Forest Health Technology

Enterprise Team

TECHNOLOGY
TRANSFER Hemlock Woolly
Adelgid

FOURTH Symprosium oN HEmMLock WoOOLLY ADELGID
IN THE EASTERN UNITED STATES

HARTFORD, CONNECTICUT
FEBRUARY 12-14, 2008

Brad Onken and Richard Reardon, Compilers

Forest Health Technology Enterprise Team—Morgantown, West Virginia

FHTET-2008-01

U.S. Department Forest Service June 2008
of Agriculture



Most of the abstracts were submitted in an electronic form, and were edited to
achieve a uniform format and typeface. Each contributor is responsible for the
accuracy and content of his or her own paper. Statements of the contributors
from outside of the U.S. Department of Agriculture may not necessarily reflect
the policy of the Department. Some participants did not submit abstracts, and
so their presentations are not represented here.

The use of trade, firm, or corporation names in this publication is for the
information and convenience of the reader. Such use does not constitute an
official endorsement or approval by the U.S. Department of Agriculture of any
product or service to the exclusion of others that may be suitable.

References to pesticides appear in some technical papers represented by these
abstracts. Publication of these statements does not constitute endorsement or
recommendation of them by the conference sponsors, nor does it imply that
uses discussed have been registered. Use of most pesticides is regulated by state
and federal laws. Applicable regulations must be obtained from the appropriate
regulatory agency prior to their use.

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable
plants, and fish and other wildlife if they are not handled and apphed properly
Use all pesticides selectively and carefully. Follow recommended practices given
on the label for use and disposal of pesticides and pesticide containers.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities
on the basis of race, color, national origin, sex, religion, age, disability, political beliefs, sexual orientation,
or marital or family status. (Not all prohibited bases apply to all programs.) Persons with disabilities
who require alternative means for communication of program information (Braille, large print, audiotape,
etc.) should contact USDA’s TARGET Center at 202-720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W,
Whitten Building, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410 or call
202-720-5964 (voice and TDD). USDA is an equal opportunity provider and employer.

¥ oA
-v

Federal Recycling Program
Printed on recycled paper.




FOURTH SYymposium oN HEMLock WoOOLLY ADELGID
IN THE EASTERN UNITED STATES

February 12-14, 2008

Hartford Hilton Hotel
Hartford, Connecticut

Compiled by:
Brad Onken' and Richard Reardon?

'"USDA Forest Service, Forest Health Protection, Morgantown, West Virginia
2USDA Forest Service, Forest Health Technology Enterprise Team, Morgantown, West Virginia

For additional copies, contact Brad Onken at (304) 285-1546 (e-mail: bonken@fs.fed.us) or
Richard Reardon at (304) 285-1566 (e-mail: rreardon@fs.fed.us).

The entire publication is available online at http://na.fs.fed.us/fhp/hwa.


mailto:rreardon@fs.fed.us
mailto:bonken@fs.fed.us

Laboratory Studies of Imidacloprid Impacts

LABORATORY STUDIES OF IMIDACLOPRID IMPACTS ON HEMLOCK
WoollLy ADELGID, LARICOBIUS NIGRINUS, AND
SASAJISCYMNUS TSUGAE

Brian M. Eisenback, Scott M. Salom, and Loke T. Kok

Virginia Polytechnic Institute and State University
Department of Entomology, 216 Price Hall
Blacksburg, VA 24061-0319

ABSTRACT

Eastern hemlock branches infested with hemlock woolly adelgid were treated with systemic
doses of imidacloprid in the laboratory. In choice and no-choice tests, Laricobius nigrinus and
Sasajiscymnus tsugae were impacted from feeding on adelgids from treated branches.
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INTRODUCTION

The hemlock woolly adelgid (HWA), Adelges tsugae Annand, is an exotic invasive pest from
Japan (Havill et al. 2006) that infests and kills eastern hemlock trees, Tsuga canadensis (L.) Car-
riere, throughout much of their native range in the eastern United States. A classical biological
control program is underway, and Laricobius nigrinus Fender (Coleoptera: Derodontidae) and
Sasajiscymnus tsugae Sasaji and McClure (Coleoptera: Coccinellidae) are two biological control
agents that have been released in the eastern United States to control HWA. Imidacloprid,
a neonicotinoid insecticide, is commonly used against HWA in forest environments. Trunk
and soil injections of imidacloprid are the primary methods of control in forest and urban
landscapes and can provide protection against infestation for several years after application
(Cowles and Cheah 1999; Doccola et al. 2003; Webb et al. 2003). There continues to be ap-
plications of imidacloprid in public and private forests and parks, often geographically close
to releases of adelgid predators in a coordinated biological control program. The purpose of
this study was to investigate if imidacloprid treatments could potentially exhibit nontarget
impacts on beneficial predators of HWA.

SPIKE TESTS AND DETERMINATION OF LC, FOR HWA

HWA-infested hemlock branch sections were placed in vials containing 20 mLs of 0, 1, 10, or
100 ppm imidacloprid concentrations prepared in water. Branch sections were removed and
HWA were observed under a microscope to determine if they were alive or dead after 10, 20,
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and 30 days. The amount of new growth was measured to the nearest centimeter, and the
number of live adelgids per centimeter was recorded for each branch. HWA mortality was
highly correlated with the amount of imidacloprid recovered from the branches. Mortality
was higher as imidacloprid concentrations in the branches increased. Mortality increased over
time and the highest adelgid mortality observed was 30 days after treatment. Imidacloprid was
extracted from hemlock wood tissue using liquid chromatography dual-mass spectrometry
(LC/MS/MS). Probit analysis of HWA mortality and imidacloprid concentrations recovered
from branch wood tissues determined the LC, and its 95% confidence limit (CL) to be 242
and 105-411 ppb, respectively. HWA exhibited high mortality from imidacloprid in the 30-day
trial, and it can be inferred that in the field where HWA will be exposed to imidacloprid for
periods of time much longer than 30 days, a biologically efficacious dose of imidacloprid in
hemlock branches would be less than 242 ppb. These results suggest that HWA is highly
susceptible to imidacloprid, and that even very low concentrations (<242 ppb) are efficient in
causing substantial HWA mortality.

LABORATORY NO-CHOICE TESTS FOR PREDATORS

In no-choice tests for predators in the lab, hemlock branches were placed in 20 mL of 0, 1, or
100 ppm imidacloprid in water. One beetle was placed on each branch and was observed every
five days for a total of 20 days. Beetles were observed for signs of poisoning as well as whether
or not they were still alive. The number of adelgids consumed on the branch was counted at
each observation period. For L. nigrinus, beginning 20 days after treatment, mortality was
significantly higher on the 100 ppm branches than on controls. For §. tsugae, mortality on
treated branches was higher than controls but was not significantly different. Sasajiscymnus
tsugae consumed the same number of adelgids on treated branches as in controls, while L.
nigrinus beetles consumed significantly fewer adelgids from the 100 ppm branches than the
number of adelgids consumed on controls. LC/MS/MS analysis of branches determined that
wood from the 1 ppm branches contained 67-200 ppb imidacloprid, while concentrations of
branches with 100 ppm treatment ranged from 4.5 to 15.2 ppm. Laricobius nigrinus and .
tsugae mortality was highest from feeding on the 100 ppm branches. The imidacloprid con-
centrations were high enough to kill more than 90% of HWA after 30 days. Mortality could
be through starvation or poor prey quality rather than direct mortality from the insecticide.
When given no choice in prey, both beetle species will feed on HWA residing on treated
branches.

LABORATORY CHOICE TESTS FOR PREDATORS

In predator choice experiments in the lab, HWA infested hemlock branches were placed into
20 mLs of 0, 1, 10, or 100 ppm imidacloprid in water. One predator beetle was placed into
an arena containing two branches, one branch cut from a treated branch, the other from an
untreated branch. Beetles feeding on the two branches were observed every five days for 20
days. Beetles consumed significantly fewer adelgids on the 100 ppm branches than those on
the untreated branches probably because, on the 100 ppm branches, over 90 % of the adelgids
were dead by the end of the trial and the beetles prefer to feed on live adelgids over dead ones.
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Beetles were observed feeding more on control branches than treated branches, suggesting a
feeding preference on healthier, untreated adelgids. Beetle mortality generally increased in the
higher treatments; however, means were not significantly different from control mortality. It
is unclear if beetles died from natural causes associated with feeding on poor quality adelgids
or from ingesting imidacloprid in the adelgids.

IMPACTS OF TOPICAL APPLICATION OF IMIDACLOPRID ON PREDATORS

Laricobius nigrinus and S. tsugae beetles were individually treated with 0, 0.005, 0.05, 0.5, 5,
or 50 ng of imidacloprid in acetone. Imidacloprid solutions were applied to the ventral abdo-
men, after which beetles were observed every 24 h for 6 days. The LD, value six days after
exposure was 1.8 ng and 0.71 ng per beetle for L. nigrinus and S. tsugae, respectively. Both
beetles displayed tremors and paralysis after treatment, with increasing intensity of poisoning
symptoms and mortality over time and with increasing treatment concentration. Both beetles
are susceptible to imidacloprid from topical applications, although in practice, the systemic
treatment of imidacloprid into hemlocks makes it unlikely that predators would be exposed to
topical doses of imidacloprid within the hemlock and HWA system. Sasajiscymnus tsugae was
more than twice as susceptible to imidacloprid, probably in part because their smaller size and
volume would result in a higher concentration of imidacloprid per milligrams of body weight.
This experiment provides a reference point for susceptibility to imidacloprid concentrations
that the beetles may be exposed to when feeding on HWA on treated trees.

SUMMARY

Data reported here are from laboratory studies only. In these studies, imidacloprid displayed
biological efficacy against HWA at very low concentrations (<242 ppb). The two predator
species displayed sensitivity to imidacloprid from topical applications in the nanogram range,
although S. tsugae was twice as susceptible as L. nigrinus.

Both predators displayed a preference for feeding on untreated branches over treated
ones, suggesting that beetles may prefer to feed and lay eggs on branches where imidacloprid
is not present and HWA populations are healthier and denser. The two predators may be
negatively affected by feeding on adelgids from treated trees; however, mortality and fitness
seem to be affected as a result of reduced prey quality and density rather than direct mortal-
ity associated with directly ingesting the insecticide. Some individuals did display poisoning
symptoms after feeding on treated adelgids, suggesting that imidacloprid could potentially be
passed from an adelgid to a predator under specific conditions.

Laricobius nigrinus was more sensitive to feeding on adelgids from treated branches than
S. tsugae. This could be because L. nigrinus is more intimately linked to HWA: for instance,
this predator lays eggs within HWA ovisacs while S. tsugae lay eggs on the bark. Also, L.
nigrinus seemed to carefully consume whole adelgid adults, while S. tsugae was more often
observed feeding on eggs or partially consuming adelgids. Adelgid eggs might not have imi-
dacloprid within them and could be a safer food source for both predators and their larvae,
although further experiments are required to test this hypothesis.
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In the field, very low concentrations of imidacloprid are capable of controlling HWA,
and any negative effects that imidacloprid would have on HWA predators would probably be
due to reduced prey quality and density. Imidacloprid exposure through feeding of adelgids
on treated trees is possible, but predator preference for healthier food stock could drive them
away from treated stands towards denser, healthier adelgid populations. Both chemical and
biological control of HWA are important in the effort to save hemlocks in the eastern forests,
and both methods should be employed for maximum efficacy; however, predator releases
should not be made near hemlocks treated with imidacloprid until HWA populations have
recovered.
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