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Introduction

Over 95,000 acres of Indiana land were stripmined before modern reclamation

laws were in place (5). While Indiana has a long history of coal stripmine reclamation

research, nearly all of the early research was directed at reforestation techniques, primar-

ily the survival of tree plantings, and spoil amendments. Research since 1970 has been

solely on the ecology of sites re-topsoiled and re-contoured under the new reclamation

requirements. The considerable acreage of early barren spoils abandoned to develop

a new topsoil and revegetate by natural processes have been left unstudied. This is

probably because 1) there is no current commercial incentive to study the abandoned

sites as an applied problem and 2) as a pure science problem, the succession on spoil

banks is too slow to yield results in one person's doctoral program.

In 1964, Munsee (25) studied the ecology of ants on relatively barren unreclaimed

Indiana spoil banks originally deposited in 1949-51. In 1981, Schrock (31) repeated

the methodology at the same 21 sites, now mostly revegetated. While the primary focus

of both studies was the surface-active insect populations (32), extensive samplings of

both the soil and vegetation at each site were used in analyses to explain the distribu-

tion of selected insects. Of these major factors studied by Munsee and Schrock—soils,

herbaceous vegetation, trees, and insects—this paper summarizes the tree data. These

studies, 17-years apart, constitute the first and probably the last possible real-time

comparison of changes on unreclaimed humid Midwestern spoil banks over a substan-

tial period of time.

Some studies have assumed that successional changes over time could be studied

at one point in time on a series of multi-aged spoil banks, but this approach has been

shown to be very limited by short-distance variation in spoils and microclimate (18, 32).

Bauer (2) observed that trees appearing on excavated mines in Germany were

". . .a chance combination of species without regard to natural plant associations. .
."

and ". . .competition begins to play a role in the determination of the final associa-

tion. . .after the vegetational cover is closed or after the microclimate has changed

due to shading by trees."

Neumann (26, 27) defined this importance of trees in altering spoilbank

microclimate in his study of succession of soil fauna on West German reclaimed coal

dumps. Neumann's sites were actively reforested and developed a closed canopy be-

tween the 7th and 11th year. Using continuous recording equipment, he measured

temperature, relative humidity and cumulative evaporation. The peak daily temperature

dropped dramatically between sites of these ages. Relative humidity no longer fell

drastically through the stressful afternoon hours under the closed canopy, but the

younger, open 7-year plantation closely resembled the spoils. Soil moisture remained
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depressed through the seventh year, but by the eleventh year had risen to the general

level of the undisturbed forests. Neumann found that populations of millipedes and

isopods dramatically increased with canopy closure and there was a switch in the ground

beetle population from open to woodland species. Although food supply and migra-

tion distances were also involved, he proposed that microclimate was the controlling

factor in the observed invertebrate succession on reclaimed spoilbanks.

In another study by Van der Aart (36), spider populations on a dune area were

studied for correlations with environmental factors twice, ten years apart. Both times,

the 12 species at 28 sites distributed themselves according to a main environmental

factor described by principal components analysis. Of 26 environmental characteristics,

the amount of light penetrating the vegetation came closest to approximating this main

environmental factor.

In contrast, Vogel and Berg (37) found that plant competition did exist between

black locust seedlings and dense herbaceous vegetation and also used treatments to

confirm that tree growth was held back by lack of N and P in coal spoils.

Methods

In 1964, Munsee selected an ecological study area in the old Sunspot Mines. The

location of the stripmines is south of Centenary in Vermillion County, Indiana, in

Township 14N, Section 24 (10) and physical site descriptions are detailed in Schrock

& Munsee (32). According to Lindsey et al. (19), the sites would have been classified

as beech-maple forest in pre-settlement Indiana.

The spoilbanks resulted from surface coal mining by Ayrshire Colleries from 1949

to 1951. Ayrshire sold about 300 acres of the spoilbanks to the Clinton Chapter of

the Isaac Walton League. The protection provided by the League and the relative inac-

cessibility of the research site prevented disturbance of the research site over the past

41 years. All seed dispersal is therefore natural.

Site Descriptions

Twenty-one research sites, 19 on mined spoilbanks and two in an adjacent un-

mined area, were selected by Munsee in 1964 with guidance from Dr. Leland Chandler

from Purdue University. The plots were selected to provide an assortment of exposures

and slopes (32).

The size and shape of plots varied due to topography (Figure 1). Plots were oriented

to avoid problematic areas and sampled a variety of tops, slopes and bases of ridges.

Site Designation

In 1964, Munsee designated his research sites by letters, beginning with "Site

A" in the south end of the area and working north along the mined ridges and west

to east when sites cut across ridges. "Site A" was an unmined site and later, Munsee

added an unmined woodland site, "Site W", south of site A. Therefore, sites labelled

by letters close together in the alphabet are physically closer together on the research

area, with the exception of site W which is off the spoilbanks from site A. Therefore,

tabular data are presented in the order "W, A, B, C, D. . .T."

Tree Survey

In 1964, Munsee tallied all trees greater than 2.54 cm (one inch) diameter measured

at 137 cm (4.5 ') height ( = dbh) at each site. Note that not all plot sizes are the same

in area or dimensions (Figure 1). There were no stems that qualified by these stan-

dards on sites B, D, I, L-O, P, Q and T in 1964. Of the 149 stems counted on the
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Figure 1. Variation in size of representative vegetation and tree plots in 1964, repeated

in 1981 with a change in vegetation sampling pattern only. The smallest plot was at

site N (upper right) and the longest was site L-O (left background).

other sites, two-thirds were on the unmined sites W and A. By 1981, all mined sites

harbored trees within the 1964 defined plots.

In 1964, Munsee used both a folding yardstick as calipers and a tape to measure

tree diameters, depending on the tree size. In 1981, all diameters were taken from

tape measures of circumference. Diameter values were converted to basal area in square

feet using Munns' forestry tables (23) both years. For multiple-stemed trunks, Munsee
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noted that ". . .each stem was measured separately and the measurements were grouped

so that all basal area values could be taken as one." This was repeated in 1981.

Munsee used Fernald (13) and Harlow (16) as chief references in determining

tree species. Schrock used Mohlenbrock (22) and Gleason and Cronquist (15). Some
tree leaves from both 1964 and 1981 were deposited with the Indiana State University

Herbarium by both researchers.

Quantitative Methods for Trees

In addition to total tree numbers and tree basal areas, an importance value was

calculated for each tree at the site. The importance value (I.V.) was defined here as

a measure of the influence that each species exerts upon the community. If only one

species is present, it comprises 100% of the basal area at the site and 100% of the

density. The sum of these relative percentages (each x 100 first) yields an I.V. of 200

for all sites with trees. The following formulae were used in 1964 and 1981:

_,,.,. . basal area of species A inn
Relative basal area species A = r—-.

?—

£

:
— x 100

basal area of all species

_ . . . . , density of species A v ,««
Relative density of species A = ^ ^

—

j—--. . x 1003
density of all species

Importance value of species A = Relative basal area + Relative density

The ecological value of an abstract "importance value" constructed from precisely

partitioned density and basal areas is difficult to show in spite of its extensive use

in forest community studies beginning with Curtis and Mcintosh (8). However, it may
have limited validity here because: 1) by reducing values to proportions, it partially

compensates for the varying plot sizes and 2) it is biologically reasonable that because

of its size, a single tree on a small plot would influence much of the area if alone

but have less influence if among other trees.

Clustering Methods, Correlations and Principal Components Analyses

Chambers (6) defines the serious shortcomings of diversity indices and rank cor-

relations for direct comparisons between communities but finds several similarity in-

dices appropriate and ". . .well-suited for evaluating mined land diversity."

To detect the complex patterns of similarity between sites based on trees, a cluster

analysis was performed using each site as a case. For this task, BMDP statistical pro-

gram P2M was used as modified to run on the Kansas University Computing Center

Honeywell DPS-3/E.

The distance between two cases of data is defined as the chi-square test of equal-

ity of the two sets of frequencies. The computer program begins by comparing each

pair of cases and using this chi-square test, joins the closest two cases. When two

cases are joined, a new centroid is formed by averaging each variable. In the next

round of searching for the shortest distance, this centroid is compared with other can-

didates for membership to the next larger cluster. The number of cases (or pseudo-

cases) is reduced by one at each step until all are clustered, forming a dendrogram.

Cluster analyses were performed for the 1964 sites with trees, for all 1981 sites,

and for all of these sites taken together. The methodology described above was ap-

plied to tree numbers, tree occurrence, tree basal areas and tree importance values.
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In addition, individual trees on each stripmine plot were compared in 1964 and

1981. Annual growth was calculated for trees present both years and this was com-

pared with average growth for the same species from Smith and Shifley's (33) data

on Indiana and Illinois trees for the same time period. Since their diameter growth

data is cumulative and trees grow slowly at first, it was necessary to calculate the

average growth for the final 17-year increment to compare with the observed 1964-81

growth. Trees were then designated as growing faster ( + ) or slower (-) than trees

in forest settings. All stripmine trees were arrayed by species according to the average

pH of their plot. Trees present in 1964 but dead or disappeared (D) by 1981 were

arrayed by 1964 site pH. Trees new to the site in 1981 (N) were arrayed by 1981 pH.

WAJKFCHERSMNG WABCGFNPMQITRSLHKEJD

10

12

TREE
NUMBER
1964

10

15

Figure 2. Dendrograms clustering sites by tree number in 1964 and 1981,

WAJEKGFMHNCRS WABGCSTL IQFNMRKEJHPD

fW
TREE

OCCURRENCE
1964

Figure 3. Dendrograms clustering sites by presence and absence of trees in 1964 and

1981.



238 Indiana Academy of Science Vol. 95 (1986)

WAJKEHRSNFMCG WABCGRNSJHTLIQFMKEPD

Figure 4. Dendrograms clustering sites by tree basal area in 1964 and 1981.

Results

Fully two-thirds of the trees in 1964 were on the unmined sites W and A (Table

1). Hickories, dogwoods and oaks dominated site W while site A was a young woodland

of hawthorns, elms and white ash. Red ash, silver maple, jack and Virginia pines and

a few sycamores, spotted the spoilbanks with rare occurrences of other species. By

1981, site W was found to still be maturing as reflected by a nearly universal reduction

in tree numbers (Table 2) and an increase in basal area (Tables 3 and 4). At site A,

white ash, American elm and hawthorns were declining in numbers although hawthorns

that survived increased in total basal area. This young woodland still saw additions

of stems over 2.54 cm. (1 in.) dbh of white oak, black oak, sassafras, tulip poplar,

black walnut and shagbark hickory. In 1964, site W led in total basal area, but by

1981 the addition of many young trees boosted basal area far beyond that for W.

On the mined sites, red ash occurred everywhere except at sites B, C and S and had

become 22 percent of the total tree population. Other species successful on spoilbanks

include silver maple, jack, Virginia and white pines, black cherry and hawthorns. Species

richness increased by seven species and site H in 1981 supported more basal area than

site A in 1964. New species included one tulip poplar and one beech. However, the

first occurrence of black willow on the sheltered banks nearest the stripmine lakes

may indicate that these sites were the only moist sites within dispersal range of black

willow stands off-site to the north.

Importance values, a composite figure reflecting each species percent contribu-

tion to each plot in both numbers and basal area together, are given in Tables 5 and

6. While one tree assumes total importance on sites C and M in 1964, by 1981 no

tree stands alone in its defined site. While red ash assumes great importance across

most strip mine sites, the two red ash trees present on site C in 1964 are no longer

present in 1981.

All tabular data reflect only the woody stems that survive to be one inch dbh

or greater, and in both years many stems may have existed just below this point to

go unrecorded only to appear later as important elements of the new community.

Sites without trees in 1964 are excluded from the dendrograms (B, D, I, L-O,

P, Q and T). According to tree numbers, the unmined sites W and A are separate

and distinct from the spoilbanks although tree basal area of site A is still closer to
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Figure 5. Dendrograms clustering sites by tree importance values in 1964 and 1981.

the spoilbanks than the forest (Figure 4). By 1981, site A is most similar to forest

site W, the relative amalgamation distance having decreased for their similarity based
on both numbers and basal area (Figures 2 and 4). The stripmine sites, all represented
by trees in 1981, are more disparate among themselves than A is from W, a reversal

over 1964 (Figure 2). Sites B, C, and G, while closer to W and A in number of trees,

are still closer to the spoilbanks in basal area produced in 1981.

That tree associations, even small ones, are laboriously slow in changing com-
position, is illustrated in the joint dendrogram of tree numbers in Figure 6. Sites for

1981 generally cluster very close to their 1964 positions indicating that the sites have
not generally moved on to become like other sites. This pairing is probably more
noticeable than shown since sites without trees in 1964 and trees less than 2.54 cm.
(1 in.) dbh are excluded. Site W has changed less than site A during these 17 years.

Sites N, F, H, M, G and J have undergone minor changes. Major shifts have occurred
at sites T, S, P, B, C and I.

WWAATSLPNNI QCMMFFBCG IGRSRHHFK i p n . w
8 6 868888868868686888668668618868

U

J —

i

—
TREE NUMBER
1964 & 1981

Figure 6. Dendrogram clustering 1964 (W6, A6, B6. . .T6) and 1981 (W8, A8, B8. .T8)
sites together on number of trees of 2.54 cm (1 inch) dbh or greater.
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WWAATLIQCSBMMFFKRHHNNSRGGEEJJDPKC868688888888686888686668686868866

TREE OCCURENCE
1964 & 1981

Figure 7. Dendrogram clustering 1964 and all 1981 sites together on presence and

absence of trees of 2.54 cm (one inch) dbh or greater.

By general appearance, sites B, C, and T in 1981 appear most forest-like. These

sites cluster with the forested unmined sites based on the importance values of trees

(Figure 5). Sites W and A are very distinct from spoilbanks based only on presence

and absence of trees in 1964 or 1981 (Figure 3). However, the anticipation that tree

species would cluster by site proximity in the occurrence cluster is not met either study

year. With respect to tree occurrence, sites W and A are little changed in amalgama-

tion distance over 17 years, while the spoilbanks show much greater variation and

greater amalgamation distances in 1981.

Combined 1964 and 1981 tree occurrence data (Figure 7) yield a dendrogram similar

to combined tree number data (Figure 6). Again, many 1981 sites remain generally

closer to their 1964 composition than to other sites (W, A, F, H, N and M, G and J).

Conclusions

Natural tree invasion of humid midwestern coal spoils varies widely on 32-year-

old sites, from extremely limited growth on acidic banks to a closed canopy on banks

within the normal local soil pH.

Among the workers who have appraised planted and naturally dispersed tree sur-

vival on coal spoilbanks are: Arnott (1), Indiana planted; Brewer and Triner (4), Ill-

inois natural; Croxton (7), Illinois planted; Davidson (10), central U.S. planted; DenUyl

(12), Indiana planted; Limstrom and Deitschman (18), Indiana planted; Stiver (34),

Indiana planted; and Tarbox (51), Indiana planted.

The ash Fraxinus pennsylvanicus was the most widespread volunteer on the

spoilbanks and is the most tolerant early colonizer. It has been considered a good

survivor (1, 4, 10, 12, 18) although Miles et al. (21) found ".
. .little growth or vigor

after 4 years." This same ash is a successful survivor on coal spoils extending to semi-

arid North Dakota mines (9).

Cottonwood has been found to be a good (7, 12, 17, 34) or fair (1, 18) survivor
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Figure 8. Occurrence of tree species on spoilbanks. (N) = new in 1981. (D) = present

in 1964 but died or disappeared in 1981. A plus indicates growth between 1964 and
1981 exceeded expected growth in forest stands (33). A minus indicates growth be-

tween 1964 and 1981 was less than expected.

on spoilbanks and has generated the hope some spoilbanks could eventually produce
pulpwood commercially. Cottonwood was a rare colonizer in this study.

Black locust, considered ". . .the No. 1 tree for its widespread adaptation to all

spoil groups and its rapid growth and quick cover. .
." (12) and considered a good
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survivor (1, 12, 17, 35) but poor by Davidson (10), was conspicuously absent on these

study sites in spite of seed supplies nearby. Observations by Sawyer (29) suggest locust

is subject to insect attack and is not a good competitor once reforestation is underway.

This is also confirmed by Boring and Swank (3) where locust only dominates early

forest regeneration and yields rapidly to other dominants.

Sycamore stands out as one tree which consistently fails to equal or exceed growth

rates expected in Indiana forests. Miles et al. (21) also detected lack of vigor and growth

but attributed its poor performance on spoils to the seedlings not being from a local

source. Others found sycamore a good (1, 4, 7, 17) or fair (12, 18) survivor but did

not compare its growth with non-mined rates.

While white pine failed to become established when direct seeded on banks by

Miles et al. (21), it spread on eight sites in this study. White pine has previously been

considered a fair (18) and good (17) spoil survivor. Compared to other pines, white

pine has shown the best survival on all spoil texture classes (28). New red pines ap-

peared on only a few sites. Survival has been considered poor (18) and it has the lowest

seedling survival rate on spoils among pines tested by Plass (28). Sawyer (30) con-

cluded that slopes were far more favorable than graded level areas, with Virginia, Jack

and pitch pine survival being 80% and 25% respectively. Pines in this study survived

equally well on all aspects.

Sweet gum was rated a poor survivor in Miles et al. (21), fair in other studies

(1, 17, 18) and good in two studies (12, 35). Several trees invaded our study site with

better-than-forest growth.

Limstrom (17) concluded stripmine tree studies showed ". . .little or no differences

in tree survival among aspects and between upper and lower slopes." This was sup-

ported by sites K, H, F and G in this study facing N, W, S and E respectively, showing

no unique tree associations. Nor do sites with similar aspects, soil textures or pH,

cluster consistently in similarity dendrograms based on tree numbers, occurrence, basal

area or importance value.

Overall, competition should also result in tree death or less-tnan-normal growth.

But deaths and decreased growth are inconsequential in this measurement from 15

years to 32 years after mining, and suggest competition as detected by Vogel and Berg

(37) occurs much later or on reclaimed sites. Competition with smaller trees less than

one inch dbh may occur similar to the suppression of close-planted black walnut on

spoils described by Geyer and Noughton (14).

The clustering of sites based on chi-square similarity produces nonrigid dendrograms

which can be rotated to orient the sites from the forest site W to the near-barren

spoilbank D. While some internodes can still rotate, clusters are forced into intermediate

positions that correspond to successional stages for coal stripmine spoils. Four dif-

ferent "counts" used for clustering were based on different assumptions. "Tree oc-

currence," based on the presence or absence of trees, presumed the number and size

of trees is unimportant or chance. . .the important factor being whether the tree species

survive on the site. (Sites with 1 and 5 trees of species A are similar, different from

a site with none.) "Tree number" minimizes this threshhold effect and weighs the

number of trees of each species regardless of their basal area. (Sites with and 1

trees of species A are similar, different from a site with 5 trees.) "Basal area" clusters

on productivity visible above 1 " dbh and "Importance Value" measures similarity on

an average of percentages of density and basal area per species per site. Each count,

based on a different premise, yields a different dendrogram. Nevertheless, the old field

site A always remains distinct from the stripmine sites and associated with the matur-

ing forest, and the more densely revegetated spoils fall in intermediate positions.

Although only trees greater than one inch dbh were "visible" in this analysis,

the assortment of trees appeared to support Bauer's (2) proposal that they were merely
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a ". . .chance combination of species. .
." able to survive on the spoils. The fact that

1981 stripmine sites clustered nearest or very near to their 1964 position when pooled

together indicates that competition from herbaceous vegetation as described by Vogel

and Berg (37) was insufficient to change these tree communities in any single direction.

In 1959, DenUyl (12) measured 10 hardwoods planted on Indiana spoils in 1949,

six of which naturally invaded the spoils in this study. All six species in DenUyPs

study exhibited a normal range of variation in diameter growth over 1 1 growing seasons,

the mode for all six being clearly greater than in-forest growth for these species in

Indiana as later measured by Smith and Schifley (33). The accelerated growth on the

unshaded spoilbanks for most species was confirmed in this study and represents

"release" from the shaded forest environment.

In 1925, McDougall (26) subjectively described the spoilbanks one county west

of this study site as originally a typical bottomland forest association which ". . .under

favorable conditions. . .is reestablished in about 24 years." In contrast, this study reveals

unreclaimed Indiana coal spoils, 32-years old, to be a highly variable and highly

fragmented assemblage, likely to be determined by chance dispersal and tolerance to

pH and aridity, unlikely to yet be shaped by competition. . .and far too premature

to be considered a reestablished forest.
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