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Emerald Ash Borer

Biology and Epidemiology
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Presentation Notes
 
- a brief history of introduction, detection and early spread
- EAB life cycle (how the beetle finds the tree, behaviour before it lays eggs, larval development, pupation, 2yr life cycle, overwintering, emergence)
- host susceptibility (different species attacked, interaction between beetles-trees)
- progress of attack (colonization, early phase attack, late phase attack, progression through the canopy of individual trees)
- mortality agents (tree resistance, native biological controls, introduced biological controls, winter kill, woodpeckers, role in managing infestations)
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CC Image courtesy sallaha on Flickr
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Presentation Notes
Introduction,

Found in Detroit Mi and Windsor in 2002. First detection was from arborist who found declining ash trees along a street in Detroit (Haack’s Bull Ent. Soc MI paper)	

Native range is China; confirmed by genetic studies in 200? and 2012(3?).  In Asia is not recorded as a pest species, except of NA ash introduced there. Generally attacks weakened or dead trees; some evidence of resistance in Asian ash to EAB attack. 

Likely introduced sometime in the 1990s 
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Presenter
Presentation Notes
First detection in MI (show 2003 image)

‘Epicentre’ in Detrooit/Windsor

‘satellite’ infestations found in 2002/2003 in Ohio, Indiana, Maryland. 





Emerald ash borer density
in southern Michigan, 2003.
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Original distribution
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Presentation Notes
Spread was relatively rapid; likely combination of 2 factors:

Movement of infested firewood from affected areas
Lag between establishment and detection. Signs and symptoms only become apparent 2-3 years after insect has established. Infestations are likely present well before they are detected.
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Range in 2006; 4 years after detection. 
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Cooperative Emerald Ash Borer Project
Initial county EAB detections in North America
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Range in 2014; 12 years after detection.

Now found thoughout the E US; as far south as Georgia, W to Coloardo and Sault Ste Marie and N. Michigan



Life Cycle & Hosts

I * I Natural Resources  Ressources naturelles iel
Canada Canada alla a_



Summer

UGAL4600T71



Presenter
Presentation Notes
Adults emerge in May/June. Period of post-emergence feeding on leaves. Seems to be required before able to lay eggs. 

Females are larger than the males; can be distinguished by looking at the undersides. Females have emerald green abdomens with ‘hips’’; males have slender abdomens and that appear bronze.

Egg lay in late June/early July; but adult emergence can be prolonged so possible to find eggs into August, depending on weather, location

Eggs are small, 1-2 mm. laid in bark cracks and crevices. Some evidence that for this reason females tend not to prefer to smooth bark

Hatching larvae are called ‘neonates’; leave the egg, chew through the bark and enter the phloem layer (sap wood) where they form a gallery and begin to feed.

Larvae feed for 2-4 months leaving a serpentine gallery. In lightly infested trees this gallery will look ‘S’ shaped, in heavily infested trees galleries follow the available phloem. There are 4 instars that are distinguishable by size of head, tail (with microscope).

In fall the larvae enters the heartwood and constructs a pupal gallery. Spends the winter as a J-shaped prepupae, pupation occurs in the spring a few weeks before emergence.

2 yr life cycle. Some %age of each pop has a 2 yr life cycle. If does not reach Ivth instar by fall will overwinter as a larvae and resume feeding in the spring. Will then complete feeding in the following year, but appear to need the cold to trigger pupation so will not emerge as adults until the following year.
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CC Image courtesy J O’Brien
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hosts


CCImage courtesy T D Snydor  § : ; . i
Image from: http://www.ag.ndsu.edu/hort/info/treeshrub/decidtrees.htm ' 3 & OSU on Bugwood.org : 5500360
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Walnut

UGA1480230

CC Image R Webb
on Bugwood.org
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Not hosts


Tree Attack & Mortality
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Evidence suggests attack is top-down. 
First attacks are in crown of trees; populations build up and begin moving down the tree
In active infestations process is likely shorter when many insects attack the tree
Why this occurs is unclear. May be a behavioral adaptation to access branches (if branches are warmer); or a hold-over behaviour from when it attacks native hosts. There the insect (as do most agrilids) tend to attack weakened trees or parts of trees.

Tend to prefer to lay below previously attacked areas; so will always move ‘downwards’

As insects move down the tree they interupt the phloem cutting off the flow of nutrients to upper branches. Leads to branch flagging; branch die back; thinning crowns’; epicormic shoots


0
2
©

£

2

o

c

)

L

o

I~

3

@

7]

Lih]
o

Natural Resources

i+l



Presenter
Presentation Notes
Progress of attak


Natural Enemies & Other Mortality
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Will just discuss things that cause mortality to eab caused by ‘natural’ factors. Anything not done by huans

Can lump these under ‘natural enemies’ ‘tree resistance’ and ‘abiotic’. 

We will leave insecticides; cultural controls, etc.. to Taylor. 


Tree Resistance

CC Image E Czerwinski
OMNR on Bugwood.org

I * I Natural Resources Ressources naturelles i+l
Canada Canada a I I a_ a_



Presenter
Presentation Notes
Ash appears to posses a weak ability to defend itself from small amounts of EAB attack.

We’ve shown that low density populations of EAB experinence high mortality

Experimental populations put on trees saw up to 20% mortality (Duan, Jennings)

Ash possess the ability to callus off damaged areas and ecapsulate larvae.

Some evidence from heavily infested areas of some trees persisting on the landscape after mortality ‘wave’ has passed.

Likely though that most ash are not resistant; woodlot evidence says that within 4 years approx 99% of trees are likely to succomb.


Predators
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Predators

Woodpeckers has been reported to cause significant mortality in some stands

Studies from the US have demonstrated a relationship between EAB abundance and success of Wp species

Mostly predators on larger, later instars of EAB, e.g., large larvae, prepupae/pupae.

Woodpecker feeding also a sign of EAB infestation


Parasitoids
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Parasitoids
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Native parasitoids

Images: B Lyons
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Parasitoids

Phasgonaohora
antelycollis

Endophytes, nematodes


Introduced parasitoids

(biological control)

CC Image D Cappaert

MSU on Bugwood.org  [SEEEESE ’

CCImage D Miller
USDA FS on Bugwood.org
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Three species released in us; others in trial phase

Oobius, terastichus and spathius 

All discovered in China; brought to US and reared under quarantine. Part of release program since 201??

All have established and spread to non-release areas. Evidence of parasitism rates in released populations of up to 20%

terastichus released in canada
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Climate and weather can impact EAB populations

Big question this winter after the ‘polar vortex’

Evidence is contrary (somewhat)

Work in Canada at western University w/ CFS shows that EAB prepupae/pupae can survive up to -30; work in my lab showed very good survival in a winter with conditions down to -20.

work in US suggests that significant mortality of EAB in logs occurs less than that (-20 or so)

Leads to different predictions about the effects of last winters cold on EAB populations. 

Anecdotally, we had logs in the Sault that experienced -30 that are producing substantial numbers of EAB adults. 


Summary

Introduced & spread via wood packaging,
firewood and infested hosts

1 to 2 year lifecycle

All native ash are susceptible
Top down pattern of infestation
Some natural controls
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Integration of techniques?




More information:

http://www.emeraldashborer.info/

http://www.Invasiveinsects.ca/

https://www.nrcan.gc.ca/forests/insects-diseases/13377
(or Google: “NRCan EAB”)

http://www.inspection.gc.ca/plants/plant-protection/insects/emerald-ash-borer/eng/1337273882117/1337273975030

(or Google: “CFIA EAB”)
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