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AQUATIC AND MARGINAL VEGETATION OF STRIP
MINE WATERS IN SOUTHERN ILLINOIS

ROGER BELL
Southern IMlinois University, Carbondale
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INTRODU CTION

Mining coal by the stripping pro-
cess destroys the original land sur-
face and leaves a waste area char-
acterized by parallel rows of spoil
banks 10 to 30 feet high intermingled
with pools of water ranging in size
from a fraction of an acre to 16
acres. This surface water consti-
tutes between 5 and 10% of the
total stripped acreage on the 5 areas
of study in Jackson, Williamson,
and Perry counties. The 52 pools
studied represent a relatively small
sample from the approximately 22 -
000 acres of stripped land in south-
ern Illinois.

Aside from the ecological signifi-
cance of the revegetation of an
artifically denuded site possessing
unusual edaphic charaeters and im-
posing an extreme migration handi-
cap, the purpose of this study was
to increase the knowledge concern-
ing these areas, thereby facilitating
future management.

GENERAL DESCRIPTION OF AREA

The overburden of the coal seam,
which is scooped from a narrow strip
and deposited to the side to form
the spoil, is primarily composed of
calcareous shales and soil-sized par-
ticles. However, a slate stratum im-
mediately overlying the coal seam
contains quantities of sulfur and
pyrites which upon oxidation and
hydrolysis are a source of mineral

acids. Unequal mixing of the vari-
ous strata results in a wide range of
pH values for the spoils and for
the pools of water below. The in-
tense erosion which occurs on the
40- to 60-degree slopes produces a
narrow, muecky shelf around the
perimeter of the pool. This heavy
runoff carries into the pools caleium,
magnesium, and sodium sulphates
produced by the decomposing spoils
which impart salinities of 200 to
4,000 parts per million. Eventually,
volunteer growths of cottonwood
(Populus deltoides), sweet clover
(Melilotus spp.), wild lettuce (Lac-
tuca scariola), cheat (Bromus spp.),
goldenrod (Solidago spp.), and aster
(Aster spp.) stabilize the spoils,
(A record of each identification has
been deposited in the Southern I1li-
nois University herbarium, and the
nomenclature follows .Jones, 1950).

Errecr or HyprogeEx Tox
CONCENTRATION

While the hydrogen ion concen-
tration at values below 4.0 may in
itself limit plant growth, the major
function of this value is as an indi-
cator of the behavior of certain es-
sential minerals. Above the mid-
point of the pH scale, cations such
as calcium, magnesium, and potas-
sium are more readily absorbed. As
it facilitates anion exchange, the
slightly acid medium is considered
optimum for plant growth on soils,
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Vegetation of Stripmine Waters 87

but waters are generally most pro-
ductive when moderately alkaline.

The majority of the water areas
studied exhibited pH values between
6.0 and 8.0 and were characterized
by dense growths of narrow-leaved
pondweed (Potamogeton foliosus)
on the shallow alluvial shelf. A
common associate of the narrow-
leaved pondweed at pH values be-
tween 7.0 and 8.0 was stonewort
(Chara spp.) also in a very profuse
growth. At pH 6.6 the aquatic
vegetation was much less dense, as
indicated by the widely spaced in-
dividuals of floating-leaved pond-
weed  (Potamogeton americanus )
which is slightly more tolerant to
acidity than the narrow-leaved pond-
weed.  Only emergent species oc-
curred in waters with pH values
below 6.4 (Table 1).

Errect oF CHANGING WATER LEVELS

Instability of the water table char-
acterized even the large lakes which
exhibited a recession of one to two
feet during the dry summer. In some
of the smaller ponds the water
levels dropped as much as eight feet.
These extreme fluctuations resulted
from the restricted size of the water-
shed, the absence of an overflow, the
lateral movement of subsurface
water through the porous spoils, and
the normally high rainfall in the
spring coupled with a hot dry sum-
mer.

Rise or fall of the water level early
in the growing season appeared det-
rimental to the zone of willows
(Saliz niger, 8. interior, and S. amy-
galoides) which occurred immedi-
ately above the shoreline border of
broad-leaved ecattail (Typha lati-
folia). This area would then be oc-

cupied by broomsedge (Andropogon
virginicus) which withstood early
spring submergence. Fluctuations
of the magnitude of three feet were
beyvond the wide tolerance limit of
cattail and favored the development
of moist soil annuals on the barren
recession zone, while the winter pool
level was usually marked by plants
more typical of the upper slopes,
such as sweet clover,

Wild millet (Echinochloa ecrus-
galli) was the most frequently en-
countered of these moist soil annuals.
Having the ability to adapt its
growth period to the duration and
seasonal interval of favorable mois-
ture conditions, it was found in all
stages of growth throughout June,
July, and August. Largeseed smart-
weed (Polygonum pennsylvanicum)
and straw-colored sedge (Cyperus
ferruginescens) were less common
on these exposed shores, seemingly
being dependent for their establish-
ment upon a recession of the water
during April or May. Secattered in-
dividuals of red loosestrife (Am-
mania coceinea) oceurred in the late
summer recession zone on five sites,

Rice cutgrass (Leersia oryzoides)
was associated with open stands of
cattail and indicated a stable water
level throughout the growing season.

ErrEcT oF SALINITY

The high mineral concentrations
of these waters do not necessarily
influence the floristies, although the
three most productive and frequent-
ly encountered hydrophytes, Typha
latifolia, Chara spp., and Potamoge-
ton foliosus, are reported by McAtee
(1939) to tolerate salinities of 2,500
parts per million. The close corre-
lation between salt concentration
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and plant distribution in coastal
areas is attributed to sodium chlo-
ride as the major constituent of sea
water. A particular group of plants,
the halophytes, are able to incor-
porate this substance in their cyto-
plasm while other plants exclude
this salt and are inhibited by this
osmotically active material which in-
terferes with the uptake of water.
Any injurious effects of the high
salt coneentrations in the study pools
would ionize within the plant cell
as the major salts, calecium and mag-
nesium sulphates, are secondary
plant nutrients and are readily ab-
sorbed. In strip mine lakes pos-
sessing normally high specific con-
ductaneces of 2,000 to 3,000 recipro-
cal megaohms (at 25°C.), water
primrose (Jussiaea diffusa) made
poor vegetative growth but grew
luxuriantly at a value of 300 re-
ciprocal megaohms which is approxi-
mately that of naturally oceurring
bodies of fresh water. An intoler-
ance to high salinity was also re-
flected by the leaf size of American
lotus (Nelumbo lutea), which aver-
aged one-third normal size in these
salty lakes.

Brrecr oF DissoLveEp OXYGEN

Lewis and Peters (1954) found
high dissolved oxygen values (8 to
15 ppm.) in both the epilimnion
and the hypolimnion of strip mine
waters in southern Illinois. They
attributed this condition fo infertile
waters with a low biochemical oxy-
gen demand and clear water which
permitted photosynthesis in the ther-
mocline, Laing (1941) found that
Typha and Seirpus shoots grew best
in an atmosphere of 5 to 10% oxy-
gen, whereas Nuphar, Peltandra,

and Pontederia were much less tol-
erant to aeration. He concluded
that semi-submerged plants inhabit
a particular habitat on the basis of
oxygen requirements for respiration
and growth.

The marginal bands of cattail
ascend the banks in seepage areas
around the pools, but the upward
limit is determined by the duration
of the aeroperiod. The high dis-
solved oxygen in the pools permitted
the Typha community to invade
water depths of two feet. 1In one
flooded lake a localized colony was
erowing in four feet of water with
i‘s leaves extending five feet above
the water’s surface. Another lake
contained cattail seedlings growing
in ten inches of water.

Errect oF TURBIDITY

The paradox of the intensively
eroding watershed and the erystal
clear pools below is partially ex-
plained by the filtering action of the
ferric oxide precipitates and the
floceulation of the negatively
charged soil particles by positive
jons. The spoil banks protecting
the pools from agitation by the wind
and the moderating influence of
thermal stratification on water move-
ments also contribute to the rapid-
ity with which the alluvial material
is removed from suspension. This
deposition accumulates on the foli-
age of submerged vegetation, form-
ing a light obstructing coat a six-
teenth to an eighth of an inch thick.
This interference is reflected chiefly
in reduced vegetative growth, as
depth of distribution is restricted by
the sheer drop-off along the outer
edge of the alluvial shelf.

Many of the pools contained algal
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growths which imparted a dark
greenish-brown color to the water.
The very acid lakes were readily
distinguished by their bright green
appearance, probably resulting from
an inecreased solubility of an iron
compound,

Errect oF AGeE or PooL

The range of variation which can
be expected when a correlation is
made between chemical character-
isties and age of the water is best
exemplified by a series of small
ponds on the oldest strippings in the
Pyatt area. This group possessed
the lowest salinities and the most
extreme pH values encountered,
with the exception of a sterile pond
which received drainage from a coal
dump and exhibited a pH of 2.3.
The acid pools with a pH of 3.5 and
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Fie. 1.—Correlation of salinity and pH
with age of strip mine pools in
southern Illinois,

a specific conductancy of 800 to 900
reciprocal megaohms contained no
submerged vegetation. The high-
water level of these acid pools was
marked by a border of round-seeded
paspalum (Paspalum circulare) and
wild millet, with sapling willows
higher up on the slopes,  Blunt
spikerush (Eleocharis obtusa) oc-
curred as scattered tufts on the moist
soil and in the shallow water. Para-
doxieally, though this spikerush
was frequently encountered in open
stands of cattail, it was most robust
in this extremely acidic habitat.

Within 50 yards of the acid pools,
large willows shaded dark coffee-
colored waters containing small-
leaved pondweed (Potamogeton di-
versifolius). A localized colony of
Small’s spikerush (Eleocharis
smallt) bordered one of the pools
which had a pH of 7.7. An adjacent
pool with the extreme pH of 9.4 had
its winter level marked by rice cut-
grass, blunt spikerush, and seedbox
(Ludwigia alternifolia). Another
pond in the same vicinity was simi-
larly heavily shaded by willows and
exhibited the same low specific con-
ductance of 100 to 200 reciprocal
megaohms as the other two pools. Tt
differed by having a pH of 7.5 and
being filled with a luxuriant growth
of bush naiad (Najas flexilis),

The marked deviation in vegeta-
tional aspects of this group of pools
from other waters of different ages
probably reflects unusual site con-
ditions rather than any successional
trends. The selection of the 52
study pools on the basis of variation
in floral composition and the inelu-
sion of larger bodies of water whose
chemical qualities would be slow
to change prevents an accurate anal-
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ysis of aging. A trend toward neu-
trality or slight alkalinity is indi-
cated by TFigure 1, but salinities
show little variation with age.

MIGRATION OF PLANTS

The initial invaders of newly cre-
ated bodies of water are Typha and
Potamegeton foliosus (McAtee,
1939). The wind-disseminated secds
of willows and cottonwoods, as those
of cattail, possess a similar advan-
tage for invading sterile soils. A
prime requisite of any migrant is
the presence locally of a parent col-
ony which will provide an abun-
dance of disseminules. An example
is narrow-leaved cattail (Typha
angustifolia) which was reported by
Riley (1954) as bordering strip
mine lakes in Ohio. Its infrequent
distribution in southern Illinois pre-
cludes it as an important element
in the strip land vegetation, even
though it was competing successfully
with broad-leaved cattail in two
study areas. Three species which
may be incapable of migrating into
the strip mine lands in southern Ili-
nois and which may be worth intro-
ducing because of their value for
wildlife are: soft stemmed bulrush
(Seirpus validus); wild rice
(Zizania aquatica) ; and ma rsh
smartweed (Polygonum coccineum).

JPERTILITY OF THE AREA

The stripland is apt to contain
higher amounts of phosphorus and
potassium than the original farm-
land, though the fresh spoils are
deficient in nitrogen and devoid of
organic matter (Limstrom and Deit-
schman, 1951). Three lakes which
had been fertilized for fish produc-
tion contained the better algal

growths, but the marginal aquatic
plants seemed little affected. Large-
seed smartweed, growing on rich al-
luvial soils at the Carbondale reser-
voir, reached a height of seven feet,
but the largest specimens observed
on striplands were four feet tall,
and the majority of the stands were
about three feet in height. The cat-
tail borders around the stripland
waters compared favorably in stat-
ure and density with similar stands
at Crab Orchard Lake, except that
the width of the marsh area was re-
stricted by the steepness of the spoil
banks composing the shoreline of
the stripland pools. The dense beds
of pondweeds, stonewort, and naiad
were in marked contrast to the mea-
ger growths of submerged aquatics
in the turbid waters along the wave
eroded shoreline of Crab Orchard
Lake.

SUMMARY

The majority of the 52 stripland
pools studied exhibited pH values
between 6.0 and 8.0 and were char-
acterized by dense growths of nar-
row-leaved pondweed (Potamogeton
foliosus) and stonewort (Chara spp.)
on the shallow alluvial shelf.

Extreme water fluctuations in
some of the smaller ponds were inim-
ical to the shoreline border of cat-
tail (Typha latifolia) and favored
the development of moist soil an-
nals such as wild millet (Echino-
chloa erusgalli), largeseed smart-
weed (Polygonum pennsylvanicum),
and straw colored sedge (Cyperus
ferruginescens) in the barren reces-
sion zone.

The high concentrations of min-
erals in the stripland waters, pri-
marily calcium and magnesium sul-
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- phates, apparently restricted the de-
velopment of water primrose (Jus-
siea diffusa) and American lotus
(Nelumbo lutea).

High values of dissolved oxygen
(8 to 15 parts per million) favored
the growth of cattails and permitted
the development of cattail seedlings
in 10 inches of water.

The filtering action of the ferrie
oxide precipitates and the floccula-
tion of the negatively charged soil
particles by positive ions keep the
pools erystal clear below the inten-
sively eroding spoil banks,

There was no indication of a
floral succession as the initial in-
vaders, Typha and Potamogeton
foliosus, were adapted to the trend
of the waters to neutrality or slight
alkalinity.

Densities of the submerged and
emergent aquatic vegetation indieat-
ed a high fertility for the waters,
but the steep spoil banks and the
resulting narrow zones favorable
for plant growth sharply curtailed
production.
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