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History of Invasive Forest Pests in North America
O O e O O e O D b

1869: Spongy moth
escapes captivity in Boston.

L tria di; " . T
.y’”;ggfy'am;fgf Since 1920, spongy moth has defoliated over 95 million acres.

Though it is an additional stressor to forests, it usually does
not kill trees directly.

5562147

Photo credit: Karla Salp Washington State Dept of Agriculture,
Bugwood.org

National Park Service 2023; Forest Service 2022
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History of Invasive Forest Pests in North America

1890s: Beech bark disease (BBD) is  This disease complex typically kills about 50% of
detected in Nova Scotia, Canada.  beech trees and severely cankers many more.

Feeding by beech scale allows beech trees to be
colonized by the fungus Neonectria, which is
often the mortality agent.

\ Cryptococcus fagisuga
QY (beech scale)
. 4

Photo credit: Chris Malumphy,
The Food and Environment
Research Agency, Bugwood.org i

v s N STt
| Photo crédit: Esther Kibbe, Ohio State University

Koch 2010; McCullough et al. 2005
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History of Invasive Forest Pests in North America

cophonectiiaparasiiea [+ Early 1900s: Chestnut blight
| (chestnitblight) ’ . .
gepedgms < Isintroduced to the east

coast of the United States.

An estimated 3.5 billion chestnut trees, once ubiquitous in
the eastern United States, have been lost to this pathogen.

Joseph OBrien, USDA Forest
Service Bugwood.orgr ‘ 'UGA5050040‘|

Fisher et al. 2012; Anagnostakis 1987
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History of Invasive Forest Pests in North America

Early
@ 186 189g5..39oos
D &

Fiorinia externa
(elongate hemlock scale)

1908: Elongate hemlock scale (EHS)

s is first detected in New York.
‘ 5 e In addition to hemlock this insect can feed on firs,
, - cedars, spruces, and pines (though its impact on
& these other trees is negligible).

Venette et al. 2024
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History of Invasive Forest Pests in North America

Scolytus schevyrewi 1930s: Dutch elm disease is
(banded elm bark beetle) . .
introduced into the United States.

Scolytus multistriatus
(European elm bark beetle)

This disease complex has killed over 40 million elm trees.

5463281

N Ophiostoma sp.
Sl N (Dutch elm disease fungi) o
e D’Arcy 2000; Marcotrigiano 2016
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History of Invasive Forest Pests in North America

1951: The first hemlock woolly adelgid (HWA) is found

' I e s o North America. It was first introduced in the
ey, early 1900s but was not detected until 1951.
\\'4 TR Hundreds of thousands of eastern hemlock trees
r A B T v have been killed by hemlock woolly adelgid.

UGA1346068

Havill 2014; McCullough 2015
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History of Invasive Forest Pests in North America

o°

2002: Emerald ash borer (EAB) is detected in Michigan.

Agrilus planipennis
(emerald ash borer)

This beetle has killed tens of millions of ash trees
and is the costliest forest pest ever to invade
North America.

UGA9000019

Poland and McCullough 2006; Lovett 2022
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History of Invasive Forest Pests in North America

o°

bt lcnues 2012: Beech leaf disease (BLD) is first detected
in the United States.

~
NI This disease adds additional stress to beeches,
) . .
5 N which are already threatened by beech bark disease.
Litylenchus crenatae _ &\ T
mccannii I‘.ﬁ’
(nematode subspecies - 4 &,
that likely causes beech ey 7 4
leaf disease) \
\ - | 5619700

Segall 20271; Carta et al. 2020
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History of Invasive Forest Pests in North America

Number of pests per county

-
3 22 45

Liebhold et al. 2013
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Tree Species in Peril

A The Nature Conservancy project to bolster genetic resistance
to pests in vulnerable North American tree species.
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© Debbie Miller, USDA Forest Service © Christian Marks © Kristen Wickert/US Forest Service © Kevin McKeon

© New York State Hemlock Initiative
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EASTERN
HEMLOCK

Fraxinus americana Fraxinus nigra Fagus grandifolia Tsuga canadensis

Fraxinus pennsylvanica
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Emerald Beech bark disease (BBD)  Hemlock woolly adelgid (HWA)
Beech leaf disease (BLD) Elongate hemlock scale (EHS)
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EASTERN
HEMLOCK

Tsuga canadensis
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Beech bark disease (BBD)  Hemlock woolly adelgid (HWA’
Beech leaf disease (BLD) Elongate hemlock scale (EHS)
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Needles

Short and flat
Shiny, dark green color
Rounded tips
Opposite arrangement

Distinet white stripes underneath




Rounded
Brown
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Why hemlocks?

* Foundation and climax species
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Why hemlocks?
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* Prevent erosion and sedimentation
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Bill Hecht, 2005

« _and Finger Lakes Land Trust's Bakar Proserve Septesber 20, 2005 Photc by and copyright to Bill Hecht
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Why hemlocks?
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Porcupine

Black-throated green warbler

Bro'o ctrout
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Hemlock Woolly Adelgid

Invasive hemlock pest

Tree Species in Peril SEnlleld IS Lingering Hemlock Project  » Searching for Lingering Hemlocks > Hemlock Health Monitoring Plots



Tree Species in Peril JMslEhglloled MIFEEP Lingering Hemlock Project » Searching for Lingering Hemlocks > Hemlock Health Monitoring Plots




Feeding
damages
hemlock
twig tissue

N —
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HWA Native Ranges

HWA Invasive Range
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Winged females
cannot reproduce
in North America

2 generations per year

Overwintering
¢

Wingless
P g 8 oy
eggs and
¢ the life cycle

starts again

crawler ___crawler
_ : [
settled i settled

J
summer autumn winter spring S p I’I n g
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April-June
bile stage!
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B July-October
. “Overwintering on/y
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August-February March-May June-July

Overwintering Generation Overwintering Generation Spring Generation
Nymphs aestivate during Adults lay eggs Adults lay eggs
summer, then go through 4 Spring Generation Next Overwintering Generation
nymphal stages N1-N4 :
Crawlers settle among sistens Crawlers settle on new growth

. adults
N1-N4 to adulthood
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Elongate Hemlock Scale

Elongate hemlock scale (EHS) is an additional
insect acting as a stressor to hemlocks.
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This used to be a
dense stand of hemlocks
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Mass mortality of both hemlock species
has occurred in the southern range.

a

Distribution of HWA in 2023

) HWA detections in 2023
@ HWA detections before 2023
() Uninfested counties

Native Range of Hemlock
¢/ Administrative FS Boundary

Eastern hemlock

Disclaimer: This map depicts counties with established HWA
populations that are reported and confirmed by respective

" 0 e b
4 ) R i \N
. AA ) : TS
m { | p! T T Lo i state forest health officials. The coarse nature of the map
a ro I n a e OC - \ - - does not provide information below the county level and users
Py ¥ \ vl should not assume that highlighted infested counties are
] \ e/

entirely infested

N
Map Produced by:
USDA Forest Service 1/18/2024
updated 3/7/2023
AKS- MFO

100 200 400 Miles

-
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Ongoing control strategies
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Ongoing control strategies
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Chemical Treatment
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Ongoing control strategies
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Ongoing control strategies

a

Chemical Treatment Biological Control e - ( &

Resistance Breeding
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Ongoing control strategies

S W ;..ﬂ."”"
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Biological Control S — . ( =
Resistance Breeding
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Enter: the Lingering Hemlock Project

The hemlock subset of “Tree Species in Peril”
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Tree Species in Peril

A The Nature Conservancy project to bolster genetic resistance
to pests in vulnerable North American tree species.
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© Debbie Miller, USDA Forest Service © Christian Marks © Kristen Wickert/US Forest Service © Kevin McKeon

© New York State Hemlock Initiative
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Tree Species in Peril

A The Nature Conservancy project to bolster genetic resistance
to pests in vulnerable North American tree species.

Hewloclke treestit

‘ -

© Debbie Miller, USDA Forest Service © Christian Marks © Kristen Wickert/US Forest Service © Kevin McKeon o
© New York State Hemlock Initiative
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Enter: the Lingering Hemlock Project

A “lingering hemlock” is a hemlock that
remains alive when at least 80% of the
hemlocks near it have died.
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Enter: the Lingering Hemlock Project

A “lingering hemlock” is a hemlock that
remains alive when at least 80% of the
hemlocks near it have died.

These “lingering” hemlocks may not
be healthy, but they are still alive.
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Enter: the Lingering Hemlock Project

i < .
7// =~ The End Goal: breed robustly HWA-resistant
& Ao . . e - g )

’ hemlocks while maintaining genetic diversity.

N, 1

r & '
l Tsuga canadensis
: B 7suga caroliniana

Tree Species in Peril > Hemlock Trees AMlgflglplellalElnlleled dge][Sled Searching for Lingering Hemlocks ~ Hemlock Health Monitoring Plots




- Find iy 7 i | Test =  Breed

i Lingering |4 i JLingering L Resistant 28
8 § Hemlocks Femmes § Hemlocks ‘@i

R, L =R, . LA ., A P L AT | (I i T o o 1 + I v -,
b 4 R Y ] i 3

"""""
e
s

_ S ”Collect N T

'ﬁﬁf y

Orchards ; n,zSeeds“_ t% 5 98 jlForests

1
4; s L
') Iﬁ' ¥

Tree Speoes in Per|I Hemlock Trees Llngerlng Hemlock PrOJect Searching for Lingering Hemlocks Hemlock Health Monltormg Plots




Enter: the Lingering Hemlock Project

a

Distribution of HWA in 2023

Not all areas within HWA’s
spread have reached the 80%
mortality threshold.

HWA detections in 2023

-
i 1 o
1] @ HWA detections before 2023
1 ] _‘!_l Uninfested counties
T L Native Range of Hemlock
:i “7‘ Administrative FS Boundary
1

mgh
s

t
g N
l 7 Map Produced by

7 e USDA Forest Service 1/18/2024

K= | updated 3/7/2023

c P AKS- MFO

‘ 0 100 200 400 Miles

Tree Species in Peril > Hemlock Trees AMlgflglplellalElnlleled dge][Sled Searching for Lingering Hemlocks ~ Hemlock Health Monitoring Plots



Two Different Protocols:

>80% Hemlock Mortality

. 2o

Lingerig Hemlock Protocol
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Hemlock Health Monitoring
Protocol
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Lingering Hemlock Protocol

For areas with >80% hemlock mortality

M
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Hemlock

Submitted By
ID

Cones

Tree Diameter
Habitat
Nearby Trees
Treated

Comment

Crown Position

Hemlock Crown Health

Species

Hemlock Woolly Adelgid (HWA)
Coordinates

Location Accuracy

Date Collected

Photos

HEMLOCK RESTORATION INITIATIVE

Anonymous

860859384

No

17 Inches

Forest

No trees of this species nearby
Don't know

Upper reaches of Lower Ridge Trail. 30 feet west of trail.
There are two similar hemlocks on the Park Ridge Trail
just west of the standing Indian campground. Didn't have
my phone to take pix etc.

Codominant, this tree’s crown is level with or slightly
below other nearby trees

H = Healthy (>80% healthy crown; deep green, dense
foliage; skylight is mostly blocked when you look at the
tree)

Eastern hemlock (Tsuga canadensis)

I'm not sure

35.060548888508194, -83.55557089981922
Within 5 miles radius

April 30, 2021 10:57 AM

See All Photos

US Units

you can help find Lingering Hemlocks

Participants will use the TreeSnap
app to record surviving hemlocks
surrounded by dead or dying
hemlocks.

Tree Species in Peril » Hemlock Trees ) Lingering Hemlock Project J3S{cElgelallal-gelgMigfe{Slglal-Mal<lagllell& mlock Health Monitoring Plo




TreeSnap Data collected:

The Lingering Tree

® Species
e Size (DBH)

e |nfestation

M

HEMLOCK RESTORATION INITIATIVE ﬂ
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TreeSnap Data collected:

® Species ® Forest canopy
e Size (DBH) e Surrounding habitat type
e Infestation * Health of nearby hemlocks

M

HEMLOCK RESTORATION INITIATIVE ﬂ
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Lingering Hemlock Qualities

® At least 47 (1ocm) DBH
e Growing in a forested setting
® Where > 80% of surrounding hemlocks are dead and/or
are dying
e Not been treated with pesticides or horticultural oils in
the last 10-15 years
e Compared to surrounding hemlocks:
o Deep green needles
o Thick, full branches

O Less sky visible when looking through tree canopy

e I SRR e T B
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' L_ ngerlng Tree Search

n TreeSnap Home Map Scientific Partners About Login Register

AVAILABLE NOW
Help Our Nation’s Trees!

Invasive diseases and pests threaten the health of America’s forests. Scientists are working to

understand what allows some individual trees to survive, but they need to find healthy, resilient trees

in the forest to study. That's where concerned foresters, landowners, and citizens (you!) can help. Tag

trees you find in your community, on your property, or out in the wild using TreeSnap! Scientists will

use the data you collect to locate trees for research projects like studying the genetic diversity of tree

species and building better tree breeding programs.

Meet the scientists that use TreeSnap data Tutorials available on YouTube

#_ Download on the . GETITON
. App Store - Google Play |
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< Hemlock < Hemlock

American Chestnut ADD ENTRY INFORMATION ADD ENTRY INFORMATION

Castanea dentata

Location Tap to collect GPS of tree A group of lingering hemlocks,

. Ash g:bs.ir:tatlon surrounded by dead or dying
) hemlocks

Fraxinus sp. Images Add photos

Number of

Lingering Trees O ETiig

Hemlock Tree Identifier ~ Optional
s Species Select
Collection Lingering hemlock(s) data P SRS
purpose reporting

| White Oak

Quercus alba

Observation Tree diameter Diameter

subject Please select
Hemlock woolly

- Adelgid infestation level
American Elm Comments Add comment adelgid (HWA) 9

Ulmus americana Elongate

Advanced Options hemlock scale  Scale infestation level
(EHS)
i Eastern Larch

Larix laricina Other stressors Please select

Butternut Cones Please select
Juglans cinerea

Crown health Please select

| Other

Other trees that aren't listed above “ Cancel Treated Blsananlt
} Tree Species in Peril » Hemlock Trees ) Lingering Hemlock Project JSSI=Elgelallafefiiel g Slafet=lglaf-MEnl ([ <8 Hemlock Health Monitoring Plots
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To Join the Search:

Contact Olivia Hall at the

Hemlock Restoration Initiative:

education@savehemlocks.org

M

HEMLOCK RESTORATION INITIATIVE
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Download TreeSnap:
For Android For Apple




Hemlock Health Monitoring Plots

For areas with <8o% hemlock mortality
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Hemlock Health Monitoring
Plot Qualities

® An organization with capacity to conduct an annual
survey

® 20-40 living hemlock trees near each other

® < 80% hemlock mortality
e Untreated in the last 15 years

o Unlikely to be treated in the next 15 years

Tree Species in Peril » Hemlock Trees ) Lingering Hemlock Project ) Searching for Lingering

/7 918

Hemlocks |




Monitoring Plot Establishment

1. Mark plot boundaries so they can easily be found
in the future

2. Mark all trees to be monitored annually (>4” DBH)

Sk
i e

3. Collect GPS coordinates on each tree alongside

the number on its tree tag
4. Collect data on all dead trees in the plot /s 4

(Fagus grandifolia) Ehrhart (Fagus grandifolia) Ehrhart

5. Collect first round of annual data! 0 N

Tree Species in Peril » Hemlock Trees > Lingering Hemlock Project » Searching for Lingering Hemlocks _Sgtlallold Qo IcE idaNY lo]alidelalgleg =i lo]sS



Monitoring Plot Data Collection

Canopy Treatment
How Position Status: Has the
healthy is |({Dom, tree been

DBH the crown |Codom, treated with Motes. Use this space to record any
Tree Tag  |Hemlock species (if | (inches to of the tree? |Overtopped, |pesticides? (Y, |unigue things about this tree
Mumber |incorrect) the tenth) (H,1,5) N/ M, 7) (OPTIOMAL)

} Tree Species in Peril » Hemlock Trees > Lingering Hemlock Project > Searching for Lingering Hemlocks  3gl=laal(eYe|'8/= [SENidaN Y/ ol pliel g = =i 6]




Data Submission

Canopy Treatment
How Position Status: Has the
healthyis |(Dem, tree been

L]
DBH the crof Codom, treated witt Not: e this space to record any Sta to n I a b a S m a I I CO m
Tree Tag  |Hemlock spec (inches to HWA (H, |EHS ( of the tree? |Overtopped, |pesticid unigue things about this tree p p g L

Plot# |Wumber |incorrect

) the tenth) |Found? |Alive? M, L, No) |M 1S ) N/A) N, ?) (OPTIONAL)
24  eastern | 7D M L H overtopped| N

25 | N/A 15 ¥ Codom N double trumk
_ v overtopped | N dead but still standing

26 N/A 10
27 N/A as | v S Overtopped N dead, ov gyround

2% N / A "2 Overtopped N Annual Tree Information
' |Thisinformation needs to be filled out annually for each tree in each plot.

29 N/A A Overtopped N Please create one row per tree per annual visit.
.~ |Dropdowns are bordered in blue. Please select from the options provided.

20 N/A a9 Overtopped In subsequent years, please update from default is not found or no longer alive. (Column H)
|Additional instructions can be found on the first tab.

21 eastern | 14 Codom

Date of data DBH (inches Was this tree
Plot Tree Tag collection (MM- Data Collector  Data Collector  to the found and
Number Number Species DD-YYYY) Name Email tenth) alive? HWA !

24|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.e: 7.8 E
25|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.es 15 E
26|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.ex 1[}
27|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.e: 9.5 n
28|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.es 11.2 E
29|Eastern hemlock ( 11/14/2024 Grace Haynes  gh44/@cornell.es 11.1 I
30|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.ex 9.9 E
31|Eastern hemlock ( 11/14/2024 Grace Haynes  gh447@cornell.es 14
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To Set up a Plot:

Contact Grace Haynes (me) at the

New York State Hemlock Initiative:

gh447@cornell.edu
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Thank you to our many partners!
TheNature@

Conservancy THE UNIVERSITY OF

Protecting nature. Preserving life. TENNESSEE

KNOXVILLE

HEMLOCK RESTORATION INITIATIVE —i- pennsylvania

DEPARTMENT OF CONSERVATION
BN  AND NATURAL RESOURCES

University of

o Kentucky

GARDENS

{/Ecological
//Ecologica BLUE HILL

Institute HERITAGE TRUST
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De you own or have-access to a hemlock stand you can monitor?
Reach out to us to schedule a training:

Hewmlock Health

Grace Haynes (gh447@cornell.edu) < Wonitorivig Plots iv the

NE United States

Olivia Hall (education@savehemlocksnc.org)

<

Lingering Hemlock
Wowitoring in the
SE United States




QUESTIONS?

Grace Haynes (gh447@cornell.edu)
Olivia-Hall-(education@savehemlocksnc.org)




References:
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https://www.nps.gov/isro/learn/nature/invasive-species-spongy-moth.htm
https://www.nrs.fs.usda.gov/pubs/jrnl/2010/nrs_2010_koch 002.pdf
https://www.canr.msu.edu/uploads/files/e2746.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3821985/
https://www.jstor.org/stable/38077417?seq=1
https://www.apsnet.org/edcenter/disandpath/fungalasco/pdlessons/Pages/DutchElm.aspx
https://www.fs.usda.gov/nrs/pubs/gtr/gtr-nrs-p-174papers/01marcotrigiano-gtr-p-174.pdf
https://www.fs.usda.gov/foresthealth/technology/pdfs/HWA-FHTET-2014-05.pdf
https://www.nrs.fs.usda.gov/pubs/jrnl/2006/nc 2006 Poland 003.pdf
https://www.science.org/content/article/beech-leaf-disease-ravaging-north-american-trees
https://onlinelibrary.wiley.com/toc/14390329/2020/50/2
https://onlinelibrary.wiley.com/doi/full/10.1111/ddi.12112

https://www.caryinstitute.org/news-insights/feature/8-billion-north-american-ash-trees-risk-emerald-ash-
borer
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https://www.nps.gov/isro/learn/nature/invasive-species-spongy-moth.htm
https://www.nrs.fs.usda.gov/pubs/jrnl/2010/nrs_2010_koch_002.pdf
https://www.canr.msu.edu/uploads/files/e2746.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3821985/
https://www.jstor.org/stable/3807741?seq=1
https://www.apsnet.org/edcenter/disandpath/fungalasco/pdlessons/Pages/DutchElm.aspx
https://www.fs.usda.gov/nrs/pubs/gtr/gtr-nrs-p-174papers/01marcotrigiano-gtr-p-174.pdf
https://www.fs.usda.gov/foresthealth/technology/pdfs/HWA-FHTET-2014-05.pdf
https://www.nrs.fs.usda.gov/pubs/jrnl/2006/nc_2006_Poland_003.pdf
https://www.science.org/content/article/beech-leaf-disease-ravaging-north-american-trees
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