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Impact of Bentonite Mining on Selecting Arthropods
CAROLYN HULL SIEG, DANIEL W. URESK, AND RICHARD M. HANSEN

Abstract

Arthropods were sampled in pitfall traps for 2 yr on bentonite
mine spoils and adjacent, unmined big sagebrush (Artemisia tri-
dentata) grasslands in southeastern Montana to assess the impacts
ofbentonite mining on selected arthropods, evaluate the success of
early reclamation efforts in restoring arthropods to mined sites,
and to identify limiting factors for colonization of spoils by
arthropods. The most significant impacts on selected arthropods
were on old, unreclaimed bentonite mine spoils, where after nearly
30 yr, numbers of 7 arthropod groups remained lower than on
unmined sagebrush grasslands. Spoils covered with topsoil had
higher captures of ground beetles (Carabidae) and crickets (Grylli-
dae) than unreclaimed spoils. And spoils covered with topsoil and
seeded supported captures of most arachnids, Coleoptera, Hemip-
tera, and Formicidae  similar to those on unmined sagebrush grass-
lands. Vegetative parameters measured in this study accounted for
a portion of the variability in arthropod captures; however,
microarthropod  populations, arthropod vagility, and soil water
contents may influence repopulation of mine spoils by some
arthropods.
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Information on arthropod colonization of mine spoils is impor-
tant in view of their role in soil formation and other functions. A
viable soil invertebrate community may be a prerequisite for a soil
medium capable of sustaining acceptable plant growth on coal
mine spoils (Ettershank et al. 1978). Insect activities (soil aeration,
litter decomposition, nutrient cycling, pollination, seed distribu-
tion, etc.) and the effect of their dead bodies on new coal mine
spoils may influence ecological succession more than the scattered
plants (Smith 1928). Arthropods provide food for many species of
vertebrates, thus enhancing the attractiveness of disturbed sites for
colonizing vertebrates. The return of arthropods to mined areas is
influenced by a variety of factors, including plant cover, species
richness (Majer et al. 1984),  and litter cover (Majer et al. 1982).
Insect vagility (Neumann 1973),  microarthropod populations, and
other factors further influence arthropod repopulation of dis-
turbed sites. The purpose of this study was to: (1) assess the impact
of bentonite mining on selected arthropods, (2) evaluate the suc-
cess of reclamation in restoring these arthropods to mine spoils,
and (3) identify limiting factors for arthropod colonization of
bentonite mine spoils.

Study Area
This study was conducted 9 km west of Alzada, in Carter

County, Montana. Elevations range from 1,000 to 1,100 m. A big
sagebrush (Artemisia tridentata) / buffalograss (Buchloedactyloides)
community occupied the majority of the study area (macCracken
et al. 1983). Small < 5  ha) bentonite mine spoil piles and pits were
scattered throughout the study area. Average annual precipitation
for the area is 37 cm, of which nearly 50%  (18 cm) occurs between
May and July (National Oceanic and Atmospheric Administration
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1976). Snowfalls are frequent from November through April. The
mean temperature is 7.8 oC, ranging from -6.4o C in January to
22.6oC in July.

Methods
Twelve 60-  by 60-m (0.36ha) study sites were selected: 10 on

bentonite mine spoils established between 1952 and 1978 and 2 in
adjacent, unmined vegetation. The study sites were grouped into 4
types by reclamation treatment and analyses of vegetative data: (1)
old mine spoils, (2) reclaimed spoils, (3) semireclaimed spoils, and
(4) sagebrush-grass rangeland. Five study sites were located on old
unreclaimed mine spoils (12 to 28 yr old) constructed before recla-
mation laws were passed; these were steep and sparsely vegetated.
Three study sites were on reclaimed mine spoils (5 to 12 yr old)
which had been countoured,  covered with topsoil, and seeded with
a mixture of wheatgrasses (Agropyron spp.) and yellow sweet-
clover Melilotus officinalis). Two study sites were established on
recently mined, semireclaimed bentonite mine spoils, both of
which had been contoured and covered with topsoil in 1978. Rill-
scale (Atriplex suckleyi) was the most common plant on all bento-
nite spoils (Sieg et al. 1983). Two study sites were located on gently
undulating, unmined big sagebrush-grass rangeland. Big sage-
brush, followed by western wheatgrass (Agropyron smithii) and
green needlegrass (Stipa viridula) were important plant species on
sagebrush grasslands (Sieg et al. 1983).

Arthropod populations were sampled with metal-can pitfall
traps, 15 cm deep and 15 cm in diameter. Twelve traps were buried
flush with the soil surface on each site in a grid pattern with 15-m
spacing. The pitfall traps were opened every 3 weeks from April
through October for 3 consecutive nights by placing a 2- to 4-cm
block under the edge of a wooden lid. The arthropods were col-
lected, classified, and counted daily. Pitfall traps may influence the
types of arthropods captured (Greenslade 1964, Nelson 1970,
Baars 1979). However, pitfall traps have provided satisfactory
density estimates for tenebrionids (Thomas and Sleeper 1977),
carabids (Baars 1979), and diplopods, spiders, and orthopterans
(Gist and Crossley 1973).

Plant canopy cover was estimated on the 12 sites during late
spring, midsummer, and late summer of 1979 and 1980. Plant
canopy cover was estimated by species in 150,20-by 50-cm quad-
rats placed at l-m intervals along 3 permanent, 50-m line transects
on each site using methods modified from Daubenmire (1959).
Canopy cover was visually estimated to fall into 1 of 7 cover
classes: 0=less than 1% cover; 1=1-5%; 2=5-25%; 3=25-50%; 4=
50-75%; 5=75-95%; and 6=95-100%  cover. Plant nomenclature
follows Nickerson et al. (1976).

Plant standing crop was estimated by harvesting aboveground
portions of all plants except big sagebrush annually at estimated
peak production (late July) on all sites. Plants were clipped at
ground level in 10,20- by 50-cm quadrats  on each of 3 permanent
transects on each site. Plant species were separated in the field,
oven dried in the laboratory at 60o  C for 48 hr, and weighed.

One- and 2-way (incorporating both years) analyses of variance
and Tukey’s multiple comparison procedure (Kleinbaum and
Kupper 1978) were used to compare arthropod numbers, plant
canopy cover, and plant standing crop among site types. Bartlett’s
Box F test was used to test for homogeneity of variances. Data with
heterogeneous variances were log transformed. Student t-tests,
Spearman’s rank order correlation coefficients, and Kulcynski’s
similarity indices (Steel and Torrie 1980) were used to compare
arthropod composition and means among site types and years.
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