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2016	SWD	Monitoring	Network	



•  16	trap	checkers	
•  180	sites,	22	coun#es	
•  27,439	SWD	counted	
•  Weekly	reports	(11)	
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SWD:	2016	Monitoring	Network	



Seasonal	catch	in	MI	cherry	in	2016	
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cherry	harvest	

cherry	harvest	

•  1-2	insec#cide	sprays	targe#ng	CFF	
sufficient	to	control	SWD	

•  Timing	of	threshold-based	program	and	
fruit	suscep#bility	program	were	similar	

•  SWD	were	detected	in	a	majority	of	the	
trapping	sites	and	popula#ons	were	
building	during	harvest	

•  Growers	applied	4-plus	insec#cide	sprays	
directly	targe#ng	SWD	

•  Keeping	fruit	SWD-free	required	a	7-day	
spray	interval	with	effec#ve	materials	and	
excellent	coverage	

1st larva 

1st larva 
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Keeping	the	MI	cherry	industry	informed		
•  Weekly	reports	(e.g.,	AgNews	-	10	ar#cles)	
•  Presenta#ons		
•  Management	guides	and	Online	resources	
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Op#mizing	SWD	Trap	Design	
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Certain	colors	strongly	promote	SWD	alightment	



Novel	trap	design	

•  Red	hollow	sphere	
	

•  Coated	with	Tangle-
Trap	glue	

	
•  Baited	with	Scentry	

lure	
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Field	comparison	of	colored	sphere	traps	
•  Conducted	in	raspberry	high	tunnels	

•  8	different	colored	sphere	traps	baited	with	commercial	lure	

Red	 Fluorescent	Red	

Blue	White	

Purple	

Yellow	 Green	

Black	
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Results	of	trap	color	field	study	



Trap	type	comparison	study	

Panel	+	
Scentry	

Sphere	+	
Scentry	

Deli-Cup	+	
Scentry	

Deli-Cup	+	
Yeast	



Trap	type	comparison	study	
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Propor#on	of	SWD	catch	to	non-target	catch	
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•  5	Michigan	cherry	orchards	in	SW	MI	
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Novel	A`ractants	



Effect	of	yeast,	H.	uvarum,	on	SWD	oviposi#on	and	feeding	
B.	Mori	et	al.	J.	Appl.	Ecol.	2015		

eggs laid per treatment, with block specified as a random factor.

A GLMM with a binomial error distribution was used to evalu-

ate the differences in mortality of flies in each treatment, with

block specified as a random factor (lme4 package) (Bates et al.

2014). Multiple comparisons were calculated with a Tukey’s hon-

est significant difference (HSD) test.

Results

WIND TUNNEL BIOASSAY

In view of the attraction of D. suzukii to fermentation

volatiles in laboratory and field studies (Cha et al. 2012;

Landolt, Adams & Rogg 2012; Iglesias, Nyoike & Liburd

2014) and the association between D. suzukii and

H. uvarum (Hamby et al. 2012; Scheidler et al. 2015), we

investigated attraction of D. suzukii to H. uvarum and

blueberry volatiles in a wind tunnel bioassay. More mated

than unmated females responded to yeast and blueberry

odours (v2 = 7!06, d.f. = 1, P < 0!01), while attraction to

yeast and berry odours did not differ significantly

(v2 = 1!95, d.f. = 1, P > 0!05) (Fig. 1a).

FEEDING AND OVIPOSIT ION BIOASSAYS

We next asked whether mated females were attracted to

yeast for feeding or oviposition. Mated females consumed

significantly more H. uvarum yeast suspension than

unmated females (W = 300, P < 0!01) (Fig. 1b). In con-

trast, yeast did not influence oviposition rate (W = 270!5,
P = 0!73) (Fig. 2a). A slight increase in the number of

eggs laid on yeast-inoculated berries may be due to initial

attraction to yeast for feeding, followed by oviposition.

We further investigated the interaction between yeast

feeding and oviposition, with yeast available near blueber-

ries. Females fed significantly more on a H. uvarum yeast

suspension than on minimal medium (W = 37,

P < 0!0001); females with access to yeast suspension laid

significantly fewer eggs on blueberries than females with

access to minimal medium over 23 h (W = 263!5,
P < 0!05) (Fig. 2b).

INSECTIC IDE BIOASSAY

The combined results indicate a trade-off between yeast

feeding and oviposition after mating. We therefore exam-

ined the effect of yeast for control of D. suzukii with or

without spinosad insecticide. Hanseniaspora uvarum yeast

treatment alone reduced oviposition, without significantly

increasing mortality (Fig. 3). Adding spinosad to yeast

further reduced the number of eggs laid by 36!8%
(v2 = 10!72, d.f. = 3, P < 0!05) (Fig. 3). Moreover, the

combination of H. uvarum yeast and spinosad signifi-

cantly increased mortality of D. suzukii females over spi-

nosad alone by 26% (v2 = 62!49, d.f. = 3, P < 0!0001)
(Fig. 3).

Discussion

Co-evolution between higher plants and phytophagous

insects is linked to associated micro-organisms and their

effect on host plant chemistry and physiology (Farrell

et al. 2001; Janson et al. 2008; Gibson & Hunter 2010;

Boone et al. 2013; Douglas 2013; Casteel & Hansen 2014;

Hansen & Moran 2014). The dialogue between insects

(a) (b)

Fig. 1. Effect of mating status on attraction (a) and feeding (b)
of D. suzukii females. (a) Significantly more mated (+) than
unmated (") females were attracted by upwind flight and landed
at blueberry V. myrtillus and yeast H. uvarum odour sources. Dif-
ferent letters indicate significant differences based on mating sta-
tus (GLM P < 0!01). (b) Mated (+) females consumed
significantly more yeast H. uvarum suspension than unmated (")
females during 2 h (P < 0!01).

(a) (b)

Fig. 2. Effect of yeast, H. uvarum, on oviposition and feeding in
D. suzukii females. (a) Mean number of eggs (+SE) laid on blue-
berries without (") and [berries inoculated] with yeast (+)
(P = 0!73). (b) Mean amount of H. uvarum suspension (+SE)
consumed and mean number of eggs laid (+SE) by individual
females in the vicinity of a blueberry after 23 h, when yeast was
added medium (+) or absent ("). Different letters indicate signifi-
cant differences in feeding (P < 0!0001) and oviposition
(P < 0!05).
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Winter	diapause:	Key	bohleneck	period	

•  Harsh	winters	
can	efficiently	
reduce	the	
number	of	
overwintering	
individuals	

And consequently effect the population in the spring and summer 

Page 4 of 18Shearer et al. BMC Ecol  (2016) 16:11 

in female wing length, and 47  % (R2  =  0.4658) of the 
observed variation in males’ wing length (both linear 
regressions: P < 0.0001). Moreover, the seasonal compo-
sition of both male and female D. suzukii winter morph 
increased from levels of 0 % of both sexes to 100 and 95 % 
respectively when examining dates starting on 14 August 
to 11 December, 2011 (Fig. 1c).

Simulated summer and winter conditions in the laboratory 
induce differences in phenological traits
To investigate the impact of environmental factors in 
influencing seasonal variations in D. suzukii morphology 
and physiology, we tested effects of simulated summer 
and winter laboratory conditions by varying photoperiod 
and temperature. Differences in adult D. suzukii body 
color and wing length reared at 16:8 Light:Dark (L:D) 
in hours and 20  °C as compared to 12:12 L:D and 10  °C 
were visually apparent (Fig. 2), and closely resemble sum-
mer and winter morphs that we observed in the field. 
Abdominal melanization ratings were significantly higher 
for fourth abdominal segments of female flies subjected 
to 12:12 L:D and 10  °C compared to female flies that 
were reared at 16:8 L:D and 20  °C (t = −20.6; df =  16; 
P < 0.0001) (Table 1). Similarly, abdominal melanization 
ratings were significantly higher for the third abdomi-
nal segments for male flies that were reared in 12:12 L:D 
and 10 °C when compared to male flies that were housed 
in 16:8 L:D and 20  °C (t = −13.5; df =  27; P  <  0.0001) 
(Table 1).

We then conducted a series of experiments to exam-
ine intergeneration effects of photoperiod and tem-
perature on wing length. We first examined the effect 

of photoperiod alone on wing length (Table 2). Holding 
temperature constant at 20 °C, we either kept parent flies 
(F0), which were reared in 16:8 L:D photoperiod, in the 
same photoperiod (16:8 L:D) or transferred the adult 
parent flies (F0) to 12:12 L:D and examine the resulting 
offsprings (F1). Not surprisingly, there was no difference 
in wing length for female offsprings when parents were 
maintained in a photoperiod of 16:8 L:D as compared to 
their female parents (Table  2). However, when the par-
ents were transferred to 12:12 L:D, their female offsprings 
displayed significantly increased wing length compared 
to female offsprings with parents reared under 16:8 L:D 
(F = 37.7; df = 2, 32; P < 0.0001) (Table 2).

We next examined the effect of both photoperiod and 
temperature on wing length (Table 3). In a photoperiod 
of 16:8 L:D, if parents (F0) were transferred from 20 to 
10 °C, their female offsprings had significantly increased 
wing length when compared to their parents, which 
were originally raised in 20  °C (F =  215.9; df =  2, 33; 
P < 0.0001) (Table 3). However, compounding the change 

Fig. 2 Phenotypic variation of laboratory-reared D. suzukii expressed 
by different photoperiod and temperature regimes. Summer morph 
adults are reared at 20 °C and 16:8 L:D photoperiod (top panels); 
winter morph adults are reared at 10 °C and 12:12 L:D photoperiod 
(bottom panels)

Table 1 Average melanization rating of  dorsal abdomi-
nal bands of female and male Drosophila suzukii seasonal 
morphs

n = 13 for winter male and female; n = 17 for summer male and female
a Melanization rating based on visual rating of the thickness of the transverse 
dark line of each dorsal abdominal segment (Additional file 1: Figure S1): 1 thin 
dark line, 5 completely dark
b Summer morphs were reared at 16:8 L:D and 20 °C; winter morphs were reared 
at 12:12 L:D and 10 °C
c Means followed by an asterisk are significantly different within a sex (t test, 
P ≤ 0.05)

Seasonal morph 
and sexb

Melanization ratinga

Abdominal segment

1st 2nd 3rd 4th 5th

Summer female 1.1 2.0 1.9 1.8*, c 4.6

Winter female 2.8 2.9 3.5 5.0 5.0

Summer male 1.4 2.1 2.6* 5.0 5.0

Winter male 3.5 3.6 4.9 5.0 5.0

Table 2 Effect of photoperiod on female Drosophila suzukii 
wing length over two generations

a Mean values of wing length followed by the same letter are not significantly 
different, ANOVA, Tukey. n = 5 for each mean

Environmental parameters Wing length 
(mm)a

Parental (F0) Offspring (F1)

Day-length 
(L:D)

Temp (°C) Day-length 
(L:D)

Temp (°C)

16:8 20 2.2 b

16:8 20 2.2 b

12:12 20 2.5 a



Where	are	SWD	overwintering?	
•  Traps	in	cherry	orchards	and	

in	adjacent	woodlots	
•  Red	traps	and	clear	cup	traps	

•  Liquid	baits	and	lures	



Overwintering	trap	study	
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Winter	morph	and	summer	morph	ahractants	

•  Do	summer	and	winter	
morphs	respond	to	
same	ahractants?	

	
•  Electroantennogram	
studies	with	known	
ahractants	or	repellents	

	
•  Op#mize	early	season	
trap	for	monitoring	
winter	morph	SWD	



Mark-Release-Recapture	of	D.	suzukii	
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Mark-Release-Recapture	of	SWD	
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	Untransformed	plot	of	trapping	data	
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Transformed	data:	Miller	Plot	
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T 
Plume		+		Dispersive	max	of	SWD	
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5 m 115 m 

Trapping	radius	=	115	m	+	5	m	=	120	m	

Trapping	area	=	π*1202	=	45,2162	m	=	
11.2	acres	=	4.5	hectares	



SWD	popula#on	es#ma#on	

Catch	per	single	
monitoring	trap	

D.	suzukii	per	trapping	
area	(4.5	hectares)	

D.	suzukii	
per	hectare	

D.	suzukii	
per	acre	

1	 171	 38	 15	

10	 1,706	 379	 153	

50	 8,528	 1,895	 767	

100	 17,055	 3,790	 1,534	

500	 85,277	 18,950	 7,672	

1000	 170,554	 37,901	 15,345	

D. suzukii per Trapping Area = Catch in Trap / Proportion Caught 



One	panel	trap	samples:	
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