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Forest Sector: 212 000+ people employed
(2022)

Contributed $33.4 billion to GDP

$45.6 billion in exports

*Canada’s State of the Forests, 2023



Ecological
Importance

* Biodiversity
e Carbon ‘sink’

* Water filtration; aquatic
ecosystem function

* Climate moderation;
‘shade’

e Recreation



Threats to Canadian Forests
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Insects, pathogens, plants
No (or little) shared history; no predators, no defense



Adelges tsugae (Hemlock woolly adelgid,
HWA)

A0
5449453

* Small, adelgid defoliator of Tsuga spp.

* Native range: Asia (Japan, China), Pacific NW (British Columbia, Washington, Oregon)
* Genetically-distinct



HWA Damage

« Stylet inserted into needle; mult. HWA * Disruption of nutrient movement
e Desiccation -> needle loss-> branch death

 Damages parenchyma; xylem rays e Tree death: 4 years



Winged females
cannot reproduce

in North America
Progrediens

Wingless
females lay
eggs and
the life cycle

crawler ___crawler starts again
settled ‘

settled

®
e

summer autumn winter spring

* Nova Scotia (Roscoe et al. In Prep)

* Aestival break in late-
* Sistens adults with eggs beginning Progrediens develop from mid- October, remain as 3-
early-April May to mid-July instar until late-March
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First Discovered 1951

@ 0-5years
@ 6 - 15 years

@ 16 - 25 years
@ 26 - 35 years
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. 46 -50 years
51 - 70 years

@ 70 years

@ Uninfested Native Range of Hemlock

Disclaimer: This map depicts counties with established HWA
populations that are reported and confirmed by respective
state forest health officials. The coarse nature of the map
does not provide information below the county level and users
should not assume that highlighted infested counties are

entirely infested.
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Hemlock in Nova
Scotia

* 216,000 ha (8%) contain hemlock
* ~15% in parks/pa
* ~19% on Crown
* ~66% on private

* Regulated areas = 50%

* HWA in NS =85000 ha

.
NOVA'SCOTIA

100 kms
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HWA Management in Nova Scotia

Forest Ecology and Management

A decision framework for hemlock woolly adelgid management: Review of

B|Ol0g|cal (010 ntI’Ol (+ SIlVICUltUI’e and |nSGCtICIde Strategles) the most suitable strategies and tactics for eastern Canada
identified as long-term tactic in IPM strategy (Emilson and ol Bioduon, Mideel Sy
Stastny 2019) ——

‘Building on the research done in the eastern US’ (Onken and Reardon 2011,

Hemlock Woolly Adelgid Management Plan for Canada

Havill et al. 2014, Letheren etal. 2017) Sy

...emphasis on collection of predators from western North America...’

‘Field trials and research should begin in southwestern Nova Scotia where there

are currently established HWA populations.’
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Utilize expertise and scientific knowledge

Develop research programs that will contribute to tools for end-users



 CFS HWA Research

1. Insecticides

Imidacloprid (5-7 year protection)

* Xytect 2F (Emerg. Reg., Nova Scotia,
Ontario)

* Basal-bark spray
* IMA-jet/IMA-jet-10
e Stem injection

» Starkle 20 SG (Dinotefuran)

* Combine w/Xytect 2F (faster uptake in
tree)

* Shorter protection time

» Uptake (active ingredients and derivatives) by
water, soil, organisms

e Effects (multi-year study; tree health, growth,
etc.)




CFS HWA Research

2. Silviculture to mitigate HWA impacts?

« HWA affects hemlock’s water relations and photosynthesis

» - physiological stress, growth rate

* Can stand thinning help maintain hemlock vigour under
121'17: ¥4

* Anticipated benefits:
* improve light & water availability to hemlock
* boosttree growth to tolerate HWA infestations
* promote stand resilience = buy time for other tactics

* manage forest proactively = plan regeneration &
restoration




CFS HWA Research

* Field trials of silvicultural tactics (NS, est. 2020)

* (Michael Stastny, Jeff Fidgen)

* Trial A: Small-scale thinning (individual tree selection)
in 3 private woodlots

* Trial B: Commercial operation (strip shelterwood cut)
in replicate plots on crown land

- early result: slower hemlock decline in thinned stands
in spite of equal HWA levels
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CFS HWA Research

3. Biological Control

* ‘Prey’regulated by ‘Predator’

* Pacific NW:

* Predators play major role in HWA
populations

* HWA outbreaks are rare

* Biological Control

e Selection, sourcing, purifying,
release of safe agents to invaded
range



Justification « unacceptable damage
* top-down controlin native range, but not in invaded
range

e othertactics insufficient

* Based on existing / ongoing research



Justification e unacceptable damage
* top-down controlin native range, but not in invaded
range
* othertactics insufficient
Safety * » evidence of safety before release

* specificity to target pest

Approvals * hastobe approved for release federally — if not native to Canada
* otherjurisdictional requirements / consultations
Efficacy * * demonstrated population regulation in invaded range

e suitable given climate, pest phenology etc. in invaded range

* Based on existing / ongoing research



Justification * unacceptable damage
* top-down control in native range, but not in invaded
range
* othertactics insufficient
Safety * * evidence of safety before release
* specificity to target pest
Approva ls * hastobe approved for release federally — if not native to Canada
* otherjurisdictional requirements / consultations
. *
Efflcacy * demonstrated population regulation in invaded range
e suitable given climate, pest phenology etc. in invaded range
FeaS|b|l|ty * adoption/ adaptation of existing programmes and

protocols
* operational mass releases/rearing
* scaling up: recovery, establishment, spread

Impacts™ . pest population control
* reductionintree mortality / decline

* monitoring of non-target effects * Based on existing / ongoing research



\Gﬂmeﬁu 'S g \ 43 :

*Sainte<Anne- '
des-Monts Gaspé \
_ Bh . 4b
® Rimouski 5
Benefits of Biological SRR N
'5_\;,-,\{'“ ®balhousie /
COI’\tI’Ol \\, _ | % 5b-
dston 3b 53_ 2lRpagan g{?fgr;ilaf
NEW BRUNSWICK .
Miramichi
Only landscape-level tool (vs. local gggg_gﬁtf ¥ PRINCE EDWARD ISLAND 33/2 6a
insecticides) 4a T _iLE_-DU-PRINCE-E'DOUARD_:\ -

e NOUVEAU- . Sgminerside ey / o Gap
SpeCIfIC BRUNSWICK : _ ob @GH&RLDWETDWN ¢ Inverness .'.rE‘”_31
Self-sustaining (cost-effective) F @FREDERICTON *Mﬂﬂﬂfﬂ‘-- T A B, 9L Eé '
Adapt to target !'l'. Saint 5b )~ : y 5a Ahﬂg'ngh‘ 'Ez.n: ’i
* Density-dependent Eﬁ\tephen -;S__l | P _..TrurC;b Guyshaibuipy<— 50

. ~" Sain ; [ .
* Follow across range LSV John  KephatiEgR, €

\ p s i~ NOVA SCOTIA

Y 6a : @ L
# < Digby ~ HALIFAX
/* NOUVELLE-ECOSSE

6b :

Yarmouth® e hEibume Research by / Recherche - D.W. Mc¥

Produced by / Production : R.E. Kran
© Her Majesty the Queen in Right of



HWA Natural Enemies in Nova Scotia

* A: What is the level of mortality?
* B: Which insects are natural enemies?

* 3year study (2020-2022)

1. Sleeve cage study (exclusion)
2. Beatsheet sampling study

* Multiple sites (Southern Nova Scotia)
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Initial Work: Predator regulation in Nova Scotia

Treatment

Totals for beat sheet sampling in 2020 and 2021
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No demonstrated population regulation in study sites

No specialist predators (Leucotaraxis spp., Laricobius spp.)
(Roscoe et al. In prep)

Top-down regulation most important factor in PNW (Crandall et
al. 2022)



w %ﬁ Distribution Layers Hemlock forest extents and predator project activities
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Laricobius nigrinus Fender (Col.: Derodontidae)

i |
YN -
A .

Native to Pacific NW (British Columbia, Washington, Idaho)
Specialized predator of Adelges spp. (Zilahi-Balogh et al. 2002)
Adults active in Nov.-Feb.; larva develop within ovisacs

Pupate over summer in soil, emergence in October/November

Photo: John D. Simmons



 Fall2024 / Spring 2023
 Two ‘closed’, six ‘open’ (Seven
sites)

4173 (Fall) + 877 (Spring) = 5050

 Fall2024
 Six‘open’(n=4135)

« JBC:+2061; Acadia U.: 790; GLFC: 100



 Fall2024 / Spring 2023
* ‘F1’(progeny) collectionsin 2024

* Lnrecovered at all 6 release sites
« DNA + SNP (single nucleotide
polymorphism), phenological,
taxonomic




Optimization research o Post-release monitoring ° 2025—26

Molecular
tools

- Environmental DNA

o - Molecular counting
Sourcing

Target o
impacts . Assess L. nigrinus
overwintering survival
- HWA regulation
- Hemlock health

* Assess L. nigrinus
establishment

-Predator-prey e ;
b il Establishment & 4 024
synchrony R - S 2023/2 and 202
-W i;t&r survival eleaSGS populati()n growth pread ( )

Rearing

- Mass-rearing facility Standard
at Acadia University
- CFS containment labs

Research projects (collaborators):
 Lab and field cold-tolerance: Prof. N. Kirk Hillier, Prof. Laura
Ferguson, Acadia University
* Host location (chemical ecology): Dr. Quentin Guignard, Dr. Jeremy
Allison (NRCan-RNCan)

* Research and rearing facility, Acadia University (Prof. N. Kirk Hillier)
Evaluate non-target effects
Host range elucidation for L. osakensis, Leu. Argenticollis, Leu. piniperda

Non-target
effects

- Hybridization
- Prey switching

* Develop monitoring methods (NRCan-RNCan)
(Source and release)
* Environmental DNA (Ontario and Nova
Scotia)
* Molecular pipeline (M. Williams)
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Site selection

Monitoring/detection
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Orientation ecology (predators)

Atlantic Forestry Centre (CFS)

Canada

Winter mortality, releases

Canadian Forestry Service (Great Lakes)
Monitoring/detection (Ontario)

Canadian Forestry Service (Pacific)
Sourcing Agents

Canadian Food Inspection Agency
Agent detection/monitoring

Agriculture/Agri-Food Canada
Indigenous agent movement



Conclusions

1.

HWA is a serious threat; hemlock and
biodiversity

Multiple partners (gov’t, academic,
private, FN)

CFS: researching IPM

Management research projects:
insecticides, silviculture, biocontrol

Operations underway (insecticides,
biological control, monitoring):
NSDNRR, Private, CFIA (Federal)
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