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Got worms? That might be a problem! 

Investigating Impacts of Non-Native 

Earthworms in Hardwood Forests

Virtual Woodland, Water, and Wildlife Conference
March 3, 2021, 11:30am-12:00pm (est)

Tara L. Bal, PhD, CF     tlbal@mtu.edu

Assistant Professor, Forest Health

Earthworm Problems ςIn 4 parts

ÅBackground ςWhy Worms?

ïCanopy Dieback and Declines

ÅEcosystem Factors

ïά{ƛŘŜǿŀȅǎ /ŀǎŎŀŘŜέ LƳǇŀŎǘǎ

ÅWorm Info

ïIdentification, Sampling

ÅManagement Strategies

ïWhat folks can do!

Michigan Technological University is located within Ojibwa (Chippewa) 
homelands and ceded-territory established by theTreaty of 1842, the 

shared lands and waters of Native American nations 
inDŀƪƛƛǿŜΩƻƴŀƴƛƴƎ(Keweenaw Bay),Gete-gitgaaning(Lac Vieux 

Desert),Mashkii-ziibing(Bad River),Odaawaa-ȊŀŀƎŀΩƛƎŀƴƛƴƎ(Lac Courte 
Oreilles),Waaswaaganing(Lac Du Flambeau),Miskwaabikong(Red 

Cliff),Wezaawaagami-ziibiing(St. Croix),½ŀƪŀΩŀŀƎŀƴƛƴƎ(Sokaogon Mole 
Lake),Nagaajiwanaag(Fond du Lac),Misi-ȊŀŀƎŀΩƛƎŀƴƛƛƴƎ(Mille Lacs), 

andGaa-mitaawangaagamaag-ininiwag(Sandy Lake).
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Part 1 - Maple Decline on the Radar

ÅSevere dieback in UP MI by area foresters, beginning ~2005
ïMI, WI DNR Forest Health Highlights, ~2012-15

ÅHigh Value of Sugar Maple 

ÅConcern about management induced dieback?

ÅLoss of canopy = $ loss, concern for future regen

Sugar Maple Failure - Decline

Where has this been studied?  (examples)

ïRESEF network, Quebec, Canada
ÅDuchesne et al, 2005

ïAdirondacks, NY
ÅGardescu2003, Jenkins 1999

ïHubbard Brook Exp. Forest, NH
ÅJuice et al, 2006

ïAlleghany National Forest, PA
ÅMcWilliams et al, 1996

ïChequamegon-Nicolet NF, WI
ÅPowers, Nagel 2009

ïUpper Peninsula, MI
ÅMatoniset al, 2011, Donovan 2005, Bal et al 2017

Manydifferentconditions and factors attributed in literature

Dieback: loss of portions of a 
crown due to a single 
factor 

Decline: loss of vigor and 
growth and eventual 
mortality due to a 
combination of 
predisposing, inciting, 
and/or contributing factors

(Manion 1991; Houston 1992)

Dieback Defined
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Sugar Maple Ecology

ÅKeystone Species 

ÅClassic shade tolerant

ÅSelection Silviculture

ÅNatural regen.

Å[ŀǊƎŜ ІΩǎ ǎŜŜŘǎ ŜǾŜǊȅ н-3 years

ÅCan survive >30 yrs at <1m height

ÅCommon, 150,000/acre seedlings

Dukes Research Forest, Marquette, MI Jenkins 1997

Reported SM CanopyDieback Etiologies 

Åsoil nutrition and moisture

Åextreme weather events

Åatmospheric deposition

Åhighway salt

Ådefoliating insects- i.e. pear thrips

Åmanagement activities

Åsugar maple borer

ÅArmillaria spp. and decay

Horsley et al., 2002; Houston 1992; Whitney 1999: Bailey et al., 2004

acidic 
deposition

Reported Factors 
Associated with 

Maple RegenFailure
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Hazel Swamp Rd, Houghton County, MI, 2010

Lizzardro Rd, Keweenaw County, MI, 2009

Sugar Maple Dieback Monitoring

Crown & Bole

Growth and Climate

Sapstreak

Soil Nutrients

Foliage Nutrients

Regeneration Counts

Herbaceous Comp. 

Forest Floor Condition*

Ownership, Mgmt

2009-2012
sugar maple
mean crown dieback %

>10%  mean dieback considered 
unhealthy in literature!
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Factors Related to Regeneration

Mean SM regeneration counts (2009-2012)
Modeled plot and edaphic variables (n=65):

Significant Variables p value Trend Direction

Mean SM Tree Height <0.001 +

Seedling Mortality Rating 0.001 +

SoilCalcium 0.002 +

Soil Potassium 0.004 -

SoilCa/Al ratio 0.039 -

*No beech or exotic invasivesin majority of sites.
**Did not include deer density.

Factors Related to Canopy Dieback

Mean SM crown dieback (2009-2012)

Modeled plot and edaphic variables (n=65):

Significant Variables p value Trend 
direction

Forest floor rating 
(worms)

0.009 +

Soil Carbon <0.001 +

SoilManganese <0.001 -

Herbaceous Cover <0.001 -

Modeled Relationships with Dieback

Forest floor rating (earthworm impacts) compared to plot dieback, (p=0.014)

1 = heavy 
impact

5 = no 
impact
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How were earthworm impacts measured?

Forest FloorCondition, Earthworm Impact Rating Scale (Lilleskov, USFS)
Rating Descriptionof classcharacteristics

1 bƻ ŦƻǊŜǎǘ ŦƭƻƻǊΦ tǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ƭƛǘǘŜǊ ƻǾŜǊ ƳƛƴŜǊŀƭ ǎƻƛƭΦ Worm sign abundant. 

2 No humus, large old leaves under litter. Worm sign present or absent. Roots absent.

3
No humus. Small leaf fragments, larger old leaves present. Sparse roots. Some worm sign, 
but rare large casting piles.

4
Humus patchy, may be mixed in soil. Some roots, but not thick. Small worms may be 
found in the forest floor, but no large castings or middens.

5
Humus fully intact. Roots present in humus and leaf fragments. Forest floor coherent 
when picked up with intact recognizable layers. No worms or worm sign present. 

~4-5~1-2

Average Plot 
Earthworm Impact 

Rating

Bal, 2018

Part 2 ςEcosystem Factors
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Earthworm natural 
range in North America

Hendrix & Bohlen 2002

Predicted probability of invasion for L. 
terrestris across Huron Mountains, Upper 
Peninsula, Michigan. Model parameters include 
road proximity, soil pH, and land cover

Mapping Invasions

Shartellet al 2013

Predicting Invasions

ò91.7% and 98.9% of sugar 

maple habitató will be invaded 

within 100-years, from roads or 

timber harvest, respectively
Gundaleet al 2005

http://www.nrri.umn.edu/worms/forest/soil_layers.html

What do earthworms do?
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Ferlianet al., 2017

essentially 
ά9ŎƻǎȅǎǘŜƳ 
9ƴƎƛƴŜŜǊǎέ

- creating novel 
systems 

Physical and Biogeochemistry Impacts

Dobson et al 2017

Detection of Worm Invasion  in Tree Rings

ÅPulse, and deterioration
ÅMore sensitive to drought

Larson et al 2009
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Ground-nesting birds

Ovenbird

Seiurusaurocapilla

άǘŜŀŎƘŜǊΣ ǘŜŀŎƘŜǊΣ ǘŜŀŎƘŜǊέ

Loss 2012

Loss, S. R., & Blair, R. B. (2011). Reduced density and nest survival of groundȤnesting songbirds 
relative to earthworm invasions in northern hardwood forests. Conservation Biology, 25(5), 983-992.

Salamanders

ÅSalamanders declined 
exponentially with decreasing leaf 
litter volume

ÅDeclines in arthropod food source

ÅVariable impacts ςareas with 
native/invasive earthworms

Red backed salamander in Lumbricusburrow. Ransom 2012
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Frelichet al., 2019

Side-swiped ecological cascades

5ŜŜǊ Ҍ ²ƻǊƳǎ Ҍ ŜȄƻǘƛŎ Ǉƭŀƴǘǎ Ґ ƴƻǘ ƎƻƻŘΧ

Davaloset al 2015 Interactive effects of deer, earthworms, and non-native plants on rare 
forest plant recruitment. Bio Conservation

Micro effects lead to Macro effects

Frelichet al., 2019
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