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Exotic Species in the US

• Invasive insects & weeds cost the US 

over $122 billion/yr

• adding about 11 new species/year (7 

important pests)

• Approx. 1,500 species currently.

• Make up 39% of the 600 major 

arthropod pests.

• Responsible for up to 50% of crop 

losses in CA.



Light brown apple moth Omnivorous Leafroller



http://www.aphis.usda.gov/plant_health/plant_pest_info/lba_moth/downloads/lbameconomicanalysis.pdf

Light brown apple moth 
possible US distribution map



Carrot Seed Moth - Pyralidae



African Fig Fly – Zaprionus indianus

Spotted Wing Drosophila



Multi-Colored Asian Lady Beetle

DJB 2006

Soybean

Apple



Agricultural Perspective

DJB 2006



Brown Marmorated Stink Bug 

2010

$37 million loss in apple alone!



Social Perspective



Stink Bug injuries on apples during late summer

Greg Krawczyk, 2010

Economic Loss

Fresh injuries on stone fruit occurred 
during season (May, June, July)

2010 BMSB caused over $37 million in 
damage to Mid-Atlantic apple production

Some growers have experienced 50-60% 
loss of peach crops and 20% loss of apple 
crops.



Hundreds of available host plants

Long distance movement ability (2 km)

Undefined biology/monitoring issues

Inconspicuous initial injury on fruit

Spends 80-90% of life outside of orchards

No current effective biological control

Brown marmorated stink bug (aka Asian stink bug)
is not your usual insect pest

… BMSB challenge….



BMSB Control



The impact of BMSB on seasonal insecticide applications; apple

April May June       July August September

As.  As.    Im.       As. Ln.   Ln.       Ac.          Ln.        Bl.            Ac.         Bl.          Br.           Sc.       

BMSB - Complete spray

Insecticides:

Im. – phosmet; As. – acetamiprid; In. – methoxyfenozide; 

Ln. – methomyl; Del – spinetoram; Alt. – rynaxypyr; 

Sc. – dinotefuran; Bl. – clothianidin;  Dn.- fenpropathrin; 

Ac.- thiametoxam; W. – lambda cyhalothrin; Br - bifenthrin

PC         PC   BMSB LR/BMSB BMSB                 BMSB                 BMSB             

Del.   Del.     Ln.            Del.     Ln.            W.          As.   

2009 4 insecticide appl.
4 active ing.

11 insecticide appl.
8 active ing.

… in search for BMSB solutions….

Mating disruption against codling moth and Oriental fruit moth

2012

Before BMSB

Im.                 As.                     Del.                        Alt.

with BMSB



L.A. Hull-2011

Brown Marmorated Stink Bug 

How we manage this pest?

Photo by A. R. Biggs



Systems Affected
• San Jose Scale

• Wooly Apple Aphid

• Mites

Woolly Apple
Aphid Parasitoid
Aphelinus mali

Typhlodromus pyri

E. Beers, Washington State University 
FREC

Quadraspidiotus perniciosus



Raff Block Overwintering ERM Eggs
10 twigs/tree (4 reps)

* Means followed by the same letter(s) are not significantly different (Fisher’s Protected LSD, P≤0.05) D. J. Biddinger 2013

80X

65X

34X



PYRETHROIDS
IRAC Group 3A

bifenthrin

(Brigade)

fenpropathrin

(Danitol)

cyfluthrin

(Baythroid)

λ-cyhalothrin

(Warrior)

NEONICOTINOIDS

IRAC Group 4A

dinotefuran

(Venom, Scorpion)

thiametoxam

(Actara)

clothianidin

(Belay)

imidacloprid

(Provado, Admire Pro)

acetamiprid

(Assail)

OTHER
(IRAC Groups 1A, 1B, 2A

methomyl

(carbamate)

(Lannate LV and 
SP)

endosulfan

(organochlorine)

(Thionex)

acephate

(organophosphate)

(Acephate)

Most effective insecticides against BMSB

Mixes such as Endigo or  Leverage



NE IPM – Urgent IPM Grant 2011



D Biddinger 2011



http://www.google.com/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjjj7bew-PJAhUJ7YMKHQrhAPEQjRwICTAA&url=http://www.kutztown.edu/news-and-media/logos-and-guidelines/logos/jpg-logos.htm&psig=AFQjCNGzfTkJU1e4k9w_2jLW-zSNjRTO_g&ust=1450463499559450


Spotted lanternfly

Native to Asia, 

found in 

southeastern PA 

in 2014

Now spread to 4 

states and 

detected in 3 

additional states

NEW INVASIVE 

PEST





Adults: July - December
Egg Laying: 

September - November Eggs: October - June

Hatch and 1st Instar: 
May - June

Second Instar: June - JulyThird Instar: June - July 

One Generation Per Year

Fourth Instar: 
July - September 



-- Adults appear: late July

-- Females lay eggs: October - November

Early versus Late Season Females



SLF is a Hemipteran



How does SLF feed?

Feeds on plant 

sap through a 

piercing-sucking

mouthpart

Excretes 

honeydew (sugar 

water) as it feeds

SPOTTED 

LANTERNFLY



Honeydew and sooty mold



SLF are serious troublemakers



High populations of SLF in SE PA

Video by Christopher Jordan



PA Department of Agriculture

SLF in backyards and chimneys

G. Krawczyk



Sooty mold – a nuisance problem



Erica Smyers

SLF in orchards



SLF in vineyards

• Increased # of sprays by 10

• Insecticide costs increase 271%

• Decreased yield & sugars

• Winter vine death



As the population of spotted 
lanternfly grows, and the insect 
adapts, new threats to multiple 
industries emerge.

Biggest threat is to forestry & 
ornamentals.

In tree fruit, peach appears to 
be most at risk, but will attack 
apple.

Need insecticide efficacy & 
residual data to develop control 
programs & integrate into IPM.



Preferred host is 

invasive tree, 

tree-of-heaven

Feeds on over 

70+ hosts, 

including 

hardwoods, 

vegetables, tree 

fruit, hops, and 

grapes

Feeding not 

recorded on 

conifers

HOSTS

SLF host range



Dave Jackson Dave Jackson

Dave Jackson

Male and female trees

Reproduces by seed 
(samaras) or by 
“clones”

Bark has appearance 
of cantaloupe skin

Few other animals are 
recorded on tree-of-
heaven

TREE of HEAVEN

Identification of tree-of-heaven



Pinnately compound leaves

1-4 feet in length

10-40 leaflets

1-2 teeth at base of leaflet

Smooth leaf margin

Rotten peanut butter odor 
when crushed

Dave Jackson

Dave Jackson

TREE of HEAVEN

Identification of tree-of-heaven



Tree-of-heaven populations in PA

Data courtesy of Dr. Dennis Calvin (Penn State) and Pennsylvania Department of Agriculture 
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What’s being done to control SLF?

PA Dept. 
Agriculture 
focusing in 
“core” of 
population

USDA focusing 
on 18-km 
buffer outside 
of core 
population

CONTROL



What’s being done to control SLF?

Tree-of-heaven
being utilized 
as trap tree

Majority of 
trees killed, 
remaining trees 
are treated 
with systemic 
insecticide 

CONTROL



What’s being done to control SLF?

All businesses 
transporting 
material within 
or in and out 
of the PA/NJ 
quarantine 
counties are 
required to 
have SLF 
permit

SPREAD



Eggs are laid on any 

hard surface (vines, 

trunks, posts, stones, 

houses, lawn 

furniture, etc.)

They are laid in fall, 

overwinter, and hatch 

in the spring

In PA, average 

number of eggs per 

mass was 37.3, while 

the maximum was 78 

(E. Smyers data) 

SLF egg masses

EGG MASSES



Old egg masses New egg masses



EGG LAYING

SLF egg masses



SLF Egg Masses on Red Maple Trees



SLF egg masses on Christmas trees
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Field ovicide assays



SLF insecticide trials, homeowners



SLF insecticide trials



Trade name
Active 

ingredient
Class

Rate per 
acre

Systemic, 
Contact, 
Ingestion

PHI (days) REI (hrs)
Days of 
activity

Labeled for 
SLF?

SLF activity

Imidan 70WP phosmet
Organo-

phosphate
2 1/8 lb C, I 14 336 14 Yes, 2(ee) Exc.

Scorpion 35SL dinotefuran Neonicitinoid 5 fl oz S, C, I 1 12 7 2(ee) pending Exc.

Brigade 
10WSB

bifenthrin Pyrethroid 16 oz. C, I 30 12 14 Yes, 2(ee) Exc.

Mustang 
Maxx 0.8EC

zeta-
cypermethrin

Pyrethroid 4 fl. oz. C, I 1 12 <7 Yes, 2(ee) Exc.

Closer 2SC sulfoxaflor Sulfoximine 5.75 fl oz. S, C, I 7 12 7 2(ee) pending Good

Actara 
25WDG

thiamethoxa
m

Neonicitinoid 3.5 oz S, C, I 5 12 7 Yes, 2(ee) Exc.

Assail 30SG acetamiprid Neonicitinoid 5.3 oz S, C, I 3 48 <7
Yes, 2(ee) on 
nymphs only

Good

Carbaryl 4L carbaryl Carbamate 2 qt C, I 7 12 7 No Exc.

Avaunt 30DG indoxicarb Oxadiazine 6 oz C, I 7 12 7 Yes, 2(ee) Exc.

Movento 2SC spirotetramat Ketoenol 9 fl oz S, C, I 7 24 7 No Poor

Danitol 2.4EC fenpropathrin Pyrethroid 21.33 fl oz C, I 21 24 7 No Exc.

Entrust 80WP spinosad Spinosyn 2.5 oz C, I 7 4 <7 No Poor

Sivanto Prime 
1.67SC

flupyradifero
ne

Butenolide 14 fl oz S, C, I 0 4 <7 No Poor

Nymph SLF insecticide trials (on peach)



Trade name
Active 

ingredient
Class

Rate per 
acre

Systemic, 
Contact, 
Ingestion

PHI (days) REI (hrs)
Days of 
activity

Labeled for 
SLF?

SLF activity

Imidan 70WP phosmet Organophosphate 2.125 lb C, I 14 336 0 Yes, 2(ee) Poor

Imidan 70WP phosmet Organophosphate 1.33 lb C, I 7 336 0 Yes, 2(ee) Poor

Scorpion 35SL dinotefuran Neonicitinoid 5 fl oz S, C, I 1 12 <14 Yes, 2(ee) Exc.

Brigade 
10WSB

bifenthrin Pyrethroid 16 oz. C, I 30 12 21 Yes, 2(ee) Exc.

Mustang 
Maxx 0.8EC

zeta-
cypermethrin

Pyrethroid 4 fl. oz. C, I 1 12 <7 Yes, 2(ee) Good

Closer 2SC sulfoxaflor Sulfoximine 5.75 fl oz. S, C, I 7 12 0 2(ee) pending Poor

Actara 
25WDG

thiamethoxam Neonicitinoid 3.5 oz S, C, I 5 12 <21 Yes, 2(ee) Exc.

Assail 30SG acetamiprid Neonicitinoid 5.2 oz S, C, I 3 48 0
Yes, 2(ee) on 
nymphs only

Poor

Carbaryl 4L carbaryl Carbamate 2 qt C, I 7 12 <14 No Exc.

Avaunt 30DG indoxicarb Oxadiazine 6 oz C, I 7 12 0 Yes, 2(ee) Poor

Admire Pro imidacloprid Neonicitinoid 1.4 fl oz C, I 0 12 <7 No Poor

Venerate XC + 
Nu-Film P

Burkholderia
spp. strain

Other 4 qt C, I 0 4 0 No Poor

Entrust 80WP spinosad Spinosyn 2.5 oz C, I 7 4 0 No Poor

Sivanto Prime 
1.67SC

flupyradiferone Butenolide 14 fl oz S, C, I 0 4 0 No Poor

Adult SLF insecticide trials (on grape)



1. SLF adults appear to be harder to kill w/ insecticides than nymphs, but less 

tolerant of heat, so higher control mortality.

2. The lower rates for grapes are less effective and give shorter residual.

3. Need to integrate efficacy, residual, PHI, REI and varying rates into control 

recommendations for each crop and generate more 2(e) label amendments.  

4. Test slower acting compounds (esp. IGRs) that can disrupt development and 

affect reproduction, but are more IPM compatible and bee safe.

Conclusions

https://extension.psu.edu/spotted-lanternfly



SLF endemic parasitoids



Brown Marmorated SB (Halyomorpha  halys)
vs. Predatory SBs

DJB-2005

White bands on
antennae & legs,
white striping on
abdomen edges.

Pronotum smooth.

Predator w/ no
White bands,

pronotum toothed.\

4,700 species
300 are predatory



Management of Invasive Pests Begins with a Reliance on 

Insecticides, but there is hope of native biocontrol!



* V. Jones, T. Unruh, D. Horton, & J. Brunner.  Improving
Apple IPM.  Good Fruit Grower. Dec. 2006.



Bicyrtes quadrifasciata – Sand Wasp



Tachinid Egg

Tachinid Egg

D Biddinger 2011

Tachinid Parasitoids of Adult Stink Bugs

Trichopoda sp.

Gymnosoma sp.



Trissolcus basalis
Scelionidae

Stink Bug Egg Parasitoid



Lycorma delicatula (WHITE):

A Planthopper in the Family Fulgoridae

696 Species of Lanternflies in the world

Only 17 species in North America

Like most planthoppers,  Lycorma  pierce the 
stems of plants, trees, and vines and feed on 
phloem.
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SLF predators

Generalist predators are attacking SLF in the U.S.

This is unlikely to control the SLF population



Liu & Mottern (2017) J. Insect Sci. 

SLF endemic parasitoids

Gypsy moth parasitoid, 
introduced in 1908

Not reported on SLF in 
China

Found ~7% parasitism of 
available egg masses

~20% of egg mass 
parasitized 

Only found in some 
locations

Ooencyrtus kuvanae



Fungal pathogens on SLF

Beauveria sp. found 
attacking SLF nymphs 
and adults in PA 
population

Too early to determine 
species  or use as a 
control method

FUNGAL PATHOGENS

Eric Clifton

Eric Clifton

Dr. Ann Hajek



Fungal pathogens on SLF

Fungi closely related to 
Entomophaga sp. 
found attacking SLF 
adults in PA population

Species is unknown, 
but believed to be 
related to gypsy moth 
fungal pathogen

FUNGAL PATHOGENS

Dr. Ann Hajek



DJB 2006

Classical Biological Control

• actively practiced in the US for about 

100 years.

• about 2300 introductions worldwide 

have provided complete control in 

about 100 cases.

• Success in about 16-34% of attempts.



FemaleMale

M-Y. Choi 

Only egg parasitoid 
recovered (to date)

A. orientalis is widely 
distributed throughout China

Parasitism ranged from 0-
92% of egg masses (those 
with any eggs attacked) and 
from 0- 26% total eggs 

In quarantine at APHIS (Otis, 
MA)

Anastatus orientalis

Foreign exploration for parasitoids in China

Data courtesy of Kim Hoelmer & Juli Gould



Foreign exploration for parasitoids in China

Attacks 2nd and 3rd instars 

Late stage parasitoid larvae 
make protective sac in nymph

Overwinter in cocoon 

40% parasitism reported in                            
Chinese literature

June 2018 collection in China;                      
now at ARS quarantine lab

Dryinus sp. nr. browni

Data courtesy of Kim Hoelmer & Juli Gould



Spotted Lanternfly       one word



THANK YOU!

https://extension.psu.edu/spotted-lanternfly


