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In the actual living of life there is no logic,

for life is superior to logic.

D. T. Suzuki
"Practical Methods of Zen Instruction”
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THE EVALUATION OF TWO
TYPES OF MULTIVARIATE ANALYSES
APPLIED TO GRASSLAND VEGETATION DATA
FROM A RECLAIMED COAL MINE AREA
IN SOUTHEAST KANSAS, USA.
An Abstract of the Thesis by
Karen F. Yates
This study presents an analysis of the use of classification and ordination
techniques for the detection of sub-communities at a reclaimed coal refuse dump and strip
mined area in southeast Kansas. Cover values for 58 grass, forb, and woody species were
estimated in 103 systematically positioned plots across the reclamation grassland using the
modified Daubenmeyer cover scale. The data were submitted to an array of default and
variant classification and ordination analysis programs in order to assess their ability to
detect sub-communities. The classifications obtained from the analyses were mapped and
analyzed for differences in species composition, diversity, and spatial contiguity. Of the
two classifications produced by TWINSPAN, the variant analysis was better able to detect
a sub-community characterized by high cover levels of Panicum virgatum, which appears
to be exerting a negative impact on local diversity and evenness compared with areas
where the grass is present at lower cover levels. Both TWINSPAN analyses detected sub-
communities characterized by a consociation of Bouteloua curtipendula, Andropogon
gerardii, and Solidago canadensis, with higher species diversity and evenness than sub-
communities of a B. curtipendula and A. gerardii association; the variant TWINSPAN

analysis was better able to detect the spatial parameters of this sub-community. The

default Canonical Correspondence Analysis, a constrained ordination technique, indicated
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the effect of two environmental variables, frequency of standing water and level of mine
refuse at the soil surface, account for only a fraction of variation in species composition
within the reclamation area. Within the environmentally-focused ordination diagram
produced by the default analysis, there occurred a separation in species composition
between plots influenced by high levels of one or the other of the two variables. However,
as the ordination diagram yielded no clearly-defined clusters of plots representing discrete,
natural sub-communities, the classification derived from the partitioning of ordination
space is somewhat arbitrary. Higher eigenvalues were obtained in a variant ordination in
which species planted during the reclamation were made passive. This may indicate that
the systematic sowing of a homogeneous seed mix nine years earlier still confounds a more
typical ecological separation of grassland species. However, this variant ordination, and

two others, did not prdve useful in creating more interpretable ordination diagrams.
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CHAPTER1
INTRODUCTION

Multivariate analysis is a branch of statistics that deals with the simultaneous
variation and treatment of two or more variables (Sokal and Rohlf 1981, Gauch 1982).
Although Sokal and Rohlf (1981) describe several examples of multivariate analysis
techniques, general references to multivariate analysis in current ecological literature often
refer to the two techniques of classification and ordination.

Gauch (1982) narrowed the definition, specifying that these two multivariate
techniques are able to treat the data set as a whole, and that their major purpose is a
characterization of the entire data. These data analysis tools digest, clarify, and provide
graphical displays of large amounts of information in the search for increased
understanding of communities (Green 1980, Pielou 1984).

Community data sets are of necessity multivariate (Pielou 1984). They are
collected from biological systems not easily or inexpensively experimented upon (Green
1980), and, indeed, the raw data matrices generated in surveys are interesting in their own
right (Pielou i984). Significance testing, the hallmark of inferential statistical analysis and
hypothesis-driven experiments, loses its power when the variables are numerous species
abundances (Green 1980), each species displaying a unique (and probably unknown)
distribution in relation to complexes of environmental factors. Greig-Smith (1983)

observed that significance testes are rarely applicable to survey data.



Although experimental approaches toward an increased understanding of
communities will continue to be conducted, an observational approach, one possibly not
driven by hypothesis testing, can be an efficient and informative methodology in the
"successive refinement" of understanding communities (Green 1980, Gauch 1982, Ludwig
and Reynolds 1988, Palmer 1995).

"The human mind is confused by heterogeneity. . . " (Hill ez al. 1975).
Multivariate analysis tools such as classification and ordination serve as a link between the
biological complexity of communities and the 1irnitétions of human perception (Gauch
1982). What these tools reveal, according to Pielou (1984), are the structure of the data
at hand. |

In recent years, a wide array of multivariate data analysis software has become
available to ecological researchers (Palmer 1995). The choice of an ordination or
classification technique diverges significantly from the use of inferential statistical analysis
techniques, such as ANOVA and linear regression. Instead of an analysis being dictated
by the relationship between experimental variables, it sometimes appears that the
application of a particular multivariate analysis technique is governed by subjective
criteria, ranging from a researcher's infatuation with the mathematical elegance of a
technique (Ausﬁn 1985), to the more mundane consideration of the availability and ease of
use of an inexpensive software package (Palmer 1995).

This arbitrariness over the choice of an analysis technique increases the likelihood
that an analysis will produce misleading re§ults, as do the inherent complexity of the

techniques themselves. Researchers have assumed two stances toward this dilemma.



Pielou (1984) entreated ecologists to master the basic Principle Components Analysis
ordination technique using a small data set and a hand calculator before proceeding to
field experiments with dozens of species and sampling units. On the other hand, Gauch
(1982) and more recently, Palmer (1995) presented casual, informal introductions to
ordination techniques with practical "tricks of the trade" for student‘s and practitioners not
schooled in matrix algebra and eigenanalysis.

The easy apprehension of complex ecological relationships afforded by an
ordination diagram or a classification dendrogram belies the voluminous calculations from
which they were born. It is inevitable that in the coming years a pragmatic balance must
develop between the necessity for robust, yet easily executed multivariate data analyses.

This study proposes to explore the application of classification and ordination
techniques to a vegetation data set collected at a reclaimed coal mining faéility in
southeast Kansas. The analysis programs used in this study, TWINSPAN (Hill 1979) and
CANOCO (ter Braak 1990), are two multivariate data analysis software programs
frequently used by academic researchers and land managers of public and private
conservation agencies. Given the ease of use of these two analysis packages, the goal of
this study will be to compare the results of analyses produced By "default" parameters --
found by the program's authors to be robust in their application -- with results produced
through variations on the default analyses. The relative efficacy of the different analyses
will be evaluated on their ability to produce a classification that illuminates important

ecological processes that may be occurring at the study site.



CHAPTER II

LITERATURE REVIEW

Perspectives on Ordination and Classification

Ecologists' use of multivariate analysis methods such as classification and
ordination has lagged behind the development of univariate techniques such as the F-test
and t-test (Jongman ef al. 1995). However, an upsurge in the analysis of community data
with multivariate techniques unfolded when computers able to handle the voluminous
calculations became more available to ecological researchers and land managers (Gauch
1982, Digby and Kempton 1987, Jongman ef al. 1995). As a consequence, over the last
four decades the literature of multivariate analysis of community data has been in a state of
flux. It has been typical to find criticisms of algorithms being answered by mathematical
or geometrical counter arguments in their defense, and the subsequent creation of
improved algorithms (Barbour e7 a/. 1980). Further, more than one technique's
mathematical elegance or ease of use has resulted in a popularity later found unwarranted
for every application (Palmer 1993, Norris 1995).

Reviews and criticisms of classification and ordination methods found in scientific
literature frequently have analyzed the methods from a theoretical or mathematical
perspective (Barbour ef al. 1980). One re-occurring concern has been the problem of

fitting unknown and complex species response patterns to linear or unimodal distribution




models assumed in the mathematical techniques (Gauch and Whittaker 1972, Greig-Smith
1983, Pielou 1984). Also, an on-going debate continues over the applicability of a myriad.
of data transformations, standardizations, and similarity measures that variously affect
ordination and classification results (Gauch and Whittaker 1972, van der Maarel 1979,
Gauch 1982, Pielou 1984, Digby and Kempton 1987, Palmer 1993, Norris 1995).

Further, some ecologists have expressed concern that use of these exploratory
analysis technologies may have negative consequences for basic and applied ecological
investigations. Austin (1985) asserted some ecologists' preoccupation with ordination
techniques had come at the expense of their use of traditional ecological methodologies
and reliance on hypothesis-driven experiment design. Indeed, Digby and Kempton (1987)
observed the increased use of classification and ordination by ecologists was accompanied
by a shift away from development and refinement of species distribution models and
theory toward more descriptive, exploratory approaches.

Barbour et al. (1980) criticized ordination studies in which a truncated form of the
original data is presented in an ordination diagram, preventing a reader from reaching an
independent conclusion about the data. The likelihood of a misuse or misunderstanding of
classification and ordination results owing to the inherent complexity of the methods
(Pielou 1984, Norris 1995) is a concern of some writers. Norris (1995) also observed a
reticence in some researchers to become familiar with the literature of multivariate analysis
techniques, limiting exchanges between the various scientific disciplines and between
academic research scientists and government land managers.

In spite of criticisms, admonitions, and cautions, the increased use of classification



and ordination techniques is driven by academic researchers' and land managers' demands
for cost-effective, objective data analysis tools that facilitate insight into relations between
environmental quality factors or management practices and species' abundances (Gauch
1982, Digby and Kempton 1987, Jongman et a/. 1995, Norris 1995).

In the early years of their development, classification and ordination were viewed
as conflicting and competing methodologies, each used by practitioners of two schools
advancing differing theories explaining community organization (Gauch 1982, Goldsmith
et al. 1986, Ludwig and Reynolds 1988). One group of ecologists approached
communities as an organism, and viewed species assemblages as discrete, organismic
entities, their parameters detectable through classification techniqpes. The other group
saw species distributions as being individualistic and continuous across a number of
resource gradients. This second perspective promoted ordination techniques, which
ordered sampling units along a continuum, as a better method for representing community
variation. This dichotomy of perspective on the use of one or the other of these
techniques is not present in contemporary literature, however. Indeed, classification and
ordination techniques are currently viewed as complementary approaches for investigation
of community variation (Green 1980, Gauch 1982, Greig-Smith 1983, Digby and
Kempton 1987).

It is important to note that the application of any classification technique to a data
set will result in the creation of a number of groups, regardless of whether discrete groups
of species assemblages actually occur in nature (Pielou 1984, Jongman ef al. 1995). A

similar arbitrariness occurs in ordination analysis when it is not clear whether gaps



between clusters of samples in the ordination diagram reflect real discontinuities in a
community or unforeseen gaps in data collection (Woods and Cogbill 1994).

The imposition of a classification where distinct species assemblages may not
actually exist in nature is an acknowledged limitation of all computerized classification
techniques, requiring the ecologist to carefully evaluate the classes and the ecological
separation between them, as well as the original sampling design, to determine to what
extent the groups really exist. However, for some applications, such as land management
or vegetation mapping, an imposed classification, however arbitrary, is useful for detecting
sub-populations that reflect some diagnostic value or management concern (Gauch 1982,
Greig-Smith 1993). This limitation in mind, the application of classification or ordination
to a data set (considered by some to be an art) cannot stand alone as an ecological
methodology, but rather must be used as a tool that is combined with the experience and

understanding of the ecologist.

Use of Classification and Ordination

Classification and ordination techniques mathematically distill or summarize large
data sets so that their most salient features become more clear. This removal of
extraneous information in a community data matrix is based on two assumptions (Gauch
1982, Pielou 1984, Jongman ef al. 1995). First, it must be assumed that species
abundances within a community co-vary systematically or in a coordinated way, in

response to environmental factors. This coordinated species response is exhibited as a



redundancy within the data matrix and is reflective of those factors. Second, the processes
of sampling and other random events generate chance occurrences of species in a sample,
or uncoordinated species responses, often described as noise. In a large data matrix, this
noise can obscure more interesting components of community structure. Classification
and ordination techniques act on the data matrix by mathematically condensing the
redundancy and suppressing the noise. Although there are many types of classification
and ordination, they all share the goals of uncovering structure in the data and providing

relatively objective summarization of the data (Gauch 1982).

Classification

One of the more intuitive multivariate analysis techniques, the process of
classification has been observed to be an ubiquitous mental activity (Sokal 1974).
Classification techniques decompose the s species by n samples data matrix into g sets of
samples, where g < n. The samples within the g groups are more similar to one another
than are the samples in different groups (Green 1980). Information about a community is
subsequently extracted from the classification by noting the concurrence of species within
groups. Also, it is possible to intuitively or statistically detect relations between the
delineated groupé and environmental variables (Gauch 1982, Greig-Smith 1983, Pielou
1984, Jongman et al. 1995).

In addition, most classification techniques extract information about a data matrix
beyond the detection of sub-groups. For example, a hierarchical classification arranges

samples within a hierarchy, which displays degrees of relationship among the samples



(Pielou 1984). The visual representation of a hierarchical classification is a dendrogram,
sampling units arranged as successively branching limbs of a tree. The term "cluster" is
used as a synonym for a sample or groups of samples in a hierarchical classification.

Two other informative data exploration aids are returned by the classification
p.rogram TWINSPAN, which is an hierarchical classification technique. The first is an
ordered data matrix or two-way table, which simultaneously displays the classification of
both the species and the samples. The second aid is a binary code assigned to each group
of samples based on its dichotomization history. A dichotomous key using differential
species delineated during the classification can be constructed from this binary code and
subsequently used to classify samples not included in the original analysis (Goldsmith ez a/.

1986, Jongman et al. 1995).

Ordination

Ordination technologies are not as intuitive as those of classification. Ordination
was born out of ecologists' observations that species abundances often display linear or
unimodal distributions along environmental gradients such as altitude or soil moisture
(Gauch 1982). Orloci (1974) described ordination as an information transfer system that
must effectively summarize the data while minimizing distortion and a loss of information.
In an ordination, the many unvisualizable dimensions produced by a s species by n samples
data matrix are reduced to a matrix of p <s by n, p being the number of reduced
dimensions, or axes in a coordinate frame (Green 1980, Pieloﬁ 1984, Ludwig and

Reynolds 1988).



Probably the most recognized result of ordination analysis is the ordination
diagram -- a visually interpretable spatial arrangement of samples (or species) in a
coordinate frame such that their relative positions reflect ecological distances (Gauch
1982, Pielou 1984, Goldsmith ez a/. 1986). The axes in the ordination diagram, typi.cally
two or three, represent continua of variation in data composition that are usually
interpreted in terms of environmental gradients (Gauch 1982, Pielou 1984, ter Braak and
Prentice 1988).

The ordination diagfam gives the ecologist the benefit of a visual assessment of
community data, facilitating a more intuitive comprehension (Gauch 1982). The value in
ordinating data is not limited to this visual aspect, however. The algorithm that
determines the ordination diagram coordinates for the samples also produces a
| quantitative gauge of the importance of an axis -- the eigenvalue.

In practical terms, an axis' eigenvalue can be thought of as expressing the amount
of variation in the original data matrix that is explained or accounted for by that axis
(Gauch 1982, Kremen 1992). The higher the eigenvalue for an axis, the more variation
explained. The eigenvalue also is a measure of the relative importance of an ecological
gradient (Palmer 1995).

Some ordination programs, such as CANOCO, also calculate a set of ordination
diagnostic statistics that report the influence of individual species, samples and
environmental variables on the ordination results (ter Braak 1987, Palmer 1995).

There are many variations on the basic ordination diagram of samples (or species)

positioned in a two or three dimensioned coordinate frame. For ‘example, a display of
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both species and samples within the same coordinate frame is possible with the weighted
averages ordination technique. The weighted averages family of ordinations
(Correspondence Analysis, Detreﬁded Correspondence Analysis, and Canonical
Correspondence Analysis) is used for data sets in which species responses to
environmental gradients do not conform to a linear model (Gauch 1982, ter Braak and
Prentice 1988). This technique produces both samples and species scores, which plotted
together within an ordination diagram produce a joint plot, also used as an interpretive aid.
This joint display of species and samples has the effect of visually summarizing dominant
patterns in community composition as expressed by both the species and the samples (ter
Braak 1986). In addition, within the joint plot, a sample is positioned at the center of
gravity of the species found within it (ter Braak and Prentice 1988). Thus, inspection of
the ordination diagram allows the prediction of the likely species composition within a
given sample or cluster of samples (ter Braak 1986, ter Braak and Prentice 1988).

Further, weighted average techniques order species and samples along an axis so
that there is a maximum possible correlation between species scores and sample scores.
The eigenvalue reported for each axis is equal to the correlation coefficient between the
two sets of scores (Gauch 1982, Pielou 1984, Palmer 1993, Jongman et al. 1995).

As with any technology, some of the limitations of early ordination programs have
been remedied over time, opening up avenues of data testing initially deemed impossible.
The constrained (or canonical) ordination is a recent modification of earlier techniques,
which unites in one algorithm a repetitive sequence of weighted averages ordination and

multivariate regressions (ter Braak 1986, ter Braak and Prentice 1988, Palmer 1993).
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Like other ordination techniques, a constrained ordination reduces the dimensionality
within the data, but it differs in that it constrains the axes to be linear combinations of
measured environmental variables (ter Braak and Prentice 1988). The result is an
ordination diagram with species and samples positioned within an ordination space that
has been forced to reflect the effects of environmental variables of interest. As with earlier
versions of ordination techniques, the eigenvalues report the amount of variation within
the data accounted for or explained by the forced or constrained axes.

Further, because environmental variables are included in its calculation, a
constrained weighted averages ordination is able to position environmental variables
(depicted as arrows representing low to high levels of a variable) within the species/sample
joint plot, creating a triplot. The species points and the environmental variable arrows
jointly reflect species' distributions along gradients of the respective environmental
variables (ter Braak 1986). Thus, a triplot provides an even more effective (although
approximate) visualization of community patterns because it displays the relations between
species, sites, and environmental variables. It is also possible to construct a joint plot of
species and environmental variables, or samples and environmental variables.

The development of constrained ordination has been greeted with enthusiasm by
some ecologists, for the technique remedies some of the criticisms of earlier ordination
| methods. In particular, it is now possible to apply statistical tests to constrained
ordination eigenvalues, testing the hypothesis that species abundances are governed by the
measured environmental variables (ter Braak and Prentice 1988). The test used in the

CANOCO software package is the Monte Carlo permutation (ter Braak 1987). The

12



Monte Carlo is a type of randomization test that treats the original data matrix as if it were
a population, randomly re-sampling from it numerous times to test how frequently a result
is arrived at through chance (Pailmer 1995).

The other major benefit of constrained ordination for ecological data analysis is
that the addition of environmental variables has the effect of producing more robust
ordinations. For example, using highly skewed simulated data, Palmer (1993)
demonstrated that Canonical Correspondence Analysis was able to extract ordination
results faithful to the original data structure, in spite of a violation of the assumption of

unimodal distributions for species.

Classification and Ordination in Grassland Research

Classification and ordination analysis techniques have been applied to a range of
grassland ecological inquiries. Following his seminal use of simple linear (one
dimensional) ordination on stands of Wisconsin forests (Curtis and Mclntosh 1951, cited
in Ludwig and Reynolds 1988), John Curtis and the Wisconsin Plant Ecology Laboratory
(PEL) produced a series of ordination studies on central North American prairies. Curtis
and his colleagues concluded that soil moisture was the primary gradient influencing
variation in these prairie communities. Curtis also developed the often-cited classification
scheme of Wisconsin prairies based on moisture-related groups of species (Kindscher and

Wells 1995).

Recent reanalysis of the original Wisconsin PEL data (Umbanhower 1992), using
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the more sophisticated ordination technique Detrended Correspondence Analysis (Hill
1979), indicated that a substantial portion of variation in Curtis' prairie communities was
left unexplained by a simple soil moisture gradient. Umbanhower's ordination study
suggested instead that a complex of soil nutrients and latitudinal variation were additional
significant correlates of compositional variation within North American prairies.

Owing to the wide ecological amplitude of several dominant native grasses and
forbs species on an Iowa prairie, Brotherson's (1983) ordination of 37 upland prairie sites
was unable to distinguish disqrete subcommunities within the prairie. Nonetheless,
observation of outlying species in ordination space was deemed informative for identifying
species exhibiting peculiar distribution patterns. Brotherson found these outlying species
useful as indicator species. Using an hierarchical agglomerative (clustering) classification
technique, McNaughton (1983) identified seventeen community types in his extensive
study of species composition, diversity, and spatial heterogeneity and pattern of the
Serengeti grasslands in Tanzania and Kenya.

The objective classification of grassland species into groups has not been limited to
multivariate analysis of species abundances in sample stands. Using ecological and
morphological traits of 158 prairie species, Kindscher and Wells (1995) detected eight
statistically different groups or guilds of prairie species using ordination, classification and
discriminant function analyses.

Blewett's comprehensive ordination study and Cottam's classification and mapping
of data from two prairie restoration projects (Blewett 1981 and Cottam and Wilson 1966,

cited by Cottam 1987) elucidated community dynamics on artificial prairies. Although not
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originally conceived as scientific experiments, beginning in 1951 sampling quadrats were
laid out on a grid across two restored prairies every five years (another of John Curtis'
ecological investigations). These data permitted the mapping of community types (based
on indicator species derived from Curtis' ordination of Wisconsin prairies) over a 25-year
period for the two restored prairies (Cottam 1987). In Blewett's study, changes in
individual species abundances over the 25-year period were illustrated through a time
series ordination that tracked species' behavior along moisture and disturbance gradients.
Both studies underscored the dynamic nature of vegetation composition over time in
restored prairies in response to short-term variation in climate as well as increased the
understaﬁding of the autecology of "increaser" and "decreaser" prairie species.

Several researchers have used ordination and classification analysis to investigate
the effect of different management regimes on North American prairies and other
grasslands. Ongoing, long-term collection of data at the Konza Prairie in northeast
Kansas permitted the ordination of data from several management units and the
identification of time since burning as a principal gradient of variation in prairie vegetation
(Gibson and Hulbert 1987). However, Gibson's (1988) later ordination of data from four
watersheds at the Konza Prairie induced him to qualify earlier findings regarding
compositional variation at the Konza. In his 1988 study, four management units separated
in ordination space on a gradient of low to high heterogeneity presumably related to
unknown historical management.

Bosch and Kellner (1991) ordinated plots that were deliberately chosen to reflect a

degradation gradient caused by cattle grazing in a semi-arid grassland in southern Africa.
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The position of individual species within the ordination diagram was used to classify
species into decreaser and increaser categories. A prairie management study conducted by
the Missouri Department of Conservation (Norman and Nigh 1993) used ordination and
classification analyses to identify species that exhibited tolerance or intolerance to cattle
grazing and other management regimes. This study also illustrated in ordination space
divergences in species composition among the different management units after five years.
Most of these grassland studies used ordination and classification in concert with
other more traditional methodologies, such as multiple regression analyses, indices of

interspecific association, and computation of diversity indices.
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CHAPTER III

MATERIALS AND METHODS

Project Location

The study site is an 80-acre (32.38 ha) reclaimed strip mine and coal processing
facility located in southern Crawford county, Kansas, 3.5 miles (5.63 km) southwest of
Pittsburg, Kansas (NE 1/4 of S17, T31S, R24E) (Figure 1). The sitp is located within the
Osage Plains section of the Central Lowlands geographical province of North.America,
where bituminous coal veins have fueled underground and strip mining activities since the
last quarter of the 19th century (Powell 1970, Marcher and Kenney 1984).

Southeast Kansas has a humid continental climate with a normal annual
precipitation of 36 to 40 inches (91.4 to 101.6 cm) (Marcher and Kenny 1984). The
elevation of the study site is ca. 930 feet (283.5 m) above sea level (U.S.G.S. 1964).
Historically the area was part of the ecotone between the deciduous hardwood forests of
eastern North America and tallgrass prairie (Anderson 1982). Contemporary land uses in
the region include coal strip mines, cropland, rangeland or pasture, woodland, and small
urban and industrial centers (Powell 1970, Marcher and Kenny 1984).

Ih 1984, approximately 17 acres (7 ha) of coal refuse from the abandoned
processing plant were graded and capped with strip mine overburden or spoil and crushed

limestone. The piles of refuse were shaped into a series of five terraces that
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Figure 1. Location of study site. Adapted from William J. Reals abandoned mine land

project -- site plan: U. S. Department of Agriculture Soil Conservation Service. 1981.
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generally slope from south to north and west to east. The five terraces were designed to
shunt surface water away from coal waste material under the spoil cap into a system of
drain pipes leading off the site. Also, a system of strip pits west and south of the mound
were filled with refuse, and capped with spoils, as was a 30 acre (12 ha) coal slurry pond
at the east edge of the refuse pile.

Following the fall sowing of an oat cover crop, the entire site was drill seeded in
the spring of 1985 with a mixture of seven native warm and cool season grass cultivars
and three native forbs (Appendix 1). A variety of tree and shrub saplings were planted at
the reclamation site as well (USDA 1981).

Powell (1970) presented a comprehensive physical, cultural, and historical
geography of the region where the study site is located. Imhoff (1994) summarized the
history of coal mining for the region and at this particular site, and provided details of the
reclamation process at the Monahan grassland. Vickers (1989) compared the performance
of the individual native grass cultivars for providing ground cover of the study area two
and three years after the conclusion of reclamation activities.

In 1988, the reclamation site and other adjacent unmined and unreclaimed land was
dedicated as the Monahan Outdoor Education Center, and is presently owned and

managed by Pittsburg State University, Pittsburg, Kansas.

Data Collection

In the late summer of 1994, a grid of 103 contiguous 50 x 50 meter plots was laid
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out across the somewhat triangular-shaped reclamation site (Figure 2). A baseline was
sited across the mound perpendicular to the gravel road north of the reclamation area, two
points along the baseline being permanently staked. Grid center points were subsequently
located using survey equipment. Center points for the 103 plots were staked and labeled.
Each plot was assigned an alpha-numeric code corresponding to coordinates of rows
running north to south (A - K) and rows running west to east (6W - 1W, Baseline, 1E -
SE). The center points served as the starting point for the random placement of five 2 m?
sampling quadrats within each plot. The five sampling units, henceforth referred to as
quadrats, were located by coupling pairs of values from two lists; the first was a list of
360 random compass headings; and the second was a randomized list of the number of
meters from the plot center-point, ranging from 0 meters to 24 meters. The two lists were
generated using a random number function in a spreadsheet (Trius Inc. 1992).

This sampling scheme is a systematic-random design, that is, the randomly-sited
quadrats are located within plots that were determined systematically (evenly spaced)
across the reclamation area. Systematic-random sampling has been shown to improve
sampling precision and allows the results of classification or ordination analyses to be
plotted and examined for spatial pattern (Green 1979, Greig-Smith 1983).

Dudﬁg field assessment before sampling, it was determined that stepping-off
meters was an adequate substitute for tape measurement in locating quadrat position. The
upper right-hand corner of the quadrat frame was placed at this point. Sampling was

restricted to the reclamation grassland -- to diminish an edge effect in the data, plots
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