I * I Natural Resources Ressources naturelles
Canada Canada

Emerald ash borer population
dynamics and range expansion

IN Canada

~ Chris J K MacQuarrie ‘, o
\ff*ﬁanadlan Forest Service, Great Lakes Forestry Centre

Sault Ste. Mane Ontario, Canada .

Christian.Macquarrie@Canada.ca

Canada




Acknowledgements

 EAB PREPSYS organizers for invitation
* GLFC pest management team

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

| Ld |
I * I Natural Resources Ressources naturelles Canada
Canada Canada



Key messages

1. Range expansion in Canada slower than in
US.

2. Population dynamics influenced by stage of
infestation.

3. Frequency of 2-year lifecycle varies across
landscape.
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Range expansion in Canada
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Range expansion in Canada
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Range expansion in Canada

Ash free zone ineffective
because invaded area was
already large

Detection techniques were not
sufficient to find small, incipient
populations

Emerald ash borer density
in southern Michigan, 2003.
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Range expansion in Canada

Areas within which emerald ash borer
were aerially observed to be causing
damage and mortality to ash in Ontario

2006 known range had only increased by
165 Km to London, Ontario

Some damage now mapped by air but
still primarily retained in southwest
Ontario

in 2006

4 389 ha
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Range expansion in Canada

2009 detected in Quebec, Ottawa
& in Sault Ste. Marie

N. expansion a result of a cross-
border jump from Michigan

| L Wy i

Emerald Ash Borer Bilnlalnd Areas ol Einada"ng Lieuxré

On{ario
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Range expansion in Canada

By 2015 range has expanded to Ottawa
& parts of Montreal (850 Km)

EMERALD ASH BORER REGULATED AREAS OF CANADA  LIEUX REGLEMENTES POUR L'AGRILE DU FRENE AU CANADA

Distribution is patchy and non- \ N s
continuous P =y s
regulated area != infested area ™~ e

|
1

Indicative of medium-distance transport =
of wood p &
Also indicator of change in survey
method by CFIA

==, = S - S S Canordl
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Range expansion in Canada

EMERALD ASH BORER REGULATED AREAS OF CANADA  LIEUX REGLEMENTES POUR L'AGRILE DU FRENE AU CANADA

2016 brings significant range expansion

MANITOBA'

2016 — Thunder Bay
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Range expansion in Canada

EMERALD ASH BORER REGULATED AREAS OF CANADA  LIEUX REGLEMENTES POUR L'AGRILE DU FRENE AU CANADA

L n,_\_f_,‘f\..\\J‘//‘F/w ke a MI\,‘;‘ \
2016 brings significant range expansion | = A
atinesn - ! o e f e f: ‘h%_.\ /

2016 — Thunder Bay
2017 (summer) — Quebec City

Areas regulated | Lieux réglementés
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Range expansion in Canada

EMERALD ASH BORER REGULATED AREAS OF CANADA  LIEUX REGLEMENTES POUR L'AGRILE DU FRENE AU CANADA

2016 brings significant range expansion

2016 — Thunder Bay
2017 (summer) — Quebec City
2017 (winter) — Winnipeg

Areas regulated | Lieux réglementés
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Range expansion in Canada

EMERALD ASH BORER REGULATED AREAS OF CANADA  LIEUX REGLEMENTES POUR L'AGRILE DU FRENE AU CANADA

2016 brings significant range expansion 0 T .
/ | - _’—\ n ﬁ_iyi_‘,‘_ﬁ\ \‘_
: 7, ! - __L 7‘:{2;;_,} ) s O ==
2016 — Thunder Bay I - | T e s

2017 (summer) — Quebec City
2017 (winter) — Winnipeg
2018 (summer) — New Brunswick
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Range expansion in Canada

2016 brings significant range expansion

EMERALD ASH BORER REGULATED AREAS OF CANADA  LIEUX REGLEMENTES POUR L'AGRILE DU FRENE AU CANADA

AAAAAAAA

2016 — Thunder Bay

2017 (summer) — Quebec City
2017 (winter) — Winnipeg

2018 (summer) — New Brunswick
2018 (fall) — Nova Scotia

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

I * l Natural Resources Ressources naturelles
Canada Canada

Canada



Range expansion in Canada

Low human population density
HAVE CAMPER

Low ash density and non-contiguous
distribution

Climate and weather limiting
population growth & expansion
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Population dynamics

top down

EAB infestations begin in the tops of trees

Progress downwards over time girdling and
killing the tree

What mortality factors influence
populations?
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Population dynamics

Selected & felled infested trees
ID’d crown and trunk sections
Immediately peeled 50%

Reared the other 50% until next
sampling, then peeled

Counted #, size and fate of all insects.
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At low density
most EAB are dead

Population dynamics

percent mortality
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Population dynamics

External mortality factors do
not play a large role

At low density < =
most EAB are dead

Differences among
size (age) of larvae:
younger do worse

75% =

percent mortality
w
o
=R

At high density
i 10 100 1 1o 100 1 10 A0 1 10 100 most EAB are a||Ve

EAB density (larvae per rnz)
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Population dynamics

At low density —=
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Population dynamics

Small, incipient IR So what k
populations in the : ' o at‘ et ?
crown experience E E Populations small
high mortality. As f— Host resistance?
populations grow & Climate?
move downwards | I Both?
mortality decreases & . I
tree mortality mortality | :
accelerates. " l

location time
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Population dynamics — host resistance

Recent evidence shows ash trees can resist
EAB larval feeding

These responses can be triggered in naive,
North American ash

Does tree condition impact performance of
adults?
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Population dynamics — host resistance

Reared adults from infested trees

Created mating pairs & infested healthy
& girdled trees

Cut infested trees & reared adults from
caged & uncaged section

Assessed emergence & adult
performance.
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Population dynamics — host resistance

No effect
of girdling
in caged
sections
of trees
where we
added
beetles

G0

No. emerald ash borer emerge
(predicted mean +/- 95% ClI)
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Population dynamics — host resistance

Some
emergence
from caged
sections where
beetles not
added
(controls).
Probably 2 year
life cycle
individuals

caged sections

open sections
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Population dynamics — host resistance

Interpretation:
Greater emergence from unhealthy trees
a function of female choice (e.g.,
attraction), not increased performance of
individual larvae on stressed trees.

80

60

40

No. emerald ash borer emerged
o
5

(predicted mean +/- 95% CI)

No effects on timing of emergence, adult
lifespan or fecundity in offspring of o . :
individuals in caged sections... R R
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Population dynamics — host resistance

Synergistic
effect of tree
condition on
size:
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Population dynamics — host resistance

insects from wild parents (smaller)

Synergistic
effect of tree
condition on

size:
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Population dynamics — host resistance

insects from wild parents (smaller)

N

- i Ao
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Population dynamics — host resistance

Interpretation:

Smaller EAB the result of increased larval
competition, not change in host
condition.

females males

14 " a 12

ok “‘aa
i 3
i
b )
== —— f = % = |iengh

Suggests that host condition (in early 3 = f N
stage infestations) does not influence 10 : s :
population dynamics of the adult stage. Girdled  Not Girdled Girdled  Not Girdled
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Population dynamics - climate

Some populations have 2 year life cycle

Marina J. Orlova-Bienkowskaja and Andrzej O. Bierikowski

The life cycle of the emerald ash borer Agrilus planipennis

in European Russia and comparisons with its life cycles in Asia
and North America

AN. Severtzov Institute of Ecology and Evelution, Russian Academy of Sciences, 33 Leninskiy Prospect, Moscow 119071, Russia
Table 2 Lite cyoie of Agrius planipenris in different parts of its range: China (Wang et al., 2005; Liu etal, 2007; Wel stal, 2007), U.S.A. (Cappasrt etal, 2005) and European Russia (orignal data)

Numbar
of months

=
temperature

Also occurs in new populationsand atlow .. “7%

withmaan  Duration
emperature of ife
cyca

year 1

(year)  Firstyear

year 2

Sac0nd year 1

ird year

May Jun Jul Aug Sop Oct Now Doc Jan Feb Mar Apr

May Jun Jul Aug Sep Oct Nov Dec Jan Fob Mar Apr

Jay Jun ol

Host piant

. Tianjin, China 27 1 o 000 0 ©
density s
Michigan, U.S A 22 3 1 o0 o 0o
222N,
83 11'W)
.......
Potential to interact with host resistance i N i I
Ha:;:\é:r\: 23 5 2 e oC O C o e OO o0 e ee
to slow population growth. . Ll
Changehun, China 24 5 2 B e ¢ ¢ o ¢ ¢ PSS S
42746 N,
125°2T'E)
.........
2 Beg o o0 00 oo ER
...........
Moscow, Russia 18 5 2 e 0 o0 e 00O |0 e e
BE°5I N,
310

Fraxinus volstina

Fraxinus pannsylvanica

Fraxinus pennsylvanica

Fraxinus mandshurica

Fraxinus pennsylvanica

Fraxinus mandshurica

Fraxinue pennsyvanica

Climalic data are from Himans atal. 2005

<. larvas; m, prepupas; =, adults. Tha period of active feading of larvas is shaded grey: Foa and pupa stages ars not shown. Ths duration of ifa cycia was determined basad on the s3asonal Presencs of diffsrant s stages nsida rees.
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Population dynamics - climate

Does frequency of 2 year life
cycle vary with latitude in
Canada?

Obtained samples from 7 sites
(yellow completed, red

ongoing) over 7.5 ° lattitude

Dissected & determined age.

Winnipeg,/Manitoba

Thunder Bay, Ontario g
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Population dynamics - climate

winter fall summer fall

' E— Time of year
Frequency of 2 . samples taken
year life cycle |
proportion

varies from orton
25% to>95 % e

0.25
R No clear
Dutton 2006 Oro Medonte 2017 Québec 2017 Thunder Bay 2017 H
pattern with
stage of development: .lﬁﬁ,iﬁitf;, i{ﬁ §2§f§§=§iﬁ'ﬁ"pae I at |t u d e (yet | )
H

. 4

Increasing latitude
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Population dynamics - climate

Results suggest 2 year dynamics
important in Canada for predicting
range expansion, growth rates & for
timing of management tactics.

Standing question for Canada and
for at-risk range in Europe

1.00

0.75

proportion
of 0.50
sample

0.25

0.00

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

I * I Natural Resources Ressources naturelles
Canada Canada

winter fall summer fall
.

Dutton 2006 Oro Medonte 2017 Québec 2017 Thunder Bay 2017

 M1stinstar  3rd instar.prepupae
stage of development: o instar  4th instar M acul
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Population dynamics - climate

& o Potentially Invaded Regions of Canada and Britain

Next steps:

Emerald Ash Borer Development Rates and Modelling for g

Kenneth W. Dearborn, Sandy M. Smith, Chris J. K. MacQuarrie, and Daegan J. G. Inward

el o
1) Developing stage specific growth rates ndcio S—
—p R Eagtun

for North American and European hosts
(see Ken’s poster!)

2) Testing evolution of cold-hardiness in
Canada since introduction (w/ Brent
Sinclair Western Univ.)

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

be inhibited or siowed?, reducing exofi
S R e e
Spotied ok borer? exbibit variable voltinism.
throughout thair Eurapean ranges. Faster generstion
fimes with under warmer climale chenges would
increase economic and ecalogicel damsge.

The emerald ash barer (EAB) iz the most dastructive.

America, quickly ovenwhel
EAB is invading Europe from he west, which could
be facilitated by increasingly hot summers and
interactions with ash dieback’

Future ciimstic changes, brosdening the
developmental window of EAB, could sllow for
lition:

could make management efiorts mare re St

Developmental rates are integral for ass.:.smg
erts

Proposed Objectives

1.Determing the developmental retes of EAB ife stages.
feding in end on green and European ash across
renge of biologically relevent

Liza thesa dafa to bud oacdclie madels foc EAR,

Natural Resources Ressources naturelles
Canada Canada

js ere expected to have an increase of hatching from 13-20 °C, with both
7 and 10 °C being below the threshold fo complets the first ife stage. (Fig. 1)

Larval Development
Effect of esh hostwill have an influence, with & slower growth rate snd greater
mostslity of EAB larvse in Europaan ash. Eurapssn ash is mara phylogenaticslly®
related than graen ash to the native host, Manchurian ash.

In both ash species 7 °Cis axpected to bewwme navelonmema\ threshoid. A
linesr decresse in development fime is expect as temperstures incresse. [Fig. 2)

Adult mean biomass expected o be lower in European sh due to farval energy
used ofthe &sh species”.

Expected Results (2)
— Modelling

g
EAB will be capable of developing in sll sress with ash
species_ Invasion depends on if the infroduction is

Canada
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Key messages

1. Range expansion in Canada slower than in
US.

2. Population dynamics influenced by stage of
infestation.

3. Frequency of 2-year lifecycle varies across
landscape.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

| Ld |
I * I Natural Resources Ressources naturelles Canada
Canada Canada



[ Canada ]



