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EAB…a green calamity!

 Originally from Asia

 Detected in North America in 2002

 Established since early 1990s

 North American Fraxinus spp. 

extremely vulnerable

 Causing widespread mortality, 

killing tens of millions of ash trees

 Estimated $3-10 billion US for  

tree removal and replacement

The genus Agrilus contains nearly 3000 species

Some Agrilus are invasive and increasingly         

problematic in North America

Little known about chemical ecology of this group

Ash mortality caused by EAB



Other Agrilus
• Already introduced in Canada:

– Emerald ash borer, A. planipennis

– Goldspotted oak beetle, A. coxalis

– European oak borer, A. sulcicollis

• Concern over additional species being 

introduced from Europe:

– oak splendor beetle, A. biguttatus 

– beech splendour beetle, A. viridis







5. Chemical Controls

6. Biological Controls

4. Cultural Controls/ Sanitation

DEAD ASH TREES

3. Quarantine/Regulations

2. Outreach/Communications

1. Survey/Monitoring

Emerald Ash Borer  

Dynamic Management Plan

YesNo Action?

Elements of an Emerald Ash Borer 

Management Plan

Visit EAB & BBB before they 

visit you!!!

eg. Treeazin®



Early detection / monitoring

• Difficult to detect new infestations

• Trees often heavily infested  
before visual signs are apparent

• Need for effective sampling tools  
& methods

• Early detection approaches in 

Canada:

1) Trapping….semiochemistry 

(pheromones, host volatiles; Silk & 

Ryall 2015)

2) Sampling branches from  
asymptomatic trees (Ryall et al., 
2011; Turgeon et al. 2015)



Research into Agrilus semiochemistry

• Host volatiles

– Two classes of host volatiles often increase trap captures as 

compared to unbaited control

• Green leaf volatiles ((3Z)-hexenol) 

• Bark sesquiterpenes (Manuka/Phoebe/cubeb oil) 

• (3Z)-hexenol, in particular, increases captures of EAB

• First evidence of buprestid pheromone

• (3Z)-dodecen-12-olide [(3Z)-lactone]

• - (3Z)-lactone highly EAD- active

– (3Z)-lactone increases captures of male EAB



GC-EAD Response from Male EAB Antenna to

Aeration Extract of White Ash Foliage



TRAP COLOR??

Green traps placed in the upper canopy are 

better at detecting some buprestid spp.

K.V. Makarov

K.V. Makarov
M. Cosmin-Ovidiu Sweeney et al. 2015 

results, unpublished



Volatile EAB pheromone?

 (3Z)-dodecen-12-olide, ‘(3Z)-lactone’, detected from 
EAB (Bartelt et al. 2007)

 EAB males could find females without use of sight, 
but not without antennae (Pureswaran & Poland 2009)

 Numerous studies showing synergy between host 
volatiles and pheromones in cerambycids (Silk et al. 
2007; Sweeney et al. 2010)

 Host volatiles identified as attractive to EAB include 
green leaf volatiles and bark sesquiterpenes



Biological activity of 

(3Z)-lactone

 Conducted a series of trapping 
experiments to test interactions 
between lactone and host volatiles

 Adding (3Z)-lactone to green sticky 
prism traps baited with (3Z)-hexenol 
(host volatile) consistently increases 
trap captures

 Highest captures when traps placed 
in south aspect up in tree canopy

 (3Z)-lactone-baited traps had highest 
trap captures and detection rates at 
very low insect densities



(3Z)-lactone increases both 

detection rate and trap 

captures

0

5

10

(3Z)-hexenol (3Z)-lactone + (3Z)-hexenol

M
e

a
n

 #
 m

a
le

s
 /

 t
ra

p

0

0.2

0.4

0.6

0.8

1

P
ro

p
o

rt
io

n
 t

ra
p

s
 p

o
s

it
iv

e

# adults

% positive

2011: LOW DENSITY SITES

Green canopy traps



Trap-Lure option

 3.0 mg (3Z)-lactone

– Co-baited with (3Z)-hexenol

– Green prism trap

– Deployed IN the canopy

– Deployed in a sunny location

 Sold commercially in Canada, USA and 
Europe.



Non-competitive trapping:

A B

A B

Distance 

X?

A = 3Z-6OH, B = 3Z-6OH + pheromone

ACTIVE SPACE OF THE TRAP??



Competitive trapping: 

pheromone is likely short-range

A B

A B

A = 3Z-6OH, B = 3Z-6OH + pheromone



Trap placement: Sunshine?

• Buprestids reported to be ‘sun loving’ beetles

• Some set up (2012-2013) conducted in 

shaded locations (due to tall buildings in  

urban areas or traps placed close to bole)

• Could this reduce the effect of (3Z)-lactone 

pheromone?

• Aspect experiment (2014):

– Sunny south vs. shady north side of trees

– All baited with (3Z)-lactone + (3Z)-hexenol



Sunshine results
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(3Z)-Dodecen-12-olide (3E)-Dodecen-12-olide

12-Dodecanolide (saturated lactone analog)

3 Macrocyclic Lactones Show Behavioural Activity

Towards EAB

They possess the same carbon-oxygen skeleton, but differ in the

presence and placement of the carbon-carbon double bond.



Synthesis of Z-Lactone, (3Z)-Dodecen-12-olide
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Synthesis of E-Lactone, (3E)-Dodecen-12-olide
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Baeyer-Villiger Oxidation
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Permaleic acid

Baeyer-Villiger Oxidation (BVO) of cyclododecanone Percent Yield 

Entry      Conditions Time   of 12-dodecanolide

1

2

3

4

10 equiv. mCPBA, 2 equiv. NaHCO3, 

CH2Cl2, RT.

2.1 equiv. mCPBA, 0.04 equiv. 

TsOH·H2O, CH2Cl2, RT

10 equiv. H2O2 (35 wt% aqueous), 31 

equiv. (CF3CO)2, 1 equiv. 

Na2HPO4·7H2O, CH2Cl2, RT.

Permaleic acid (generated in situ from 

maleic anhydride, 35 wt% aqueous H2O2, 

and acetic anhydride), CH2Cl2, RT

2.5 Months

3.5 Weeks

11 Days

5 Days

59a

87b

72c

75b

a~98% Consumption of ketone by GC/MS.
b~99.8% Consumption of ketone by GC/MS.
c100% Consumption of ketone by GC/MS.

O

Cl

OOH

mCPBA

Synthesis of Saturated Lactone Analog 12-Dodecanolide



 Antennal responses similar to (3Z)-lactone 

 In trapping trials, 5.0 mg saturated analog 
equivalent to 3.0 mg (3Z)-lactone

 Plasticity of response of the lactones!!!



2. Branch Sampling of asymptomatic

trees



Failure to detect early…



BRANCH SAMPLING



Recommended method

– Sample two branches per  

tree

• ONE 50-cm sample / branch

• Carefully dissect bark

– 80% chance of detection

• (at >8 galleries/sq m)











Emerald ash borer detection and 

monitoring in Canada?
 First evidence of a pheromone in Buprestidae

 Provided improved tools for detection and monitoring

 The CFS & CFIA, Canada recommends using the 3Z-
hexenol/3Z-lactone green sticky prism trap to detect EAB and 
branch sampling to delimit infestations.

 We have increased our understanding of plasticity in 
pheromone response

 Ongoing work:

– Evaluating analog for detection surveys

– Further testing of fluorinated analogs

– Evaluating effective range of pheromone…active space??

– Investigate pheromones in other Agrilus sp

– Studying acoustic signals in EAB…now published in EEA.


