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Background: Coal Mining
Disturbance

Native Hardwood Forest

More than 1.5 m|II|on acres disturbed by mining
in central Appalachia alone (Pericak et al. 2018)




Background: Ecosystem
Services

» Water quality & yield
» Flood control

» Carbon sequestration
» Biodiversity

» Wildlife habitat

» Cultural uses

» Ecotourism

Constanza et al. 1997. Value of
ecosystem services. Nature
(3 X products)




Background: Coal Mine Reclamation

> Pre 1977 No federdl
reclamation/reforestation
requirements

1 » Some reforestation work, but..
» Many highwalls left
» Unstable slopes

» Landslides, large rockfalls,
subsidence

» Impacts to water quality
» Sedimentation
» Acid mine drainage

Shpais >Salts, heavy metals
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Background: Surface Mine Control and Reclamation Act

(SMCRA, 1977)
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» Federal law requiring
environmentally
responsible coal mining
and reclamation, as
well as began program
for reclamation of
abandoned mine lands

* Focus on soill
stabilization and water
quality

SW Virginia. Unstable outslopes such as these caused water

quality degradation.



Background: Grassland Replacement Approach (1977-2007

Site preparation
-Compacted topsoil substitutes

AR

Hayland-pasture, unmanaged forest



Background: Coal Mine Succession

» Unmanaged
grasslands succumb

tO scrub

» Dominated by exotic,
invasive species

» Often planted
purposefully — dense
cover to reduce
erosion (Zipper et al. 2011)

» Many former codl
mines in arrested

SUCCESSION (Fields-Johnson
2011, Pericak et al. 2018, Zipper et al.
2021, Putnam 2025)




Background: Reclamation Before/After SMCRA
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Typical pre—SMCR mined Icmds obové and post-SMCRA
mined lands below



Background: Foresiry Reclamation Approqch

1. 4’ of topsaill,
weathered
sandstone, or best
available material

""'”"""Mixof
0 A, E B, C, &R

2. Sr’re prepere’rron loose,
uncomp__ec’red surfcrce

=
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3 Tree compcr’rrble

4. Mix of ne’rrve commercial

ground cover ond wrldlrfe ’rrees

5. Proper tree planting
(e.g. professional tree
_ planters)

(Burger et d'l 1992 Burger et al. 2005 Burgerend Zipper 2011)



Methods: Study Goals

» Experiment established between 2007-2008 to test grading x seeding
treatments (Fields-Johnson 2011)

» Quantify free community composition in grading x seeding treatments




Methods: Study Setup

» Graded/seeded by winter
2007/2008

» Block characteristics

» Block 1 weathered/unweathered
SS

» oH 5.51 t0 5.96
» Southerly aspect
» Block 2 unweathered SS, SIS, Sh
»pH 7.46 10 8.10
» Easterly aspect

» Plofs 1-3 Loose, plots 4-6 Smooth
(Fields-Johnson 2011)




Methods: Study Setup

> Three seed mixes

» AR (1 & 6): Annualrye

» CON (2 & 4). Conventionadl
mix (Including
orchardgrass, Korean
lespedeza)

»TC (3 & 5): Tree
compatible mix (lower SR,
non-competitive species)



Methods: Tree Planting

Planting
» Trees professionally planted as Scpecies iw;-es and species TdenS/i:?'
’ . . . rop Tree Species rees/ha
oare-root seedlmgs I.ﬂ \A/.IhTeI’ White ash (Fraxinus americana) 205
2007/2008; 2nd p|GﬂTIﬂg |820012 \White oak (Quercus alba) 205
. Sugar maple (Acer saccharum) 205
> Mix of chestnuts (AC' @(C Black cherry (Prunus serotina) 205
hylbrids) planted into Loose Red oak (Quercus rubra) 205
lots Chestnut oak (Quercus prinus) 205
P Black oak (Quercus velutina) 205
Tulip poplar (Liriodendron tulipifera) 124
= Wildlife and Nurse Tree Species
Gray dogwood (Cornus racemosa) 54
G O Red mulberry (Morus rubra) 25
i o] A w s TRANR Redbud (Cercis canadensis) 54
SR e White pine (Pinus strobus) 91

T R e TN e Shagbark hickory (Carya ovata) 62
Photo credit: S. Klopf TOTAL 1845



Methods: Plot Measurements

» Five 0.05 ha tree plots established in
2008 in each grading x seeding
tfreatment plot

1 Acre Treatment Plot

1/20%™ Acre Woody
«~ Plant Sample Plots
+
@ : “H
. 1/1000 Acre Herbaceous

Sample Plots

» Corners and plot centers relocated
(re-monumented as needed)

» Spring 2025: cover x species

» Richness and S-W diversity calculated
from cover data

» Native vs. non-native richness and
cover calculated

S
s
S
=

» Diversity calculated for overall plofs
(few NN species in relatively few plots




Resulis: Early Survival and 2025 Canopy Cover

trees ha! trees ha! % %
54 27 113 950
91 85 127 143
124 91 /1 80
205 86 73 77
205 112 /9 90
205 117 53 39
205 140 95 68
54 27 66 67
205 67 68 90
205 5] 58
205 57 57
25 87 117
62 18 31
1,845 74 135

» Low early survival in 2008; replanted in 2009 resulting in improved survival
and significant cover in 2025




Results: General
Observations

» Overall, B1 plots
at/near closed
canopy; B2 much
more open

5, W

¥
A

» Native volunteers

» Sourwood (B1); z |
staghorn sumac (B2); * ;J%{f."‘:
black locust (B2) ’,

» Non-nafive volunteers

> AO (B2); butterfly bush 7 J*
(B2) ‘

Photos: NC arboretum; University of Minnesota Extension, Oregon State University Extension, The Nature Conservency



Results: General Observations

» Significant browse (elk, white-
talled deer) in Block 2,
particularly in Loose-graded
plofts

» Which came firste

» Lower free establishment
and higher grass cover
more attractive to grazerse

» More grazers reduced tree
growth such that grasses,
efc. were not shaded oute




Results: Community Composition

Chestnuts,1_Sourwood,1 _Shagbark hickory, 1

Black locust, 1__Red mulberry, 1

Chestnut oak, 2
Sumac, 2

Butterfly bush, 3
White ash, 3

Sugar maple, 3 \\
Black oak, 3 \
Redbud, 3 3

Tulip poplar, 8

Red oak, 5 .
White oak, 6

Black cherry, 6

Other, 1

White pine, 9

Autumn olive, 14

Greydogwood, 10

» All planted species still
surviving within plots

» Additional species
volunteering on site

» Native: sourwood, black
locust, staghorn sumac

» Non-native: autumn olive,
butterfly bush



Results: Block Effects

» 6 native species, including
volunteer sourwood (p<0.05)
higher coverin Bl; chestnuts
higher coverin Bl (p<0.05); AO

0 and staghorn sumac (p<0.001)

I ‘ higher in B2

i | I |

T Trnnane By el
Richness (S) BIOCk 1  114204a)] 1.0£020 diversity (p<O.(§)Ol ).high,er iN
97+04b | 1.5+02a .

.\(\0

Block 1 2.2+0.0a , ,
Diversity (H" ) Block 2 19+00bD » Non-native richness
Cover (%) Block1 | 77.6+27a| 87+27b Egzg'ggl ; ﬁgﬂ;ﬁﬁ;
Block2 |584+27b| 288+2.7a '




Resulis Grading Effects

» Higher sugar maple coverin Loose
grade (p=0.032)

» Higher AO (p=0.044), black cherry
(0=0.015, white pine (p=0.037)cover
In Smooth grade

» Loose graded plots in Block 2
HEAVILY grazed

N o
S °°\ao & g0 oes\(\o:'a & ik o ¥ o o o > ‘e \\° i
&
|| Native | Non-native

c 113+04a | 1.3+0.1a

98+04b | 1.2+0.1a [ allelalsigalelnZsNlelalalcNYlg
" 21+0.1a Loose grade

1.9+0.1a

Cover (%) 67.0+3.3a | 165+3.0a
° 69.0+33a | 21.0+3.0a



Results: Seeding Effects

| | Native | Non-native
S

H’
. — Cover
» Highest black oak, chestnut oak,

and sugar maple cover in TC
seeding treatment
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» Difs in communities not always
significant, but there did appear to

> Higher native coverin TC be advantages to TC (lower NN
treatment, not different from CON cover, higher diversity, etc)



Results: Other Observations

» Novel pathogen observed
affecting AO on this site

» Causing significant
mortality of AO on this
site

» Overall effects on the
plant communities
unknown, but we intfend
to study this

» Currently being studied
INn more detail - see my
other talk for more
details!



Plot Photos: Loose Grade, Annual Rye
2009

Block 1

Block 2
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Plot Photos: Loose Grade, Tree Compatible
2009

Block 1

Block 2



Plot Photos: Smooth Grade, Annual Rye

Block 1

Block 2
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Plot Photos: Smooth Grade, Tree Compatible

Block 1

Block 2




Summary and Discussion

» All planted woody species A dChel;tnu;sll iou[rwood L Shaghark ickory,
: s Black locust, 1__"\€d mutberry, 1., .~ Other
found alive after 17 years is ~
S|gn|f|CO n'l' Butterflybush 3_/ -

White ash, 3.

» Replanting 10 compensate REEREaEs
- . - Black oak, 3
for early mortality Is @

oractice worth studying

Redbud, 3.~ .. Autumn olive, 14

Red oak, 5./

» Volunteers— more native
volunteers in B1, more non- o

B h | ..Greydogwood,
native volunteers in B2 Black cherry, 6./ ,

Tulip poplar, 8 'White pine, 9

White oak, 6./




Summary and Discussion

» Some differences among grading freatments

» Greater native woody richness in Loose and more recruitment of native
volunteers

» Smooth grading not aggressive enough to elicit differences?
» Db/compaction not measured
» Some differences among seeding treatments
» Higher native canopy cover in TC than AR
» Higher cover of black oak, chestnut oak, and sugar maple in TC

» While not always significant, there did appear to be advantages to the

TC mix in early forest development (Franklin and Buckley 2006, Rizza et al. 2007,
Franklin et al. 2012)

» Other studies have shown growth medium can be more influential
during early establishment (Kost and Vimmerstedt 1994)



Summary and Discussion

» Strong differences between Blocks

» B1: Higher N richness and cover, higher diversity, higher
cover of several native trees (and chestnuts)

» B2: Higher NN richness and cover
» Whye
» South (Block 1) vs. East (Block 2) aspectse

» More water stress at S aspects, lower productivity (Burger
et al. 2002, Burger and Zipper 2011, Davis et al. 2012)

» Different spoll types (better pH, more weathered

marterials, and more fine materials (<2 mm) in Block 1)
(Burger et al. 2002Angel 2008, Fields-Johnson 2011, Skousen et al. 2011, Sena et
al. 2015)



Thanks!

Field assistance:
/enah Orndorff
Steve Nagle

VDOF (Joseph Lehnen,
Delaney Long, Rachel Kim)
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