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Emerald Ash Borer:
Background, Management, 

& Potential Impacts



LIEBHOLD ET AL. (2013) A HIGHLY AGGREGATED GEOGRAPHICAL DISTRIBUTION OF FOREST PEST INVASIONS

IN THE USA. DIVERSITY & DISTRIBUTIONS, 19:1208-1216.

Number of Non-Native Forest Pests

History of industrialization

Host tree diversity

Forest fragmentation

Promote pest arrival & establishment



AUKEMA ET AL. (2010) HISTORICAL ACCUMULATION OF NONINDIGENOUS FOREST PESTS IN THE

CONTINENTAL UNITED STATES. BIOSCIENCE, 60:886-897.

Non-Native Forest Insect Establishment

2.5 species per year
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Economically 

damaging 
forest pests



AUKEMA ET AL. (2010) HISTORICAL ACCUMULATION OF NONINDIGENOUS FOREST PESTS IN THE

CONTINENTAL UNITED STATES. BIOSCIENCE, 60:886-897.

Establishment of Phloem & Wood Borers
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Phloem and wood borers



Emerald Ash Borer
Agrilus planipennis



First Detected in Detroit
 EAB was first detected in the US in Detroit, MI in 2002.

 The Port of Detroit receives 
significant international 
shipping. 

 Many thousands of ash trees were already dying.



EAB is the most destructive forest 
insect in North America

Transported to new areas in 
infested firewood, timber 

and nursery stock.

EAB has killed millions of 
ash trees in North America.



 EAB is a destructive 
wood-boring beetle 
introduced from Asia.

 It is rare in its native range 
with little known about EAB 
globally at the time of its 
detection in the US.

Native Range of EAB
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EAB Detected in 35 StatesAs of March 13, 2019





What’s at Risk?

Fraxinus spp.

 EAB has killed nearly 100% of ash trees ≥2 inch diam
in SE Michigan forests.

 Ash mortality not related to site, stand or tree traits.

 At least 16 native 
North American ash 
species are at risk.



Host Susceptibility

SIEGERT ET AL. (2014) SUSCEPTIBILITY OF SELECTED ASIAN, EUROPEAN, & NORTH AMERICAN ASH SPECIES TO

EMERALD ASH BORER: PRELIMINARY RESULTS OF NO-CHOICE BIOASSAYS. NATIONAL EAB RESEARCH & 
TECHNOLOGY DEVELOPMENT MEETING.

Average survivorship 
of EAB is greater on 
North American ash 
species (63.3 ± 7.2%) 
compared to ash 
species with European 
(51.4 ± 17.0%) or Asian 
(26.6 ± 10.5%) origins.



Susceptibility of Eastern North 
American Ash Species

black ash > green ash > pumpkin ash > white ash > blue ash

Most Preferred Least Preferred

An estimated 1% of ash may exhibit greater levels of 
potential tolerance to emerald ash borer.



Susceptibility of Eastern North 
American Ash Species



 Ash makes up 4-8% of 
hardwood forests in New 
England.  

 Ash is not evenly spread 
across the region, but has a 
clumped distribution with 
some areas having much 
higher concentrations.

 Use of ash as a landscape 
tree varies as well. 

 Some communities and 
developments are highly 
stocked with ash.

EAB in New England



More Than Just a Loss of Timber

 Ecological effects – hydrology, 
biodiversity, other invasive 
species.



More Than Just a Loss of Timber

 Ecological effects – hydrology, 
biodiversity, other invasive 
species.

 Cultural significance – Native 
American basketmakers.

 $$$ Economic impacts $$$ –
ecosystem services and 
developed US communities.



EAB Biology & Life Cycle

Adult beetles present from mid-May to August.



EAB Biology & Life Cycle

 2-yr development typical at 
newly established sites. 

 More rapid development at 
high EAB densities and/or 
in stressed trees.

 Adults are roughly a half inch long 
and dark metallic green.

 Life cycle generally takes one year 
to complete.



Larvae begin feeding in July and most finish by Oct-Nov.

EAB Biology & Life Cycle



Extensive galleries under the bark disrupt 
translocation of water and nutrients in the tree. 

EAB Biology & Life Cycle



Foliage becomes thin, ragged and yellow.

Canopy dieback progresses through the summer.
North American ash of all sizes typically die in 3-5 years.

Tree Decline & Mortality



Satellite populations of EAB 
increase the rate of spread. 

Short- & Long-Distance Dispersal
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Short- & Long-Distance Dispersal

SIEGERT ET AL. (2014) DENDROCHRONOLOGICAL RECONSTRUCTION OF THE EPICENTRE & EARLY

SPREAD OF EMERALD ASH BORER IN NORTH AMERICA. DIVERSITY & DISTRIBUTIONS, 20:847-858.

Natural spread via adult flight 
is <3.2 km (2 mi) per yr.

Human-assisted spread 
results in disjunct satellite 
infestations.

Quarantines, outreach, and 
BMPs all help to reduce the 
frequency of long-distance 
dispersal events.

<3.2 km (2 mi) 

per yr

~13 km (8 mi) 

per yr



Economic analyses suggest that spending money to: 

1) prevent establishment of new satellites; or 

2) slow expansion of known existing EAB populations 

can be cost-effective, long-term strategies for managing 
EAB infestations in urban and forested sites.

Influence of Satellite Infestations $$$

KOVACS ET AL. (2011) THE INFLUENCE OF SATELLITE POPULATIONS OF EMERALD ASH BORER ON

PROJECTED ECONOMIC COSTS IN U.S. COMMUNITIES, 2010-2020. JOURNAL OF

ENVIRONMENTAL MANAGEMENT, 92:2170-2181.







REGULATIONS: Quarantines reduce long-distance, 
human-assisted movement of EAB while facilitating safe 
trade through compliance agreements.

MANAGEMENT: Affects local EAB population dynamics 
and short-distance spread of the infestation.

How to Limit Short-Distance & Long-
Distance Spread of EAB



EAB Quarantine





Implementation

 Quarantine is critical when:
 EAB populations are low

 EAB populations are 

isolated

 Human-assisted 

movement is an important 

factor

 State is managing EAB



Implementation

 Quarantine is critical when:
 EAB populations are low

 EAB populations are 

isolated

 Human-assisted 

movement is an important 

factor

 State is managing EAB

EAB doesn’t stay this way…



EAB Management

In general, management in areas with building EAB 
populations focuses on the ash resource, mitigating 
impacts by reducing population growth rather than 

eradication or “control” of the pest itself.



 Integrate available tools & strategies appropriate for 
specific sites

 Slow EAB population growth & spread

 Delay onset & advance of ash mortality 

Integrating Tactics to Slow Ash Mortality



Targeted Ash 
Removal

Girdled Ash 
Trees

Biological 
Control

Woodpeckers

Oobius

Tetrastichus

Insecticide 
Treatment



Targeted Ash 
Removal
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 Total phloem area can be 
estimated from DBH

 Potential EAB production 
predicted

MCCULLOUGH & SIEGERT. (2007) ESTIMATING POTENTIAL EMERALD ASH BORER (COLEOPTERA: BUPRESTIDAE) 

POPULATIONS USING ASH INVENTORY DATA. JOURNAL OF ECONOMIC ENTOMOLOGY, 100:1577-1586.



Overall, trees tend to produce about 

100 EAB adults per m2.

1-5 6-10 11-17 18-23 >23

Mean ± SE 69 ± 6 108 ± 10 106 ±10 102 ±9 94 ± 11

95% CI 57-81 87-129 83-129 80-124 59-129

DBH class (in)

MCCULLOUGH & SIEGERT. (2007) ESTIMATING POTENTIAL EMERALD ASH BORER (COLEOPTERA: BUPRESTIDAE) 

POPULATIONS USING ASH INVENTORY DATA. JOURNAL OF ECONOMIC ENTOMOLOGY, 100:1577-1586.



 12 sites: 70,266 ash trees inventoried.

 While all sites were dominated by small trees (77.9 ±
2.4%), they only accounted for 14.3 ± 2.3% of the 
potential EAB population.

 Large (merchantable) trees comprised 6.2 ± 1.0% of 
the ash inventory, but accounted for 52.3 ± 4.6% of 
the potential EAB.

 Sites ranged in size from 40 to 560 ac and were 
forest, swamp, floodplain and suburban.

(Siegert et al., unpubl. data)
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Potential EAB

 49.7 ± 4.6% phloem reduction

 6.2 ± 1.0% stem reduction

 52.3 ± 4.6% potential EAB

(Siegert et al., unpubl. data)



Biological 
Control

Woodpeckers

Oobius

Tetrastichus

Woodpeckers can cause >90% 
mortality of late instar EAB.

Native and released Asian 
parasitoid wasps cause 
limited mortality.

The objective is to establish 
parasitoid populations so they 
may play a more integral role 
in aftermath forests.











Girdled Ash 
Trees

Girdled trees are highly 
attractive to dispersing EAB.

May be used as detection 
tools and management tools 
to reduce population growth.

Population sinks.

Influence spread of EAB 
populations.

MERCADER ET AL. (2013) A COMPARISON OF GIRDLED ASH DETECTION TREES AND

BAITED ARTIFICIAL TRAPS FOR AGRILUS PLANIPENNIS DETECTION. ENVIRON. 
ENTOMOL., 42:1027-1039.



Girdled Ash 
Trees

Girdled trees are highly 
attractive to dispersing EAB.

May be used as detection 
tools and management tools 
to reduce population growth.

Population sinks.

Influence spread of EAB 
populations.

SIEGERT ET AL. (2010) EFFECTS OF CLUSTERS OF GIRDLED TREES ON THE SPREAD

OF EMERALD ASH BORER IN LOW-DENSITY INFESTATIONS. NATIONAL EAB 
RESEARCH & TECHNOLOGY DEVELOPMENT MEETING.
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Girdled Ash 
Trees

Girdled trees are highly 
attractive to dispersing EAB.

May be used as detection 
tools and management tools 
to reduce population growth.

Population sinks.

Influence spread of EAB 
populations.

MERCADER ET AL. (2011) SIMULATING THE EFFECTIVENESS OF THREE POTENTIAL

MANAGEMENT OPTIONS TO SLOW THE SPREAD OF EMERALD ASH BORER (AGRILUS

PLANIPENNIS) POPULATIONS IN LOCALIZED OUTLIER SITES. CANADIAN JOURNAL OF

FOREST RESEARCH, 41:254-264.



Insecticide 
Treatment

Numerous formulations & 
application methods 
available but efficacy varies.

No aerial applications for 
treating forested areas 
available at this time. 

Ability to protect individual 
high-value landscape trees.



Slowing Ash Mortality
• Integrate the available tools and tactics as appropriate 

at a given site to slow EAB population growth & delay 
the onset of ash mortality.

• Prevents catastrophic ash mortality & reduces the 
associated ecological, economic & social impacts.



Management Approach Varies 
by Stage of EAB Invasion

Prevention

Recovery

Response

Preparedness



 Proximity to known EAB infestations (>10 mi = low risk; 
<10 mi = higher risk of invasion in the next 5 yrs).

 Highly dependent on human-aided movement of EAB-
infested material.

 Potential economic impacts dependent on inventory.
 Low = most ash <12” dbh
 Mod = most ash >12” dbh, but low % of stand
 High = most ash 12-18” dbh & high % of stand
 Highest = most ash >18” dbh & high % of stand

EAB Risk Assessment



 All ash present will likely die, with dead, 
standing trees typically lasting 5-10 yrs
(hazard trees and wildlife trees).

 Most economic value from ash will be 
lost (more larger-sized ash = higher 
potential $$$ losses).

 Desirable tree regeneration may be 
affected (invasive species could 
dominate).

Do Nothing (and EAB invades)

 EAB population will build rapidly & spread at higher rate.



 Consider thinning ash (firewood and pulpwood) to 
shift stand to best residual (non-ash) trees.

 Harvests are likely to create gaps and openings, the 
size of which may depend on ash distribution.

 Openings may need to be monitored and/or treated 
for intended regeneration.

If Potential Economic Damage is Low



 Consider harvesting high-value ash (sawlogs) and 
low-quality residual non-ash trees to favor desirable 
species and quality trees.

 Emphasis on the residual trees would be necessary. 

 Development of a regeneration plan would be critical 
(natural regeneration may be limited).

If Potential Economic Damage is High







Aftermath Forest Dynamics

Cusp Crest Post Crest

 Changes in ash inventory
 Timing of ash mortality
 Frequency of stump sprouting
 Ash regeneration



Aftermath Forest Study Site
36-ha site

18-ha floodplain

EAB in 2004



Densities of EAB were at or near infestation levels capable 
of killing trees, averaging 36.3 ± 9.8 larvae per m2.



Aftermath Forest Study Site

Live ash inventoried by diameter class in winter 2006-07 
prior to EAB-induced ash mortality.



Aftermath Forest Study Site

In summer 2016, live ash was re-inventoried by diameter 
class 10+ years after EAB invasion.



 Inventory: drastically reduced; smallest diameter class 
present but about half of pre-EAB inventory

Summary of EAB Impacts



Changes in Ash Density

2.5-13 14-25 26-42 43-60 >60

Diameter size class (cm)

2.5-13 14-25 26-42 43-60 >60

Diameter size class (cm)

Pre-EAB Ash Inventory Post-EAB Ash Inventory

 ash stems reduced 50%
 ash phloem reduced 90%





 Inventory: drastically reduced; smallest diameter class 
present but about half of pre-EAB inventory

 Timing: ash mortality advanced rapidly; mortality >90% 
about 8-10 years after EAB invasion

Summary of EAB Impacts



Ash Chronology & Mortality





 Inventory: drastically reduced; smallest diameter class 
present but about half of pre-EAB inventory

 Timing: ash mortality advanced rapidly; mortality >90% 
about 8-10 years after EAB invasion

 Stump sprouting: approximately 30% of EAB-killed green 
ash had live stump sprouts 10+ years after EAB 
invasion; sprouting not related to tree dbh; EAB-killed 
black ash did not have surviving stump sprouts

Summary of EAB Impacts



No Surviving Black Ash Stump Sprouts



 Inventory: drastically reduced; smallest diameter class 
present but about half of pre-EAB inventory

 Timing: ash mortality advanced rapidly; mortality >90% 
about 8-10 years after EAB invasion

 Stump sprouting: approximately 30% of EAB-killed green 
ash had live stump sprouts 10+ years after EAB 
invasion; sprouting not related to tree dbh; EAB-killed 
black ash did not have surviving stump sprouts

 Ash regeneration: green ash, black ash, and white ash 
among top 5 seedling and sapling species present

Summary of EAB Impacts





Current Pressure on Ash Dynamics
• EAB pressure over time and effect on ash dynamics.

• Deer browse heavily impacts growth of ash seedlings, 
saplings, and stump sprouts.

• Loss of overstory ash may affect water table and 
establishment of invasive plants, which in turn affects 
residual trees and stress/survival of regeneration. 

• Loss of ash seed source.

• Strategies for ash management in post crest forests will 
need to be developed and evaluated.



www.emeraldashborer.info
www.maine.gov/eab

Nathan.W.Siegert@usda.gov


