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National Park Service 2023; Forest Service 2022

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

History of Invasive Forest Pests in North America

1869: Spongy moth 
escapes captivity in Boston.

1850 1900 1950 2000 2025

Lymantria dispar 
(spongy moth) 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.
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Koch 2010; McCullough et al. 2005

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2000 2025

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

1890s: Beech bark disease (BBD) is 
detected in Nova Scotia, Canada.

Photo credit: Esther Kibbe, Ohio State University

This disease complex typically kills about 50% of 
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 
(beech scale)

(spongy moth)
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Fisher et al. 2012; Anagnostakis 1987

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2000 2025

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

BBD

1890s

Joseph OBrien, USDA Forest 
Service, Bugwood.org 

Early 1900s: Chestnut blight 
is introduced to the east 

coast of the United States.

Cryphonectria parasitica 
(chestnut blight)

spongy moth
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https://www.forestryimages.org/browse/detail.cfm?imgnum=5050040#collapseseven
https://www.forestryimages.org/browse/detail.cfm?imgnum=5050040#collapseseven


Venette et al. 2024

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2000 2025

In addition to hemlock this insect can feed on firs, 
cedars, spruces, and pines (though its impact on 
these other trees is negligible).

1890s

1908: Elongate hemlock scale (EHS) 
is first detected in New York.

chestnut 
blight

Early
1900s

Fiorinia externa
(elongate hemlock scale)

BBDspongy moth
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D’Arcy 2000; Marcotrigiano 2016

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2000 2025

This disease complex has killed over 40 million elm trees.

1890s

1930s: Dutch elm disease is 
introduced into the United States.

Photo credit: Joseph Benzel, Screening 
Aids, USDA APHIS PPQ, Bugwood.org

Photo credit: C.J. D’Arcy

Photo credit: Pests and Diseases 
Image Library, Bugwood.org

Scolytus schevyrewi 
(banded elm bark beetle)

Scolytus multistriatus 
(European elm bark beetle)

Ophiostoma sp.
(Dutch elm disease fungi)

EHS
chestnut 

blightBBDspongy moth

Tree Species in Peril Hemlock Trees Lingering Hemlock Project Searching for Lingering Hemlocks Hemlock Health Monitoring Plots



Havill 2014; McCullough 2015

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2000 2025

Hundreds of thousands of eastern hemlock trees 
have been killed by hemlock woolly adelgid.

1890s

1951: The first hemlock woolly adelgid (HWA) is found 
in eastern North America. It was first introduced in the 

early 1900s but was not detected until 1951.

Dutch elm disease

1930s

Photo credit: Chris Evans, University of Illinois, Bugwood.org

Adelges tsugae 
(hemlock woolly adelgid)

EHS
chestnut 

blightBBDspongy moth

Tree Species in Peril Hemlock Trees Lingering Hemlock Project Searching for Lingering Hemlocks Hemlock Health Monitoring Plots



Poland and McCullough 2006; Lovett 2022

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2025

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

1890s

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

1930s

HWA

Agrilus planipennis
(emerald ash borer)

Photo credit: David Cappaert, Bugwood.org

2000
1951

Dutch elm disease
EHS

chestnut 
blightBBDspongy moth
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Segall 2021; Carta et al. 2020

History of Invasive Forest Pests in North America

1869
1850 1900 1950 2025

This disease adds additional stress to beeches, 
which are already threatened by beech bark disease.

1890s

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

1930s

EAB

2000

Photo credit: Kristen Wickert, USDA Forest Service, Bugwood.org

Affected beech leaves

Litylenchus crenatae 
mccannii 

(nematode subspecies 
that likely causes beech 

leaf disease)
Photo from Carta et al. 2020

1951

HWADutch elm disease
EHS

chestnut 
blightBBDspongy moth
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History of Invasive Forest Pests in North America

1869
1850 1900 1950 2025

1890s 1930s
2000

BLD

1951

Liebhold et al. 2013

EABHWADutch elm disease
EHS

chestnut 
blightBBDspongy moth
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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.

© Debbie Miller, USDA Forest Service © Christian Marks © Kristen Wickert/US Forest Service ©  Kevin McKeon
©  New York State Hemlock Initiative



Emerald ash borer (EAB)

Fraxinus pennsylvanica
WHITE ASH

Beech bark disease (BBD)
Beech leaf disease (BLD)

EASTERN 
HEMLOCK

Hemlock woolly adelgid (HWA)
Elongate hemlock scale (EHS)
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Fraxinus americana

AMERICAN 
BEECHBLACK ASHGREEN ASH

Fraxinus nigra Tsuga canadensisFagus grandifolia

Emerald ash borer (EAB)Emerald ash borer (EAB)
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Bark
FoliageRough 

Furrowed 
Brown Lacy 

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

Distinct white stripes underneath
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Cones
Small
Rounded scales
Brown (when mature)
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Why hemlocks?
• Foundation and climax species
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Why hemlocks?
• Foundation and climax species
• Prevent erosion and sedimentation

Bill Hecht, 2005
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Why hemlocks?
• Foundation and climax species
• Prevent erosion and sedimentation
• Regulate water quality and temperature

Bill Hecht, 2005
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Why hemlocks?
• Foundation and climax species
• Prevent erosion and sedimentation 
• Regulate water quality and temperature
• Provide habitat

Bill Hecht, 2005
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Brook trout

Black-throated green warbler

Blue-headed virio

Porcupine

Moose



Hemlock Woolly Adelgid
Invasive hemlock pest
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Appears as 
white, waxy, 
woolly 
masses on 
hemlock twigs
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Feeding 
damages 
hemlock 

twig tissue
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years to kill tree
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HWA Native Ranges
HWA Invasive Range
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2 generations per year
Overwintering

Spring
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Hatch from eggs into 
crawler stage

April-June
Only mobile stage!

Tree Species in Peril Hemlock Trees Lingering Hemlock Project Searching for Lingering Hemlocks Hemlock Health Monitoring Plots



Crawlers settle on twigs 
and become aestivating 
nymphs

July-October
Overwintering only
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Nymphs 
feed, grow, 

and produce 
wool

November-June
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Adults lay 
50-100 

eggs
April-May
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Overwintering Generation Overwintering Generation

Next Overwintering GenerationSpring Generation

Spring Generation
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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.

Eastern hemlock

Carolina hemlock
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Ongoing control strategies
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Ongoing control strategies

Chemical Treatment
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Ongoing control strategies

Biological ControlChemical Treatment
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Biological control:
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Ongoing control strategies

Biological ControlChemical Treatment
Resistance Breeding
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Ongoing control strategies

Biological ControlChemical Treatment
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.

© 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.

© Debbie Miller, USDA Forest Service © Christian Marks © Kristen Wickert/US Forest Service ©  Kevin McKeon
©  New York State Hemlock Initiative
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Hemlock trees!!!



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

The End Goal: breed robustly HWA-resistant 
hemlocks while maintaining genetic diversity.
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Enter: the Lingering Hemlock Project

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

>80% Hemlock Mortality

Lingering Hemlock Protocol

<80% Hemlock Mortality

Hemlock Health Monitoring 
Protocol
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Lingering Hemlock Protocol

For areas with >80% hemlock mortality
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How you can help find Lingering Hemlocks

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

• Species

• Size (DBH)

• Infestation
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TreeSnap Data collected:



The Lingering Tree

• Species

• Size (DBH)

• Infestation
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TreeSnap Data collected:

The Surrounding Area

• Forest canopy

• Surrounding habitat type

• Health of nearby hemlocks



● At least 4” (10cm) DBH
● Growing in a forested setting
● Where > 80% of surrounding hemlocks are dead and/or 

are dying
● Not been treated with pesticides or horticultural oils in 

the last 10-15 years
● Compared to surrounding hemlocks:

○ Deep green needles
○ Thick, full branches
○ Less sky visible when looking through tree canopy
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Lingering Hemlock Qualities



Lingering Tree Search
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Contact Olivia Hall at the 
Hemlock Restoration Initiative:

education@savehemlocks.org

To Join the Search:
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Download TreeSnap:
For Android For Apple



Hemlock Health Monitoring Plots
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For areas with <80% hemlock mortality



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
● Untreated in the last 15 years

○ Unlikely to be treated in the next 15 years
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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)

3. Collect GPS coordinates on each tree alongside 
the number on its tree tag

4. Collect data on all dead trees in the plot

5. Collect first round of annual data!
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Monitoring Plot  Data Collect ion
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Data Submiss ion

Tree Species in Peril Hemlock Trees Lingering Hemlock Project Searching for Lingering Hemlocks Hemlock Health Monitoring Plots

1    24      eastern      7.8     Y      Y     M      L      H       Overtopped     N

1    25      N/A            15      Y      Y      H      L      H       Codom N           double trunk

1    26       N/A            10      Y      N      H    No      S     Overtopped N                                         dead but still standing

1    27      N/A            9.5      Y      N     H     No      S     Overtopped N                                           dead, on ground

1    28      N/A           11.2     Y     Y      L     M      H      Overtopped N

1    29      N/A           11.1      Y     Y      M     L       I      Overtopped N

1    30      N/A           9.9      Y     Y      M     H       S      Overtopped N                                          tree looks nearly dead

1    31      eastern      14       Y     Y      H     No      I        Codom N

statonlabapps@gmail.com



Contact Grace Haynes (me) at the 
New York State Hemlock Initiative:

gh447@cornell.edu

To Set  up a  Plot :
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Thank you to our many partners!
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Do you own or have access to a hemlock stand you can monitor? 
Reach out to us to schedule a training:

 
Grace Haynes (gh447@cornell.edu)

Olivia Hall (education@savehemlocksnc.org) 

Hemlock Health 
Monitoring Plots in the 

NE United States

Lingering Hemlock 
Monitoring in the 
SE United States



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

QUESTIONS?
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