars and black dots, 
respectively. 90% of male catches were from 21:00 to 23:00. Asterisk indicates significant 
differences in male catches over 24 hours a day (Steel-Dwass test, P<0.05); n.s.=not 
significant. 
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Figure 3. (a) Lobesia botrana male catches (n) per trap every 30 minutes in the main period 
of male activity (21:00-23:00, >90% of catches) analysed separately to show differences 
among the three flight periods over two years and three study sites. Differences between years 
and study sites are significant (P<0.001). Box plots are given in green (flight period) or violet 
(hour of the day). Quantiles are indicated by blue (flight period) and red (hour of the day) T-
bars. Outliers are indicated by black dots. Within each year, different letters above boxplots 
indicate significant differences among flight periods (green) and hours of the day (violet) 
(Steel-Dwass test, P<0.05). 
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Table 1. D
ates and the duration of the three flight periods of Lobesia botrana in the study vineyards located in A

ragon region (Spain) over tw
o 

consecutive years (2016 and 2017). 
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