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Field survey of Drosophila suzukii (Matsumura) and Zaprionus indianus Gupta (Diptera: 

Drosophilidae) in Maui, Hawaii 

Brittany N. Willbrand 

ABSTRACT 

Drosophila suzukii (Matsumura) and Zaprionus indianus Gupta (Diptera: Drosophilidae) are 

notable agricultural pests of soft-skinned fruits. Efficient field surveying is vital in an integrated 

pest management program. A survey to identify D. suzukii populations was conducted in four 

localities in Maui County among seven host-plants. During the survey, adult Z. indianus 

specimens were collected at all four localities in traps positioned in six of the seven host plants, 

suggesting that this previously unreported exotic species may already be well-established. 

Though there are currently no species-specific attractants available for D. suzukii or Z. indianus, 

characterization of attractant specificity by species and understanding how attractant efficacy 

varies with time is needed to advance development. A modification of the deli-cup trap was used 

and five attractants (brown rice vinegar, apple cider vinegar, red wine, brown rice vinegar plus 

red wine, apple cider vinegar plus red wine) were deployed in cherimoya in Kula, Maui, Hawaii. 

This investigation includes the first reported use of brown rice vinegar as an olfactory attractant 

in the United States and the results suggest that it may have higher specificity in the field capture 

of D. suzukii than apple cider vinegar, red wine, and apple cider vinegar with red wine. No 

significant differences were observed in attractant specificity for the field capture of Z. indianus. 

To examine attractant efficacy over time with and without a preservative, traps were maintained 

daily in cherimoya. The results suggest that attractants up to seven days old had a significant 

effect on mean field captures of D. suzukii and non-target drosophilids. Inclusive of all 

attractants and field ages, The addition of 1% boric acid (w/v) to the attractant solution increased 

the total field captures of D. suzukii by 44%, but no effect was observed for non-target 

drosophilids. These investigations enhance our current understanding of attractant specificity, 

which is the first step towards identifying selective compounds for a species-specific attractant. 

Furthermore, the first report of Z. indianus in Hawaii highlights the importance of examining 

interspecies interactions between endemic and invasive drosophilids and the need for the 

establishment of economic thresholds for vinegar fly pests.   
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ABBREVIATIONS 

SWD  Drosophila suzukii (Matsumura), Spotted wing drosophila  

AFF  Zaprionus indianus Gupta, African fig fly  

ACV  Apple cider vinegar 

BRV  Brown rice vinegar 

RW  Red wine 

ACV+RW Apple cider vinegar plus red wine (60/40%) 

BRV+RW Brown rice vinegar plus red wine (60/40%) 

SEM  Standard error of the mean  
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CHAPTER 3. Attractant efficacy and boric acid supplementation over time for the field 

capture of Drosophila suzukii (Matsumura) and Zaprionus indianus Gupta (Diptera: 

Drosophilidae) in cherimoya 

Brittany Willbrand 

Abstract 

Drosophila suzukii (Matsumura) and Zaprionus indianus Gupta are agricultural pests of many 

soft-skinned fruits and berries, which are often surveyed with vinegars and wines. These 

attractants may continue to ferment in the field changing the composition of the chemicals 

outgassed, and thus attractant efficacy. Furthermore, drosophilids vector yeast and once exposed 

to the drowning solution, these microorganisms may be transmitted to the attractant. Boric acid is 

a preservative commonly used to suppress microbial activity in field traps. Little research has 

been done to assess the effects of fermentation or boric acid supplementation and any potential 

effects to attractant efficacy over time. To examine these effects, daily captures were recorded in 

traps installed in cherimoya for seven days. There were significant differences in mean captures 

by day for D. suzukii and non-target drosophilids. Regardless of attractant used, there were 

greater D. suzukii captures on day 1 than days 4 or 5. For non-target drosophilids, there were 

greater captures on days 1 and 3 than days 4, 5, or 6. Due to the low capture rate for Z. indianus 

(many zero captures), the model was unable to analyze field captures for this species. Boric acid 

(1% w/v) was associated with a 44% increase in D. suzukii captures while no significant 

differences were observed for non-target drosophilid captures, which suggests that inhibiting 

active fermentation may increase the capture rate of D. suzukii. For D. suzukii, BRV+RW 

resulted in higher mean captures of than ACV, ACV+RW, and RW with no significant 

differences between BRV+RW and BRV. While for non-target drosophilids, BRV+RW resulted 

in higher captures than ACV with no significant differences observed between BRV+RW and 

ACV+RW, RW, or BRV or between ACV and ACV+RW, BRV, or RW. Because this 

experiment did not directly assess the effectiveness of 1% boric acid in inhibiting microbial 

activity or the suitability of each attractant as a substrate for microbial growth, further research is 

needed for confidence in these results.  

Keywords: invasive drosophilids, Hawaii, attractant preservatives, apple cider vinegar, brown 

rice vinegar  
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Introduction  

  Drosophilids vector microorganisms including yeast (Becher et al., 2012; Stamps et al., 

2012) and bacteria (Ioriatti et al., 2018), transmitting microorganisms to host-plant tissues 

through contact, feeding, oviposition, and defecation (Bakula, 1969; Basset et al 2003; Hamby et 

al., 2012). The inoculation not only enriches larval development (Stamps et al., 2012) and 

enhances nutrient recycling, but also may affect the efficacy of attractants used in field 

surveying. Active fermentation of the attractant (Epsky and Gill, 2017) and inoculation of 

microorganisms from insects captured in the drowning solution may change the efficacy of the 

attractant over time. To prevent changes to the attractant over time and delay decomposition of 

captured specimens, researchers have added preservatives, such as boric acid. 

 Drosophilids vector yeast (Becher et al., 2012) and subsequently modify yeast density 

and colony diversity on oviposition substrates (Stamps et al., 2012). Higher yeast abundance was 

observed in cherry and raspberry fruits that had been infested by D. suzukii than non-infested 

fruits collected from the field (Hamby et al., 2012), which suggests that either yeasts were 

transmitted from the insect to the fruit or that oviposition sites were selected based on the 

presence of established yeast colonies. In a laboratory experiment, Becher et al. (2012) observed 

that a yeast-free strain of D. melanogaster, after being fed a diet containing yeast for one day, 

was able to vector yeast to sterile grapes. Similarly, Stamps et al. (2012) demonstrated that 

bananas exposed to D. melanogaster adults or larvae had higher yeast densities and less diversity 

than unexposed fruit, validating the theory that drosophilids not only vector yeast, but also 

modify the environment. Therefore, it is plausible that, when drosophilids are exposed to the 

drowning solution present in field traps, microorganisms could be transmitted to the attractant. 

Furthermore, this exposure could change the volatile composition of the attractant solution over 

time, due to secondary fermentation, thus altering attractant efficacy. 

Many attractants continue to ferment in the field becoming more or less effective over 

time, and these changes in attractiveness vary by drosophilid species (Epsky et al., 2015). As 

aqueous grape juice aged, lower field captures were observed for Anastrepha suspensa (Loew) 

and higher captures for Z. indianus (Epsky et al., 2015), suggesting that the continued 

fermentation of the attractant may have altered attractant volatilization and thus behavioral 

responses. Research has demonstrated that D. suzukii and D. melanogaster exhibit preferential 
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attraction to particular yeast strains (Scheidler et al., 2015). Understanding how attractant 

exposure to yeast affects field captures, particularly as the attractant ages over time, provides 

vital information not only regarding bait longevity (Epsky and Gill, 2017) but also for the 

development of a species-specific attractant.  

Any temporal changes to the attractant solution may adversely affect the interpretation of 

field surveys. Because drosophilids are gregarious creatures (Durisko et al., 2014; Battesti et al., 

2015) that vector yeast (Becher et al., 2012) and have a high sensitivity to low concentrations of 

fermentation compounds that elicit attraction (Stensmyr et al., 2003), it would not be surprising 

if attractant exposure to insect microbiome would affect attractant efficacy. Higher densities of 

captured drosophilids in the attractant solution may potentially increase the rate of change. If 

microbiome exposure alters attractant efficacy and the effects are observed within days of 

inoculation, then the interpretation of captures by attractant type could be affected. If the capture 

rate increased, the data could mislead researchers into thinking the attractant volatiles were 

responsible for differences in capture rates when, in fact, introduction of yeast to the attractant 

was influencing attractiveness. Therefore, it is necessary to distinguish the effect of volatile 

composition and microbiome inoculant on the attractiveness of lures.  

A preservative can suppress proliferation of microorganisms and therefore minimize any 

potential changes to attractant volatile composition. The addition of borax (1%, w/v) to an 

attractant solution eliminated specimen decomposition and discoloration of the attractant (Lopez 

and Becerril, 1967), suggesting that microbial activity was suppressed. However, there could be 

species-specific responses to this decrease in microbial activity. The addition of borax (1%, w/v) 

to laboratory-aged grape juice increased field captures of A. suspensa while decreasing 

Z. indianus captures, suggesting that the preservative reduced active fermentation, and caused 

species-specific effects on attractant efficacy (Epsky et al., 2015). Boric acid (1%, w/v) is 

another preservative commonly added to attractant solutions (Landolt et al., 2012; Cha et al., 

2014), but the effects of this addition to attractant efficacy on field captures is not well 

understood.  

Standard attractants for drosophilid field surveying include red wine and apple cider 

vinegar, alone or in combination (Lee et al., 2013; Wang et al., 2016; Kremmer et al., 2017). It 

has also been demonstrated that brown rice vinegar was effective in a laboratory choice-assay in 
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D. suzukii captures (Akasaka et al., 2017). Because gas chromatography-mass spectrometry has 

demonstrated that different vinegars contain different compounds (Chinnici et al., 2009), there is 

reason to suspect that the efficacy of the attractant over time may vary between apple cider 

vinegar and brown rice vinegar. The objective of this experiment is to examine the effects of 

attractant type and boric acid treatment on captures over time (repeated measures, days 1-7) for 

D. suzukii, Z. indianus, and non-target drosophilids in cherimoya.   

Materials and Methods  

Survey locality and host-plant. The cherimoya grove at the University of Hawaii at 

Mānoa: Kula Research Station (20.7 ˚N; -156.3 ˚W, 980 m) was selected for this experiment. 

The cherimoya was ripe and some fruits were observed on the ground. The grove floor was 

shady with substantial plant debris. Weeds present within the grove were routinely treated with 

herbicides. The grove perimeter contained the approximately eight feet of well-managed 

turfgrass. 

Attractants and boric acid. Five attractants were used in this experiment: apple cider 

vinegar (ACV, supplied by Marukan Vinegar Co. Ltd.), brown rice vinegar (BRV, supplied by 

Marukan Vinegar Co. Ltd.), red wine (RW, Oak Leaf Vineyards, Merlot), ACV+RW (mixed; 

60/40%), and BRV+RW (mixed; 60/40%). In addition to the five attractants, distilled water was 

used to control for drosophilid attraction to the red solo cup. ACV, RW, and ACV+RW were 

chosen due to historical use of vinegars and wine as olfactory baits in field traps (Cha et al., 

2015). BRV was selected due to recent evidence suggesting BRV as more attractive than ACV in 

laboratory choice-assays (Akasaka et al., 2017). BRV+RW was prepared to assess the dilution of 

BRV and synergy with red wine volatiles that had been previously observed with ACV+RW 

blends (Landolt et al., 2012; Epsky et al., 2014). Attractants were aliquoted (40 mL per trap) into 

Mason jars the morning of trap installation. Using a 3mL transfer pipette (Karter Scientific), a 

drop of unscented dishwashing liquid (Dawn® Ultra Free and Gentle) was added to each jar to 

break the surface tension of the attractant solution. To examine the effects of preservative 

treatment on mean captures, two levels of boric acid were examined. For the 1% w/v treatment 

group, 0.4 g of boric acid was added to each jar, while no boric acid was added for the 0% 

treatment group.  Because there were six attractants and two boric acid levels there were a total 

of 12 treatment groups.   
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Trap maintenance and specimen collection.  Twenty-four traps were installed in the 

cherimoya grove. Each trap was installed in a single tree at a 1 m height. There were four rows 

of six traps with at least 5 m between rows and 5 m between traps within rows. Specimens were 

collected daily for seven days and the attractant solution, exposed to captured insects, was reused 

for the duration of the run. During collection, the attractant solution was poured over a fine-mesh 

filter, forceps were used to transfer captured specimens to labeled vials containing hand sanitizer 

with 70% ethanol, and the trap base was re-installed to the trap. All of the tools used including 

the extra trap base, forceps, the fine mesh filter, were sanitized with 70% isopropyl alcohol 

before and after each use.  

Specimen preservation and identification. Specimens were stored in hand sanitizer 

containing 70% ethanol prior to identification. Specimens were then classified as D. suzukii 

(male or female), Z. indianus (male or female), non-target drosophilid, or other non-target 

captures. Standard keys were used in the examination of external morphology for D. suzukii 

(Vlach, 2013) and Z. indianus (van der Linde, 2010; Yassin and David, 2010). Specimens were 

classified as drosophilids if individuals possessed all of the following attributes: 1) having a body 

length of 3-4 mm, 2) a golden-yellow-brownish body color, 3) red eyes, 4) antennae with 

branched arista, 5) and the presence of three breaks in the costa vein (Oregon State University, 

2013). Specimens that did not meet the criteria for D. suzukii, Z. indianus, or non-target 

drosophilid, were classified as non-target other captures. For example, field captures belonging 

to family Tephritidae, such as the Mediterranean fruit fly or the melon fly, were categorized as 

non-target other captures.      

Research design and statistical analysis. Statistical analysis was performed using 

SAS® Studio (SAS Institute Inc.). A generalized linear mixed model was used to assess the 

repeated effect of time (random effect; subject=trap) on the fixed effects of attractant (ACV, 

BRV, RW, ACV+RW, BRV+RW) and boric acid (1% w/v, 0% w/v) for the capture of D. 

suzukii, Z. indianus, and non-target drosophilids.  Tukey’s Honestly Significant Difference Test 

was used to evaluate significant differences in mean capture rate within factor levels with a 

significance threshold of p<0.05. The installation of 24 traps permitted two repeats (N=2) for 

each attractant level (ACV, BRV, RW, ACV+RW, BRV+RW, distilled water) and preservative 

(boric acid, no boric acid) combination. Each run (daily captures for seven days) had two repeats 
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and the experiment was performed in two runs (two-weeks) for a total of four replicates (N=4). 

Due to the temporal correlation between both runs, the four replicates are not entirely 

independent. .  For the first run, traps were maintained daily from 12 December 2017 to 19 

December 2017. The trap bases were removed at the end of the week, the attractant/preservative 

treatment was re-randomized, and fresh attractant was added. The second run occurred from 3 

January 2018 to 10 January 2018. 

Results  

 The effect of boric acid treatment on mean captures. There were significant 

differences in mean captures by boric acid treatment for D. suzukii (df=1, 34, f=7.10, p<0.05), 

but not for non-target drosophilids (df=1, 34, f=0.24, p=0.6302). For D. suzukii, there were 

greater captures observed for attractants treated with 1% (w/v) boric acid (1.35 ± 0.14) than no 

boric acid (0.94 ± 0.13) (Figure 1).  

  

Figure 1. Drosophila suzukii captures (mean ± SEM) by preservative.  

 The effect of attractant type on mean captures (inclusive of all days and boric acid 

levels). There were significant differences in mean captures observed by attractant for D. suzukii 

(df=4, 34, f=5.22, p<0.01) and non-target drosophilids (df=4, 34, f=3.68, p<0.05). For D. suzukii 

greater mean captures were observed with BRV+RW (2.02 ± 0.31) than ACV+RW (0.91 ± 

0.14), RW (0.89 ± 0.19), and ACV (0.84 ± 0.17), and with no significant differences between 
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BRV+RW (2.02 ± 0.31) and BRV (1.05 ± 0.17) or between BRV (1.05 ± 0.17), ACV+RW (0.91 

± 0.14), RW (0.89 ± 0.19), and ACV (0.84 ± 0.17) (Figure 2).  

 

Figure 2. Drosophila suzukii captures (mean ± SEM) by attractant. 

For non-target drosophilids greater mean captures were observed with BRV+RW (10.7 ± 

1.4) and ACV (1.77 ± 0.38) or with no significant differences between BRV+RW (10.7 ± 1.4), 

ACV+RW (7.91 ± 1.02), RW (5.21 ± 0.55) and BRV (3.91± 0.65) (Figure 3).  

 

Figure 3. Non-target drosophilid captures (mean ± SEM) by attractant. 
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 The effect of day on mean captures (inclusive of all attractant and boric acid levels).  

There were significant differences in mean captures by day for both D. suzukii (df=6,228, f=3.03, 

p<0.01) and non-target drosophilids (df=6,228, f=5.63, p<0.001). There were greater D. suzukii 

captures on day 1 (1.68 ± 0.39) than day 4 (0.50 ± 0.10) or 5 (0.70 ± 0.22) with no significant 

differences between days 1 (1.68 ± 0.39), 2 (1.23 ± 0.22), 3 (1.23 ± 0.24), 6 (1.30 ± 0.23), and 7 

(1.38 ± 0.24) (Figure 4).  

  

Figure 4. Drosophila suzukii captures (mean ± SEM) by day inclusive of all attractant and boric 

acid levels. 

For non-target drosophilids, there were greater captures on days 1 (9.15 ± 1.39) and 3 

(7.1 ± 1.11) than days 4 (4.98 ± 1.07), 5 (4.25 ± 1.11), or 6 (3.83 ± 0.80) with no significant 

differences between days 1 (9.15 ± 1.39), 2 (6.10 ± 1.20), 3 (7.1 ± 1.11), and 7 (5.93 ± 1.13) 

(Figure 5).  
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Figure 5. Non-target drosophilid captures (mean ± SEM) by day inclusive of all attractant and 

boric acid levels. 

 Because of the temporal correlation between the four replicates, mean captures were 

qualitatively assessed by week for D. suzukii (Figure 6) and non-target drosophilids (Figure 7). 

For D. suzukii, there appeared to be lower captures near day 4 for most attractant types with the 

exception of RW in week 2. For non-target drosophilids, there appeared to be considerable 

differences in mean captures by day and attractant depending on the week surveyed. For 

example, for BRV+RW in week 1 peak captures appear around days 1, 3, and 7 while in week 2 

peak captures appear around days 1, 5, and 7. For ACV the trend appears similar in both weeks 

with more captures on day 1 and a decline throughout the rest of the week.   
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Figure 6. Drosophila suzukii captures by day, week, and attractant.  

 

Figure 7. Non-target drosophilid captures by day, week, and attractant.  
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The interaction effect of time and boric acid treatment. There were no significant 

differences in mean captures by the interaction of day and boric acid for either D. suzukii (df=6, 

228, f=1.51, p=0.1754) or non-target drosophilids (df=6, 228, f=0.52, p=0.7961). Due to the low 

capture rate for Z. indianus (many zero captures), the model was unable to analyze field captures 

for this species. 

 The interaction effect of time and attractant type. There were no significant 

differences in mean captures by the interaction of day and attractant for either D. suzukii (df=24, 

210, f=1.16, p=0.2866) or non-target drosophilids (df=24, 210, f=1.06, p=0.3912). Due to the 

low capture rate for Z. indianus (many zero captures), the model was unable to analyze field 

captures for this species. 

Discussion 

 Daily field captures were assessed to examine the effects of time on attractant type and 

preservation with boric acid for invasive drosophilid captures in cherimoya. There were 

significant differences in mean captures by day for D. suzukii and non-target drosophilids. For 

D. suzukii, greater captures were observed on day 1 than day 4 with no significant differences 

between days 1, 2, 3, and 7 or between days 2, 3, 4, 5, and 6. While for non-target drosophilids, 

there were greater captures on days 1 and 3 than days 4, 5, and 6 with no significant differences 

between days 1, 2, 3, and 7 or between days 2, 4, 5, 6, and 7. The results suggest that either 1) 

microbiome exposure from captured drosophilids affected the field efficacy of attractants or 2) 

there was another variable responsible for differences in captures with time. Landolt et al. (2012) 

observed no significant differences in mean captures of D. suzukii from ACV+RW (+ 1% boric 

acid) that had been aged in the laboratory for 0, 1, 3, 5, or 7 days before field deployment, 

suggesting that either fermentation was no longer active in ACV+RW or that boric acid 

suppressed any further fermentation. Further research is necessary to better elucidate these 

findings, as the repeated measures design in this experiment did not account for extraneous 

variables between days. The differences between days sampled, such as humidity, wind speed, 

precipitation and temperature are may have interfered with the rate of capture. Therefore, it is 

hard to isolate the effect of attractant age from other factors. 

 There were significant differences observed in mean captures by attractant type for 

D. suzukii and non-target drosophilids, but there were no significant differences in the interaction 
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between day and attractant type. For D. suzukii, BRV+RW resulted in higher captures than 

ACV+RW, ACV or RW with no significant differences observed between either BRV+RW and 

BRV or BRV and ACV, ACV+RW, or RW. Similar to the results reported in chapter 2, 

BRV+RW resulted in higher captures than ACV or RW. In contrast, BRV+RW was not 

statistically different from ACV+RW. Collectively, the results suggest that there are differences 

in attractant preferences by week surveyed. One possible explanation is that attractant 

preferences vary with changes in fruit ripeness.  In the present experiment, , BRV+RW resulted 

in higher non-target drosophilids captures than ACV with no significant differences observed 

between BRV+RW and ACV+RW, RW, or BRV or between ACV and ACV+RW, BRV, or 

RW. Similar to the results of the experiment in chapter 2, there were no differences between 

BRV+RW, ACV+RW, and RW. In contrast, BRV+RW was more attractive than BRV and 

ACV+RW was more attractive than ACV. There were no significant differences observed in 

mean captures of D. suzukii or non-target drosophilids for the interaction effect of day and 

attractant. For D. suzukii, there were higher captures towards the beginning of the week, lower 

captures towards the middle of the week, followed by an increase of captures at the end of the 

week. The non-significant interaction effect between day and attractant indicates that this v-

shaped capture trend for D. suzukii was similar across all attractant types used. The results 

suggest that there may have been a third, unexamined factor that was responsible for the trend 

observed and the effect was misattributed to time, which cannot be determined from the data 

collected in this experiment.    

There were significant differences in mean captures by boric acid treatment for 

D. suzukii, but not for non-target drosophilids and there was no interaction effect between day 

and boric acid treatment. For D. suzukii there were greater captures in attractant solutions 

preserved with boric acid than no preservative treatment. Boric acid (1% w/v) was associated 

with a 44% increase in D. suzukii captures compared to no boric acid treatment with 189 and 131 

total field captures, respectively. In contrast, there was no significant difference by boric acid 

treatment for non-target drosophilids. Epsky et al. (2015) found no significant difference in field 

capture rate of Z. indianus by borax treatment for red wine. In the present experiment, the 

abundance of zero capture data prevented analysis for Z. indianus. For the Mexican fruit fly, 

Anastrepha ludens, Lopez and Becerril (1967) reported that borax (1%, w/v) added to the 

attractant reduced total field captures by 12%. Though not statistically significant, there was a 
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15% decrease in non-target drosophilid captures in this experiment when boric acid (1% w/v) 

was added to the attractant. A 33% decrease in Z. indianus captures was observed when boric 

acid (1% w/v) was added to attractant solutions, but since the analysis was not performed it is 

unknown whether this value is statistically significant. The results suggest that adding boric acid 

(1% w/v) to attractant solution may not only affect field capture rates, but also have species-

specific effects. Future research is needed with higher replication in order to examine potential 

effects of boric acid on captures by species. There were no significant differences observed in 

mean captures of D. suzukii or non-target drosophilids for the interaction effect of day and boric 

acid treatment. Therefore, it can be concluded that the differences in mean captures by day are 

consistent regardless of whether boric acid was used. For D. suzukii, there was a v-shaped 

capture trend with higher captures in the beginning and end of the week with decreased captures 

mid-week.  The non-significant interaction effect between day and boric acid indicates that this 

v-shaped capture trend was similar across all attractant types used. The results suggest that the 

effects of boric acid (1%) on attractant effectiveness was consistent throughout the 7 day 

experiment, whether this is due to changes in pH or inhibition of microbial activity is unknown.  

There were several limitations in the experimental design that effect the interpretation of 

the results including the use of repeated measures and the lack of controls. Because all attractant 

age levels were not deployed simultaneously and no attempt was made to correlate variables 

such as temperature, wind speed, precipitation and humidity, it cannot be ruled out that the 

differences observed in mean captures by day were influenced by a third factor. The experiment 

was performed in one location among a single population per species so the accuracy of 

generalizing the results to other environments remains unknown. Furthermore, this experiment 

did not directly assess the suitability of each attractant type as a substrate for microbial growth or 

confirm that 1% (w/v) boric acid would inhibit microbial growth. Because vinegar and red wine 

has already been fermented, there may be a limited amount of sugar left for microbial activity, 

i.e., the differences in volatile outgassing could be attributed to a diffusion curve over time rather 

than microbial activity. Even if the attractant solution was exposed to insect skin microbiome, 

proliferation rates for vectored yeast in the attractant solutions are unknown. The attractant 

solution itself could have suppressed microbial activity through limited food sources and there 

would be no need for an additional preservative.  Microbial activity was not directly assessed, so 

conclusions cannot be made regarding the suitability of each attractant as a growth medium for 
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the yeast strains vectored by drosophilids. Boric acid may have altered other attractant 

properties, such as pH, that were not assessed in this experiment. Lopez and Becerril (1967) 

reported that adding borax (1%, w/v) to the attractant solution increased pH to 8.8, while without 

borax, the attractant pH gradually increased from 5.5 to 8.1 over a seven-day period. 

Additionally, there were no controls in place to assess whether 1% (w/v) boric acid solution is 

effective and whether it would remain effective outdoors over a seven-day period. There may 

have been significantly higher D. suzukii captures in attractants with boric acid, but the 

underlying reason, whether it is due to microbial suppression, increased pH, or another factor can 

only be speculated.  

Future research should further examine how microbiome exposure from the attractant 

solution affects attractant efficacy over time. The suitability of various attractant solutions as a 

potential growth medium for drosophilid vectored yeasts would reveal if a preservative is 

necessary to suppress fermentation. The suitability of an attractant to act as a substrate is 

expected to vary significantly by attractant type, as fresh fruit puree baits (such as mashed 

banana) will have readily available carbohydrate sources, while for vinegars, this would likely be 

a limiting factor for microbial growth.  If an attractant was found to be a suitable substrate, then 

the percentage of boric acid needed to inhibit growth would need to be optimized. Once boric 

acid concentration is optimized, the next step would be to examine the length of time that boric 

acid would remain effective in outdoor settings and whether temperature or humidity would 

affect efficacy. To better elucidate attractant age from other factors, an alternative experimental 

design would be to inoculate the attractants with yeast strains vectored by drosophilids, age the 

attractant in a laboratory and then, deploy all attractant ages simultaneously. 
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CHAPTER 4. Conclusions 

Brittany N. Willbrand 

Drosophila suzukii (Matsumura) and Zaprionus indianus (Gupta), commonly known as 

spotted wing drosophila (SWD) and the African fig fly (AFF), respectively, are notable pests of 

soft-skinned fruits and berries. This study was first reported field experiment in the United States 

that characterized the efficacy of BRV and BRV+RW for drosophilid field surveying. Results 

suggest that BRV+RW may be a suitable alternative to ACV+RW for SWD and AFF surveying 

and that BRV may be uniquely attractive to SWD. Chapter 1 documented the invasive range 

expansion of AFF to Maui, Hawaii, which was previously unreported. Chapter 2 demonstrated 

the potential of using BRV as an olfactory attractant for SWD and AFF field capture. Chapter 3 

examined the relationship between attractant efficacy, field age, and preservation with boric acid. 

This chapter will briefly summarize the findings of the preceding chapters, interpret the results as 

a collective, and identify gaps in the literature for future research.  

During field surveys for SWD on Maui, suspect AFF specimens were collected, 

taxonomic verification was provided by experts, and the resulting confirmation of an invasive 

range expansion was published in the Proceedings of the Hawaiian Entomological Society 

(PHES) (Chapter 1). The variety of localities (Haiku, lower Kula, and upper Kula), host-plants 

(orange, lemon, starfruit, cherimoya, banana, strawberry, and lemon), and elevations (302, 341, 

889, and 980 m above sea level) surveyed suggest that the AFF may already be well-established 

on Maui island. Now that this new record is published, funding could potentially be allocated 

towards assessment of economic and ecological effects and to determine whether eradication 

efforts are warranted and feasible.  

In order to advance the development of a species-specific attractant, BRV was evaluated 

as a field attractant for SWD and AFF with the results published in the journal Insects (Chapter 

2). Whereas BRV+RW as an olfactory attractant resulted in greater mean captures of SWD 

relative to other attractants, BRV had greater specificity. On average, ~50% of the drosophilids 

captured in traps containing BRV were SWD compared to ~40% for BRV+RW, ~40% with 

ACV, ~30% with ACV+RW, and ~25% with RW. The results suggest that using BRV for SWD 

surveying may limit non-target captures and reduce the time needed to identify pest drosophilids. 

Diluting BRV with RW appeared to reduce specificity for SWD, but it cannot be concluded 
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whether that was due to the dilution of an attractive compound or the addition of or synergy with 

a less attractive or repulsive compound present in RW. Future research could include a serial 

dilution experiment with BRV to examine this trend. Although the initial relative abundance of 

Z. indianus appeared to be low, other researchers have reported dramatic population expansion 

within a few years of invasion. Interspecies interactions should also be examined, not only 

between Z. indianus, D. suzukii and other invasive drosophilids, but between invasive and 

endemic drosophilids. The economic effects should be estimated and economic thresholds should 

be defined to give farmers the appropriate support for field surveying and integrated pest 

management.  

This study examined whether field age and preservation with boric acid (1% w/v) 

affected attractant efficacy (Chapter 3). Because there were differences in daily captures of SWD 

and non-target drosophilids, it was concluded that attractant field age up to seven-days affects 

attractant efficacy, regardless of the attractant type used. The addition of boric acid appeared to 

increase SWD field captures, regardless of the attractant used, which was not observed for non-

target drosophilids. It was hypothesized that when the attractant solution was exposed to the skin 

microbiome of drosophilids the composition of the volatiles outgassing would change. 

Therefore, attractant efficacy would change over time. However, since this experiment did not 

directly assess whether each attractant could act as a substrate for microbial growth, it did not 

confirm that exposure to the microbiome inoculated the attractant or changed volatile outgassing. 

Furthermore, even if the attractants were confirmed as suitable substrates, there were no 

experiments that confirmed that the concentration examined (1% w/v) was optimal to inhibit 

microbial growth.  Future research should directly assess the effects of microbiome exposure 

from captured drosophilids to the attractant solution. These secondary fermentation processes 

may alter attractant efficacy over time. There is a gap in the literature regarding characterization 

of attractant solutions as potential growth media for drosophilid vectored yeasts. These data 

would determine whether preservatives are necessary for field surveying and if so, the extent to 

which vectored yeasts could proliferate and alter the attractant solution. If there are significant 

differences in volatilization between attractants exposed to captured drosophilids and attractants 

without exposure, then that confounding variable would have considerable effects towards the 

interpretation of field survey research with regards to attractant efficacy. There is also a gap in 
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the literature regarding the effectiveness of boric acid over time and how it effects attractant 

solution properties and attractant efficacy.   

Field pest surveys are an essential component of integrated pest management programs. 

Rapid identification of pest drosophilids throughout the growing season are necessary in 

determining the timing of pesticide applications. Characterizing the capture specificity rates for 

novel attractant solutions are needed for the development of synthetic species-specific 

attractants. During an initial survey of SWD on Maui in 2017, an invasive range expansion of 

AFF was documented. This study contained the first published experiment on drosophilid field 

surveying with BRV and BRV+RW in the United States with promising results that demonstrate 

the potential of BRV as an attractant for SWD in the field. Because this study took place in a 

geographically isolated region within one host-plant environment, further research is needed to 

test these findings.  

 


