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Timeline of HWA in Eastern USA

Å 1952 - 1985: An introduced pest of 
modest consequence

Å 1986: First found in CT, where it began 
to devastate and kill trees within 
established range

Å 1994:  Killing trees in Shenandoah N.P.; 
reached Blacksburg, VA 

Å 2002: Found in Smoky Mt. National 
Park - significant mortality and decline 
have already occurred

Å 2006: HWA continues to expand; Havill 
et al. determine that the source of HWA 
in eastern U.S. is from southern Japan 



ÅAdelges tsugaein eastern 
North America were 
introduced from the 
population living on Tsuga 
sieboldiiin Japan
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Chemical Control

- Effective

- Expensive

- Labor intensive

Limited Management Options

Where to use

- Parks

- Other landscape settings

- High value trees in forest 

setting



Classical Biological Control For the 

Hemlock Woolly Adelgid
University Faculty, Staff, and Students

VA Tech, UGA, Clemson, UT, UMass, 
URI, Oreg. State Univ., Univ. Vermont,  
NCSU

Foreign Collaborators in China, Japan, and 
Canada 

Personnel from USFS - FHP, Research, and 
NFS

Personnel from State Forestry and Ag 
Agencies (Maine to GA)

Consultants ïDr. McBug a.k.a. Dick 
McDonald

Volunteers



Laricobius nigrinus (Coleoptera: 
Derodontidae)

S. Salom & L. Kok (Laricobius spp.)

- Around 100,000 beetles 

released since 2003

- Establishment studies 

completed

- Field evaluation is currently 

being conducted

- Preliminary results promising



Quarantine Studies Reveal Favorable 

Attributes of a Biocontrol Agent
- Highly host specific    

- feeds selectively on HWA

- only completes 

development on HWA 

- Life cycle synchronous with 

host

- Long-lived adults

- High fecundity

- Attack all life stages of 

winter/spring generation

- Life cycle complements other 

natural enemies



Å Release Sites Targeted

ï Along the leading edge of HWA 

activity, where population density of 

the pest is low but growing

Å Fall 2003 - Fall 2004

ï 9,125 beetles at 22 release sites

ï Low density: 75 - 1200 beetles per 

site

ÅDue to # of beetles 

available

ÅBehavior suggests 

they prefer low density

Field Releases of L. nigrinus

Dave Mausel



Results: summary of L. nigrinus recoveries
  No. adults  No. larvae  % of trees  L. nigrinus 

Site  L. nigrinus   L. nigrinus  L. rubidus  with larvae Establish- 

No. Release location F1 F2 F3  F2 F3 F2 F3  F2 F3 ment
1
 

1 MA -Mt. Tom 0 0 --
*
  0 0 0 0  0 0    - 

2 PA-Rothrock  0 0 8  30 343 7 61  60 100    + 

3 PA-Bear Run 0 1 --  125 311 9 23  80 90    + 

4 MD-Finzel  0 0 0  0 0 0 0  0 0    - 

5 MD-Rocky Gap 31 49 --  517 440 64 54  93 93    + 

6 MD-Frederick 0 1 --  1  14 1 5  50 100    + 

7 WV-Seneca 0 0 0  0 0 10 158  50 80    - 

8 WV-Watoga 0 0 0  0 0 16 114  40 80    - 

9 WV-Monongahela 0 0 0  0 0  0 7  0 40    - 

10 VA -North Fork 0 0 0  23 32  5 7  60 50    + 

11 VA -Big Stony  0 0 0  0 0 2 44  20 70    - 

12 VA -Hurricane 1 0 1  19 1  14 0  30 10    + 

13 VA -Highland 0 0 --  0  62  6 0  7 27    + 

14 VA -Lick Ck. 1 0 --  5 0  5 0  60 0    - 

15 VA -Dickey Ck. 0 0 --  0  0  52 27  100 50    - 

16 NC-Hemlock Hill 3 13 93  10  314  0 0  40 40    + 

17 NC-Holloway Gap 1 19 --  2  2  24 20  40 60    + 

18 NC-Ivy Ck. 0 1  --  42  868  0 0  27 100    + 

19 NC-Locust Ck. 0 0 --  42  109 42 109  100 100    + 

20 NC-Mid dle Ck. 0 0 --  180 1,163 12 74  90 100    + 

21 TN-Laurel Ck. 0 0 0  118  31 31 67  80 80    + 

22 GA-Overflow Ck. 0 0 --  0 0 0 0  0 0    - 

 



Establishment was related to release 

location, numbers, and timing

Å c2 = 18.7; df = 3; P < 0.0001

Å Nagelkerke r2 = 80%

Å Model predicted establishment correctly 92.3% of the time

Å Model predicted failure to establish correctly 87.5%

Established versus non-

established

Model variable b P-value

Constant -18.8 0.037

Hardiness zone 4.6 0.041

Release number 1.5 0.202

Release timing 1.2 0.314



Predator Exclusion Experiment 

ÅOnly 5% of winter 
survived without a cage 
whereas 42% survived 
within the cages



ÅFrom China

ïTetraphleps galchanoides (Hemiptera: Anthocoridae) is 

being studied in native habitat and in quarantine in VA.

Foreign Exploration



Is there hope?

ÅIn short, yes.  But 

we may need to 

step out of our 

current mindset

ÅNeed to decide 

what we want to 

save? 



Integrating Biological and 

Chemical Control

ÅDevelopment of new chemical 

technologies

ïCoreTect Tree and Shrub Tablets -

Recently Registered

ÅRecent studies suggests that 

systemic treatments may not 

directly impact HWA predators



Initiating a Study: Integrating Biological 

and Chemical Control

ÅTreat a small portion of older, 

dominant trees with insecticide

ÅRelease predators on 2 - 3x as 

many trees in the understory

ÅLet populations of predator 

establish and build up

Å Predators will find HWA when 

they begin to re-colonize older 

dominant trees that run out of 

chemical protection (2-5 yrs 

later)



Many Questions Left to Address

ÅAssessing impacts of predators currently being 

released

ÅPotential releases and success of the Japanese 

Laricobius

ÅOther predators and/or biotypes being studied

ÅDeveloping supplemental diets for predators



Exotic Weeds Already Here

kudzu

Mile-a-minute Tree-of-heaven

Cogon grass



Ailanthus,  Tree of Heaven Update

Participants:

Scott Salom, Loke T. Kok, Nathan Herrick 

and Tom McAvoy - Virginia Tech

Donald Davis, Mark Schall, Matt Kasson  -

Penn State

Du Yu-Zhou, Ji Hailong, He Xiao ï

Yangzhou University, Jiangsu, P.R. China

Richard Reardon - USDA Forest Service



Declared noxious in
VT, NH, CT, CA

A pioneer plant species that colonizes disturbed sites
Rights-of-way
Road sides - 30% of mileage infested (Stipes 1995) 
Forest openings
Backyards

Sidewalks



Why Is TOH a Problem in its Non-

Native Range?

Five Main Properties:

ÅFew natural enemies

ÅPioneer species 

ÅTolerant to harsh 

conditions

ÅProduces allelopathic 

compounds

ÅExpensive to control



Chemical Control
Common Herbicides Used:

Å dicamba

Å Glyphosate (Roundup)

Å Imazapyr (Stalker)

Å metasulfuron methyl

Å Triclopyr (Garlon)

Foliar Spray Basal-Bark

Cut Stump Injection

Can be effective (Burch and Zedaker 2003), but is costly ($298 ï3,500 /ac) 



Biological Control

ÅIn 2002, Dr. Ding Jianqing (BCIC) and others, in a USFS 

funded survey, IDôd 2 potential BC agents from China for 

TOH.

ïEuchryptorrhynchus  brandti (Harold) and E. chinensis 

(Olivier)

ñPanda Bearò Weevil



What was known about E. brandti?

ÅAre considered pests in 

China

ÅKill Ailanthus**

Å1 generation per yr

ÅAdults feed on foliage and 

stems

ÅBreed under the bark in 

stems and branches



Quarantine testing of E. brandti in VA

Virginia
China



Quarantine testing of E. brandti

ÅRearing

3 cages at a time
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Billet Length and Density 

of Ovipositing Adults





Host-Range testing of E. brandti
ÅAdult Feeding: ~35+ taxonomically, economically, 

and/or ecologically important species targeted for 

testing

3 spp. in North America including TOH



Host-Range testing of E. brandti

ÅAdult Feeding 
ïNewly emerged adults starved for 24 h

ï 1 male and 1 female each

ï Allowed to run 3 days

Choice

A. altissima Non-Target 

spp.

No-Choice

A. altissima

Very host-specific: 

But does feed on 

corkwood



Host-Range testing of E. brandti

ÅPreliminary Development Tests

0 Days 60 Days 120 Days

Tree-of-Heaven



Host-Range testing of E. brandti

ÅPreliminary Development Tests

Corkwood, Leitneria floridana (Simaroubaceae) 



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅIn May/June 2008 we visited Dr. Du Yu-Zhou 

at Yangzhou University, Jiangsu Province



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅObjectives

ïGet our palms read at a Buddhist temple



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅObjectives

ïFind some exotic cuisine



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅObjectives

ïMake new friends



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅObjectives

ïStudy life cycle of 

weevils spring to fall

ïDo the weevils kill 

Ailanthus or colonize 

weakened trees?

ïAre they found on other 

hosts?



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅLife History Studies

ïSampled for 

presence of adults 

and immatures 

monthly from May -

Nov. 2008 at 3 sites



Biology and impact of 

Euchryptorrhynchus spp. in China

ÅWeevil colonization and impact in relation to 

tree health

ïMonitored tree health

ïstressed trees by cutting bark sections



Preliminary Results: 

Adults Captured



Preliminary Results: 

Head Capsule Size of Larvae



Preliminary Results: Location of 

Adults and Emergence Holes



Preliminary Results: Summary

ÅWe observed no 

evidence of either 

weevils species 

aggressively or 

actively killing trees



Preliminary Results: Summary

ÅWe observed no 

evidence of either 

weevils species 

aggressively or 

actively killing trees

ÅA 2nd yr of continued 

observation has begun 

to better assess the 

role these weevils play 

in Ailanthus decline 

and mortality



Fungal Pathogens

ÅIn S. central PA, Verticillium albo-

atrumhas been IDôd as the causal 

agent for large numbers of trees 

dying of wilt



Isolations

ƷIsolations done onto PDA , 

and later PEA from root, 

petiole, xylem, and leaf 

samples taken from wilting 

Ailanthus

ƷIsolations consistently 

yielded Verticillium spp.



Molecular Identification

ƷDNA extraction

ƷPCR sequencing 

ÁITS4 and ITS5

ƷNucleotide BLAST 

in GenBank

ƷConfirmation of 

Verticillium species

ÁV. albo-atrum

ÁV. dahliae

GenBank accession numbers: FJ424082, FJ424083



Ailanthus Inoculations with V. albo-

atrum and V. dahliae

Ʒ Seedling inoculations in greenhouse
ÁStem injection with pure cultures (conidial suspensions)

ƷCanopy tree inoculations in field
ÁRoot flare wounding and inoculation with conidial suspensions



Tree Inoculations

ƷInoculated both V. 

albo-atrum and V. 

dahliae into canopy 

Ailanthus trees in 

April

ƷControls treated with 

sterile distilled water



Rating of Ailanthus canopy trees inoculated in the field 

w/ V. albo-atrum or V. dahliae conidia 


