Area-Wide Management of Invading Gypsy
Moth (Lymantria dispar) Populations in the USA

= Andrew Liebhold, USDA Forest Service Northern

_ Research Station, Morgantow‘n, AVAR U ISYAN
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Numbers of Damaging Non-native Forest Insect & Pathogen

species
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Liebhold, A.M., D.G. McCullough, L.M. Blackburn, S.J. Frankel, B. Von Holle and J.E. Aukema. 2013. A highly
aggregated geographical distribution of forest pest invasions in the USA. Diversity and Distributions 19, 1208-1216.



Cumulative Pest Establishments

Alien Forest Insect Establishments in US Over Time
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Massachusetts,
1868




IeNnne

Trouvelot

LO)
@)
O
—i

1827 -



AT
Y A g

AR

\ L

LLLLLLERLLEEELY |
y il

- N
v
E
&
T
x
v
—————— <
e am—— ]
—— )
P ——
E—

T —
——
| —

e ——

an

T —

.
&

— 0

— B

1
!

ST

5[!

I

}

e




Gen.
s C.Lawrence

L&

N —~ SN LS
w, LW HS T, —
S e L L T e | R
W 2 WL Trouve
MAGoUR 4y, =X

&
WalterShermap;,
L] e

5,40

Forbush EH, Fe nald CH (1896) The gypsy
moth, Porthetria dispar (Linn). Wright and
LN tes Potter, Boston

o —— B S e | [V L




=)
O
>
iy

IS attempted, 1880

Eradication







s\l

0 ' 5 .‘5..“:‘ 5
44[}(1 oKy ":.5';1

S .
SUVILLE /y
i e

V:‘ I -.'- :5 O 3 | s L “ - Z ’
AUHAEY pi8 00 N o H
G At il rrier Zone

T QY- L e p— 80 e

GYPSY MOTH AND BROWN-TAIL MOTH QUARANTINE

WARNING

To AceNTs oF TRANSPORTATION COMPANIES AND SHIPPERS OF TIMBER
Propucts, NURSERY Stock, CurisTMAS TREES AND CHRISTMAS GREENS,
Quarry Probucts, or ANY ARTICLES INFESTED Wit THE Gypsy MoTa
or Brown-TaiL MoTs

Regulations supplemental to Notice of Quarantine No. 45, revised, and
laws of the States infested with either the gypsy moth or the brown-tail moth,
or both insects, prohibit the movement of regulated articles to uninfested
territory, except in compliance with such laws and reguiations.

PRODUCTS REQUIRING INSPECTION

TIMBER PRODUCTS.—AIl timber products, manufactured or unmanu-
factured, including poles, piles, bark, pulpwood, lumber, excelsior, shavings
! and sawdust. Manufactured wood products, such as furniture, containers,
.oy and similar articles, except when maintained under conditions of exposure
%ng‘ to infestation, are exempt from regulation.
“3 NURSERY STOCK, AND CHRISTMAS TREES AND GREENS.—
o All trees, shrubs, plants, and vines, both deciduous and evergreen, having
persistent woody stems, and parts thereof, including Christmas trees (except-
ing seed and fruit other than cones).
STONE AND QUARRY PRODUCTS.
ANY OTHER ARTICLES when found on inspection to be infested with
gypey or brown-tail moths.

EXPLANATION OF COLORED AREAS

REGULATED AREAS.-—Both colored areas shown on this map.
. = __ Those parts of the regulated area
| considered to be generally infested
with the gypsy moth and /or brown-
tail moth.

That part of the regulated area on
the western periphery in which sup-
pressive measures are cooperatively
carried out with the object of
B eradicating infestations in this area.

Jap Beetle Regulated Area
SCALE OF MILES
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The DDT era

Application of DDT over Scanton, PA (1948)
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Nuisance and aesthetic impacts on homeowners
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éypsy Moth SEraying Costs Ange
Luzerne County Property Owners

N land they own

By Mark Hiller | mhiller@pahomepage.com
Published 11/04 2015 05:42PM Updated 11/04 2015 07:57PM
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Gypsy Moth Egg Masses Accidentally
Transported During Household Moves




Use of pheromone traps to locate and
delimit isolated colonies

delta trap
delimitation

base grid grid treatment

Year 1 Year 2

» 0 moths/trap >0 moths/trap .

treatment



350 European Gypsy Moth Eradication Projects, 1967-2014
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350 Historical Eradication Projects, 1967-2014
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Gypsy Moth Eradication Failures

Medford, MA 1889-1900 . ..
Luzerne Co., PA 1932-1943
Midland, M1 1954-1976

104,000 acres sprayed
with DDT 1954, Ingham
Co., Ml, Photo: Ron Priest




Gypsy Moth Traps are Very Sensitive




“It is a well-known fact that unfertilized females of the gypsy moth
are able to attract the males to them from a greater or less
distance. This is called assembling, and this power to assemble is
possessed by quite a large numbergdf moths more or less nearly
related to the gypsy moth.” Fortsh and Fernald, 1896
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Extraction of female abdominal tip extracts for use in
pheromone trap surveys
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Collection of pupae in Portugal

Collection of pupae in Massachusetts




Extraction of female abdominal tip extracts for use in
pheromone trap surveys




Potent Sex Attractant of the Gypsy Moth:

Tie Tonlad TdamtiBnad and Kvnithacic

1972

Wit an Unlreated  sample  mdicated
that the active component was not an
aldehyde or ketope, Similar spotting
of the sample with phosphoric scid,

Gypsy Moth Control with the
Sex Attractant Pheromone

Mass trapping or permeation of the air with pheromone
can prevent male gypsy moths from finding mates.

Morton Beroza and E. F. Knipling

The gypsy moth [Porthetria dispar
(L.)], a serious defoliator of forest,
shade, and orchard trees in northeast-
ern United States, is spreading rapidly
to the South and gradually to the West
and threatens to become a national
AR SRR - -

Iwa

There is deep division among scien-
tists, administrators, environmentalists,
and public officials about whether its
spread can be stopped or should be
stopped. On some occasions we read of
citizens and township officials beggmg
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1974. Synthe5|s and act|V|ty of optically active dlsparlure J

Am. Chem. Ssoc. 96: 7842-7844.
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Gypsy Moth Trapping Locations, 1974-2014
~100,000 traps per year

® not detected
® detected







Asian gypsy moth egg masses contaminate maritime cargo
Ship superstructures

Containers
Automobiles
Bulk steel
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DNA analysis of each trapped male performed
at USDA APHIS CPHST laboratory. Nl

’.'.'
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DNA extraction is followed by a PCR with the #
nuclear FS1 marker (specific to gypsy moth) s+
and a second mitochondrial PCR/dual o
restriction enzyme digestion. G Tes

KB M1 2 3 4 5§ 6 7 8 9 10 1112 1314
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Use of pheromone traps to locate and delimit
Isolated colonies of Asian gypsy moth

delimitation
base grid grid treatment

Year 1

Year 2

» 0 moths/trap >0 moths/trap .

treatment
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Oregon Gypsy Moth
and Asian Gypsy Moth
Trapping Program
2015
Northwest Portland

» -

Oregon Department of Agriculture
in cooperation with USDA APHIS
Positive Gypsy Moth Trap
#  Confirmed Asian Gypsy Moth

®  Add-on/Delimitation Trap

@ ® Detection Trap
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Gypsy Moth Technical Working Group
Portland \ Vancouver: 0.5 buffer on EGM \ AGM

Aerial application of
Bacillus thuringiensis
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Public Outreach R

2\
Chin
Oregon Dept. of Ag
C/ @ORagriculture

#0ORgypsymoth treatment begins this weekend in N. Portland.
Map & more info available @ tinyurl.com/gs9s48x
7:09 PM - 13 Apr 2016

. WE! « ©3 @2
alty REPAIR

*State Tax Creuns coumy mzviss L &

7’ spraying set to begin over Portland

EDT
PM EDT

CT

) - Helicopters will spray insecticide over
5 to keep gypsy moths out of the Rose City.

The Oregon Department of Agriculture's Asian gypsy moth
eradication project is set to begin early Saturday morning.

q Bacillus thuringiensis var. kurstaki, or Bik,
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Gypsy Moth “Slow the Spread”
(STS) Project

Area not yet infested by
the gypsy moth

rea infested by gypsy
oth as of 1998

|:| Transition Area
(proposed 313
implementation area)
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Invasion
Front

host
basal area (ft2 acre)
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Projected reduction in spread reflects historical impacts of

STS program on spread

[ 2045 2035 Projected Gypsy Moth
2% Spread with STS

@ 2015 Quarantine
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0 100200 400 KM

Projected Gypsy Moth
_ Spread without STS




Stratified Diffusion (Hengeveld 1989)

Two forms of dispersal:

short distance, continuous

long distance, stochastic

q.. &
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UNINFESTED ZONE




- 10 moths/trap boundary

] Lines at 20 and 120 km from
the 10 moths/trap boundary

25 0 25 50 75 100 Kilometers




2 km base grid

llsolated Colony Detected

!

1 Delimitation

Treatment (0.5-1 km grid) Do Nothing

Treatment
Evaluation




Treatments dominated by
mating disruption

Acres treated
(thousands)
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O Other OBtk mMating Disruption

1993 1996 1999 2002 2005 2008 2011 2014



DISRUPT® II

GYPSY MOTH
MATING DISRUPTANT
Population Suppressant

DIRECTIONS FOR USE
It i a violation of Federsl Law to wse this product in a
Imanner incentastent with e Labaling.

ot

ACTIVE INGREDIENT:

[2)- 7.8 - epoxy - 2 - methyloctadecane . . . . .. .17,
INERT INGREDIENTS:................ 821%
TOTAL:
100.C

NET WEIGHT: kg[ IbJ

KEEP OUT OF REACH OF CHILDREN
CAUTION

Made ini the
HERCOH ENVIR

HERCGN and DISRUPT
s of Aberdesn

Directions and Pr

PRECAUTIONARY STATEMENTS
HAZARDS TO HUMANS AND DOMESTIC ANIMA
h of children. Do not apen

lust wear bong-sleeved shirt and
shoes plus socks.  Follow manufachore
maintsining PPE. If no such insiructions

vaterproof gloves and
s ln( [I!snhg and

irinki trmri]gum using tobacco ;r--:ixts.rugng the toilet,

HATARDS TO THE ENVIRONMENT
Do not confaminate water by

dry place. Keep partially

e Disposat [ln not contamingte water, foods or feed by storage
ar disposal. Open dumping is Wastes resulting from use of
this product may be disposed of on site or at an approved waste disposal
faciity.

(Container Disposal  Complately empey bag into application equipmenl.

coanentionsl
of beneficial parasites and
in bi ng[.d comtrol of gypsy mosh and ather
pliment pesi management. PT B Cypsy
can be used 25 8 pest mansgement 1ool by lowering the i i
in Jow-level populsions.  In aress of heavy
1 psy Moth is recommended a3 a fr
larvicidal treabments &5 part of an integrated Pest Managemant p

aores al 304 g AL iame




ISCA Technologies, Inc.
EPA Registration #80286-4
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Wisconsin pheromone

trap-locations, 2000
Cop e

Hisconsin

\ 3/

milk carton trap delta trap




“Trapper Gadget” software for handheld devices (I0OS or

Android) =

(RN
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| @ ? 551063, 4119845

WX 4 > * Trap Notes:

( G Trap Notes - Virginia
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STS Data Flow
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(Al (O yt.ento.vt.edu/da/

: Apps © 7-Day Forecast for... . apps v m Editoria: *anager... 5 News [E5 Popular Imputation maps -... [ mine flood maps =2 USGS Real-Time W... » [ Other Bookmar|

Slow the Spread
of the Gypsy Moth

Slow the Spread Foundation, Inc.

http://lyt.ento.vt.edu/da/

About Us Foundation Operations Regulatory Decision Support Directory Publications

Last update: 5/21/2017 9:49:26 PM
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STS Data Flow
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STS Decision Algorithm: Identification of populations

40 x 40 km region

ks
o
o

N
o

Moth counts from these
traps are in the upper 2%

Frequency

—
o

_________ of the frequency
0 ' ” distribution (.., the 98th
--------- ’ percentile).

O 1 2 @ 4 &8 & 7 &
Moth Trap Catch



STS Decision Algorithm: Decision recommendation for each
population

-
N

Delimiting Index —

No
Management

2.3

Priority Index

2.8

Priority

High

Treatment

S
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Gypsy Moth Distribution
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STS Decision Algorithm: Treatment block evaluation

_-Treatment Cell

=~ Buffer Cell

_-Control Cell

Net population growth in control area

200 - ,' %)

-100 &=

-100

(; 10'0 2(;0 360 460
Net population growth in block

500



STS Decision Algorithm: Spread rate estimation

5 Moth counts in traps P opulation boundaries
Pomt data... .. | | =K 1 moth ne
LAy S, e
...... B3 1030

30-moth line
100-moth line
300-moth line

to a surface and moth
Sharov & Liebhold, 1998 boundary lines are plotted.



STS Decision Algorithm: Spread rate estimation

ear t
year
t+1
Spread _ Distance

rate time



STS has reduced spread by ~80% overall

---- Historic ----Target ——Actual

1960-1992 average
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-10

Year



2016 STS Expenditures

Monitoring: 65,000 pheromone traps, $4,450,000
(=$69 per trap)

Treatments 162 blocks totaling 182,816 ha,
$4,430,000 (=$10 per acre)

100,000 -

80,000 -
60,000 -

40,000 -

No. of Traps

20,000 A

O I I I
2000 2005 2010 2015

Year



Detection / Eradication Funding

FOREST SERVicy
= UAS
-%?TMENT OFAGR\C\\§
USDA USDA Forest
APHIS Service
State

Governments

APHIS

STS Funding

FOREST SERVICE
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USDA Forest
Service

Slow the Spread
of the Gypsy Moth
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