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Abstract:



Social wasps can be serious pests in fruit growing plantings and are becoming increasingly problematic for grape growers. In this study, we conducted two experiments to assess the species composition and seasonal phenology of social wasps in Wisconsin vineyards in 2015 and 2017. In 2015, three attractants were used: (1) wine; (2) heptyl butyrate (HB); and (3) acetic acid and isobutanol (AAIB) and in 2017, two attractants were used: HB and AAIB. In both years, the same eight species were trapped from the genera Vespula, Dolichovespula, and Polistes. The predominant wasp species trapped were Vespula maculifrons, Vespula vidua, Vespula flavopilosa, and Vespula germanica in 2015 and V. maculifrons, V. flavopilosa, V. germanica, and Dolichovespula maculata in 2017, in order of total abundance. The populations of V. vidua decreased in 2017 compared to 2015, indicating large inter-annual variation. In both years, AAIB lures trapped significantly more V. flavopilosa, V. maculifrons, and V. germanica, the three most prevalent species during grape harvest, than HB, whereas HB lures trapped more V. vidua than AAIB. Wine was generally attractive to all species in 2015. This study identifies for the first time the wasp species present in Wisconsin commercial vineyards using chemical attractants. This knowledge, along with the seasonal phenology of these pest species, will help facilitate the development of management strategies for social wasps in commercial vineyards.
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1. Introduction


Social wasps (Hymenoptera: Vespidae) are important predators of other insects and spiders [1,2,3,4]. However, paper wasps (Polistes spp.) and yellowjackets (Vespula and Dolichovespula spp.) are frequently considered nuisance pests, particularly later in the summer, for people, pets, and livestock [5,1,6,7,8]. Social wasps can become common recurring pests in commercial fruit production, including grape, cherry, peach, pear, apple, and Myrciaria sp. [5,9,10,11] and can display aggressive behavior during fruit harvest [12]. Some species, such as Vespula germanica, recruit nestmates to desirable food sources [13,14], potentially exacerbating their pest status. In recent years, fruit growers have seen an increase in the numbers of yellowjackets and hornets in orchards, possibly due to softer pesticide programs [15]. Currently, management strategies are limited and include nest treatment or removal, sanitation in the way of damaged and dropped fruit removal, as well as trapping with baits or lures [16,17], but these methods do not provide adequate control in either urban or agricultural settings [18,8].



Eighteen Vespidae species have been identified as damage causing pests to grape worldwide [19]. Social wasps are known to be opportunistic and are often reported as secondary pests utilizing pre-existing holes in grape berries [20]. However, they have also been reported to inflict direct damage to crops, for example in grapes [5,9,21], which may provide the initial entry wound for other pests, such as fungal pathogens or Drosophila species, and may facilitate the transfer of disease-causing microorganisms, such as sour rot in grapes [22].



In Wisconsin, yellowjackets and paper wasps are common in urban and rural locations, with the two predominant species being V. germanica and Vespula maculifrons [23]. Little is known about the diversity and abundance of social wasps occurring in Wisconsin fruit crops, and particularly in vineyards. Identifying the species present in vineyards is fundamental and essential to implement appropriate management strategies for growers as individual wasp species respond differently to chemical attractants and behavioral responses to specific attractants can vary across states and regions [7,23,24,25].



Monitoring and management of social wasps have been implemented using different types of semiochemical attractants, reviewed in [18] and various food baits, for example, honey, beef, fruit, yeasts, and fish, e.g., [26,27,28]. Semiochemical attractants are extensively used to monitor and manage pest insects via attract-and-kill, mass trapping, and mating disruption strategies, reviewed in [29] and offer clear advantages over food baits, providing more dependable and standardized attractiveness and at a lower cost over time [18].



Currently, no individual bait or lure has been identified to account for all wasp species present in an area and a combination of trapping methods and baits is necessary to assess social wasp species diversity [18,23,30,31]. Several chemical attractants have been identified and are now widely commercialized for managing pestiferous wasps, particularly isobutanol, acetic acid, blends of these two chemicals, and heptyl butyrate, reviewed in [18]. The mixture of acetic acid and isobutanol was shown to be attractive to multiple species, including Dolichovespula spp., Polistes spp., and Vespula spp., in particular species in the Vespula vulgaris species group, in different states throughout the USA [23,24,25,31,32]. However, not all Vespula spp. are attracted to the acetic acid-isobutanol blend, for example, in Wisconsin Vespula vidua was instead attracted to ethyl-(E,Z)-2,4-decadienoate, also known as pear ester [23] and was shown to be attracted to heptyl butyrate, along with other species in the Vespula rufa species group, on the East Coast and in Michigan [7,33].



This study was designed to (1) assess the species composition of social wasps during the grape growing season; (2) describe the seasonal phenology of the main social wasps present in grape production; and (3) assess the effectiveness of commonly-used attractants on the wasp species present in vineyards. A better understanding of the social wasps present in vineyards and their seasonal flight activity should result in more appropriate recommendations for better management in vineyards.




2. Materials and Methods


Two experiments were conducted to assess the species composition and seasonal flight patterns of social wasps in Wisconsin vineyards. All vineyards ranged from 0.5–6 ha (1–15 ac) in size and recently experienced relatively high social wasp populations sometimes associated with crop losses. Vineyards in our study were at least five miles apart and were planted with cold hardy grape cultivars, Marechal Foch, Marquette, Frontenac, St Pepin, and Somerset. Harvest for these cultivars typically occurs from mid-August to mid-September. Social wasps were trapped at six vineyards in south central Wisconsin (Dane and Iowa Counties) from June 2 until all grapes were harvested (22 September 2015). In 2017, three of the same vineyards were used and the trapping season was extended until two consecutive weeks of no wasps caught in traps (1 June 2017–9 November 2017) in order to describe the complete seasonal phenology of social wasps in Wisconsin vineyards. Overall, weather conditions in both years were typical for this region in both temperature and precipitation.



All experiments were conducted using Trappit® dome traps (Great Lakes IPM Inc., Vestaburg, MI, USA). These traps consist of an opaque yellow plastic bottom receptacle that can hold liquid with a 6-cm diameter hole and funnel to allow wasp entry from the bottom center of the trap, and a clear plastic top cover. In both years, all traps contained either 300 mL of water or 300 mL of a liquid attractant, 0.05% boric acid (Fisher Scientific, Santa Clara, CA, USA) to minimize decomposition of the trapped insects, and a couple of drops of unscented dish liquid soap (~0.15 mL) (Seventh Generation, Burlington, VT, USA) to break the surface tension of the liquid. Traps were attached to the trellis in the fruiting area of the grape vines, about 1.5 m above ground. A complete randomized block design was utilized to compare treatments, with traps randomly rotated weekly. Traps were placed at least 12 m apart and one trap per treatment was placed at each vineyard, with one replicate per vineyard.



In 2015, three types of attractants were used in traps: (1) wine; (2) heptyl butyrate (HB); and (3) acetic acid and isobutanol (AAIB), with six replicates per treatment. The wine treatment consisted of red wine (Charles Shaw Merlot, Trader Joes, Madison, WI, USA). Wine was used as a general wasp attractant as it is known to be attractive to Vespula and Polistes spp. [34,24]. Chemical lures consisted of a 5-mL load of heptyl butyrate (Sigma-Aldrich© LLC., Worldwide) or a 5-mL load of acetic acid (VWR, Worldwide) and isobutanol (Sigma-Aldrich© LLC., Worldwide) in a 1:1 ratio of each chemical placed in the same vial. In both 2015 and 2017, chemicals were dispensed on cotton in 8 mL polypropylene vials (Nalgene Nunc International, Rochester, NY, USA) and volatiles were released from 3 mm holes drilled in the lid to maintain similar release rates in both years [35]. Vials were hung inside the top cover with a wire of about 75 mm in length above the drowning solution and entrance. Lures were replaced monthly.



In 2017, the same two chemical attractant treatments were utilized (1) heptyl butyrate and (2) acetic acid and isobutanol, with three replicates per treatment. Chemical lures consisted of a 0.1 mL load of heptyl butyrate in a 4-mL polypropylene vial or a 2-mL load of acetic acid and 4 mL load of isobutanol and lures were replaced every two weeks.



In both years, drowning solutions were replaced and samples were collected weekly. Samples were brought back to the laboratory, and preserved in 70% ethanol until identification. Wasps were identified to species under a dissecting microscope using the “Identification Atlas of the Vespidae (Hymenoptera, Aculeata) of the northeastern Nearctic region” [36]. Voucher specimens are held at the Wisconsin Insect Research Collection, at the University of Wisconsin—Madison.



In 2015, a one-way ANOVA was conducted for each wasp species using Rcmdr [37] to compare the effect of treatment on the mean number of wasps captured per trap for three treatments (AAIB, HB, wine), with the significance level set at p < 0.05 and post-hoc Tukey’s tests to separate treatment means. In 2017, a Student’s t-test was conducted using Vassarstats [38] to compare the effect of the two treatments on the mean number of wasps captured per trap for the two chemical attractants [38]. Trap catch data was subjected to the Shapiro-Wilk statistic to test for normality. The normality assumption was not met; thus, data for each year was square root-transformed before analyses. The seasonal phenology of the four most common species was graphed for both the 2015 and 2017 field seasons.




3. Results


Eight species in the family Vespidae were trapped in south central Wisconsin vineyards in 2015 and 2017. These were V. vidua (de Saussure, 1854), V. maculifrons (du Buysson, 1905), V. germanica (Fabricius, 1793), Vespula flavopilosa (Jacobson, 1978), Dolichovespula maculata (Linnaeus, 1763), D. arenaria (Fabricius, 1775), P. dominula (Christ, 1791), and P. fuscatus (Fabricius, 1793).



In 2015, V. maculifrons and V. vidua were the two most commonly caught wasps with a total of 762 (n = 288; mean ± SEM: 2.64 ± 0.58 wasps per trap per week) and 632 wasps (n = 288; 2.20 ± 0.34), respectively. Vespula flavopilosa and V. germanica were also trapped with a total of 362 (n = 288; 1.25 ± 0.41) and 206 (n = 288; 0.72 ± 0.14), respectively. In 2017, V. maculifrons was the most abundant species trapped with a total of 2098 wasps (n = 132; 16.01 ± 5.16). Vespula germanica was next with 508 wasps (n = 132; 3.85 ± 1.26) and V. flavopilosa with a total of 401 wasps (n = 132; 3.04 ± 1.49). The fourth most common species, D. maculata, was relatively rare, with a total of 36 wasps captured (n = 132; 0.27 ± 0.08).



The seasonal trap captures are presented for the four most abundant wasp species for each year. During the grape growing season in 2015, these were V. maculifrons (Figure 1), V. germanica (Figure 2), V. flavopilosa (Figure 3), and V. vidua (Figure 4). In 2017, the predominant wasp species were V. maculifrons (Figure 1), V. germanica (Figure 2), V. flavopilosa (Figure 3), and D. maculata (Figure 5). In 2017, V. vidua was very rare compared to 2015 and only 22 wasps were caught throughout the whole trapping season (n = 132; 0.17 ± 0.04; Figure 4). The earliest wasps captured by season were P. fuscatus and P. dominula on 9 June 2015, and V. vidua on 6 July 2017. For V. vidua, the first wasps were captured in the third week of June in 2015 and populations peaked on July 28 with 14.50 ± 5.97 wasps per trap per week (Figure 4). Populations followed a slow decline and reached 5.33 ± 2.85 wasps per trap per week on the last week of trapping in the third week of September.


Figure 1. Mean number (±SEM) of Vespula maculifrons caught per trap per week in South Central Wisconsin vineyards in traps baited with acetic acid and isobutanol (AAIB) from 8 June to 22 September 2015 (solid line) and from 8 June to 9 November 2017 (dashed line). The shaded region indicates the overall grape harvest for all grape cultivars present across all vineyards sampled.
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Figure 2. Mean number (±SEM) of Vespula germanica caught per trap per week in South Central Wisconsin vineyards in traps baited with acetic acid and isobutanol (AAIB) from 8 June to 22 September 2015 (solid line) and from 8 June to 9 November 2017 (dashed line). The shaded region indicates the overall grape harvest for all grape cultivars present across all vineyards sampled.
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Figure 3. Mean number (±SEM) of Vespula flavopilosa caught per trap per week in South Central Wisconsin vineyards in traps baited with acetic acid and isobutanol (AAIB) from 8 June to 22 September 2015 (solid line) and from 8 June to 9 November 2017 (dashed line). The shaded region indicates the overall grape harvest for all grape cultivars present across all vineyards sampled.
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Figure 4. Mean number (±SEM) of Vespula vidua caught per trap per week in South Central Wisconsin vineyards in traps baited with heptyl butyrate (HB) from 8 June to 22 September 2015 (solid line) and from 8 June to 9 November 2017 (dashed line). The shaded region indicates the overall grape harvest for all grape cultivars present across all vineyards sampled.
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Figure 5. Mean number (±SEM) of Dolichovespula maculata caught per trap per week in South Central Wisconsin vineyards in traps baited with acetic acid and isobutanol (AAIB) from 8 June to 22 September 2015 (solid line) and from 8 June to 9 November 2017 (dashed line). The shaded region indicates the overall grape harvest for all grape cultivars present across all vineyards sampled.
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The seasonal flight patterns observed was similar amongst most species in 2017. Vespula maculifrons was first detected on 27 July, populations peaked on 5 October (317.67 ± 95.94 wasps per trap per week), and the last individual was trapped on 2 November (Figure 1). Vespula flavopilosa was first detected on 10 August, peaked on 5 October (73.33 ± 53.84), and was last caught on 19 October (Figure 3). The first V. germanica was trapped on 24 August, populations peaked on 5 October (82.67 ± 16.67), and the last V. germanica was caught on 19 October (Figure 2). Similarly, D. maculata was first found on 10 August, with peak abundance on 5 October (3.33 ± 1.20), and the last wasp caught on 19 October (Figure 5). The first V. vidua was caught on 6 July and numbers increased slightly to a peak of 1.33 ± 0.89 wasps per trap per week, and the last V. vidua was captured on 29 September (Figure 4).



In 2015, V flavopilosa, V. vidua, V. germanica, V. maculifrons, and P. fuscatus were caught in all three treatments (AAIB, HB, wine). Significantly more V. maculifrons were caught in traps baited with wine or AAIB than with HB, with no significant difference between wine and AAIB (F = 12.3; df = 2177; p < 0.001; Table 1). More V. germanica were trapped with AAIB or wine than with HB (F = 8.22; df = 2177; p < 0.001) and more V. vidua were caught with HB than with AAIB or wine, and more with wine than AAIB (F = 42.67; df = 2177; p < 0.001). More V. flavopilosa were caught with AAIB and wine than with HB (F= 6.97; df = 2177; p < 0.01), with no significant difference between AAIB and wine. With the two Dolichovespula spp., more wasps were caught in the wine than in the HB traps and no significant difference was observed between AAIB and wine or HB (D. arenaria: F = 3.77; df = 2177; p = 0.03; and D. maculata: F = 6.32; df = 2177; p < 0.01). Wine caught more P. fuscatus (F = 20.8; df = 2177; p < 0.001) and more P. dominula (F = 4.21; df = 2177; p = 0.02) than either AAIB or HB.


Table 1. Mean ± SEM number of social wasps captured per trap per week baited with acetic acid and isobutanol (AAIB), heptyl butyrate (HB), or wine from 21 July through 22 September 2015 in South Central Wisconsin vineyards.





	Wasp Species
	AAIB
	HB
	Wine





	Vespula maculifrons
	4.68 ± 1.82 b
	0.32 ± 0.10 a
	7.55 ± 1.96 b



	Vespula germanica
	1.50 ± 0.53 b
	0.18 ± 0.07 a
	1.68 ± 0.35 b



	Vespula vidua
	0.25 ± 0.09 a
	7.52 ± 1.24 c
	2.38 ± 0.70 b



	Vespula flavopilosa
	3.12 ± 1.67 b
	0.03 ± 0.02 a
	2.83 ± 0.94 b



	Dolichovespula arenaria
	0.02 ± 0.02 ab
	0 ± 0 a
	0.10 ± 0.05 b



	Dolichovespula maculata
	0.17 ± 0.10 ab
	0 ± 0 a
	0.35 ± 0.12 b



	Polistes fuscatus
	0.20 ± 0.06 a
	0 ± 0 a
	0.75 ± 0.15 b



	Polistes dominula
	0 ± 0 a
	0 ± 0 a
	0.07 ± 0.03 b







Means within a row followed by the same letter are not significantly different by Tukey’s Test (p < 0.05).








In 2017, V. flavopilosa, V. vidua, V. maculifrons, and P. dominula were caught in both treatments (AAIB and HB). In 2017, more V. maculifrons (t = 5.18; df = 88; p < 0.0001), V. germanica (t = 4.66; df = 88; p < 0.0001), V. flavopilosa (t = 3.76; df = 88; p < 0.0001), D. arenaria (t = 1.43; df = 88; p = 0.0001), D. maculata (t = 4.48; df = 88; p < 0.0001), P. fuscatus (t = 3.81; df = 88; p < 0.0001), and P. dominula (t = 1.02; df = 88; p < 0.0001) were caught with AAIB than HB (Table 2). Higher numbers of V. vidua were trapped with HB than with AAIB (t = 1.86; df = 88; p = 0.0007; Table 2).


Table 2. Mean ± SEM number of social wasps captured per trap baited with acetic acid and isobutanol (AAIB) or heptyl butyrate (HB) from 20 July through 2 November 2017 in South Central Wisconsin vineyards.





	Wasp Species
	AAIB
	HB





	Vespula maculifrons
	46.24 ± 14.03 a
	0.39 ± 0.25 b



	Vespula germanica
	11.29 ± 3.46 a
	0.00 ± 0.00 b



	Vespula vidua
	0.13 ± 0.07 a
	0.33 ± 0.10 b



	Vespula flavopilosa
	8.87 ± 4.26 a
	0.04 ± 0.03 b



	Dolichovespula arenaria
	0.05 ± 0.03 a
	0.00 ± 0.00 b



	Dolichovespula maculata
	0.80 ± 0.22 a
	0.00 ± 0.00 b



	Polistes fuscatus
	0.42 ± 0.13 a
	0.00 ± 0.00 b



	Polistes dominula
	0.07 ± 0.04 a
	0.02 ± 0.02 b







Means within a row followed by the same letter are not significantly different (p < 0.05).









4. Discussion


A complex of species from the Vespula, Dolichovespula, and Polistes genera were present at all the vineyards sampled in both years. The most common wasp species were V. maculifrons, V. germanica, V. flavopilosa, and V. vidua which was present in relatively high numbers in 2015. Vespula maculifrons and V. germanica were reported as the most abundant species consistently found in several field trapping experiments in both rural and urban landscapes in Wisconsin [23]. However, the species composition of social wasps can differ between rural and urban landscapes due to differences in life history. For example, V. germanica tend to be more commonly found in urban habitats as they build their nests inside structures, whereas V. maculifrons prefers rural habitats as it nests underground [39]. Commercial vineyards are usually set in rural areas with several man-made structures and thus may provide the type of nesting habitat suitable for both aerial and underground nesters. To the best of our knowledge, this is the first report documenting the species composition of social wasps in vineyards.



The composition of species changed slightly from 2015 to 2017, highlighting variation in wasp populations from year to year. Most notably, V. vidua, the second most abundant wasp in 2015, was nearly absent in 2017 at the same locations. Fluctuating population dynamics have been documented for V. germanica and V. vulgaris [40,41,42], likely due to their pest status and propensity for invading new geographical regions [43], and this information is lacking for other species. As noted by Akre and Reed [44], different species exposed to similar weather conditions do not necessarily experience similar fluctuations in population dynamics, which suggests that endogenous biotic factors, such as relative population abundance, may vary by species [42]. More research is necessary to determine if long term population dynamics patterns described for V. germanica and V. vulgaris apply to other social wasps species, such as V. vidua.



In 2017, V. vidua was captured, albeit in low numbers, for approximately three months (end of June through September), whereas V. germanica, V. maculifrons, V. flavopilosa, and D. maculata were trapped for two months or less (mid-August to mid-October). The trapping season for these species coincides with the grape growing season and harvest of the most commonly grown cold hardy grape cultivars in our study. The population abundance of most of the social wasp species found in the study vineyards increases as the grape clusters ripen and become susceptible to damage. Previous reports have shown that social wasps can cause direct damage to sound grape clusters [5,21], which may lead to complete crop loss in vineyards [9]. In addition, foraging wasps have been shown to carry and facilitate the transfer of the sour rot microbial complex, an important disease affecting wine grape quality worldwide [22], exacerbating the pest problem social wasps may pose in vineyards and increasing the need for adequate management strategies.



Vespula flavopilosa, V. maculifrons, and V. germanica were trapped primarily with the AAIB lures in both years. This result is consistent with previous reports showing that these and other species from the Vespula vulgaris group, such as V. vulgaris and V. pensylvanica, are more attracted to AAIB than HB, reviewed in [18]. Interestingly, it was reported in previous studies that V. flavopilosa was either not trapped with AAIB [23] or trapped in low numbers [25], and it was suggested that AAIB is likely not an attractant for V. flavopilosa [23]. The results presented herein suggest that V. flavopilosa is significantly more attracted to AAIB than HB, and suggest that AAIB is an effective attractant for this species in Wisconsin vineyards.



Species in the Vespula rufa group tend to be attracted to HB over AAIB, reviewed in [18] and this is consistent with our findings of catching significantly more V. vidua in the HB- than the AAIB-baited traps. We also used wine as a generalist attractant in 2015 and found that wine attracted all species of wasps reported in Wisconsin vineyards, including P. dominula which was not caught in any of the AAIB or HB traps. Using different sampling methods, including fruit based baits, was shown to improve the efficiency of surveying social wasps in agricultural settings [30]. Future studies should address other chemical attractants and combinations of these to determine optimal attractants for the predominant wasp species present in vineyards, particularly during grape harvest.



In this study, we reported all social wasps trapped in our experiments. We caught V. flavopilosa and very few P. dominula which were not trapped in a previous study done in Wisconsin [23], and P. dominula and V. germanica were not reported in traps baited with either AAIB or HB in Michigan [7]. Species reported in the Midwest and that were not trapped with AAIB, HB, or the general attractant wine in this study, include V. vulgaris, V. acadica, and V. consobrina [7], probably because of the different habitats sampled, that is, vineyards herein and forest in the Michigan study by Reed and Landolt [7]. It remains to be determined if the low numbers of wasps caught for some species, such as P. fuscatus or P. dominula, is due to a weak response to the chemical attractants placed in traps, low population levels, or low activity of these species in the vineyards sampled [7].



The results provided herein provide a better understanding of the social wasp species assemblages in Wisconsin vineyards and describes the seasonal phenology of the predominant species. These results will help improve management strategies in vineyards to target specific wasp pest species. Indeed, the implementation of attractant traps for monitoring and mass trapping can be targeted to the specific species identified in vineyards using the most appropriate attractant, as species are known to vary in their responses to specific attractants [18].







Author Contributions


C.G. and K.H.-H. conceived and designed the experiments. K.H.-H. and A.N.L. conducted the experiments and analyzed the data. C.G., K.H.-H., and A.N.L. wrote the manuscript.




Acknowledgments


We would like to thank Jennifer Kukuck and Janet van Zoeren for their help with the field trapping, Bonnie Ohler for preparing lures and assisting with field work, and PJ Liesch for his expertise and help in identifying wasp specimen to species. We are also thankful to Peter Landolt and Lee Ream for providing lures for the 2015 field trapping study and to Ben Jaffe for providing suggestions on an earlier version of the manuscript. This study was funded in part by the USDA Wisconsin Department of Agriculture, Trade and Consumer Protection.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Akre, R.D.; MacDonald, J.F. Biology, economic importance and control of yellowjackets. In Economic Impact and Control of Social Insects; Vinson, S.B., Ed.; Praeger: New York, NY, USA, 1986; pp. 352–412. [Google Scholar]

	2. 
Archer, M.E. Vespine Wasps of the World; Siri Scientific Press: Manchester, UK, 2012. [Google Scholar]

	3. 
Elisei, T.; Ribeiro Junior, C.; Fernandes Junior, A.J.; Vaz e Nune, J.; De Souza, A.R.; Prezoto, F. Management of Social Wasp Colonies in Eucalyptus Plantations (Hymenoptera: Vespidae). Sociobiology 2012, 59, 1167–1174. [Google Scholar]

	4. 
Gould, W.P.; Jeanne, R.L. Polistes Wasps (Hymenoptera: Vespidae) as Control Agents for Lepidopterous Cabbage Pests. Environ. Entomol. 1984, 13, 150–156. [Google Scholar] [CrossRef]

	5. 
Akre, R.D.; Greene, A.; MacDonald, J.F.; Landolt, P.J.; Davis, H.G. Yellowjackets of America North of Mexico; U.S. Department of Agricuture Handbook No. 552; U.S. Department of Agriculture: Washington, DC, USA, 1981.

	6. 
Pankiw, T. Reducing Honey Bee Defensive Responses and Social Wasp Colonization with Methyl Anthranilate. J. Med. Entomol. 2009, 46, 782–788. [Google Scholar] [CrossRef] [PubMed]

	7. 
Reed, H.C.; Landolt, P.J. Trap response of Michigan social wasps (Hymenoptera: Vespidae) to the feeding attractants acetic acid, isobutanol, and heptyl butyrate. Great Lakes Entomol. 2002, 35, 71–77. [Google Scholar]

	8. 
Rust, M.; Su, N.Y. Managing social insects of urban importance. Annu. Rev. Entomol. 2012, 57, 355–375. [Google Scholar] [CrossRef] [PubMed]

	9. 
Cranshaw, W.S.; Larsen, H.J., Jr.; Zimmerman, R.J. Notes on Fruit Damage by the European Paper Wasp, Polistes dominula (Christ) (Hymenoptera: Vespidae). Southwestern Entomol. 2011, 36, 103–105. [Google Scholar] [CrossRef]

	10. 
De Souza, A.R.; Venancio, D.F.A.; Prezoto, F. Social wasps (Hymenoptera: Vespidae: Polistinae) damaging fruits of Myrciaria sp. (Myrtaceae). Sociobiology 2010, 55, 297–299. [Google Scholar]

	11. 
Dörre, M. Trapping Social Wasps in Apple Orchards and Vineyards with Synthetic Volatiles and Live Yeast Cultures in Scania, Scandinavia; Second Cycle, A1E; SLU, Department of Biosystems and Technology: Alnarp, Sweden, 2015. [Google Scholar]

	12. 
Barbosa, B.C.; Paschoalini, M.F.; Prezoto, F. Temporal activity patterns and foraging behavior by social wasps (Hymentoptera, Polistinae) on fruits of Mangifera indica L. (Anacardiaceae). Sociobiology 2014, 61, 239–242. [Google Scholar] [CrossRef]

	13. 
Lozada, M.D.; Adamo, P.; Buteler, M.; Kuperman, M.N. Social learning in Vespula Germanica wasps: Do they use collective foraging strategies? PLoS ONE 2016, 11, e0152080. [Google Scholar] [CrossRef] [PubMed]

	14. 
Overmyer, S.; Jeanne, R.L. Recruitment to food by the German Yellowjacket, Vespula germanica. Behav. Ecol. Sociobiol. 1998, 42, 17–21. [Google Scholar] [CrossRef]

	15. 
Lehnert, R. The Increasing Problem of Yellow Jackets and Hornets; Good Fruit Grower; Washington State Fruit Commission: Yakima, WA, USA, 2014. [Google Scholar]

	16. 
Hoover, E.E.; Wold-Burkness, S.; Hilton, J.; Mollov, D.; Burkness, E.; Galvan, T.; Hemstad, P.; Hutchison, W.D. Grape IPM Guide for Minnesota Producers. Retrieved from University of Minnesota Digital Conservancy. 2011. Available online: http://hdl.handle.net/11299/166875 (accessed on 20 January 2018).

	17. 
Landolt, P.J.; Antonelli, A.L. Yellow Jackets and Paper Wasp; Washington State University Cooperative Extension EB0643: Pullman, WA, USA, 2003. [Google Scholar]

	18. 
Landolt, P.J.; Zhang, Q. Discovery and development of chemical attractants used to trap pestiferous social wasps (Hymentoptera: Vespidae). J. Chem. Ecol. 2016, 42, 655–665. [Google Scholar] [CrossRef] [PubMed]

	19. 
Mani, M.; Shivaraju, C.; Srinivasa Rao, M. Pests of grapevine: A worldwide list. Pest Manag. Horticult. Ecosyst. 2014, 20, 170–216. [Google Scholar]

	20. 
Galvan, T.L.; Koch, R.L.; Hutchison, W.D. Impact of fruit feeding on the multicolored Asian lady beetle and the ability of this insect and paper wasps to injure grape berries. Entomol. Exp. Appl. 2008, 128, 429–436. [Google Scholar] [CrossRef]

	21. 
De Souza, A.R.; Venancio, D.F.A.; Prezoto, F. Interaction between Social Wasps (Hymenoptera: Vespidae: Polistinae) and Fruits of Myrciaria Sp. (Myrtaceae). In Proceedings of the III Latin American Congress of Ecology, São Lourenço, Italy, 10–13 September 2009; pp. 1–3. [Google Scholar]

	22. 
Madden, A.A.; Boyden, S.D.; Soriano, J.A.N.; Corey, T.B.; Leff, J.W.; Fierer, N.; Starks, P.T. The emerging contribution of social wasps to grape rot disease ecology. PeerJ 2017, 5, e3223. [Google Scholar] [CrossRef] [PubMed]

	23. 
Day, S.E.; Jeanne, R.L. Food Volatile as Attractants for Yellowjackets (Hymenoptera: Vespidae). Environ. Entomol. 2001, 30, 157–165. [Google Scholar] [CrossRef]

	24. 
Landolt, P.J.; Cha, D.H.; Werle, C.T.; Adamczyk, J.J.; Meagher, R.L.; Gilbride, R.L.; Clepper, T.S.; Reed, H.C.; Teal, P.E.A.; Sampson, B.J. Polistes spp. (Hymenoptera: Vespidae) Orientation to Wine and Vinegar. Fla. Entomol. 2014, 97, 1620–1630. [Google Scholar] [CrossRef]

	25. 
Landolt, P.J.; Reed, H.C.; Aldrich, J.R.; Antonelli, A.L.; Dickey, C. Social Wasps (Hymenoptera: Vespidae) Trapped with Acetic Acid and Isobutanol. Fla. Entomol. 1999, 82, 609–614. [Google Scholar] [CrossRef]

	26. 
Babcock, T.; Gries, R.; Borden, J.; Palmero, L.; Mattiacci, A.; Masciocchi, M.; Corley, J.; Gries, G. Brewer’s Yeast, Saccharmoyces cerevisiae, Enhances Attraction of Two Invasive Yellowjackets (Hymenoptera: Vespidae) to Dried Fruit and Fruit Powder. J. Insect Sci. 2017, 17, 1–7. [Google Scholar] [CrossRef]

	27. 
Bacandritsos, N.; Papanastasiou, I.; Saitanis, C.; Roinioti, E. Three non-toxic insect traps useful in trapping wasp enemies of honey bees. Bull. Insectol. 2006, 59, 135–145. [Google Scholar]

	28. 
Sackmann, P.; Corley, J.C. Control of Vespula Germanica (Hyn, Vespidae) populations using toxic baits: Bait attractiveness and pesticide efficacy. J. Appl. Entomol. 2007, 131, 630–636. [Google Scholar] [CrossRef]

	29. 
Rodriguez-Saona, C.R.; Stelinski, L. Behavior-modifying strategies in IPM: Theory and Practice. In Integrated Pest Management: Innovation-Development Process; Peshin, R., Dhawan, A.K., Eds.; Springer: Dordrecht, The Netherlands, 2008; pp. 263–315. [Google Scholar]

	30. 
De Souza, A.R.; Venancio, D.F.A.; Zanuncio, J.C.; Prezoto, F. Sampling Methods for Assessing Social Wasps Species Diversity in Eucalyptus Plantation. J. Econ. Entomol. 2011, 104, 1120–1123. [Google Scholar] [CrossRef] [PubMed]

	31. 
Landolt, P.J. A Chemical Attractant for the Golden Paper Wasp, Polistes aurifer Saussure (Hymenoptera: Vespidae). J. Kans. Entomol. Soc. 1998, 71, 69–73. [Google Scholar]

	32. 
Landolt, P.J.; Smithhisler, C.S.; Reed, H.C.; McDonough, L.M. Trapping Social Wasps (Hymenoptera: Vespidae) with Acetic Acid and Saturated Short Chain Alcohols. J. Econ. Entomol. 2000, 93, 1613–1618. [Google Scholar] [CrossRef] [PubMed]

	33. 
Grothaus, R.H.; Davis, H.G.; Rogoff, W.M.; Fluno, J.A.; Hirst, J.M. Baits and attractants for east coast yellowjackets, Vespula spp. Environ. Entomol. 1973, 2, 717–718. [Google Scholar] [CrossRef]

	34. 
Cha, D.H.; Hesler, S.P.; Park, S.; Adams, T.B.; Zack, R.S.; Rogg, H.; Loeb, G.M.; Landolt, P.J. Simpler is better: Fewer non-target insects trapped with a four-component chemical lure vs. a chemically more complex food-type bait for Drosophila suzukii. Entomol. Exp. Appl. 2015, 154, 251–260. [Google Scholar] [CrossRef]

	35. 
Landolt, P.J.; Reed, H.C.; Ellis, D.J. Trapping yellowjackets (Hymenoptera: Vespidae) with heptyl butyrate emitted from controlled-release dispensers. Fla. Entomol. 2003, 86, 323–328. [Google Scholar] [CrossRef]

	36. 
Buck, M.; Marshall, S.A.; Cheung, D.K.B. Identification Atlas of the Vespidae (Hymenoptera, Aculeata) of the northeastern Nearctic region. Can. J. Arthropod Identif. 2008, 5, 1–492. [Google Scholar] [CrossRef]

	37. 
Fox, J.; Bouchet-Valet, M. Rcmdr: R Commander, R Package Version 3.3.2. 2016.

	38. 
Lowry, R. T-Test: Independent or Correlated Samples. Vassarstats. 2018. Available online: http://vassarstats.net/tu.html (accessed on 15 January 2018).

	39. 
Parrish, M.D.; Roberts, R.B. Successful establishment of the German yellowjacket in urban New Jersey indicated by relative abundance of Vespula germanica and V. maculifrons (Hymenoptera: Vespidae). J. Kans. Entomol. Soc. 1982, 55, 272–276. [Google Scholar]

	40. 
Archer, M.E. Population dynamics of the social wasps Vespula vulgaris and Vespula germanica in England. J. Anim. Ecol. 1985, 54, 473–485. [Google Scholar] [CrossRef]

	41. 
Archer, M.E. Changes in abundance of Vespula germanica and V. vulgaris in England. Ecol. Entomol. 2001, 26, 1–7. [Google Scholar] [CrossRef]

	42. 
Masciocchi, M.; Periera, A.; Corley, J.C. Local dynamics of worker activity of the invasive Vespula germanica and V. vulgaris (Hymenoptera: Vespidae) wasps in Argentina. Ecol. Entomol. 2016, 41, 105–111. [Google Scholar] [CrossRef]

	43. 
Edwards, R. The world distribution pattern of the German wasp, Paravespula germanica (Hymenoptera: Vespidae). Entomol. Ger. 1976, 3, 269–271. [Google Scholar]

	44. 
Akre, R.D.; Reed, H.C. Population cycles of yellowjackets (Hymenoptera: Vespinae) in the Pacific Northwest. Environ. Entomol. 1981, 10, 267–274. [Google Scholar] [CrossRef]























© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  insects-09-00057


  
    		
      insects-09-00057
    


  




  





media/file8.jpg
A ]
60 ON
z0noN

6130
zwo
—mr s0%0
6z das
2z das
1 dog
Lodas
TE Sny
vz 8y
£18ny
ot 8ny
o8ny
Lzt

-2017

ozint
evine
s0inf
sz unt
zzunt
sTuny
gount

2015

157) saquinu ueay






media/file6.jpg
157) squinu ueapy





media/file1.png
- ----2017

2015

OOOOOOOOOO
n O n O n O un o uwm
< < o o &N N o

dex) xad suo.fijnovws ~ 4 Jo (INASF) J2qWnu UedN

60 AON
¢0 AON
6T 120
ZT 0
S0 10
6¢ das
¢z das
T dss
£0 das
T€ 3ny
vz 3ny
LT 3ny
0T 3ny
€0 3ny
LTIn
oz Inr
€T Inf
90 INf
6z unf
czung
gT unf
80 unf





media/file7.png
- ----2017

2015
_______I-___—I-__,’}‘I\i--I--I~__r':E‘$-I-,___________

25

o LN o LN o
oN i i

dex xad vnpia "4 Jo (INHSF) Joquinu ueap

60 AON
¢0 AON
6T 20
ZT PO
S0 10
6¢ das
¢z das
T dss
£0 das
T€ 3ny
vz 3ny
LT 3Ny
0T 3ny
€0 8ny
LTnr
oz Inr
€T Inf
90 INf
6z unf
czung
gT unf
80 unf





media/file9.png
/
-
-
“ - |
-
-
-
1 \‘\‘ 1
I ~ 1
\
Y
I ~ |
""
-
“ “ -
/ ~
~
/
/
|
L
\\\
L \\ 1
I ~ = 1
-
-
-
-
/
. /
1 ~
U ~
S ]
N
1
1
1
1
1
1
LN
i
o
N
<< o N i o

dex) xad prognovw 7 3o INASF) J2qWinu ueaip

60 AON
¢0 AON
6T 20
ZT PO
S0 10
6¢ das
¢ das
T dss
£0 das
I€ 3ny
¢ 8ny
LT 8ny
0T 3ny
€0 3ny
LTnr
oz Inr
€T Inf
90 INf
6z unf
czung
gT unf
80 unf





media/file10.png





media/file5.png
60 AON

¢0 AON
6T 20
ZT 10
S0 10
6¢ das
¢ das
T dss
£0 das
I€ 3ny
¢ 3ny
LT 3ny
0T 3ny
€0 3ny
Lzinf
oz Inr
L et N
| 90 Inf
6C unf
ceung
qT unf

- ----2017

2015

140

80 unf

nU nU nU nU
oN o o8] (\o)
i i

o o o
< oN

dex) xad vsojidoav)f /1 30 (INASF) 12quWinu ueap





media/file3.png
- ----2017

2015

nU nU nU
o o8] X0
i

o
4

120

deuy uad potubwiiab “A Jo (INISTF) Joquinu uealn

o o
oN

60 AON
¢0 AON
6T 20
ZT PO
S0 10
6¢ das
¢z das
T dss
£0 das
1€ 8ny
v 8ny
LT 3Ny
0T 3ny
€0 8ny
LTnr
oz Inr
€T Inf
90 INf
6z unf
czung
gT unf
80 unf





media/file4.jpg
—
60 AON.
|
o

200N
6120
wvo

— ezt
5010

]

6z das
2z das
1 das
L0das
1€ Sny
ey
ruany
orsny
€08y
zine
ozin
erin
el

sz unr
Tz unt
stunr
sounr

140

120
100

den sod psopdoanyf -

Joquinu ueapy





media/file0.jpg
|
i

-2017

2015

1

15%)

) saquinu ueay

z0noN
6130
o
5090
6 das
Tz dag
v dag
Lodas
Teny
vz ny
118y
o ny
sosny
e

ozin

rine

e

6z unf
zzunt
sTunt
sounf





media/file2.jpg
8§ 8§ 8

dex 1ad 031UOWIAB A JO (W3ISF) JPqUINU VeI





