Emerald Ash Borer
Agrilus planipennis

Photo: David Cappaert, Michigan State University, Bugwood.org, #9000019

This presentation is about emerald ash borer, a beetle that feeds on ash trees. It is
invasive in the U.S., originating from East Asia.
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Emerald Ash Borer
•
•
•
•
•

Small beetle that feeds on ash trees
Native to East Asia
2002: First detection in U.S. (Detroit, MI)
Has killed tens of millions of ash trees in U.S.
Threat to:
– Forests
– Landscapes
– Industry (flooring, furniture,
sporting equipment, etc.)
– Tourism

Photos: (Main) - Daniel Herms, The Ohio State University, Bugwood.org, #1523071;
(Inset) - Leah Bauer, USDA Forest Service Northern Research Station, Bugwood.org,
#5473689

Emerald ash borer adult

Infested ash tree

The emerald ash borer is a member of the beetle family Buprestidae. A wood-borer
native to East Asia, it feeds specifically on ash trees.
It was first detected in the United States in 2002 in Detroit, Michigan; however,
homeowners and arborists were experiencing decline and mortality of ash trees since
the early 1990s most probably due to this pest.
It is most believed that the introduction of this invasive species to North America is
due to importation of infested solid wood packing materials from Asia.
This pest has spread to neighboring states and has killed tens of millions of ash trees
in the U.S. The loss of ash trees is a threat to forest processes, urban landscaping,
plant and wood products industries (such as flooring, furniture, and sporting
equipment), and tourism (due to loss of trees in campgrounds and fall leaf color
change).
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Hosts
• Specific to ash trees (Fraxinus
spp.), including:
• green ash
• black ash
• white ash
• pumpkin ash
• blue ash

• Kills stressed and healthy trees
Healthy green ash tree

Photo: Joseph O'Brien, USDA Forest Service, Bugwood.org, #5038082

The emerald ash borer specifically feeds on ash trees (Fraxinus spp), killing both
stressed and healthy trees. A total of 16 native ash species are present in the United
States and all are susceptible to infestation.
Emerald ash borer shows a preference for green ash (F. pennsylvanica), and black ash
(F. nigra); other ash species it feeds upon include white ash (F. americana), pumpkin
ash (F. profunda), and blue ash (F. quadrangulata).
In Florida, there are four species of ash trees: white ash, green ash, pumpkin ash, and
Carolina or pop ash (F. caroliniana). If emerald ash borer arrives in Florida, these
species are all potential hosts.
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Distribution

Map courtesy of Pest Tracker, National Agricultural Pest
Information System (NAPIS) and USDA APHIS quarantine
announcements

The emerald ash borer is native to East Asia, including China, North Korea, South
Korea, Taiwan, Japan, Mongolia, and the Russian Far East.
After the initial detection of emerald ash borer in Michigan in 2002, its distribution
has spread within the United States primarily due to human-assisted movement of
the beetle by transfer of infested firewood and nursery stock from one area to
another.
Since 2018 in the United States, the emerald ash borer has been established by
survey or consensus in one or more counties in Minnesota, Wisconsin, South Dakota,
Colorado, Texas, Louisiana, Kentucky, Virginia, South Carolina, New Hampshire,
Massachusetts, and Rhode Island. This is seen in red on the map.
It has also been intercepted or detected in one or more counties in the following
states: Nebraska, Iowa, Missouri, Illinois, New York, Maine, and Vermont. This is seen
in yellow on the map.
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Impact
Why it matters:
• Estimated treatment costs between 20092019 is 10.7 billion to replace and remove
damaged trees
• Ash trees are ecologically important
• For example, larval wood frogs thrived
on the leaves of the green ash

Once infested by the emerald ash borer, ash trees have a nearly 100% mortality rate.
These affected forests face increased light availability, damage from falling dead
trees, and a decrease in species that depend on ash trees. Here, 27 insects are
restricted to ash trees. Ash trees also host around 150 species of butterfly and moth
larva. Birds and small mammals feed on the larvae as well as ash tree seeds.
Amphibians are also noted to feed on the leaves of ash trees.

There are also high costs in removing dead or infested trees as well as replacing
them. Additionally, falling trees cause damage to the surrounding area.
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Damage

Bark splitting

Crown dieback

Epicormic shoots

Photos: (Left) - Michigan Department of Agriculture, Bugwood.org, #1241005;
(Center) - Daniel Herms, The Ohio State University, Bugwood.org, #1523075;
(Right) - Daniel Herms, The Ohio State University, Bugwood.org, #1523071

Emerald ash borer larvae feed on phloem cells (sugar and water conducting cells)
under the bark, resulting in disruption of water flow and nutrient transfer in a tree.
Both stressed and healthy trees can become infested and may die within 2-3 years.
A tree with an early infestation may show few outward symptoms, only forming scar
tissue (“callous”) around larval galleries. The callous may cause the bark to split on
thin-barked trees, exposing the galleries underneath.
A more severe infestation produces symptoms of tree stress such as:
thinning and yellowing foliage, small leaves, dead branches, crown dieback, and
epicormic shoots (a branch growing from a previously dormant bud on the trunk or a
limb of a tree).
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Damage

Woodpecker damage

Larval galleries

D-shaped exit holes

Photos: (Left) - David Cappaert, Michigan State University, Bugwood.org, #1372001;
(Center) - David Cappaert, Michigan State University, Bugwood.org, #5110034 and
Debbie Miller, USDA Forest Service, Bugwood.org, #5449376; (Right) - Edward
Czerwinski, Ontario Ministry of Natural Resources, Bugwood.org, # 1439009

Additional symptoms of emerald ash borer infestation are:
Woodpecker injury – woodpeckers strip away small patches of bark and create holes
to feed on larvae underneath. Woodpecker feeding is one of the best indicators of
early infestation.
D-shaped exit holes – the adult emerald ash borers chew these holes, about 3mm in
diameter, when emerging through the bark. The holes can be difficult to detect, in
particular high in the canopy.
Larval galleries – larvae create these winding tunnels when feeding under the bark.
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Eggs

Adults

Larva

Life Cycle

Pupa

Overwintering
Larvae/Prepupae

Photos: (Clockwise from Top) - David Cappaert, Michigan State University,
Bugwood.org, #9009033; Debbie Miller, USDA Forest Service, Bugwood.org,
#54493778; Houping Liu, Michigan State University, Bugwood.org, #5449382;
Kenneth R. Law, USDA APHIS PPQ, Bugwood.org, # 5471797; David Cappaert,
Michigan State University, Bugwood.org, #9009032

Emerald ash borer completes its life cycle in one or two years, depending on temperature
and tree health. The information provided here is a for a one-year life cycle.
Eggs – Eggs are laid in the summer after adults emerge. Females may lay 1-23 eggs at a time
(one is the norm) and each female may lay approximately 60-100 eggs in her lifetime. Eggs
are laid in bark crevices along the trunk and on major branches and hatch within 1-2 weeks.
Eggs are initially bright yellow or creamy white and then turn light yellowish-brown or amber
in a few days.
Larvae – Larvae are creamy white and dorso-ventrally flattened with a dark brown mouth.
Newly hatched larvae bore through the bark to the phloem and outer layer of new sapwood.
They feed until colder weather in the fall. As they feed, they create long, winding galleries
(tunnels) filled with frass. There are four larval instars.
Overwintering Larvae, Pre-pupae, and Pupae - Larvae overwinter under the bark starting in
the fall. Mature, fourth instars excavate pupal chambers in the sapwood or outer bark.
Larvae fold into “J-shaped” larvae to overwinter and shorten into prepupae in the spring.
They then shed their cuticle to become naked pupae. Pupae are creamy white initially and
then the eyes become red and the body darkens. Larval and pre-pupal stages last 301 -315
days. Pupal stages last approximately 28 days.
Adults – Adults typically have a bright, metallic, coppery green color. The entire abdomen is
covered by the elytra (stiff outer wings), which if separated, reveal six iridescent reddish
segments on the dorsal surface of the abdomen. Adults emerge in May or June, leaving a
characteristic D-shaped exit hole as they chew through the bark. Adults are capable of flight
upon emergence (both males and females are strong fliers). They then fly into the canopy
and feed on ash leaves. Adults mate 1-2 weeks after emergence (females mate multiple
times) and begin laying eggs after approximately 2-3 weeks. They are active on warm, sunny
days and may hide in tree crevices otherwise. Adults are short-lived, living approximately 3
weeks.
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Look-alike Species
Emerald Ash Borer
Agrilus planipennis

Agrilus macer

Temnoscheila virescens

Photos: (Left) - Pennsylvania Department of Conservation and Natural Resources - Forestry Archive, Bugwood.org, #5016065 and
David Cappaert, Michigan State University, Bugwood.org, #2100048; (Center) - Mike Quinn, TexasEnto.net, bugguide,
(http://bugguide.net/node/view/290204; (Right) - WonGun Kim, bugguide, http://bugguide.net/node/view/259686.

The beetle family Buprestidae consists of metallic wood-boring beetles. The emerald
ash borer is in the genus Agrilus of the family Buprestidae. Compared to other genera
of Buprestidae, Agrilus species are generally more elongated and cylindrical.
Compared to most other U.S. Agrilus species, emerald ash borer is somewhat larger
(<10 – 13 mm long) and more brightly metallic green. Some specimens may have
coppery or reddish reflections on the pronotum (the top part of the thorax) and
ventral surfaces and a few rare specimens may be entirely green with bluish elytra,
bluish-green or coppery-red. The dorsal surface of the abdomen (under the wings) is
bright coppery-red (emerald ash borer is the ONLY Agrilus species found in North
America with a bright metallic red abdomen).
Florida beetles with which emerald ash borer (left photo) could be confused include:
Agrilus macer (center photo) or Temnoscheila virescens (right photo).
Agrilus macer is the same shape as the emerald ash borer but is coppery instead of
green and has 3 ridges on its elytra (wing covers). It is 8.5 to 16mm in length and
likes hackberry (Celtis spp.).
Temnoscheila virescens is the same color as emerald ash borer but is not the same
shape. The mandibles (mouthparts) are more prominent and the back end is
rounded, not pointed. It is 8.6 to 17.8mm in length and is a predator of wood boring
beetles.
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Look-alike Species
Emerald Ash Borer
Agrilus planipennis

Buprestis decora

Chrysobothris harrisi

Photos: (Left) - Pennsylvania Department of Conservation and Natural Resources - Forestry Archive,
Bugwood.org, #5016065 and David Cappaert, Michigan State University, Bugwood.org, #2100048
(Center) – Scott Nelson, bugguide, http://bugguide.net/node/view/175260; (Right) -. Joshua P.
Basham, http://bugguide.net/node/view/595910.

Florida beetles with which emerald ash borer (left photo) could also be confused
include: Buprestis decora (center photo) and Chrysobothris harrisi (right photo).
Buprestis decora has a similar head shape and its elytra (wing coverings) can be green
to indigo-blue. However, its body widens in the middle whereas EAB is fairly uniform
until it tapers at the end. Adult B. decora tend to be the same size or larger than the
emerald ash borer. Its length is 11-18mm.
Chrysobothris harrisi is smaller than the emerald ash borer and measures 6.5-9mm in
length. Its elytra are a metallic green color with a darker underside. The body is wider
and flatter than A. planipennis.
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Monitoring and Management
Prevention is critical!
• Monitoring:
Detection of infestation symptoms;
use of panel traps
• Cultural control:
Regulation of movement of ash wood
materials; removal of infested trees

Panel trap

Photo: (Left to right) - Kenneth R. Law, USDA APHIS PPQ, Bugwood.org,
#5471800 & 5471804

Prevention is critical because control of any wood boring-insect is very difficult, once
established.
Monitoring activities include looking for symptoms of infestation (specimens are
needed for confirmation of identity) and using survey detection tools such as sentinel
trees and panel traps. Panel traps can be hung near the trunk of a tree where it lures
wood boring insects to its concave cross section and causes it to fall to the attached
bucket. In Florida, approximately 200 traps are being monitored by the USDA –
Cooperative Agriculture Pest Survey program (CAPS) and the Florida Department of
Agriculture and Consumer Services – Division of Plant Industry (FDACS-DPI).
Cultural control strategies include regulating movement of firewood, nursery stock,
and other ash wood materials in infested areas and removal of infested and dead
trees to protect un-infested trees.
Regulating firewood movement is especially important as transportation of the
emerald ash borer is often caused by this. Many national and state parks disallow
outside firewood into the park to prevent these pests.
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Monitoring and Management
• Chemical control:
Use of trunk injections, soil
drenches, protective cover sprays
being explored
• Biological control:
Three parasitoid species
approved for release in U.S.

Photo: (Clockwise from upper left) - David Cappaert, Michigan State University,
Bugwood.org, #9009080; Debbie Miller, USDA Forest Service, Bugwood.org,
#5449548; Houping Liu, Michigan State University, Bugwood.org, #5449386; David
Cappaert, Michigan State University, Bugwood.org, #5402604

Trunk injection

Oobius agrili parasitizing
emerald ash borer egg

Tetrastichus planipennisi

Spathius agrili

Chemical control pesticide techniques being explored include macro-and microinsecticide injections, soil drenches, and protective cover sprays.
It is difficult to use insecticides due to the insects being within the wood. It is
advisable to use insecticides early on when the ash tree is still healthy enough to
transport the insecticide through the trunk and branches. Special insecticides for EAB
are created to be used systematically to ensure that it is transported.
Adult emerald ash borers and young larvae are the main targets of chemical controls.
Adult beetles can be controlled in the time period before they lay eggs (usually about
a 2-week window) while young larvae are especially sensitive to insecticides. Adult
emergence differs depending on the region.
Biological control methods include the use of three parasitoid species that have been
approved for release as biological control agents of emerald ash borer in the U.S. (the
egg parasitoid, Oobius agrili, and the larval parasitoids Spathius agrili and Tetrastichus
planipennisi).
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Reporting
Distance Diagnostic and Identification System
• Digital Diagnostic Collaboration
– Extension agents
– Laboratories
– Clinics
– Specialists

• https://ddis.ifas.ufl.edu/

The Digital Diagnostic Identification System (DDIS) connects extension clientele,
extension agent, specialists, plant disease clinics, and government officials. Users can
submit electronic samples through the system to get rapid identification of insect,
weed, mushroom, plant pathogens, and abiotic disorder samples. The general public
and shareholders must contact their local county extension agent before signing up
as extension clientele.
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Reporting a Pest in Florida
UF/IFAS Faculty
• Local county extension office
–https://sfyl.ifas.ufl.edu/find-your-local-office/

• Insect ID Lab- Lyle Buss
–http://entnemdept.ufl.edu/insectid/

• UF/IFAS Plant Diagnostic Center- Dr. Carrie Harmon
–https://plantpath.ifas.ufl.edu/extension/plant-diagnostic-center/

The UF/IFAS faculty is responsible for reporting diseases, insects, weeds, nematodes, or any
other invasive species to the Florida Department Agriculture and Consumer Services, Division
of Plant Industry (FDACS, DPI). Reporting this information is essential to protect Florida
agriculture, communities and natural areas.
Local county extension agents can assist in identifying plant pests or submitting a pest sample
to the correct department or agency for identification. Local extension agents can also sign
up for DDIS and receive samples electronically.
Lyle Buss is the insect identifier at the University of Florida. Visit the link to download the
sample submission form or email him with questions.
Dr. Carrie Harmon is the head of the plant diagnostic center in Gainesville, Florida. Visit the
PDC website to download the sample submission forms. She highly recommends calling prior
to sample submission.

The diagnosticians and identifiers in each area will also provide management strategies for
the sample. If an invasive pest is found, they will send it FDACS, DPI for further testing.
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Reporting
FDACS: Division of Plant Industry

• FDACS, DPI Responsibility
oAnnouncing detection or establishment of new invasive species.
oReporting is a legal obligation under Florida Statute 581.091.

• Submission Form
–
–

http://forms.freshfromflorida.com/08400.pdf
https://www.fdacs.gov/Agriculture-Industry/Pests-and-Diseases/How-to-Submit-a-Sample-forIdentification

Florida Department of Agriculture and Consumer Services: Division of Plant Industry
is a regulatory agency dedicated to the detection and prevention of introduction and
spread of pests and diseases that can affect Florida’s native and commercially grown
plants. Announcing the establishment of new invasive species can affect Florida’s
agricultural producers and trade of agricultural products.
FDACS, DPI provides online submission forms to fill out and send to the agency for
proper identification. DPI provides useful videos of how to properly handle the
specimens before shipping them for identification
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FDACS, DPI Contact
• Division of Plant Industry Helpline
– DPIHelpline@FDACS.gov
– 1-888-397-1517

• Dr. Leroy Whilby, Bureau Chief of Entomology, Nematology and Plant Pathology
– Leroy.whilby@fdacs.gov
– 352-395-4661

• Dr. Paul Skelley, Chief Entomologist and Assistant Bureau Chief of Entomology,
Nematology and Plant Pathology
– Paul.skelley@fdacs.gov
– 352-395-4678

The DPI contacts provided will assist in determining the next steps if the pest found is
of regulatory concern. Additionally, FDACS, DPI has a hotline with both a phone
number and email for questions and concerns.
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This presentation was originally published
December 4, 2014 and significantly
updated September 1, 2020.
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Collaborating Agencies
• U.S. Department of Agriculture Animal and Plant Health Inspection
Service (USDA-APHIS)
• Cooperative Agricultural Pest Survey Program (CAPS)
• Florida Department of Agriculture and Consumer Services (FDACS)
• National Plant Diagnostic Network (NPDN)
• Sentinel Plant Network (SPN)
• Protect U.S.
• University of Florida Institute of Food and Agricultural Sciences (UFIFAS)
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