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Background — Why Worms?
—Canopy Dieback and Declines
Ecosystem Factors
—“Sideways Cascade” Impacts
Worm Info

—Identification, Sampling
Management Strategies
—What folks can do!
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Part 1 - Maple Decline on the Radar

* Severe dieback in UP Ml by area foresters, beginning ~2005
— MI, WI DNR Forest Health Highlights, ~2012-15

* High Value of Sugar Maple

* Concern about management induced dieback?

* Loss of canopy = $ loss, concern for future regen
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Sugar Maple Failure - Decline

Where has this been studied? (exampies)
— RESEF network, Quebec, Canada
* Duchesne et al, 2005
— Adirondacks, NY
* Gardescu 2003, Jenkins 1999
— Hubbard Brook Exp. Forest, NH
« Juice et al, 2006
— Alleghany National Forest, PA
* McWilliams et al, 1996
— Chequamegon-Nicolet NF, WI
* Powers, Nagel 2009
— Upper Peninsula, MI
 Matonis et al, 2011, Donovan 2005, Bal et al 2017

Many different conditions and factors attributed in literature

Dieback Defined

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)




Sugar Maple Ecology

Keystone Species

Classic shade tolerant
Selection Silviculture

Natural regen. »‘ ’ ==
Large #'s seeds every 2-3 years L -srmele
Can survive >30 yrs at <1m height ‘ET

g m

Common, 150,000/acre seedlings "

15 5 15 25 35 45 55 S5+

Diameter Class (cm)
Dukes Research Forest, Marquette, Mi Jenkins 1997
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Reported SM Canopy Dieback Etiologies

* soil nutrition and moisture

extreme weather events

atmospheric deposition

highway salt
defoliating insects- i.e. pear thrips

management activities

sugar maple borer
Armillaria spp. and decay

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

Reported Factors
Associated with
Maple Regen Failure

&




2/24/2021

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

2009-2012
Crown & Bole sugar maple
. - mean crown dieback %
Growth and Climate o
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Forest Floor Condition* | T
Ownership, Mgmt L
e Yo |
o >10% mean dieback

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 +

Soil Calcium 0.002 +

Soil Potassium 0.004

Soil Ca/Al ratio 0.039

*No beech or exotic invasives in majority of sites.
**Did not include deer density.
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Factors Related to Canopy Dieback

Mean SM crown dieback (2009-2012)

phi

Significant Variables p value Trend
direction

Forest floor rating 0.009 +

(worms)

Soil Carbon <0.001 +

Soil Manganese <0.001 -

Herbaceous Cover <0.001 -
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Modeled Relationships with Dieback

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

1 =heavy
impact

5=no
impact

s

earthworm impact rating

o

0

10 20 30

average sugar maple % dieback




How were earthworm impacts measured?

\ Y
Forest Floor Condition, Impact Rating Scale (Lilleskov, USFS)
Rating _Description of class characteristics

1 No forest floor. Previous year’s litter over mineral soil. Worm sign abundant.

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

No humus. Small leaf fragments, larger old leaves present. Sparse roots. Some worm sign,
but rare large pile:

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.

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.

aoa wN
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Average Plot
Earthworm Impact
Rating

i
LS

Bal, 2014
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Earthworm natural
range in North America

Hendrix & Bohlen 2002

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

(1995), James (1995), and Reynolds
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Mapping Invasions

Predicting Invasions
“91.7% and 98.9% of sugar
Predicted probability of invasion for L. iz le habitat" will be invaded

terrestris across Huron Mountains, Upper within 100-years, from roads or
Peninsula, Michigan. Model parameters include
road proximity, soil pH, and land cover

Shartell et al 2013 Gundale et al 2005

timber harvest, respectively
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What do earthworms do?

‘Sparsa and simple.
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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
“Ecosystem
Engineers”

- creating novel
systems
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Ferlian et al,, 2017
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Physical and Biogeochemistry Impacts

Earthworm uninvaded Earthworm invaded
. Nutrient deficiency in
 PRAY VR
S e 3400
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Healthy reoting Tight nutrient cycling Al nutrients
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= = mpmeﬂ.‘;\wm&‘ Deeper rooting
Dobsonetal 2017
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Detection of Worm Invasion in Tree Rings
18
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==/ = Significant difference from worm-free RWI

* Pulse, and deterioration

* More sensitive to drought
Larson et al 2009
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Ground-nesting birds
Ovenbird
Seiurus aurocapilla

“teacher, teacher, teacher”
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Loss, S. R., & Blair, R. B. (2011). Reduced density and nest survival of ground-nesting songbirds
relative to earthworm invasions in northern hardwood forests. Conservation Biology, 25(5), 983-992.
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Snake Environment
Salamanders s,.am.n,.,
* Salamanders declined Habitat
exponentially with decreasing leaf ~\/eficaten
litter volume

« Declines in arthropod food source

* Variable impacts — areas with
native/invasive earthworms

Red backed salamander in Lumbricus burrow. Ransom 2012




Side-swiped ecological cascades

Frelich et al., 2019
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Deer + Worms + exotic plants = not good...

Non-native plants

Recruitment of rare forest plants

NO recruitment
from seed addition

Aristalochia serpentaria
Earthworms.

Davalos et al 2015 of deer, earth
forest plant recruitment. Bio Conservation

rms, and plants on rare
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Micro effects lead to Macro effects

Habitat
alteration and DISEASE DYNAMICS (HUMAN,
PLANT, ANMAL)

| inawiauatstc

SolN.P K || " eftects on FACILITATION OF INVASIVE SPECIES
Ca, Mg, H;0| plant

temperat

i urﬁl Ppopulations PLANT COMMUNITY COMPOSITION

Soil structure, /
= Bulkdensity,
(organc horzon

‘Alteration of
microbial

processes and

soil food web

MICROCASCADE EFFECTS

WILOLIFE HABITAT QUALITY

FOREST AND CROP PROCUCTVITY

SOIL AND WATER QUALITY

Habitat
alteration for ‘CLIMATE CHANGE AND CO;
vertebrate
species ISTURBANCE REGAME
~WIND AND FIRE

MACROCASCADE EFFECTS

Frelich et al., 2019
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Micro effects lead to Macro effects
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Frelich etal., 2019 “ultimately affect societal well-being”

31

32

Cocoon

33
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Ecological Groups A T
: B

ANecic |
-litter + soil feeder
-soil dweller

so

~dorsally pigmented

“extensive vertical burrows
anent)

~large size

)i

T :‘, ‘l & *red wriggler* . daeic: o
601, § I i Ane:i:. "'W

Anecic: Aporrectodea longa
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Invasion progression, shifting groups

Moss line indicates
Pprevious position

Declin in epigeic

B
gs
T
gf
I

Larson (pers comm
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Not every worm is everywhere!

¢ And they don’t all do the same thing!
* ~15-30 species in GL region
¢ ~100+ in southern US
* 1000s species worldwide

¢ Continuous introductions...
* New species
* Genetic variability
* Different impacts

36
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EARTHWORMS

I1SBN-10: 097920061X

Background Info

Useful Anatomy Overview
Identification Guides
Dichotomous Key
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Canada Worm Watch
* https://www.naturewatch.ca/

wormwatch/

More Online References

Great Lakes Worm Watch worm
« http://nrri.umn.edu/WORMS/ ENGAGING CITIZENS IN SCIENCE
default.htm Lumbricus terrestris
Ventral View | Comenon Name: it
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Forest Floor Rating*
Flip and strip
Digging

Midden counts

Mustard solution

—1 gallon jug to ~1/3 cup dry
mustard powder slowly over
about 1sq ft

Other methods for sampling

39
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http://nrri.umn.edu/WORMS/default.htm
https://www.naturewatch.ca/wormwatch/

Some important worms to look for

Jumping Worms
“Ké‘ug:.’.‘.\

Amynthas spp. and Metaphire spp.
Ao
Not to be confused with:

What to look for: Jumping worms
© threaten forest health

Nearly all earthworms in the Northeast today are non-native

h,
15108 Inches long.
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Reported In Michigan since 2008|
o
*
S e ! . Midwest Invasive Species
3 3 . 0" Information Network 10.19
d 1 - misin.msu.edu
T e o
®%
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Part 4 — Practical worm management?

* Chemicals that kill all worms? No...
* Worm killing-fungi, bacteria? No... WORM BINs
* Some sand granules so sharp that slice :

through worm guts
— soil amendment?

Eliminate fishing bait dumps
Inspect nursery plants and soil
Responsible vermiculture
Practice worm BMPs

2/24/2021
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Earthworm BMPs (Best Management Practices)

Powerwash equipment between sites
Boot scrubbers at trailheads

Public Awareness

Use local road grading materials

Site selection — supplemental planting —
fertilize — consider rotation length
Identify and Monitor earthworms

— record impacts

Bottom Line: Options available to
attempt resolving issues but
uncertainty exists
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Potential Silvicultural Decision Tree for Sugar Maple Stands

Healthy

Unhealthy

(>10% average dieback, or
regeneration failures)

(<10% average dieback,
adequate regen)

Limit earthworm spread
~contracts should include washing equipment,
and using local road fill
-remaining trees not likely - Even with earthworm disturbance present,

toincrease growth rates precautions should stilllimit spread

Heavy Harvest

No earthworm
disturbance

-harvest as normal

Yes earthworm
disturbance
thin lightly &
monitor

45
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Forest Impacts are Context/Location Dependent

Length of time since invasion?

Worm Species present?

Deer facilitation

Invasive plants

Soil physical/chemical properties
* Mycorrhizae
Invertebrates/wildlife impacts

“Mesophication”
* “Acerfication” or “Maple-ization”

2/24/2021
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Traditional vs Novel Systems

(@) (b) NOVEL
° ¥ SYSTEM
§5 o 58
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Seastedt, Hobbs, Suding (2008)

Front Ecol Environment 6(10): 547-553

a7
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Future Maple Decline Research Plans
* Revisiting sites, 10+ years

Examining Risk Models

— National Insect and
Disease Forest Risk
Assessment, USDA)

— Worms, deer, climate
change, defoliators...

* Impacts on sap chemistry LK i ( | 2%

Flost extant tle to no 88 loss)./*
1%

[ B
I 25% or greater oftatal B loss
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Wrapping Up

* Spread the word!

— Need for incorporation of earthworm impacts in forest data
collection, potentially silvicultural prescriptions

* Many large, interdisciplinary, landscape-scale questions still
to be asked
— What about other major forest tree species?

— Ecosystem Engineers = Novel Systems
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