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Abstract.

Geostatistics brings to ecology novel tools for the interpretation of spatial

patterns of organisms, of the numerous environmental components with which they in-
teract, and of the joint spatial dependence between organisms and their environment. The
purpose of this paper is to use data from the ecological literature as well as from original
research to provide a comprehensive and easily understood analysis of geostatistics’ manner
of modeling and methods. The traditional geostatistical tool, the variogram, a tool that is
beginning to be used in ecology, is shown to provide an incomplete and misleading summary
of spatial pattern when local means and variances change. Use of the non-ergodic covariance
and correlogram provides a more effective description of lag-to-lag spatial dependence
because the changing local means and variances are accounted for. Indicator transforma-
tions capture the spatial patterns of nominal ecological variables like gene frequencies and
the presence/absence of an organism and of subgroups of a population like large or small
individuals. Robust variogram measures are shown to be useful in data sets that contain
many data outliers. Appropriate removal of outliers reveals latent spatial dependence and
patterns. Cross-variograms, cross-covariances, and cross-correlograms define the joint spa-
tial dependence between co-occurring organisms. The results of all of these analyses bring
new insights into the spatial relations of organisms in their environment.
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INTRODUCTION
What is geostatistics and why use it?

Siatistical procedures are often used to organize and
summarize data so that meaningful inferences can be
made about phenomena of interest. Commonly in ecol-
ogy the foundation of such an inference is a statistical
test like az, F, and x? test or a procedure like an analysis
of variance (ANOVA), These tools are convenient and
easy to implement, but they generally assume that any
one datum is independent of all other data and that
the data are distributed identically. Are these assump-
tions tenable for most ecological investigations? We
submit that assuming spatial dependence is more prac-
tical and realistic, since what we identify as ecological
phenomena involves a recognition of correlation.
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Spatial and temporal dependence or continuity should
be readily apparent to the ecologist: vegetation species
and densities are generally different on north-facing vs.
south-facing slopes; grasshoppers (Orthoptera) are more
dense during hot, dry periods; and in greenhouse ex-
periments plants are routinely rotated to eliminate
microclimatic and microenvironmental (space-time)
effects. Ecological analysis normally includes investi-
gations of the dispersion and patterns in association
between different species at different places and at dif-
ferent times (Pielou 1977)—patterns that reflect spatial
dependence, not independence. Indeed, the very defi-
nitions of ecology, like “the study of the natural en-
vironment, particularly the interrelationships between
organisms and their surroundings” (Ricklefs 1973) and
“the scientific study of the relationships between or-
ganisms and their environments” (McNaughton and
Wolf 1973), or of key concepts, such as levels of or-



FiG. 1.

Perspective plot of Hengeveld’s (1979) summer
collection of the carabid Dyschirius globosus on a reclaimed
polder. Separation distance between intersection points on
the sampling grid is 40 m.

ganization (Odum 1975), presuppose spatial and tem-
poral dependence.

Spatial dependence is particularly important in an
analysis of spatially varying organism distributions and
environmental variables, yet many traditional statis-
tical measures tend to ignore it. Consider Hengeveld’s
(1979) report of the spatial distribution of a carabid
beetle, Dyschirius globosus, on an 800 X 400 m re-
claimed Netherland polder. Five pitfall traps were ar-
ranged in a hexagon and centered at each node of a 21
x 12 sampling grid spaced 40 m apart, and the num-
bers of D. globosus caught during the months April-
August were reported. A perspective plot (Fig. 1) of the
data reveals a marked concentration of the organism
around the center of the sampling space. In addition,
two areas near the center of this concentration display
particularly large values. Qverall, the value at any one
location is similar to the values at neighboring loca-
tions.

Consider another very different distribution, one dis-
tributed over a sampling space of equivalent dimen-
sions to Hengeveld’s design (Fig. 2). Unlike the spa-
tially continuous D. globosus distribution, this new
pattern contains disjoint large, medium, and small con-
centrations throughout the sampling space, with no
readily apparent pattern. Nevertheless, because this new
grid is merely a randomized version of the D. globosus
data, both grids contain precisely the same sample size
and values. Thus, each has exactly the same frequency
distribution and univariate statistics (Fig. 3). A statis-
tical analysis or test based solely on measures such as
mean, variance, coefficient of variation, or frequency
distribution cannot capture their obvious differences.
A different organizing and summarizing tool is need-
ed—one that characterizes the degree of spatial depen-
dence, or lack thereof, between sampling locations.

There are many techniques that can distinguish be-
tween the obviously different spatial distributions por-
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trayed in Figs. 1 and 2. One class of statistical tools
concentrates on the statistical modeling of spatial de-
pendence and is known as “‘geostatistics.” Geostatistics
is a branch of applied statistics that focuses on the
detection, modeling, and estimation of spatial patterns.
Although the mainstay of developments in this field
have come from geology and mining, as will be seen
shortly (The tools of geostatistics applied . . . : The var-
iogram: a bivariate, statistical model, below), the de-
velopment and use of one key technique has an old, if
largely forgotten, history in forestry (cf. Matérn 1960).

There is more to geostatistics than the
variogram and kriging

Recently ecologists have begun to implement two
geostatistical techniques: variography, which is one way -
to model spatial dependence, and kriging, which pro-
vides estimates for unrecorded locations. Philips (1985)
uses variograms and their fractal representation to
monitor shoreline erosion rates in New Jersey’s Del-
aware Bay to test the hypothesis that a common reed
accelerated the erosion. Robertson (1987) provides two
examples of geostatistical applications: (1) temporal
variability of the density of cell counts for a Rhodo-
monas sp. in a lake epilimnion and (2) spatial vari-
ability of soil mineral nitrogen in a Michigan old-field.
Kemp et al. (1989) use statewide grasshopper (Or-
thoptera: Acrididae) counts in three regions of Mon-
tana to create, with kriging, region-specific macroscale
hazard maps of grasshopper densities. Schotzko and
O’Keeffe (1989) model the spatial variability of the
Lygus bug Lygus hesperus in an agricultural field and
then use kriging to map that organism’s density.

These studies point to increased interest in geosta-
tistical methods in ecology, but they leave important
considerations, explanations, and caveats unad-
dressed. One missing feature is a description of the
underlying theory and assumptions of geostatistics.

FiG. 2.
beetle data, which were presented in Fig. 1; here they have
been rearranged randomly over the same sampling space.

Perspective plot of Hengeveld’s (1979) carabid

















































































































