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Drosophila suzukii (Diptera: Drosophilidae) is a devastating pest that attacks thin-skinned 

stone and small fruit in all major production regions of the United States and worldwide. 

D. suzukii first appeared in the United States in 2008 and is believed to be native to 

Southeast Asia. This vinegar fly has a unique ovipositor that is serrated allowing 

oviposition in fully intact fruit. The larvae that emerge from the eggs damage fruit 

through feeding rendering them unmarketable. Typical management practices include 

increased pesticide applications, primarily targeting gravid females.  

The first objective of this research was to determine the impact of light, temperature, and 

forced egg retention of D. suzukii under different diurnal regimes. These regimes 

included cool (10-23°C) and warm (12-27°C) daily cycles with a 16:8 (light: dark), 24h 

light, and 24h dark cycles. Under all regimes, the oviposition peaked during 14h00-

17h00. Under dark conditions, egg-laying levels were elevated compared to normal daily 

light regimes. Under 24h light conditions, oviposition was reduced to virtually zero. 

When flies were forced to retain their eggs, oviposition occurred at elevated levels 

compared to treatments where there was no forced egg retention.  In this treatment, 

oviposition started directly after the oviposition medium was offered.  

 



 

 

The second objective was to evaluate the survival of D. suzukii larvae when exposed to 

temperatures on a thermogradient bench ranging from 29-49°C for 60 minutes. Lower 

temperatures resulted in the highest survival levels. At 38-45°C, survival was 

significantly reduced to virtually zero. Four-day-old larvae were additionally exposed to 

‘heat conditioning treatments’ to determine if pre-conditioning would allow increased 

larval survival at temperatures above 38°C. Larval ‘heat therapy treatments’ included 30, 

60, and 90 min at 35°C.  All larvae were then allowed to cool to room temperature (22°C) 

for 60 mins prior to being exposed to thermogradient temperatures within a thermal heat 

bench. Larval survival for no heat therapy and 90-minute heat therapy treatments (no and 

less optimal heat therapy) were statistically similar.  Larval survival for more optimal 

heat therapy treatments (30 and 60 minute treatments) were statistically similar.  More 

flies emerged in optimal heat therapy treatments compared to the less optimal and no heat 

therapy treatments. At 41-48°C, the more optimal heat therapy treatments resulted in 

adult D. suzukii emergence and showed higher emergence trends compared to the no heat 

therapy and less optimal treatments. 

 This research contributed to the understanding of D. suzukii oviposition behavior and 

ability to adapt to heat extremes as described above. This information can be incorporated 

into pest management strategies to reduce pesticide reliance and lead to better control 

methods. Knowing the heat necessary to restrict larval survival may be incorporated by 

increasing the heat surrounding the fruiting plant. Using black weed mat while pruning 

potentially could increase heat. This could be paired with adding lighting during the 

vulnerable growing period when D. suzukii are likely to attack. Both recommendations 

need to be researched in an outside growing environment before industry implantation.   
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Background 

Spotted Wing Drosophila, Drosophila suzukii (Matsumura 1931) (SWD, Diptera: 

Drosophilidae) was first described to damage fruit in Japan in 1916. It isn’t clear if D. 

suzukii was native to Japan or was introduced near the turn of the century. D. suzukii was 

detected in the United States in Hawaii in 1980 and introduced from Southeast Asia 

(Hauser 2011). In 2008, D. suzukii was confirmed in California and in 2009 it had spread 

to Oregon, Washington, and Florida, and has since spread across North America (Dreves 

et al. 2009, Hauser 2011, Lee et al. 2011). D. suzukii was also found in Italy and Spain in 

2008, spreading to Switzerland by 2011, to Hungary by 2012, and to Brazil in 2013 

(Calabria, Máca, et al. 2012, Cini et al. 2012, Baroffio et al. 2014, Deprá et al. 2014, Kiss 

et al. 2016).  

Morphology 

D. suzukii belongs to the subgenus Sophophora in the species group melanogaster which 

is further partitioned into subgroup suzukii. The field identification of male D. suzukii can 

be made by one black spot on each wing and two sets of black tarsal combs at the first 

tarsal segment (Dreves et al. 2009). Formal identification involves dissection and 

examination of the genitalia (Hauser 2011). Female D. suzukii lack the spots on their 

wings but has a characteristic serrated ovipositor, making identification under a 

microscope relatively easy. Larval identification using morphology is challenging 

without DNA barcoding (Hauser 2011, Murphy et al. 2016).  

Eggs of D. suzukii are partially transparent, milky white, and appear glossy. Toward the 

end of development, the egg becomes more transparent, making the larvae inside more 

visible. The eggs are oblong and have an average length of 0.62mm with a width of 

0.18mm with two breathing tubes that are exposed outside of fruit (Walsh et al. 2011). 

The larvae are white to yellow-white with black mouthparts with visible internal organs. 

Average larval sizes range from first instar length 0.67mm and width 0.17mm, second 

instar length 2.13mm and width 0.40mm, and third instar length 3.94mm and width 

0.88mm. Pupal and adult fly sizes differ between sexes. The average male pupal size is 

2.9mm by 0.99mm while females have a length of 3.18mm and a width of 1.06mm. Adult 
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males have an average body length of 2.25mm, wingspan of 5.75mm, and a wing length 

of 2.25mm while average female body length is 2.5mm, wing span 6.75mm, and wing 

length of 2.75mm. Adult flies are light brown with black stripes on the abdomen and 

have red eyes. The spots on male D. suzukii wings appear between 10 hours and 2 days 

after pupal emergence (Walsh et al. 2011).  

Host range 

D. suzukii has a wide host range that consists of crop and non-crop hosts contributing to 

their pest status (Tochen, Walton, et al. 2016). They are known to infest plums, pluots, 

persimmons, pears, hardy kiwis, grapes, figs, strawberries, and most cane berries and 

stone fruits. When preferred fruit isn’t available, D. suzukii has been documented feeding 

on oak tree sap and other nectar flowers. They were also documented in the Seattle, WA 

area to be in high numbers in the upper one-fourth section of trees where aphids and 

honeydew were present. It is hypothesized that the adults will feed on nectar or other 

plant-derived sugars until their preferred fruit is available (Lee et al. 2011, Walsh et al. 

2011, Cini et al. 2012, Johnson and O’Neill 2013, Lee, Dalton, et al. 2015, Lee et al. 

2015).  

Management 

D. suzukii management are similar to those of other Drosophila species, and is aimed to 

protect mature intact fruit (Walsh et al. 2011). D. suzukii can be monitored using traps, 

with being red traps used in concert with a lure combination of vinegar and wine (Walsh 

et al. 2011, Landolt et al. 2012, Lee et al. 2013, Addesso et al. 2015). To reduce the 

number of non-target insects, a four-component chemical lure was created to be more 

selective for D. suzukii (Cha et al. 2015). Examining fresh fruit for infestation by either 

submerging in solutions of sugar and water or salt and water will show larvae, however, 

infestation of the fruit has already taken place and management opportunities have 

diminished (Wiman et al. 2014). Zero tolerance for infested fruit for fresh and processed 

fruit markets resulted in growers being proactive in response to D. suzukii infestations 

(Van Timmeren and Isaacs 2013). Insecticides are the primary tool used for management. 

The first catch in trap monitoring initiates repeated insecticide applications for control 
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(Walsh et al. 2011, Van Timmeren and Isaacs 2013). Insecticides typically target gravid 

females. Effective control in conventionally grown fruit depends on applications of 

pyrethoids, organophosphates, and spinosyns which provide 5-14 days of residual control 

(Beers et al. 2011, Bruck et al. 2011, Wise et al. 2015). Neonicotinoids appear to control 

eggs and larvae in fruit, however, are not a suggested choice for D. suzukii control 

because of the zero tolerance of insect infestation within fruit markets (Bruck et al. 2011, 

Van Timmeren and Isaacs 2013). No study yet has shown organic products to be as 

effective as conventional products to control D. suzukii (Walsh et al. 2011). Cultural 

management includes removing leftover fruit after harvest from plant and ground and 

removal of wild growing alternate hosts (Walsh et al. 2011).  

Two generalist parasitoids, Pachycrepoideus vindemmiae and Leoptopilina heterotoma, 

were found to successfully attack D. suzukii, however, initial larval loads were high 

suggesting more research into native and non-native specialist parasitoids of D. suzukii 

(Miller et al. 2015, Rossi Stacconi et al. 2015). It should be noted that D. suzukii has a 

high hemocyte load increasing resistance to parasitism (Kacsoh and Schlenke 2012). A 

rove beetle, Dalotia coriaria, can consume every larval stage of D. suzukii (Renkema et 

al. 2015). Further research needs completing to recommend biological control methods.  
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Abstract 

The impact of light, temperature and lack of oviposition medium on D. suzukii was 

studied under different light and temperature diurnal regimes. These regimes included 

cool (10-23°C) warm (12-27°C) daily cycles with a 16:8 (L: D) cycle. Similar regimes 

were conducted under 24:0 and 0:24 L: D.  We also studied the impact of the lack of 

oviposition medium in order to see how these conditions will impact egg-laying behavior 

in SWD.   

Higher diurnal temperature regimes generally resulted in elevated egg laying compared to 

cooler regimes.  Under all regimes, the oviposition peaked during 14h00-17h00.  Under 

dark conditions, we recorded increased oviposition compared to normal daily light 

regimes with a similar trend of peak oviposition during the warmest period of the day.  

Under 24:0 L: D conditions, SWD oviposition rate was significantly reduced. 

In the egg retention study, we found elevated egg laying with peak egg laying during the 

warmer period of the day.  These findings could help optimize non-chemical reduction of 

egg laying, which may include manipulation of light regimes and creating egg sinks 

during periods when egg retention can be found. Because control of SWD typically 

comes from pesticide applications, these trials sought to determine time of day SWD 

preferred to oviposit leading to pesticide applications being more effective in the control 

of infestations.     

Keywords 

vinegar fly, periodicity, photoperiod, lighting, invasive species, ovoviviparity, 

ovoviviparous 

Introduction 

Spotted wing drosophila, Drosophila suzukii Matsumura (SWD; Diptera: Drosophilidae), 

is a devastating pest that attacks susceptible stone and small fruit in all major production 

regions of the United States (Lee et al. 2011, Rossi Stacconi et al. 2015). D. suzukii first 

appeared on the west coast of the United States in 2008 and is believed to be native to 

Southeast Asia (Dreves et al. 2009, Hauser 2011, Lee et al. 2011). Small and stone fruit 

industries including cherry, blueberry, raspberry, blackberry, grape, and strawberry 
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experience significant economic damage from SWD infestations (Lee et al. 2011, Rossi 

Stacconi et al. 2015). SWD has a serrated ovipositor, allowing eggs to be laid in fully 

intact fruit rendering them unmarketable (Mitsui et al. 2006, Dreves et al. 2009, Hauser 

2011, Walsh et al. 2011, Atallah et al. 2014). Eggs hatch within 1-3 days and 

reproductive potential is temperature dependent (Tochen et al. 2014, Wiman et al. 2016). 

Developing larvae cause economic damage because they feed within the fruit. Growers 

producing both fresh and processed berries have a zero tolerance for this pest, making 

effective management essential (Beers et al. 2011, Van Timmeren and Isaacs 2013). 

Growers manage damage by increased pesticide applications, primarily targeting gravid 

females to prevent them from ovipositing and damaging fruit. The most successful 

compounds include pyrethoids, carbamates, and spinosyns (Beers et al. 2011, Bruck et al. 

2011, Walsh et al. 2011, Van Timmeren and Isaacs 2013).  

Optimal development and survival rates of D. suzukii were found at 26C with a 16:8 

photoperiod (Dillon et al. 2009a, Walsh et al. 2011, Emiljanowicz et al. 2014, Tochen et 

al. 2014, Hamby et al. 2016). The developmental period from egg to adult takes 10-17 

days at mean temperatures of 20-27°C. Within 1-8 days after adult emergence, female 

SWD begin laying eggs and each female will produce 100-400 eggs (Tochen et al. 2014, 

Hamby et al. 2016). Several factors including light and time of day may affect D. suzukii 

reproduction. Seasonal population bottlenecks (Wiman et al 2016) may result in forced 

egg retention.  A study conducted on Drosophila melanogaster observing mortality after 

exposure to irradiation of 450nm short-wavelength visible (blue) light resulted in 

increased mortality in eggs, larvae, pupae, and adults (Hori et al. 2014). Adult mortality 

directly due to persistent light exposure varied between insect species. Blue light is more 

harmful than UV to most insects (Hori et al. 2014). Constant light may also negatively 

impact development. Carpet beetle circannual pupation rhythm exposed to 24 hour light, 

was disrupted and pupation was not synchronized (Miyazaki and Numata 2010). 

Drosophilids reared under different light regimes also showed differential response.  Flies 

reared in complete darkness had an average lifespan of 13.5 days while those exposed to 

bright constant light had an average lifespan of 3.9 days.  These data suggest that 
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constant light exposure may speed up the aging process resulting in higher mortality rates 

for drosophilids (Northrop 1925).  

The lack of oviposition substrates or suboptimal temperatures in mosquitos showed 

increased egg retention, resulting in higher survival rates due to optimal conditions for 

larval development as soon as such a substrate become available (Johnson and Fonseca 

2014). This phenomenon can however also be used in management of an insect by 

creating ‘egg sinks’ during bottleneck periods when there is limited oviposition medium 

available. This technique was used very effectively to reduce disease-vectoring 

mosquitos by allowing females to lay eggs in highly infested containers, but by targeting 

the pupal form. This allows female mosquitos to continue to choose this container for egg 

laying creating an egg sink in one location there by reducing populations with pupal 

management (Wong et al. 2011).     

The objective of this study was to determine the role of temperature, light and the lack of 

oviposition medium on the reproductive outputs of D. suzukii.  More detailed knowledge 

of the key factors affecting D. suzukii reproductive behavior could be used to develop 

novel methods to manage this important agricultural pest.     

Materials and methods 

Forty 1 oz. Dixie disposable cups were used as fly arenas (P010bb, Dixie, Atlanta, GA).  

The bases of these cups were cut out and replaced with material screening (1mm) on the 

bottom to allow for oviposition. Thirty-two plastic trays were used to pour yeast-based 

fly diet in twenty slots for oviposition (9040, Bio-Serve, Flemington, NJ)(Dalton et al. 

2011). Sixteen cups were used for each temperature regime. D. suzukii females were 

randomly selected from stock colonies that were continuously supplemented with field-

collected individuals in commercial fields from the Willamette Valley, OR. Five adult 

females were selected randomly from the stock colony and were placed in each of twenty 

cups. The cups were then placed on a tray of yeast-based fly diet as an oviposition 

medium. All trials were completed in controlled environment cabinets that regulated 

temperature, humidity, and lighting (DT55/65/RS 4800 L, 6500 K, Eiko, Shawnee, KS).  

Females were placed in cabinets 3 days prior to the start of the trial to acclimate adults to 
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the respective environments. Most females were gravid as flies typically mate with and 

begin laying eggs within 2 days of emergence on average (Walsh et al. 2011). 

Temperature and lighting was monitored using HOBO sensors (UA-002-64, Onset 

Computer Corporation, Bourne, MA).  

Impact of cool and warm temperature regimes on oviposition  

Yeast-inoculated fly diet was provided during the acclimation period as an ovipositional 

medium, allowing flies to freely oviposit. The hourly oviposition rate was recorded 

starting at 22h00 PST and continued for 24 hrs. During 22h00-07h00, one tray was left 

for ovipositing D. suzukii and the mean number of eggs oviposited per hour was 

determined during that period. Starting at 07h00, a new tray was exchanged and 

examined for oviposition on an hourly basis. The temperature range for cool (typical of 

mid-season conditions) and warm regimes (typical of late-season conditions) was set at 

10-23°C and 12-27°C respectively (Figure 2.1). These regimens were based on typical 

historical environmental data from Corvallis, OR, USA and represent cool mid-season 

(e.g. June 11) and warm late season, (e.g. August 1) regimes (weatherunderground.com). 

Daily light regimes were representative of typical natural light conditions during this time 

of the season. Here lighting was started at 07h00 and continued to 21h00 for a 12:12 (L: 

D) regime. 

In order to determine the impact of lighting on oviposition, the methods used for the 

above trial were used in these trials except for lighting, which was either 24:0 or 0:24 L: 

D.  

Impact of lack of oviposition medium. In this experiment, oviposition medium was not 

provided during the acclimation period to simulate conditions typically experienced 

during late winter or early spring when little to no oviposition medium is available for D. 

suzukii. Honey water was made available by soaking cotton balls and placing in small 1 

oz. Dixie cups as a food source during this period. Flies were allowed to oviposit from 

15h30 during the day and were left in the respective warm and cool regimes for the 

remaining period of 24 hours.  

Statistical analysis 
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The mean number of eggs oviposited for all regimes where oviposition medium was 

provided were separated using Tukey’s HSD test following a significant ANOVA. Here, 

we also performed to show differences between egg laying patterns between the different 

regimes.  Finally, in order to determine the effect of the lack of oviposition medium, data 

for the warm and cold regimes were with normal diurnal light were transformed to 

represent hourly oviposition data as a percentage of total 24-hour egg laying. These data 

were then fit to the Cauchy distribution, F(x0∣Υ2) = 1/𝜋 Υ2/(x- x0)+Υ2), where x0 is the 

location and Υ is the scale. All analyses were conducted using Statistica (Statsoft 7.1, 

Tulsa, Oklahoma)     

Results 

Impact of light under cool and warm diurnal cycles  

Statistical analysis of the mean egg laying showed significant differences between 

treatments (F 5, 1914=113.38, p<0.001, Table 2.1).  The highest mean egg laying was found 

in the 0:24 L: D treatment followed by 16:8 L: D and then 24:0 L: D treatments over 24 

hours (Table 2.1, Figures 2.2-2.4).  In all lighting and temperature regimes oviposition 

rates increased starting at 08h00-09h00 and increased to their respective peaks depending 

on the regime.  After the egg-laying peak the number of eggs laid decreased to lower 

levels up to 07h00.  For 100% dark temperature regimes, the egg laying peaked at 17h00 

for both warm and cold temperatures (Figure 2.2).  Under normal diurnal daily light 

regimes, oviposition peaked at 14h00 and 16h00 for warm and cold regimes, respectively 

(Figure 2.3).  Under 100% light regimes, oviposition peaked at 12h00 and 16h00 for the 

warm temperature regime (Figure 2.4).  Under the cold 24:0 L: D regime, egg laying was 

found only during 13h00, 16h00 and 18h00.   

Nonparametric Kruskal-Wallis ANOVA rank-sum tests comparing the effects of 

temperature on reproducing D. suzukii females displayed significant differences (χ2 = 

468.8; df = 5 p < 0.001).  For 100% dark high and low temperatures, the median egg 

laying was 2.03 and 1.83 respectively.  Under diurnal daily light regimes, the median egg 

laying was 0.88 and 1.01 respectively.  Under 100% light regimes, the median egg laying 

was 0.27 and 0.03 respectively.  
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Impact of lack of oviposition medium 

The absence of oviposition medium resulted in a delay of egg laying in both the warm 

and cool temperature regimes (Figures. 2.5 and 2.6).  The regression on the respective 

oviposition rates over time resulted in the four distinct and statistically significant 

ovipositional distributions (Table 2.2). For the high temperature regime oviposition 

increased to a peak of 15% of eggs per hour at around 15h00 (Figure 2.5).  For the flies 

deprived of oviposition media, D. suzukii egg laying peaked at approximately 17h00 at 

27% of eggs laid. For the low temperature regime oviposition increased to a peak of 13% 

of eggs per hour at around 14h00 (Figure 2.6).  For the flies exposed to a lack of 

oviposition, D. suzukii egg laying peaked at approximately 17h00 at 25% of eggs. 

Discussion 

These trials are the first known study to provide details of the daily oviposition patterns 

of D. suzukii in relation to mid and late-season growing periods. It is clear that 

temperature significantly affects egg laying with higher egg laying recorded at the higher 

temperature regimes.  It is also clear that light has a significant impact on egg laying.  

Significantly lower levels of eggs were produced under conditions where light was 

provided for 24 hours per day.  The peak egg laying times were typically found during 

the middle of day with egg laying tapering off as temperatures decreased into the night 

period. The effect of light on oviposition is expected, with a significant decrease in 

oviposition under constant light. This study focused on the effect of light on D. suzukii 

egg laying, but light may also affect longevity. Drosophilids showed the longest life span 

while flies were kept in continual darkness versus a 16:8 light dark cycle (Northrop 

1925). A study on Drosophila montana egg-to-adult development time showed that the 

time from egg-to-adult was longer during long summer daylight periods compared to 

shorter fall daylight periods. There was a correlation between shorter day lengths having 

a lighter body weight as well. It was also found that photoperiodic time measurement was 

reset after eclosion (Salminen et al. 2012). Although our study did not examine longevity, 

the dark simulation had the highest number of eggs laid when compared to all other 

simulations for both mid and late-season scenarios. When flies were exposed to 
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continuous light, oviposition dropped significantly. The effect of light intensity and 

wavelength was not studied here, but differing light wavelengths have been shown to 

have an effect on insect reproduction, development, and behavior leading to pest 

management that implements light alteration (Antignus 2000, Summers and Stapleton 

2002, Raviv and Antignus 2004, Nguyen et al. 2009, Shimoda and Honda 2013, Hori et 

al. 2014). A study on the lethal effects of short-wavelength visible light on D. 

melanogaster illustrated that blue light at wavelengths of 440 and 467 nm resulted in the 

highest mortality rate for all life stages (Hori et al. 2014). Light plays a significant role in 

insect attraction to a location. Reflective crop coverings and alternate lighting in 

greenhouses as shown to deter insect infestations (Antignus et al. 2001, Summers and 

Stapleton 2002, Raviv and Antignus 2004, Simmons et al. 2010, Ben-Yakir et al. 2012). 

Given together, it is possible that light manipulation in conjunction with other IPM tactics 

may reduce D. suzukii’s ability to reproduce successfully there by decreasing populations 

while reducing the number of pesticide applications. 

Our work illustrates how inability to oviposit affects reproductive behavior of gravid D. 

suzukii. ‘Egg dumping’ may occur when insect retain eggs until a suitable ovipositional 

medium becomes available (Seenivasagan and Guha 2015). This may explain rapid fruit 

infestations as soon as fruit become susceptible to D. suzukii attack. In our experiment we 

created conditions where there was a lack of oviposition medium and we recorded that 

peak egg laying coincided with the time when the ovipositional medium was provided.  

This illustrates the role of resource availability on ovipositional behavior. Egg retention is 

commonly found amongst disease vectoring mosquitos (Wong et al. 2011, Johnson and 

Fonseca 2014, Seenivasagan and Guha 2015). Females will wait to lay their eggs until a 

suitable ovipositional medium is found where their offspring have better chances of 

survival to adulthood (Wong et al. 2011, Rund et al. 2016). A study conducted on D. 

melanogaster showed mated females will deposit pheromonal cues while laying eggs that 

will give social information to other females assisting in their preferences to lay eggs in 

the same location. In a suitable location, the mated females will deposit extra male sperm 

along with pheromones that include aggregation pheromones causing other mated 
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females to lay their eggs in the same location (Duménil et al. 2016). In a similar study 

conducted on SWD, behavioral responses were recorded when adverse orders were used 

as deterrents for oviposition. Two of the odorants tested in the laboratory and field were 

found to successfully deter oviposition (Wallingford et al. 2016). Another phenomenon 

witnessed during egg retention was the development of larvae within an hour of being 

laid (data not provided in this study). This occurred in both warm and cool temperature 

scenarios within the first 1-3 hours after medium was offered for oviposition. This 

suggests that SWD may be ovoviviparous by maturing eggs within allowing for larvae to 

hatch at time of oviposition or shortly thereafter. A study conducted on numerous Diptera 

species found that D. melanogaster, a closely related Drosophila species to D. suzukii, 

practices ovoviviparity by incubating a single egg that will hatch within an hour of 

oviposition (Meier et al. 1999, Markow et al. 2009, Mueller and Bitner 2015). It is 

possible that egg resorption may have occurred during the experiment, but this 

phenomenon was not investigated nor was part of the current study.  Potentially an 

attractive ovipositional location can be provided with a pheromonal attractant creating an 

egg sink earlier in the season while using a deterrent odorant to reduce oviposition later 

in the season when fruit is ripening.  

This study provides basic biological information on the reproductive behavior of D. 

suzukii under different environmental conditions. Daily temperature regimes clearly 

effect reproductive output.  Light has an even more profound effect on D. suzukii 

reproduction.  The use of light as an IPM tactic has been investigated in the past, but 

should be investigated with the availability of inexpensive lighting ability. The lack of 

ovipositional medium effects the behavior of D. suzukii.  It is entirely possible that D. 

suzukii may retain eggs until a suitable ovipositional medium becomes available, thereby 

increasing the possibility of future population survival. This valuable initial information 

provides opportunity in future to implement ‘egg sinks’ (Wong et al. 2011) as a control 

tactic. This method could possibly be employed during the early season in order to trap 

D. suzukii in large numbers.  

 



15 

 

 

 

Treatment Mean eggs/hour 

Dark warm 3.3±0.3 a 

Dark cool 2.8±0.2 b 

Warm normal light 0.6±0.07 cd 

Cool normal light 0.7±0.08 c 

Light warm 0.1±0.02 d 

Light cool 0.01±0.005 d 
 

 

 

 

 

 

 

 

 

 

 

 

Table 2.1.  D. suzukii mean egg laying at six temperature and light regimes 
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Ovipositional regime Descriptive function Statistical parameters 

High temperature y=1/(3.14*(2.41929)*(1+((x-

(14.4721))/(2.41929))^2))*(119.96) 

χ2 = 54; d.f. = 1, 20; 

p = 0.81 

Retention high temperature y=1/(3.14*(3.24851)*(1+((x-

(14.2533))/(3.24851))^2))*(136.318) 

χ2 = 44.9; d.f. = 1, 20; 

p = 0.77 

Low temperature y=1/(3.14*(1.08529)*(1+((x-

(16.5073))/(1.08529))^2))*(109.201) 

χ2 = 298; d.f. = 1, 20; 

p = 0.98 

Retention low temperature y=1/(3.14*(1.46737)*(1+((x-

(17.1574))/(1.46737))^2))*(121.384) 

χ2 = 233; d.f. = 1, 20; 

p = 0.96 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2.  D. suzukii diurnal ovipositional distribution based on lack of ovipositional medium (see 

figures 2.5-2.6). 
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Figure 2.1. Mean hourly temperature for the two temperature regimes typically found in the Willamette Valley during the 

cool mid-season and warm late season treatments for Drosophila suzukii to determine egg laying.  
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Figure 2.2. Mean ovipositional rate of Drosophila suzukii per hour for the two temperature regimes typically found in 

the Willamette Valley during the cool mid-season and warm late season under continuous dark conditions (0:24 L: D).  
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Figure 2.3. Mean ovipositional rate per hour of Drosophila suzukii for the two temperature regimes typically found in 

the Willamette Valley during the cool mid-season and warm late season under 16:8 L: D lighting/temperature 

scenarios.  
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Figure 2.4. Mean ovipositional rate per hour of Drosophila suzukii for the two temperature regimes typically found in 

the Willamette Valley during the cool mid-season and warm late season under continuous light (24:0 L: D).  
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 Figure 2.5. Effect of no oviposition medium on the daily percent eggs laid by Drosophila suzukii under warm late season conditions during a 

24-hour egg laying period.  The vertical dotted line indicates when flies that had no oviposition medium was exposed to an adequate oviposition 

medium.     
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 Figure 2.6. Effect of lack of oviposition medium on the daily percent eggs laid by Drosophila suzukii under cool early season conditions during 

a 24h egg laying period.  The vertical dotted line indicates when flies that had a lack of oviposition medium was exposed to an adequate 

oviposition medium.     
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CHAPTER 3 

 

Thermal Tolerance of Larval Spotted Wing Drosophila, Drosophila suzukii 

Matsumura (Diptera: Drosophilidae) to Extreme Heat. 

 

Riki York, Daniel Dalton, Nik Wiman, and Vaughn Walton 
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Abstract 

Survival of spotted wing drosophila (D. suzukii, SWD) larvae to adulthood was evaluated 

after exposure to temperatures ranging 29-49°C in a laboratory thermal gradient bench 

for 60 mins. Vials filled with pre-made fly diet up to approximately 1.5 cm from the 

bottom were used as oviposition media inside the gradient wells. Forty-three vials were 

prepared each day for 4 consecutive days. Five adult females were placed in each of 36 

vials for 24 hours for oviposition to occur, seven vials were held as controls without flies. 

Upon removal, adult flies were placed in ethanol. Four ages were tested between 1-4-day 

old egg/larvae (i.e. 1 day old, 2 days old, 3 days old, and four days old). Sample vials 

were examined for oviposition success. Immature flies exposed temperatures of 32-35°C 

had the highest survival to adulthood. Above 38°C survival to adulthood with no survival 

at 41°C and 49°C, and a few surviving to adulthood under 45°C. An additional trial was 

conducted to evaluate the potential for thermal conditioning to improve larval survival at 

higher temperatures. For this study, four-day-old larvae were subject to 30, 60, and 90 

mins at 35°C, then allowed to cool to room temperature (22°C) for 60 mins prior to 

placement in the thermal bench. These trials were used to determine how heat may 

reduce successful development to adulthood, leading to better management practices in 

the field.    

Keywords 

vinegar fly, heat tolerance, larvae, high temperature, thermal stress 

Introduction 

Spotted Wing Drosophila, Drosophila suzukii Matsumura (SWD, Diptera: Drosophilidae) 

has a serrated ovipositor which enables it to lay eggs in susceptible fruit (Mitsui et al. 

2006, Dreves et al. 2009, Hauser 2011). Damage from feeding SWD larvae can cause 

80% crop loss if flies are left unmanaged (Walsh et al. 2011). It is essential to effectively 

manage SWD because there is a zero tolerance policy towards infestation of fresh and 

processed berries (Van Timmeren and Isaacs 2013). The most significant economic 

damage has been in small and stone fruits including cherry, blueberry, strawberry, grape, 

raspberry, and blackberry (Lee et al. 2011).   
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Egg hatch is temperature-dependent (Wiman et al 2016) and can happen 1-3 days after 

oviposition (Tochen et al. 2014). Optimal developmental and survival rates are estimated 

to be at 26°C (Dillon et al. 2009b, Walsh et al. 2011, Tochen et al. 2014, Hamby et al. 

2016). D. suzukii larval development and mortality rates are estimated to increase at 

temperatures above 22°C (Emiljanowicz et al. 2014, Tochen et al. 2014, Hamby et al. 

2016). Temperatures in excess of 31°C may can cause sterility. Drosophilids are known 

to physically and behaviorally adapt to higher temperature regimes (Good 1993). Both 

genetic and physiological changes were documented in the form of increased levels of 

heat resistance gene expression in the presence of heat shock proteins (Hsp). This protein 

allows organisms to adapt to both high and low temperature extremes (Hoffmann et al. 

2003, Calabria, Dolgova, et al. 2012).  Organisms exposed to temperature extremes 

during the earlier part of the life cycle more optimally survive, develop, and reproduce 

under extreme conditions. These adaptations allow populations to disperse and thrive in a 

wider biogeographical range because they contain elevated levels of Hsp that enable them 

to tolerate temperature extremes (Sorensen et al. 2005, Boher et al. 2012). Various 

organisms including Drosophilia melanogastor express elevated levels of the Hsp70 

protein in response to temperature extremes in order to optimize both survival and 

development under extreme temperatures.  The levels of Hsp70 can however come at a 

cost and can include abnormal wing development and abdominal morphology (Roberts 

and Feder 1999). In Drosophilia melanogaster, Hsp70 was not detectable prior to 

individual exposure to higher temperature (Good 1993) but both larvae and pupae 

exposed to 36°C displayed significantly increased Hsp70 levels and tolerance to extreme 

high temperatures. This protein can protect insects from other hazardous conditions, 

including insecticides, heavy metals, desiccation, inbreeding, parasites, habitat 

conditions, and diseases (Sorensen 2010). Such response can be triggered by longer 

acclimation periods to a new climate (days or months, Shearer et al. 2016) but also by 

hardening from sub-lethal short term (minutes or hours) exposure (Bubliy et al. 2013).  

Currently, chemical control of adult female D. suzukii using insecticide applications is 

standard practice (Van Timmeren and Isaacs 2013). The most successful pesticides used 
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include pyrethoids, carbamates, and spinosyns (Beers et al. 2011, Bruck et al. 2011, Cini 

et al. 2012) Because of spotted wing’s ability to lay eggs in ripening fruit, growers have 

increased their spray intervals to prevent infestation prior to harvest resulting in higher 

production costs and increased potential to develop insecticide resistance (Beers et al. 

2011, Bruck et al. 2011, Walsh et al. 2011). Since the advent of D. suzukii invasion to the 

USA, the economic losses have increased as monitoring and insecticide applications have 

increased in response to ever expanding SWD populations (Goodhue et al. 2011).  

Trapping and fruit susceptibility can be used to further optimize management (Wiman et 

al. 2014). Managers need to optimize physiological knowledge of all life stages of D. 

suzukii in order to optimize cultural practices including protected environments (Rogers 

et al. 2016), manipulation of fruit susceptibility (Lee et al. 2015), and the manipulation of 

temperature and humidity in order to provide additional relief from D. suzukii attack 

(Tochen et al. 2015, Wiman et al. 2016).    

D. suzukii larvae are one of the most vulnerable life stages because individuals are 

trapped within fruit. Pupating larvae are prone to desiccation as soon as they drop outside 

of fruit and transition to pupae (Woltz et al. 2015, Tochen, Woltz, et al. 2016).  

Adaptation to temperature extremes is necessary during the growing season and these 

adaptations need to be taken into consideration in such studies.  Growers use cultural 

management techniques including pruning and black weed fabric that are placed directly 

beneath bushes as a weed control and water conservation strategy (Harkins et al. 2013). 

Basic behavioral knowledge indicates that the ambient heat on such fabric can increase 

temperatures beyond larval and pupal survival limits. Such practices may help reduce 

resident D. suzukii infestation levels within affected small fruit crops and thereby 

decrease the dependence on insecticide management. The objective of this study was to 

determine high temperature thresholds at which D. suzukii larvae can survive.   

Materials and methods 

Source material 

Approximately, 186 Fisherbrand disposable culture tubes (size 16 x 100 mm, Stock no, 

Fisher Scientific, Pittsburgh, PA) were used in both experiments. Yeast-based fly diet 
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was prepared and poured into the bottom of each vial filling to approximately 1.5 cm 

(Dalton et al. 2011). For each trial, 2-inch insulation board (Item # 45W, Owens Corning, 

Ohio) was cut to size and used as stoppers to prevent larval escape from the enclosed 

tubes containing the fly diet. The insulation corks were used in the initial trial. Parafilm 

was utilized following thermal bench exposure for the second trial with ventilation holes.  

Adult emergence after larval heat exposure 

D. suzukii eggs and larvae were obtained from mated females which came from stock 

colonies that were continuously supplemented with field-collected individuals in 

commercial fields starting November 2009. The trial was designed to allow for four egg-

larval age groups in order to see if age played a role in larval survival rates or response to 

pre-treatment heat therapy.  Each age group of immature flies received eggs from the 

ovipositing females and eleven vials served as controls (44 vials per day).  In all, there 

were 132 vials.  The flies placed into the tubes were allowed to oviposit for 24 hours 

before they were removed. The vials were enclosed to prevent adult escape. The heat 

treatment experiments started on day 5 after the experiment was initiated with the 

ovipositing females. Larvae exposed to the respective heat treatments ranged in age from 

1-4 days old. All vials were kept in laboratory at 22°C until they were moved to the 

thermal gradient bench.   

Eight vials from each day, 4 infested and 4 control, were kept in laboratory conditions at 

22°C for the duration of the experiment as a standard control.  On the fifth day, the 

remaining 28 vials of larvae and the 7 control vials were placed in the thermal gradient 

bench (Bubliy et al 2013), which maintained constant temperatures ranging from 29°-

49°C (Figure 3.1).  Seven row positions of a custom-made solid aluminum heat bench 

(A-G), each with its unique temperature contained 20 wells per row. Vials containing the 

1-4 day old larvae were placed within to expose larvae for a period of 60 minutes (Bubliy 

et al. 2013) (Figure 3.1). Temperatures within vials containing the media were measured 

using a thermocouple sensor that was inserted into the media and measured every minute 

using a thermocouple temperature logger (Model # UX120-014M, Onset Computer 

Corporation, Bourne, MA). Temperature probes were placed within 2 vials in each row.  



28 

 

 

The mean temperature for each row was averaged for the experimental period (Figure 

3.1). The thermal gradient bench exposed the vials to temperatures surrounding the vials 

so the contents of the vials were enclosed on all vertical and the ventral side of the vial 

for each of the 7 temperatures (Boher et al. 2012).  

Adult emergence after larval heat therapy and exposure 

All methods from the first trial were followed except only 4-day-old larvae that were heat 

conditioned at 36°C in the heat bench for 0, 30, 60, or 90 minutes. After the heat 

conditioning, the vials containing the larvae were returned to the laboratory (22°C) for 60 

minutes. After 60 minutes of cool-down, the vials were placed along the 28-49°C 

temperature gradient for 60 minutes.  

Vials containing larvae in both experiments were then transferred to 22°C where D. 

suzukii were reared for 11-21 days.  Emerging adults were individually counted and 

removed on a daily basis during this period. All stages and controls were randomized in 

their position for each row. Each row had 4 vials from each of the 4 ages including the 4 

controls filling all 20 slots per row.  

Statistical analysis 

Effect of temperature on the number of adult individuals that emerged after heat exposure 

was analyzed using ANOVA with temperature and heat therapy treatments as 

independent factors. Differences of the means for significant ANOVA analyses were 

separated using Tukey’s HSD.  

Results 

Adult emergence after larval heat exposure 

The overall survival of adult D. suzukii emerging from all the treatments showed a clear 

trend (Table 3.1.).  The mean number of adults emerging from 29-38°C ranged from 

0.02-12.06 individuals per vial.  D. suzukii emergence levels at 29-38°C were statistically 

similar.  Emergence levels were however significantly higher than the number of adults 

emerging at temperatures above 38°C (F6, 313=56.74, p<0.001).   The only temperature 

above 38°C where D. suzukii emerged, was 45°C.  At this temperature, most vials had 
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zero emergence, however, 2 of the 48 vials had 3 adult D. suzukii emerge. Although 

statistically not significant, this is of biological importance.   

Adult emergence after larval heat therapy  

Treatment effects. Of the four treatments, mean adult emergence for no heat conditioning 

(�̅�= 2.94 ± 0.73), and 90 minutes (�̅� = 2.74 ± 0.7), were statistically similar for those two 

treatments (F1, 68=0.39, p=0.84). The 30 minute (Mean adult emergence = 5.46±0.92) and 

60 minute (Mean adult emergence = 4.69±0.75), resulted in similar higher emergence 

rates (F1, 68=0.42, p=0.52).  For this reason, we decided to treat the statistically similar 

groups “no therapy benefit” and “high therapy benefit” To say suboptimal vs optimal 

suggests greater interpretation than you have. Statistical analysis of ‘less optimal’ and 

‘more optimal’ groups was statistically different (F 1, 138=8.28, p<0.005) with lower 

numbers of ‘less optimal’ treated flies emerging (Mean adult emergence = 2.83±0.5) 

compared to ‘more optimal’ treated flies (Mean adult emergence = 5.07±0.59). Statistical 

differences in emergence levels were also found when comparing adult emergence at 

different temperatures (F 6, 126=3.7, p<0.005, Figure 3.2.).  Here more flies emerged from 

‘more optimal’ treatments at 32 and 38°C. At 41-48°C, the only treatments where adult 

D. suzukii emerged, were those that received 30 and 60 mins conditioning treatments. 

The 30 and 60-minute conditioning treatments show a trend of higher adult emergences 

at nearly every temperature.  

Effect of insect gender   

The gender of insects had a significant effect on adult D. suzukii emergence (F 6,126=3.7, 

p<0.005, Figure 3.3.). Mean male D. suzukii emergence was numerically higher for no or 

90 minutes of heat conditioning treatments and statistically higher than those of females 

for 30 and 60-minuite heat conditioning treatments. When comparing the effect of 

temperature for males, males emerged at higher rates for more optimally treated 

individuals at 29, 32 and 38°C (Figure 3.4.). Males also were able to emerge at 41, 45 

and 48°C. When comparing the effect of temperature for females, they emerged at higher 

rates for 30 and 60-minute heat conditioning treated individuals at 32 and 38°C (Figure 

3.5.). Females also were able to emerge at 41 and 45°C, but not 48°C.  
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Discussion 

These findings provide an understanding of D. suzukii thermal tolerance. This 

information can be used to more optimally manage larval D. suzukii under field 

conditions. Late instar larval D. suzukii are known to drop from fruit onto the ground 

before pupation (Meghan Woltz, personal communication).  Fruit growers use cultural 

practices including the use of weed fabric that can act as the interface between larvae and 

pupae and can be used to manage D. suzukii. This study was conducted in order to 

improve understanding of survival of D. suzukii larvae exposed to extreme temperatures 

as found on black weed fabric which are known to reach temperature above those tested 

in our experiments (V. Walton pers. Obs.).  We found that survival of extreme 

temperatures can be improved after heat conditioning treatments.   

In initial trials, D. suzukii received no heat conditioning and there was a biological 

threshold of larval survival at around 38°C. At temperatures above this level, larval 

mortality increased significantly. A possible explanation for the numerical increase in 

survival levels at 49°C could be genetic variability (Murphy et al. 2016) as described for 

many drosophilids. A study by Goto and Kimura (1998) described the benefit of heat-

shock proteins (Hsps) that are synthesized in response to extreme heat or cold. The 

production of Hsps comes at a significant cost to cell growth and fecundity, but allows 

for survival under extreme conditions. This may explain how the larvae exposed to 

sublethal conditions were able to survive the exposures in the thermal bench. Goto and 

Kimura (1998) trialed three Drosophila species and results showed that the highest 

accumulations of Hsps were recorded between 29°-36°C with strong declines outside of 

these temperatures for flies that did not receive exposure to extreme environmental 

conditions similar to heat conditioning treatments used in our study. Feder et al. (1996) 

found that by exposing D. melanogaster larvae to 36°C, prior to higher temperature 

exposures, extreme thermal survival was significantly improved. Their study replicated 

conditions the flies would experience in the wild lending valuable knowledge on how 

Hsps plays an active role in survival for these species. Dillon et al. (2009) suggest that 

Drosophila species, and other flies, choose when to oviposit for the best developmental 
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time of their brood (see previous chapter). Drosophila species may prefer afternoon 

temperatures at or just after the hottest point in the day, allowing for eggs to hatch and 

begin larval development within 24 hours after oviposition, thereby increasing chances 

for survival.  

The literature indicates that exposure to upper and lower thermal thresholds conditions 

may provide a benefit to immature insect survival rates under extreme field 

environments. Our data suggest that D. suzukii larvae are more tolerant to thermal 

extremes when exposed to heat conditioning for short periods before being exposed to 

extreme heat. However, there was no benefit when D. suzukii was exposed to periods of 

90 minutes. Our data also shows a difference in benefit between sexes, with male D. 

suzukii emerging at higher rates compared to females after heat conditioning and extreme 

temperature exposure. Condon et al. (2015) found thermal tolerance to be sexually 

dimorphic in a trial with D. melanogaster. They found males resisted exposure to heat 

longer and females recovered from chill coma quicker. They also concluded from their 

study that wing size and thermal tolerance couldn’t be used to determine a relationship 

between sexual dimorphism of thermal tolerances. Although they did not find fecundity 

variation in regards to heat tolerance, there was a marginally significant interaction 

between cold tolerance and selective population. They also concluded that flies reared at 

25°C were better able to adapt to heat and cold extremes versus the flies that were reared 

at temperatures above or below this level, or by varying temperatures. A study conducted 

on two populations of Drosophila buzzatii from Argentina, one from a lowland 

associated with high temperatures and one from a highland with lower temperatures of, 

concluded that the flies had numerous traits that were different and were explainable by 

temperature differences. Egg laying times were different and were aligned with the 

differing daytime temperatures in both locations. After exposing both populations to 

sublethal temperatures, it was found that when flies were exposed to 39°C, the highland 

population expressed an increased Hsp70 (Sorensen et al. 2001). This study suggests 

temperature adaptation of a population where one may be better fit to survive temperature 
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extremes than another from the same species. This could explain differing intraspecies 

oviposition behavior between regions.  

Activation of Hsp70 gene expression has been associated with improved thermotolerance 

in other organisms beyond Drosophila species and insects. In a trial conducted on 

chicken eggs and the chicks thereafter hatching, it was found that the chicks that were 

exposed to higher temperatures during embryogenesis expressed Hsp70 and were 

associated with having improved thermotolerance when exposed to higher temperatures 

as chicks, as well as, significantly higher body weight than those that were kept at ideal 

temperatures (Al-Zhgoul et al. 2013). In a study involving rats, it was tested if Hsp70 

expression would differ between exercise induced or sedentary with and without 

increased temperatures. The rats that were exercising and sedentary in higher 

temperatures had higher levels of Hsp70 expression. They concluded that exercise alone 

was not sufficient to activate Hsp70 expression suggesting that Hsp70 may be activated 

by increased ambient temperature, not just internal temperature from motion (Walters et 

al. 1998). Even small life forms such as protistan parasites, Blastocystis sp., were studied 

for Hsp70 expression under temperature extremes. It was found that the cultures that 

were exposed to thermal extremes of 41°C, then returned to 37°C had doubled compared 

to controls and had increased expression of Hsp70 (Gaythri et al. 2014).   

This work highlights some mechanisms used by D. suzukii to survive suboptimal 

environmental conditions. A trial in which the temperature in heat conditioning is slowly 

increased would be beneficial to determine the temperature threshold where mortality 

increases and developmental success declines. Future work should also evaluate SWD for 

Hsps mRNA within their genome to determine possible success in regulating proteins for 

increased temperatures. D. suzukii DNA holds information on their ability to adapt to 

varying climatic conditions.  

In future trials, having a known number and age of larvae and pupae prior to 

thermotolerance testing would result in a true success rate in relation to temperature 

exposure. The flies that survived to adulthood could be tested for their Hsps levels to 

determine the success of D. suzukii in a changing climate and potential pitfalls to new 
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management strategies involving increasing temperatures. Transferring D. suzukii from a 

22°C controlled environment to extreme heat temperatures for a brief time period doesn’t 

occur naturally and therefore does not accurately reflect what happens under natural 

conditions. These data do however provide baseline knowledge that provides an 

indication of the thermal thresholds of D. suzukii. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 

 

 

        

Row Temp in °C ± 1 Mean Adult Emergence 

    

A 29°  12.06±1.13 a 

B 32°  10.1±0.91 a 

C 35°  10.27±1.05 a 

D 38°  5.19±0.8 a 

E 41°  0.02±0.02 b 

F 45°  0.04±0.03 b 

G 49°  0.13±0.09 b 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1. Mean adult D. suzukii emergence in relation to temperature exposure. Means within a 

column followed by different lowercase letters are significantly different by Tukey’s HSD (p<0.05).  
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Figure 3.1. D. suzukii larvae were exposed to each of seven temperatures in a thermal 

heat bench for 60 minutes. The mean temperature during the experimental period were 

recorded every minute and are within ±1°C.  
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Figure 3.2. Mean adult D. suzukii emergence over 30-minute temperature exposure. 

Individuals were exposed to no and ninety (less optimal), and thirty and sixty (more 

optimal) heat therapy treatments at 36°C.  All individuals were allowed a sixty-minute 

recovery period at 22°C. after which they were placed for 60 minutes at 29-49°C. 
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Figure 3.3.  Comparison of mean adult male and female D. suzukii emergence after larval 

treatments for more optimal and less optimal heat therapy treatments. Bars with 

significant differences have different letters (F6,126=3.7, p=0.002).   
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Figure 3.4. Mean adult male D. suzukii emergence after heat conditioning treatments. 

Individuals were exposed to no and ninety (less optimal), and thirty and sixty (more 

optimal) heat conditioning treatments at 36°C.  All individuals were allowed a sixty-

minute recovery period at 22°C. after which they were placed for 60 minutes at 29-49°C. 
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Figure 3.5. Mean adult female D. suzukii emergence after heat conditioning treatments. 

Individuals were exposed to no and ninety (less optimal), and thirty and sixty (more 

optimal) heat therapy treatments at 36°C. All individuals were allowed a sixty-minute 

recovery period at 22°C. after which they were placed for 60 minutes at 29-49°C. 
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CHAPTER 4 

 

General conclusions. 

 

Riki York 
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The introduction and spread of D. suzukii negatively impacted small and stone fruit 

production in North America, South America, and Europe by loss in yield due to 

infestation and increasing production costs with more frequent insecticide applications 

(Dreves et al. 2009, Goodhue et al. 2011, Cini et al. 2012). Pesticide application has been 

the typical control method for D. suzukii (Lee et al. 2011). This newly established pest 

needs further research to determine additional control methods that integrate biological 

control in addition to methods that may decrease the populations when infestations occur 

(Walsh et al. 2011). With repeated pesticide applications, risk of tolerance increases 

(Walsh et al. 2011, Van Timmeren and Isaacs 2013). With no control methods suggested 

for organic growers, the need for alternate control methods to insecticide treatment is 

highly sought (Walsh et al. 2011, Miller et al. 2015).  

The first part of this research was to determine the impact of light, temperature, and 

forced egg retention of D. suzukii under different diurnal regimes. These regimes 

included cool (10-23°C) warm (12-27°C) daily cycles with a 16h: 8h (light: dark), 24h 

light, and 24h dark cycles. Oviposition peaked at the warmest part of the day 14h00-

17h00 for all regimes. Lighting had a significant impact on ovipositional rates. The 

highest number of oviposition occurred during 24h dark scenario and the lowest number 

of oviposition occurred during 24h light scenario while the cycles of 16h:8h (light: dark) 

held similar yet less ovipositional rates than the 24h dark. When D. suzukii was offered 

honey water and forced to retain eggs, high egg laying occurred during the warmest 

afternoon hours after medium was offered.  

The second objective of this research was to evaluate four stages of D. suzukii larvae to 

adulthood after exposure to varying temperatures ranging from laboratory conditions at 

22°C and between 29-49°C in a thermal gradient bench for 60 minutes. An additional 

bioassay was conducted using four-day-old to determine if heat shock protein initiation 

occurred allowing larvae to survive at higher temperatures. Larvae were exposed to 

varying times (30, 60, and 90 min) at 35°C, then allowed to cool to room temperature 

(22°C) for 60 mins prior to being placed in the thermal bench to undergo same method 

and temperatures as the initial trial. Heat shock therapy had an impact on larval 
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survivorship for the optimal group (30 and 60 min) allowing D. suzukii to survive higher 

temperatures than the suboptimal group (no heat therapy and 90 min). The optimal group 

had higher adult emergence rates for all temperatures, but notably the temperatures 

ranging from 41-48°C was of significant importance as this may elucidate control 

methods incorporating both temperature control and pesticide application.  

Overall, this research contributed to the understanding of D. suzukii oviposition behavior 

and ability to adapt to heat extremes. Incorporating lighting effects and heating methods 

such as black weed mat, pruning techniques, and lighting diodes show promise of 

integrating control methods to rely less on pesticide control methods and give organic 

growers optimism for control methods that may reduce infestations and populations. By 

understanding preferred temperature and lighting for oviposition, pesticide applications 

targeting gravid females may be altered to have a greater impact on infestation control 

throughout growing seasons.  
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