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Filling a Niche

Hemlocks often grow 
on steep slopes and 
in shady areas



Supporting the 
Food Web
Habitat and food for over 400 
forest species including birds, 
mammals, and arthropods

Presenter
Presentation Notes
Hemlocks are the base of the food web in their ecosystem. In addition to providing shelter in the forest, they also provide a winter food source for species like deer, moose, and porcupinesHemlocks create unique habitat for lots of species including tree arthropods, salamanders, migrating birds. 



Providing 
Ecosystem Services

Hemlocks help keep freshwater 
streams cold and clean

Presenter
Presentation Notes
Hemlocks are critical for cold, oxygen-rich stream conditions for native brook trout and other cold-water aquatic speciesSlide 6: Aquatic Ecosystem ServicesHemlocks provide several ecosystem services that are important for both humans and wildlife alike.Hemlocks help protect freshwater resources for people (and wildlife, esp. trout)Hemlocks have shallow, wide-reaching root systems that stabilize soils on steep slopes.



Creating Unique 
Habitats

Hemlocks create distinctive soil and 
water chemistry and temperature 
regimes

Presenter
Presentation Notes
Hemlocks act as a natural filter between other land uses and freshwater resources. This includes filtering runoff from human activities or agriculture, especially things like pesticides or fertilizers. Hemlocks provide critical aquatic habitat. They help provide the necessary conditions for cold-water stream fisheries for native fishes like brook trout. These and other fish species require cold streams to breed and reproduce, and we may lose trout fisheries without hemlocks present.Hemlocks keep water cool and clear: aside from direct shading of streams, hemlocks keep snow on the ground later into the spring. Slower snow melt in spring keeps groundwater cooler for longer, and direct shade keeps streams cool.



76%
privately 
owned

of New York’s 
forested land is



Hemlocks
are the 
third most 
common 
tree species 
in New York

Presenter
Presentation Notes
Hemlocks are the third most common tree in NY state, and NY has more Eastern Hemlock than any other state in the nationThe densest hemlock populations are concentrated in the Adirondacks, Catskills, and Tug Hill Plateau regionsHemlocks are often so common that we take them for granted! (part of the definition of a “foundation species”)Hemlocks are slow growing and live for a long time. The presence of large, healthy hemlocks represents a mature forest ecosystem. It would take many years for this ecosystem to recuperate after a loss of hemlock.



Pisgah National Forest
Photo: Steve Norman

Losing hemlocks

Presenter
Presentation Notes
Slide 7: Impacts of Hemlock LossWe would likely see a different forest without hemlocks. This photo is from the Pisgah National Forest in North Carolina. HWA killed almost all of the hemlocks in the southern Appalachians. While in New York we are looking for HWA, in the southern Appalachians they are trying to find healthy hemlocks that have managed to survive. In the Great Smoky Mountains National Park, for instance, they are working hard to save 1% of their hemlocks using chemical treatment. We don’t want our forests to look like this, so we have to be proactive about conservation efforts and continue to survey for HWA.As we have seen, hemlock loss would have negative impacts on the quality of our freshwater resources, wildlife habitat, the aesthetics and economic value of our forests. 



Hemlock Woolly Adelgid
Invasive hemlock pest



HWA Native Ranges
HWA Invasive Range

Presenter
Presentation Notes
Slide 8: Hemlock Woolly Adelgid Hemlock woolly adelgid is the culprit behind massive hemlock loss in the eastern US. HWA is a non-native invasive forest insect pestThe biotype of HWA we have here in eastern US originated in Southern Japan, where its populations are controlled below levels of widespread hemlock mortality through a suite of natural predators. Our hemlock trees have no resistance to HWA and we have no native HWA predators, so HWA populations can grow unchecked until they kill our hemlocks.It takes around 4-20 years for HWA to kill a hemlock tree. HWA infestations kill a tree more quickly if the tree is in an area where it is susceptible to drought, poor growing conditions, warmer winter temperatures, or other tree pests such as root rots.Infestation characterized by white, woolly masses clumped usually near the bases of needles directly on hemlock twigs. The wool is secreted by the insect, it acts as a natural buffer from wind and cold and serves as an ovisac for laying eggs. 



1980s
HWA 
enters 
New York

Presenter
Presentation Notes
Slide 16: HWA in New YorkMap: 2017 DEC Map of HWA infestation sightingsHWA arrived in New York in the Long Island and Lower Hudson regions in the 1980’sHWA in NY is spreading mainly in the north and west directions HWA can spread over longer distances through movement of infested nursery stock.HWA also spreads naturally in forested lands through vectors like wind and birds, and can be found far from urban and suburban areasManagement differs depending on the severity of infestations, how long HWA has been present, and the resources available.



Hemlock Woolly Adelgid
Identification and Biology

Presenter
Presentation Notes
Slide 12: HWA Identification: Using HWA PhenologyHWA ID:Fall, Winter, Spring: HWA infestations characterized by white, cottony, woolly masses present on twig near the base of needlesWool is great for protection from wind and cold and for forming ovisacs to hold and protect eggsSummer:HWA is still visible when it is aestivating (dormant), but the small aestivating nymphs are easier to see using a magnifying glass or hand lensHWA will look like a tiny, black sesame seed surrounded by a thin halo of white woolOther notes:Just one or two woolly masses can indicate an infestation. When surveying it is helpful to look at branches on all sides of the tree and multiple twigs per branch to get a clearer picture of what is happening on a particular tree



Appears as 
white, waxy, 
woolly 
masses on 
hemlock twigs



Feeding 
damages 
hemlock 

twig tissue



years to kill tree



Hemlock Woolly Adelgid
Phenology and Spread



2 generations per year
Overwintering

Spring

Presenter
Presentation Notes
This is the life cycle of HWA. There are two generations per year-each begins with eggs hatching into nymphs, which go through four nymphal stages known as instars before reaching adulthood to lay eggs.Eggs of HWA’s first generation, called “sistens” hatch into crawlers in early summer, usually in early-mid June. This is HWA’s only mobile phase. The crawlers are small, only around 0.2mm in length, and are easily carried by birds or wind to new locations, or may be spread by movement of other animals or humans during this time. Crawlers in the canopy could also spread to new trees if they hatch on branches that cross over one another.  (Photo: bottom left)First-generation sistens crawlers settle on a twig at the base of a needle and insert their mouthpart into the twig. At this time they go dormant and enter a period known as aestivation for the summer months. This nymph will become more active in the fall. (Photo: top left)The sistens nymphs begin to feed or break their aestivation, in mid-to-late September into October. They grow and develop throughout the fall into the winter before reaching adulthood. This is also the time they begin to put on wool (Photo: top right)The HWA sistens, now adults, lay their eggs in mid-late March and early April (the timing will depend on environmental conditions in a given location). In the photo on the bottom right we’ve taken a picture with the wool pulled back to expose the adelgid (left) and a clutch of eggs (right). This adult is about 1mm in length and will lay about 50-100 eggs. (Photo: bottom right)The first-generation eggs hatch into HWA’s second annual generation, called the “progrediens generation”. This generation does not go through a period of dormancy, and begins growing and developing as soon as crawlers settle on the twig. They develop quickly and progrediens adults lay eggs in the early summer to hatch into the next year’s HWA sistens.NYSHI tracks the phenology, or the timing of major life stages, of HWA to help time biocontrol releases. Since the biocontrol bugs feed on certain life stages of HWA, it’s important to know when HWA is in those particular stages in order to make sure there is food available to the biocontrol bugs when they are released.



Hatch from eggs into 
crawler stage

April-June
Only mobile stage!



Crawlers settle on twigs 
and become aestivating 
nymphs

July-October
Overwintering 
only





Nymphs 
feed, grow, 

and produce 
wool

November-June



Adults lay 
50-100 

eggs
April-May





HWA Invasion

2 generations 
per year

Reproduce
asexually

No native 
HWA 
predators

Presenter
Presentation Notes
Slide 10: HWA: Here Comes TroubleThere are three major reasons why HWA is such a problem here on the East Coast:HWA has 2 generations per yearHWA reproduces asexually, so all individuals are egg-laying, female insects—JUST ONE ADELGID CAN START A NEW INFESTATIONHWA has no native natural enemies on the East Coast. In places where adelgid populations are native like Japan, East Asia, and the US West Coast there are several HWA predators to manage populations to levels where they do not damage trees.As climate changes, there will be less HWA mortality in the winter so populations of egg-laying adults will be greater in the spring. 



No HWA 
population 
control



HWA 
Management

Chemical

Biological

Presenter
Presentation Notes
Slide 15: HWA ManagementIt is important to know where hemlocks are and continue to monitor hemlocks for HWA infestations. Early detection and rapid response to emerging infestations will help slow the spread of HWA and maintain local tree health.There are two management tactics for HWA:Pesticide treatment: This is the best option for preserving priority hemlocks in the short termBiocontrol: Long term, landscape scale management using biocontrols is the goal. Using pesticide treatment methods, we are able to save individual hemlocks in the meantime and preserve the genetic diversity of hemlocks in NY until biocontrol is more effective on a widespread scale.Ultimately, it will be a combination of management techniques and a suite of biocontrol predators that will give us the best chance to control HWA populations.



Imidacloprid Dinotefuran

Long-lasting

Slow-acting

Widely available

Fast-acting

Short lifetime

Applicators 
only

Presenter
Presentation Notes
There are two products used for the treatment of HWA:Imidacloprid (active ingredient)Slow acting: takes up to a year to fully protect the canopy of a treeLong-lasting: protects tree for up to 7 years following treatmentDinotefuran (active ingredient)-also known as Safari or TranstectFast acting: spreads throughout tree’s canopy within 3 weeksShorter lifetime in tree: only protects treated tree for a yearGood to apply both products to preserve the canopy in the short-term so that the longer-term imidacloprid has time to become fully effective.Best Management Practice (BMP): Basal bark applicationProduct applied directly to tree to avoid contact with soil or nearby water sourcesBasal Bark Applications must be done by a certified pesticide applicator. The only imidacloprid application method available to private landowners is soil drench. Dinotefuran is only available for use by a certified applicator.Visit NYSHI website for detailed management information



Best Management Practice



Imidacloprid in 
Context

Reduced off-target 
impacts
Low risk to 
pollinators

Reduced need for 
reapplication



Treatment prevents 
a cascade of 
ecological effects
from hemlock loss

Presenter
Presentation Notes
Slide 19: HWA Management: Biological ControlBiological control is the use of a predator, parasitoid, or pathogen to manage a pest speciesCornell University is the home of the NYS Hemlock Initiative and the HWA Biocontrol Research Laboratory led by forest entomologist Mark WhitmoreThe NYSHI team focuses on research and release of two HWA predators from the Pacific Northwest: the beetle species Laricobius nigrinus, and two species of silver flies in the genus Leucopis. Laricobius beetles and Leucopis silver flies feed on HWA during different generations so that they do not compete but complement each other in the field, as on the West Coast.Biocontrols are still a long way from widespread establishment, but are a sustainable long-term solution to traditional management tactics. Effective biocontrols are not available for private landowners at this time.Visit NYSHI website for information on biocontrol of HWA and the species NYSHI studies



Where to Manage
Picking Stands to Protect



Initial Decision Tree

• Leading edge/isolated infestations: 

Treat

• Old growth remnant: Treat

• Likely to be removed: Don’t treat

• All other stands: Put through metric

Presenter
Presentation Notes
Hedges can become insectaries for us to raise colonies outside of the lab, providing a site where a locally-adapted population of beetles will be available to collect from and release at nearby sites.-yes, the beetles can fly, but they don’t fly very often, especially when they’ve got a great meal in front of them-hedges must be infested, but still healthy, bonus points if near other hemlocks



Considerations
Stand Traits

• Current stand health, size, density, 
isolation

• Environmental stress
• Proximity to HWA, water
• Genetic diversity

Aquatic Ecosystem Value
• Coldwater fish = upland snow in 

headwater cachement
• Provide direct shade to water
• At-risk water quality
• Stream flashiness*
• Drinking water

Terrestrial Ecosystem Value
• Primary forest

• Ecosystem rarity
• Rare species
• High quality habitat
• Hemlock-dependent species
• Steep slopes*

Cultural Value
• Political viability
• Hazard trees
• Natural/cultural resource
• Use/outreach potential

Sustainability
• Protection/investment risk
• Treatment feasibility
• Climate resilience *
• Deer pressure

Presenter
Presentation Notes
Hedges can become insectaries for us to raise colonies outside of the lab, providing a site where a locally-adapted population of beetles will be available to collect from and release at nearby sites.-yes, the beetles can fly, but they don’t fly very often, especially when they’ve got a great meal in front of them-hedges must be infested, but still healthy, bonus points if near other hemlocks



Prioritization Tool



Test Case: Cumming Nature Center

Stated goals:
• Minimize erosion
• Protect streams

Through 
discussion/survey:
• Spreading globeflower
• Hemlock swamps
• Property history
• Trail safety



Biological 
Control

Long-term

Landscape-scale

Research still in progress



Laricobius beetles
Pacific Northwest 
winter feeder

17K released

Beetles established 
at 7 sites



Leucopis silver flies

Pacific Northwest 
spring feeder

Eats HWA eggs

16K released



Presenter
Presentation Notes
Slide 8: Hemlock Woolly Adelgid Hemlock woolly adelgid is the culprit behind massive hemlock loss in the eastern US. HWA is a non-native invasive forest insect pestThe biotype of HWA we have here in eastern US originated in Southern Japan, where its populations are controlled below levels of widespread hemlock mortality through a suite of natural predators. Our hemlock trees have no resistance to HWA and we have no native HWA predators, so HWA populations can grow unchecked until they kill our hemlocks.It takes around 4-20 years for HWA to kill a hemlock tree. HWA infestations kill a tree more quickly if the tree is in an area where it is susceptible to drought, poor growing conditions, warmer winter temperatures, or other tree pests such as root rots.Infestation characterized by white, woolly masses clumped usually near the bases of needles directly on hemlock twigs. The wool is secreted by the insect, it acts as a natural buffer from wind and cold and serves as an ovisac for laying eggs. 



Biocontrol Research Timeline

Research 
potential pest 
predators

Obtain permits 
for predator 
release

Releases and 
continued 
research



Looking for HWA
You can help!







Spring 2021: Eastern Finger Lakes



Landowners

Find your hemlock 
trees

Survey for HWA 
on your property

Treat infestations



Community Members

Go to areas with 
hemlock trees

Survey for HWA

Report HWA 
infestations



Final Thoughts

Cannot rely 
on winter 
temperatures

HWA surveys 
and treatments 
are critical

Biocontrol 
will move 
us forward



Thank You!
Visit us online:

@nyshemlockinitiative

www.nyshemlockinitiative.info

Email Us: nyshemlockinitiative@cornell.edu
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