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ABackground; Why Worms?
i Canopy Dieback and Decling
AEcosystem Factors
ia{ ARSgl&a /Ia
Aworm Info
i Identification, Sampling
AManagement Strategies
i What folks cando!
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Part 1- Maple Decline on théRadar

A Severe dieback in UP Ml by area foresters, beginning ~2005
i MI, WI DNR Forest Health Highlights, ~2Q52

A High Value of Sugar Maple

A Concern about management induced dieback?

A Loss of canopy = $ loss, concern for future regen

Sugar Maple FailureDecline
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Where has this been studied@ampies)
i RESEF network, Quebec, Canada

A Duchesne et al, 2005
Adirondacks, NY

A Gardesc2003, Jenkins 1999
Hubbard Brook Exp. Forest, NH

A Juice et al, 2006
Alleghany National Forest, PA

A Mcwilliams et al, 1996
ChequamegorNicolet NF, Wi

A Powers, Nagel 2009
Upper Peninsula, MI

A Matoniset al, 2011, Donovan 2005, Bal et al 2017

Many differentconditions and factors attributed in literature
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Dieback Defined

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

Declineloss of vigor and
growth and eventual
mortality due to a
combination of
predisposinginciting,
and/or contributing factors

(Manion 1991, Houston 1992)




Sugar Maple Ecolog

A Keystone Species

A Classic shade tolerant
A Selection Silviculture
A Natural regen o
AL FNBS | Qa -3y&a®Ra ¢ =
A Can survive >30 yrs at <1m height ¢ -
A Common, 150,000/acre seedlings  * -

---sugarmaple
red maple
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Diameter Class (cm)
DukesResearch Forest, Marquettil| Jenkinsl 997
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Reported SMCanopyDieback Etiologies

A soil nutrition and moisture

A extreme weather events

A atmospheric deposition

A highway salt

A defoliating insectsi.e. pearthrips
A management activities

A sugar maple borer

A Armillaria spp. and decay

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

Reported Factors
- Associated with
Maple Regerfailure




2 4 *
Hazel Swamp Rd, Houghton County. MI, 2010
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Sugar Maple Dieback Monitoring

20092012
Crown & Bole - sugar maple
Growth and Climate mean me"_d'se:Ck%
Sapstreak | $IT2 . sien
Soil Nutrients K ;::’nj“ww
Foliage Nutrients e ?’,, s )
Regeneration Counts . N

Herbaceous Comp. I ™y
Forest FlooCondition* | ;
Ownership Mgmt

. |
o >10% mean dieback
: unhealthy in literature!
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Factors Related to Regeneration

Mean SM regeneration counts (202912)
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 exotiénvasivesn majority of sites.
**Did not include deer density.
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Factors Related to Canopy Dieback

Mean SM crown dieback (202912)

Modeled plot and edaphic variables (n=65):

Significant Variables p value Trend

direction
Forest floorrating 0.009 +
(worms)
Soil Carbon <0.001 +
SoilManganese <0.001 -

Herbaceous Cover  <0.001 -
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Modeled Relationships with Dieback
Forest floor rating (earthworm impact$ compared to plot dieback(p=0.014)
1=hea ; 1
impact
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5=no
impact

earthworm impact rating
w
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average sugar maple % dieback
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Forest FloorCondition, Earthworm Impact Rating Scaleilleskoy USFS;
Rating Descriptiorof classcharacteristics
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Nohumus, large old leaves undkéter. Worm sign present or abserRRootsabsent.

No humus. Small ledfagmentsJarger old leaves present. Sparsets. Some worm sign

but rare large casting piles.

Humuspatchy,maybe mixed in soil. Some rootsyt not thick. Small worms may be

found in the forest floor, but no large castingsmiddens.

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

Rating
- ® 1-2
s 2-3
o 3-4
. 4-5
b sl
N
\'“s
N

Bal, 201
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Part 2¢Ecosystem Factors
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Earthworm natural
range in North Americe

Hendrix & Bohlen 2002 A

Figure 1. Appr Nearctic Pacific re-
sions of North. i

(1995), James (1995), and Reynolds
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Mapping Invasions
[/
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Predicting Invasions
091. 7% and 98.

Predicted probability of invasion for L. m_a B I _e habitato
terrestris acrossHuron Mountains, Upper wi thin 100 rogdeaar

Peninsula, Michigan. Model parameters include timber harvest, respectively
road proximity, soil pH, and land cover

Shartellet al 2013 Gundaleet al 2005
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What do earthworms do?
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https://media.springernature.com/original/springer-static/image/art:10.1007/s10530-012-0399-2/MediaObjects/10530_2012_399_Fig1_HTML.gif

essentially
ao902ae
9y 3IAYS
- creating nove
systems

Ferlianet al., 2017
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Physical and Biogeochemistry Impacts
Earthworm uninvaded Earthworm invaded
. Nutrient deficiency in
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Healthy rooting Tight nutrient cycling Al nutrients.
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Detection of Worm Invasion in Tr&ngs
s 1:0 N, VORVALTT M
Y N

0.2 | annual RWI chrenologies
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7-~ Worm-free RW| ! Mid-point RWI —/— Worm-invaded RWI

==/« Significant difference from worm-free RWI

APulse, and deterioration
AMore sensitive to drought v
Larson et al 2009
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Groundnesting birds

Ovenbird
Seiurusaurocapilla
Wy L N

adSHOKSNE GSHOKSNE GSHOKSNE
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Loss, S. R., & Blair, R. B. (2011). Reduced density and nest survival of groundzhesting songbirds
relative to earthworm invasions in northern hardwood forests. Conservation Biology, 25(5), 983-992.
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Snake Environment
Salamanders T
’ v,
A Salamanders declined Habiat
exponentially with decreasing leaf \egfiaion

litter volume
A Declinesin arthropod food source

A Variable impactg, areas with
native/invasive earthworms

Red backed salamanderlinmbricushurrow. Ransom 201}




Sideswiped ecological cascades

Frelichet al., 2019
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Davalo®t al 2015 Interactive effects of deer, earthworms, and -martive plants on rare
forest plantrecruitment.Bio Conservation
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Micro effects lead to Macro effects

Frelichet al., 2019
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