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INTRODUCTION 

Management of disturbed ecosystems has been an 
area of growing interest among both applied and 
theoretical scientists (e.g. BioScience, 1985). 
Due to the reclamation laws of the late 1960 1 s and 
1970's and the awareness of the mining industry 
itself, studies on reclamation of coal strip mines 
have promoted both the management techniques and 
the theoretical framework on which to base those 
techniques. Treatises on the manipulation and roles 
of animals, plants and mutualistic organisms in 
these systems are connnonplace and continually 
increasing (e.g. Ehrlich and Mooney, 1983; E. Allen, 
1984; Elkins et al., 1984; Gessaman and MacMahon, 
1984; Williams and Allen, 1984). There have also 
been several recent discussions of general ecosystem 
properties and their respons.es to disturbance (e.g. 
Mooney and Godron, 1983; Bioscience, 1985). However, 
a major gap in our understanding of disturbance · 
effects and management strategies is the nature of 
and processes catabolized by saprophytic microbiota. 
As a functioning group, these organisms. represent 
the second largest component of all terrestrial 
ecosystems. Moreover, the processes they regulate 
are major factors determining reclamation success 
and long-term stability: nutrient retention and 
release, organic matter levels, and soil stabiliza-
tion. 

Nutrient dynamics and organic matter accumula-
tion have been shown for several decades as major 
mechanisms regulating the succession pathway (Fig. 
]). General reclamation practices such as 
fertilization and mulching are all based around 
these processes and constitute major points of 
debate among managers and theorists. However, due 
to the microscopic size and extremely high 
diversity of the microorganisms, they are virtually 
always ignored in management schemes. The research 
studies themselves rarely attempt to understand the 
organisms; they use some arbitrary inaccurate index 
of activity (_e.g. soil enzymes} on a scale irrele-
vant to both the organisms and the processes of 
interest. Attempts to describe large-scale nutrient 
iynamics or regulate use of treatments such as 
nulching without understanding the organisms 
tnvolved and the spatial scales (vertical and 
1orizontal). at which these processes are occuring 
tre virtually useless. In this paper, I will 
Lttempt to describe some of our observations of the 
~ffects of coal strip-mine disturbance in south-
restern Wyoming on saprophytic microbiota and 
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suggest some strategies which we are testing that 
might be useful for managing these systems to 
maximize recovery. I will limit the discussion to 
use as my example a topsoiled site which has been 
reapplied to the shaped overburden. This limit is 
created based on our existing knowledge of this 
essential role of topsoil in providing mutualistic 
organisms (E. Allen, 1984), as an important rOoting 
medium (McGinnies and Nicholas, 1980), a crucial 
source of initial saprobe inoculum and organic matter 
(Allen and MacMahon, 1985), and because it is 
gener~lly required by law (Public Law 95-87-sec. 515). 
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Figure 1,--Potential outcomes and regulatory 
mechanisms of strip mine regulation. 

CONSEQUENCES OF DISTURBANCE 

Microbial composition and dispersion are a 
function of both present and past conditions. The 
rates and kinds of processes in soil are dictated.by 
the species and .structure of the microorganisms 
present, Thus,· in order to describe and manage . .,.,y, 
the processes regulated by the organisms present, 
we must necessarily understand the effects of strip 
mining and revegetation on mass, diversity, and 
structure of those organisms. 

Of the three parameters needed to characterize 
saprophytic microbes, mass is probably the easiest 
but is rarely reported. Use of some of the more 
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recent techniques (see Jenkinson and Ladd, 1981) 
would allow more comparisons among ecosystems 
and treatments; this cannot be done at present. 
Our estimates indicate that using fungal hyphal 
length (Allen and MacMahon, 1985) modified by 
fluorescence microscopy (S8derstr8m, 1977) provide 
relatively similar estimates with the chloroform-
fumigation technique (Voroney and Paul, 1984). 

Our major, initial response of microbes to 
disturbance was a significant drop in mass. Upon 
respreading of topsoil stored 7 years, microbial 
carbon was 30 µg per g soil compared with 85 µgin 
the adjacent undisturbed area. This was due to a 
major change in the distribution of fungal mass 
(Fig, 2). Even after shrub planting and three 
years of plant growth, microbial C still ranged 
from 20 to 40 µg C, not significantly different 
from initial values. Soil organic matter also 
dropped with topsoil storage (Allen and MacMahon, 
1985) and remained level after 3 years from 
initiation of the site (.unpublished data). 
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Figure 2.--Distribution of total fungal hyphal 
length from topsoiled reclamation site and an 
adjacent undisturbed site. The samples with 

high hyphal length are from undershrubs (see 
Allen and MacMahon, 1985). 

Diversity is often discussed in descriptions of 
reclaimed systems. Because of the existing taxonomic 
problems and the tremendous numbers of organisms 
present, measuring diversity is probably the most 
difficult problem in microbial community ecology. 
Many of the problems are described in recent 
reviews (Atlas, 1984; Christensen, 1981). There are 
several diversity indices available but prior to 
their use, a "species-area curve11 should be 
generated. We found that in looking at the fungal 
component alone, 375 isolates from each site was a 
minimum to begin to describe differences (Fig. 3) 
and Christensen (.1981) noted that 750 isolates were 
necessary for the curve to begin levelling. These 
indicies also are often based on a log scale. In 
communities with a high number of single isolates, 
which is the case in most microbial communities, log 
1 = O. Thus, the vast contribution of richness to 
diversity is never incorporated . 
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Figure 3,--"Species area curve11 of isolations of 
saprophytic fungi from a topsoiled reclamation 
site and an adjacent undisturbed area in 
southwester~.Wyoming. 

MacMahon et a:l. (.1978) have argued that use of 
an organism-centered approach might yield a better 
understanding of ecosystem functioning. As an 
effort in this direction, we identified the dominant 
fungi in a topsoiled and adjacent undisturbed area 
(Allen and MacMahon, 1985). We observed that in the 
undisturbed area, the dominant fungi were tundra-tiag 
forms whereas desert-grassland fungi dominated the 
disturbed area; the stripping and storage of topsoil 
resulted in a complete loss of the dominant fungi, 
which perhaps are remnants from earlier climatic 
periods (Fig, 4). To confirm these patterns in 



laboratory experim~nt;.s we found t;hat those fungi 
from the undisturbed site grew better at 5°C than 
those from the adjacent disturbed site but the 
pattern was reversed qt 45°C. Organic matter 
inoculated with soil fro~ the undisturbed· soil 
decayed more rapidly at 5°C than whe_n inocula,ted 
with disturbed soil and was also revers¢d at- 45°c 
(Allen, .~npublished data). These results strongly 
suggest that the d~versity per~ is of lesser 
importance. There wa,s a high dtversity in both 
soils (Fig. 3). Bllt, the types of species present 
could have dramatic ef~ects on deco~position, thus 
immobilization/mi,~eraliza~ion of nutrients. 

TlJNORA-TIAGA 

PentcflltUIII rubrlm 

P. sf111Plfcfssf-

Cylfndroc1rpon spp. 

Chrysosporf11111 pannorwn 

c. asperatuia 

Strt1>1tnfng 

TrfchoderN ko11fgfi 

T. harzfanum 

. F1uarfum oxysporum 

Cladosportu111 cladosporfofdes 

Penicfllfum chrysogen',lm 

DESERT-GRASSLAND 

Figure 4.--Dominant saprophytic taxa of an-
undisturbed cold desert shrub land (.left) 
and a respread topsoil (right). Strip· mining 
may be the event initiating an irreversible 
shift in the fungal communities (.see Allen 
and MacMahon, 1985). 

Of the three parameters, quantification qf mass 
and densities are often at least attempted. We have 
suggested, however, that structural Ch8;racteris.tics 
may be as important as the oth~rs l:,µt are generally 
ignored (Allen and MacMahon, 1985). Vertical 
structure has been studied in forested ecosyste~s 
for some time. For example, the classic studies 
of Kendrick and Burgess (l962) demonstrate~ clear 
differentiatio~ of the fungal spec,ies and densities 
through the litter layers. in forested soils. Oft~n 
Jverlooked but proba~ly 8;S important are the 
1orizontal characteristics determining microbial 
1ctivity (_e.g. R. Boerner·, pers. connn.). Distinctive 
1orizontal and vertical differentiation of µutrients 
lnd organic matter in conjunction-with sqil 
1icrobiota are well-known £rpm arid habitats 
:_skujins, 19.81; Allen and MacMahon, ,1985). 

Following strip mining and soil replace~ent, 
dcrobial m~ss and diversity may or may not be 
eriously impacted; struct1,1re always is. .Hori,zontal 
tructure is totally destroyed · as topsoils _and. 
ubsoils individually c;i.re 'Qlix;ed J;,e:fqre respreqding. 
tour ~ite, fuµgai organization changed fro~ 
icrocommu11ities t;i.ghtly organized around .Plants 
J a diffus~ macrocommunity (Allen and 11acMahon, 
~85). New types of vertical structures ar~ formed. 
1~ topsoil and subsoil fractions are generally 
lfferent in textu~e a~d. any organic horizon is 

mi,xed with the topsoil or ~liminated. The buried 
subsoil generally has little microbial activity and 
organic matter (AlJ.en and MacMahqn, 1985) ·• The 
teXtural differences alone can regulate saprophytic 
activities (Griffin, 1972; Sorensen, 1981) ~ 

In summary, strip mining appears to affect all 
three Parameters of soil s~prophytic acttvity. 
However, adequate data for c9mparative studies do 
not exist in the literature. The use of better 
tecqnlques for estimating mass, aµ- individualistic 
approach to types or o~ganisms rather than general 
diversity estimates, and special attention to 
structUral charact~ristics wo1,1ld enhance our 
understanding of microbial response~ to strip 
mining considerably. 

FUNCTIONING OF SOIL SAPROPHYTES AND 
MANAGEMENT STRATEGIES 

Ultimately, the goal of land managers involved 
in strip mine reclamation is not the reestablishment 
of either the original mass or diversity of 
saprophytic microflora; it is the reestablishment of 
the types of p+ocesses and the appropriate ra~es 
necessary to maintain the desired ecosystem and land 
use. Thus, the goal is to provide the.environmental 
charac.ters necessary for establishment of appropriq.te 
microb'iota. 

,-Ehrlich an4 Mooney (1983) argued that each 
species has important roles in ecosystems which 
cannot be duplicated: by others. Following this 
l_ogic, it wciµld Pe nec~ssary to replace origj:tial 
species. Alternatively, Fowl~r and MacMahon (1~8f)· 
suggested that ~tinctio~ within conqnuµities or 
eco~ystems is Common and may regulate a;tributes of 
the structure and functioning of ecosystems. More-
over, newly initiat(m reclamation sites do not 
represent fully mature ecosystems and shpuld not 
sustain· equal process rates or an equivalent species 
co~po~ition. For example, if decomposition rates 
in the reclamation site w~re ini~ially as Uigh as 
the adjacent und~sturbed· site, there would be le~s 
or n"ci\b'+ganic matter build-up, a proces,s critical 
to pr,ag"ressive suc~ession (Vitousek apd Reiners, 
1975'}~·. Thus, reports of lowered mean decomposition 
rat~S .. On rec].aimed strip. mines than nativ¢ areas 
shoµld b~ assumed to be appropria.te, not .a 
detrimental factor (.e.g. Wieder et al., 1983). We 
would suggest that masses and species of microbiota 
$hould not be equal in a newly reclai.Jned and a native 
site~ 

An optimum set of microbiota should be present 
in order for desirable ve~etation to establish in a 
long-term sense~ On different areas, ~e have 
qbserved the two extremes wherein the soil microbiota 
activity resulted in serious negativ~ imparts on the 
ecosystem. In the first, more common in the east 
under· high precipiat'ion, t;he·m:i,crobiota are'too 
act;i.V,1f resulting in little to no organj.c' ~tter and. 
sevei;'e ··nutrient loss via leaching. In the second, 
more, -~Oi;nm,on in lower prej:!ipitatiOn areas, initially 
overpro4uctive species (_e.g. crested wheatgrass) 
resulted in a high standing cI.ead coupled with low 
microbial activity an4 the 'bin4ing of ~o~t p~~rients 
into dead organic'matter. Few nutrients wer~ 
ava:i,lable for new plant growth. Both of' these two 
extreme_s can be treated; the first by a corubiq.at;i.ori 



of mulching and fertilizing, the second by burning 
or grazing. However, lack of att·ention to the 
structural characteristics of the site (mixing 
the mulch with soil and soil-applied fertilizers) 
and intensity of treatment (e.g. overgrazing) can 
easily result in the site shifting to the other 
extreme. Again, we have seen both processes. 
Obviously, the optimum approach would be to 
balance nutrient release and organic matter 
accumulation (Fig. 5). 
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Figure 5.--Management treatments and outcomes of 
those treatments during strip mine reclamation. 

Our attempt has been to utilize rather than 
overcome natural successional processes to optimize 
restoration rates.· }facMahcin and colleagues 
(MacMahon, 1981) have shown that architecture is 
clearly more important to the organization and 
structure of animal connnunities than is the presence 
or absence of individual plant species. Litter 
redistribution via wind action is common even in 
low wind environments (Orndoff and Lang, 1981) and 
we (unpublished data) have shown that wind Parriers 
such as slope pattern and shrubs can affect snow and 
particle desposition. We previously suggested 
(M. Allen, 1986) that utilization of shrub "islands 
of fertility" should enhance plant and VAM develop-
ment. Concomitantly, planting clumps of vegetation 
utilizing a range of sizes and shapes should also 
enhance (several factors improving). organic matter 
accumulation and nutrient cycling. Having plants 
in patches reduces total seed required and reduces 
over~production and nutrient innnobilization. 
Patches also allow for maximum diversity by having 
shaded and non-shaded areas; a range of temperature 
and moisture conditions for differing mtcrobiota. 
Shrubs and trees alter turbulence patterns of a 
site (Allen and Hipps, 1985) thereby not only 
catching more wind-borne litter and microbes but 
also retaining those already there (~npublished 
observations). Just as above-ground architecture 
regulates aboveground organic and mineral dynamics, 
belowground roots of a mixture of grasses, shrubs 
and trees provide deep organic matter and hold soil; 
critical parameters f6r establishing the complex 
organic matter and nutrient dynamic_s necessary for 
revegetation. Patches are also easier to manage, 
i.e. fire, grazing, mulching, than are large 
landscape units thereby allowing greater manager 
control. Finally, managing for patches should 
optimize plant production and nutrient cycling 
retainifig available nutrients without leaching. 

Although this approach requires a much more 
comprehensive understanding of ecosystem dynamics 
than simj:>_le row plantings, coupled with mulching 
and/or fertilization our preliminary results 
suggest that greater·sitE! pr~ductivity and diversity 
results. As training for reclamation personnel 
includes more ecology, application of succession 
theory such as we have proposed should subStantially 
enhance reclamation success. 
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