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Abstract

Research  performed on microlandscapes embodies the essence of landscape ecology by focusing on the eco-
logical consequences of the mosaic dructure of different landscape elements. As an illustration, observations
and simulations were used to test whether the fractal structure of grassland microlandscapes affected the
movement patterns of tenebrionid beeetles in natural environments. The significant tendency of beetles to
avoid 1 m? cels with fractd dimensions of 185 to 189 (indicating the areafilling tendency of bare ground)
demongtrated the role of landscape structure as a modifier of beetle movements or diffusion in heterogeneous
landscapes. Experiments in microlandscapes may accelerate the development of quantitative conceptua

frameworks applicable to landscapes at al scales.

Introduction

The distinctiveness of landscape ecology as a dis-
cipline lies in its focus on entire landscapes as the
objects of study and the way in which it draws
together different disciplines about this focus. But
what is a ‘landscape’ ? Perhaps because |andscape
ecologists represent a variety of disciplinary back-
grounds, the term ‘landscape’ conjures up different
images to different people. The prevaent view,
however, is that landscapes are the arenas in which
humans interact with their environments on a
kilometreswide scale (Troll 1968; Zonneveld 1979;
Naveh and Lieberman 1984; Forman and Godron
1986). Because landscape ecology began as a dis-
cipline in the extensively modified landscapes of
West Germany and The Netherlands (Naveh 1982),
this focus on the dynamic role of humans in the
landscape is not surprising.

We approach landscape ecology from the per-

spectives of the discipline of ecology. In this con-
text, we believe that the primary contribution of
landscape ecology, its raison d’étre, is its capacity
to focus our attention on the structure of patch
mosaics and, thereby, to develop our understand-
ing of environmental heterogeneity and its effects
beyond simple considerations of patchiness and
patch dynamics. By this view, landscape ecology
addresses how landscape elements or patches are
configured in relation to one another in an overdll
mosaic and how such landscape structure in-
fluences a wide variety of ecological patterns and
processes.

There is nothing in this perspective that restricts
it to human-modified landscapes or to areas scaled
to the human level of perception. Considerations of
mosaic paterns and ther effects should be scaed to
the organisms and phenomena being investigated
and the questions being asked (Wiens et al. 1986,
Addicott et al. 1987; Wiensin press). A landscape
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that is heterogeneous from the perspective of a
ground-dwelling harvester ant, for example, may
be contained within one or two seemingly homo-
geneous patches from the perspective of a foraging
bird or a grazing ungulate.

Our thesis is that the ideas and approaches of
landscape ecology should apply at any scale of in-
vestigation and that landscape ecology is likely to
develop a strong conceptual and theoretical foun-
dation only if we shed the preoccupation with
human-scaled landscapes and adopt a multi-scale
perspective on landscape patterns and  dynamics. In
paticular, we advocate investigations of landscape
patterns and their effects at small, ‘microland-
scape’ scales. Studies at such scales may have the
potential to serve as a model of larger-scale land-
scape systems, in @ manner analogous to micro-
cosm studies of trophic dynamics or nutrient cy-
cling in laboratory ecosystems (Taub 1974). There
are severa advantages of this microlandscape ap-
proach: (1) measurements may be taken with a leve
of detal that is difficult to attain a a broader scale;
(2) sample sizes may be greater or sampling a a
given intensity may provide a more accurate
representation of the phenomenon being investiga-
ed; (3) experimental manipulations may be con-
ducted with relative ease, and (4) experiments or
observations may be replicated over many plots or
treatments with relative ease. Collectively, these
features enhance our ability to study landscapes in
a rigorous fashion and to move from Troll's assess
ment of landscape ecology as ‘an attitude’ (Zon-
neveld 1979) to a firmer scientific base for the dis-
cipline.

Our objectives in this paper are twofold. First,
we will illustrate the way in which a microlandscape
approach can be applied, using results from our on-
going studies of beetle movements in relaionship to
habita mosaic dructure in semiarid grasdands. We
will then discuss the relevance of such dudies, not
only to our knowledge of beetle ecology, but also
with regard to how this approach can be applied at
other, more conventiona, landscape scales. We  will
conclude with some generd comments about scal-
ing of investigations in landscape ecology.

Microlandscape patterns and beetle movements

Tenebrionid beetles (Coleoptera: Tenebrionidae)
are conspicuous elements of the arthropod fauna of
most deserts and grasdands of the world (Crawford
1981). They are primarily detritivores, athough
some species are partialy herbivorous. Individuas
may be associated with burrows to which they
refurn, but they often range widely when foraging.
Cakins and Kirk (1973), for example, found aver-
age straight-line movement distances for five spe-
cies of Eleodes to be > 300 m over a 10-day period,
with maximum distances for the most vagile spe-
cies, E. obsoleta, of 3,600 m. Other investigators
have reported movement rates on the order of 6-20
m h~! (Kramm and Kramm 1972) or 15-35 md~!
(Doyen and Tschinkel 1974).

Beetles rarely move in draight lines, however. In-
stead, they follow a tortuous pathway, turning fre-
quently to head in new directions. Our initid obser-
vations indicated that beetles move rapidly across
bare, unvegetated ground but move more slowly
when traversing dense clumps of grass. Grass
clumps interspersed among areas of bare ground
condtitute the landscape of a beetle, and may there-
fore have important effects on their movement pat-
terns. To evaluate this premise, we tested the null
hypothesis that the movement patterns of beetles
are unrelated to variations in the mosaic pattern of
the microlandscape they  occupy.

Methods

To test this hypothesis, Milne measured the pat-
terns of beetle landscapes and beetle movements in
a semiarid grassand dominated by Bouteloua
gracilis in the Sevilleta Nationa Wildlife Refuge (a
Long Term Ecologicd Research site), 115 km S of
Albuquerque, New Mexico. This system was chos-
en because it shares characterigics with percolating
networks (Stauffer 1985, Orbach 1986), which have
been used to develop diffusion equations for frac-
tally heterogeneous patch networks. Without
flowering culms the grasses average ca. 10 cm in
height and form open sods with anastomosing
patches of bare ground.



Ten 5 x 5 m plots were established within a ca.
0.04-ha area Each plot was subdivided into a nest-
ed series of grid cells measuring 1 m, 1/2 m, 1/4 m,
1/8 m and 1/16 m on a side. The grids defined
measurement scales of increasingly higher resolu-
tion that included 1, 0.25, 0.0625, 0.0156, and
0.0039 m?, respectively, with 5-80 grid cells along
exch edge of the study plots. The observations and
andyses reported here were obtained in one of these
plots.

Landscape patterns

We used a measure of fractal geometry to deter-
mine the landscape patterns encountered by beetles
moving in this plot. Each grid cell at each scale of
measurement was categorized according  to  whether
or not it contained > 25% coverage of bare
ground. Bare ground was assumed to be the ‘en-
vironment' within  which beetles moved most readi-
ly, much like the cells studied in percolation theory
(Stauffer 1985; Orbach 1986, Gardner et al. 1987).
We used an ahitrary standard of 25% bare-ground
coverage rather than some other equally arbitrary
standard because this value maintained a constant
criterion of ‘cover’ among the scales of measure-
ment, which differed sequentialy as powers of 2. In
this way, we could compare directly the cell counts
a the finest resolution of 0.0039 m? with those ob-
tained at broader scales of measurement. At each
scale, the number of nested cells at the next finer
scale that contained > 25% bare-ground cover was
counted.

We quantified landscape heterogeneity within
each 1 m? cell of the 5 x 5 m plot by regressing the
log of the cell counts at each of the finer scales of
measurement against the log of resolution (i.e., the
number of cells along one side of the 1 m? cells at
a given measurement scale). The dope of the regres
sion is the fractal dimension, D, of bare ground
(Mandelbrot 1983; Milne 1988). In this case, D was
most sensitive to the manner in which bare ground
‘filled’ the plane of the study plot (Milne 1989). A
fractal dimension of D = 2 implied continuous
cover of bare ground a al scaes, whereas vaues of
D < 2 indicated that grasses broke up the
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2-dimensional plane occupied by bare ground,
thereby creating a more sinuous or ‘linear’ network
of bare ground. Maps of (1) bare-ground coverage
at various resolutions and (2) fractal dimensionsin
each 1 m* cdl were created by kriging (Davis 1986)
the coverage data and fractal dimensions, respec-
tively, using the Surfer software from Golden Soft-
ware, Inc.

Beetle movements

To determine how beetles responded to the mosaic
pattern of this microlandscape, we used a total of
sx individuds of Eleodes sponsa Lec., E. longicol-
lis Lec., and E. caudifera Lec. The beetles were
similar in length (mean = 24.0 mm, s.d. = 2.37)
and had the same movement speeds over open ex-
panses of bare ground (mean = 0.11 m/s, s.d. =
0.05). Fed trids were conducted between 17 June
and 8 July 1987 from 0730 to 1130 MST (to avoid
heat effects on activity; air temperature range =
23-30°C). During a ‘trid’, an individud beetle was
released at the center of a randomly selected cell
among the central nine 1 m? cells of the plot. In ord-
er to minimize effects of handling on movement
patterns, beetles were covered by an opaque con-
tainer for 2 min prior to release. A remote control
was used to remove the cover to release the beetle.
The position of the beetle was then marked every 5
s by placing a numbered toothpick at its posterior
end. Movements were monitored in this way for 500
s or until the beetle exited the plot. The movement
trajectory was then mapped to the nearest cm.
Our null hypothesis was that beetle movements
were independent of landscape complexity. In  ord-
er to test this hypothesis, we must determine
whether beetle movement through cells of different
types departs significantly from that expected on
the basis of random occupancy of the cdls. We used
model simulations of beetle movements to generate
expected patterns. There are many aternative
models for smulating beetle movement under this
null hypothesis. Kareiva and Shigesada (1983)
described corrdlated  random  waks based on  empir-
ical distributions of displacement and turning an-
gles. The simulations we used relied on empirical
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Fig. 1. Characterization of plot number 1 and beetle movements. Each panel represents the same 5 x 5 m study plot. (A) Kriged surface
representing the number of 0.0156 m? cells that were occupied by > 25% bare ground within each 0.0625 m? cdl. (B) Kriged surface

describing the number of 0.0039 m? cells containing > 25% bare ground within each 0.0156 m? cel. (C) Kriged surface of fractad dimen-
sions calculated for each 1 m? cell. (D) Beetle pathways observed in the field.

probability distributions of displacement but as-
sumed that turning angles were distributed uni-
formly between 0 and 360 degrees. Our assump-
tions represnt one of two pasmonious dtemdive
models of correlated random walks. By emphasiz-
ing biases in displacement rather than turning an-
de the dmudions focusad on the tendey of bee
tles to move from one 1 m? cell to another. Land-

scape heterogeneity could also impart biases to the
tuning age if bedles wee dleded by obdades
thet ae dfficut to travee (eg, dumps of gres).
Deflection and atered turning angles could explain
a significant deviation between the observed be-
havior and simulations, if one were found.

The armpricd dglecemats wae ussd to gana-
ate a probability distribution describing the dis-



tances beetles traveled during each 5-s interval. This
probability distribution was then resampled to
regulate the distances traveled each 5 s during 1,000
independent simulations of beetle movement trials.
As in the fied trids, smulated beetles were alowed
to ‘walk’ through the plot for 500 s or until exiting
the plot, whichever occurred first. These rules
resulted in sSimulations of 98,122 time intervals dur-
ing which beetles walked about the plot.

The locations of simulated beetles within the 1 m?
cells were talied a each time dep. The talies were
used to measure the likelihood of visiting cells of a
given fractal dimension, given that the simulated
beetles lacked knowledge of environmental com-
plexity. The simulations therefore provided expect-
ed frequencies of beetle visits to each 1 m? cdl,
regardless of its fractal dimension.

We measured the effects of landscape structure
on beetle movement by comparing the frequencies
a which paticular cdls were visted by real beetles
to the visitation frequencies for simulated beetles.
Because cells located near the center of the plot
where the smulated beetles were ‘rdessed had in-
termediate fractal dimensions (see Fig. 1C), we ex-
pected that the simulated beetles would exhibit a
higher frequency of visitation to such cells. The
Kolmogorov-Smirnov test (Sokal and Rohlf 1969)
was used to test whether the empirica (field) proba
bility distribution could have been obtained from
the simulated digtribution. Rejection of the null
hypothesis in the Kolmogorov-Smirnov test would
suggest that the movements of red beetles were of-
fected by landscape heterogeneity, as expressed by
fractal dimension.

Results
Microlandscape patterns

The sample plot exhibited a complex pattern of
vegetated and unvegetated areas. Not surprisingly,
this pattern varied at the different scales of resolu-
tion (Fig. 1A vs. B). Because the patterns are so
scale-dependent, it is difficult to judge which pat-
tern a beetle might actually experience in its move-
ments about a plot, and therefore which pattern
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should be compared with the beetle-movement
data.

We circumvented this difficulty by deriving the
fractal dimension of the patterns. Because the frac-
td dimenson is caculated across the severd scales,
it integrates the complexity of patterns over these
scales and permits a simultaneous consideration of
the patterns shown in Fig. 1A and B. The success of
the fractal approach in integrating scal e-dependent
patterns across these scales is indicated by the close
fit of the regressions (of log cell count versus log
resolution) used to estimate the fractal dimensions
(R? = 0.98 to 0.99).

The landscape patterns revealed by the fractal
dimenson of the cels (Fig. 1 C) differed quditative-
ly from the paterns suggested by the raw coverage
data (Fig. 1A and B). Cells with low fractal dimen-
sions (D) had exponentialy less bare ground at all
scales than did high-dimensional cells. For exam-
ple, relative to cells in which D = 1.95 at 0.0039 m?
resolution, cells in which D = 1.90 or 1.85 had 13%
and 24% less bare ground, respectively. The
presence of grass in a plane of bare ground repre-
sented an exponentiad increase in the fragmentation
of the bare-ground pattern.

Beetle movements

The movement trgjectories of the six beetles
released appeared to be non-random, or perhaps
non-Brownian (Fig. 1D, see Mandelbrot 1983; Peit-
gen and Saupe 1988). Non-Brownian movement is
characterized in pat by mean square displacements
greater than zero. Half the beetles left the plot be-
fore 500 s elapsed. Beetle displacement during 5-s
intervas was highly skewed (Fig. 2); 50% of the dis
placements were < 10 cm long. Even so, beetles
moved > 35 cm roughly 5% of the time (Fig. 2).
Simulated beetles (N = 98,122 steps) and redl
beetles (N = 486 steps) visited plots of different
fracta dimensions at significantly different fre-
quencies (Kolmogorov-Smirnov Dy o, 43¢ = 0.074,
Dys = 0.202, p << 0.01; Fig. 3). Simulated
beetles exhibited a propensity to visit cells of inter-
mediate fractal dimensions (D = 1.85 to 1.89;
Fig. 3), perhaps because such cells were clustered
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Fig. 2. Beetle displacement probabilities obtained from field ob-

servations. Solid dots represent probabilities of obtaining a

given displacement in 5 s. The smooth curve traces the cumula

tive probability of displacement (n = 486).
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Fig. 3. Cumulative probabilities of beetles visiting 1 m* cells with
various fracta dimensions for 486 empiricad observations (curve
with solid dots) and 98,122 simulated observations (solid line).
Dashed lines and the shaded zone represent the 95% confidence
interva for the empiricd observations. For the simulated distri-
bution, confidence limits are indistinguishable from the curve.

near the center of the plot (Fig. 1C). Despite the
fact that they were released in the same portion of
the plot, real beetles visited cells of intermediate
fractal dimensions significantly less often than the
simulated beetles. The frequency of occurrence of
red bedles in odls of low (D = 1.80— 184) or high
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(D =1.91- 1.95) fracta dimension did not differ
from that expected from the simulations. Although
the overall range of fractal dimensions among the
cells appears to be relatively small, the differences
in landscgpe pdtens ae conddadde (becase D s
cdadaed from logaithmic messres). The depar-
ture of observed distributions of beetles from
model expectations in cells of intermediate fracta
dimension therefore represents a very real pattern.

Relevance of the microlandscape approach

Our study of beetle movements emphasizes an ap-
proech to, and a papedive on, landscges We be
lieve that our dudies ae rdevant nat only to dudies
of beetles, but relate as well to broader considera-
tions involving other animals and how landscape
ecology as a discipline might develop. The rele-
vance is pahges mod goparat in the sorts of ques
tions we are led to ask.

Relevance to studies of beetles

Eleodes besetles in this semiarid grassand clearly
respond to the patch structure of their habitat in a
non-random fashion. Here, grass cover rarely
formed a continuous sward; cells with a fractal
dmedon o bee 20l < 182 weae ace (Fg 1C).
The frequency of bedle use of such pations of the
mosac wes thedfore low, but it dd nat dffer from
that expected on the basis of the simulations (Fig.
3. By the sare token, cdls with high fractd dmen
sions (essentially > 25% bare-ground cover at all
scales) occurred infrequently in the plot, and their
ue by bedles dd nat dffe from expedaions (Hg
1C, Fig. 3). The significant deviation of the ob-
sved from the expeded frequendes in gid odls o
intermediate fractal dimension, however, suggests
that the beetles were deflected from grassy areas,
despite the proximity of such areas to the release
points.

Why did the movements of rea beetles differ
from expectations at intermediate values of D?
Pahges the drudure of the dmulaion modd  itsdf
is an explanation. We used a correlated random



walk agorithm that emphasized displacement but
randomized turning angle. If both turning angle
and displacement are influenced by microlandscape
structure, beetle movement might deviate from
movement patterns expected on the basis of dis-
placement alone, owing to the convoluted protru-
son of grass cover into bare ground (D < ca 1.90).
Other features of beetle biology or life-history
(eg., whether they are moving in search of food, a
burrow, or a mate) may aso relate to the mosaic
structure of their landscape in ways that are as-
sociated with a particular range of fractal dimen-
sionality. Our studies indicate what that range of
landscape heterogeneity might be and thereby serve
to focus subsequent investigations of causal
mechanisms underlying beetle movement patterns
on specific aspects of landscape  structure.
Landscape heterogeneity reflects differences in
landscape structure that are apparent when the
same landscape is analyzed at different levels of
resolution or grain (Milne 1989). Differences in
microlandscape structure were evident in the sim-
plest representations of bare-ground coverage at
two scdes (Fig. 1A vs B). The ‘scae-dependence’ of
landscape structure relative to beetle movements
may render anadyses conducted a just one scde of
resolution equivocal, because of uncertainty about
the resolution at which beetles perceive landscape
heterogeneity (Milne et al. 1989; Wiens in press).
The fractal dimension represents landscape struc-
ture a a variety of scales and thus unifies landscape
patterns that otherwise appear to be different at
each scale of resolution (compare Fig. 1A and B
with Fig. 1C). A general concordance between the
beetle movement pathways (Fig. 1D) and the fractd
auface in Fig. 1C shows the tendency of beetles to
wak ‘updope in Fig. 1C toward areas of more bare
ground and reinforces the results shown in Fig. 3.
The approach we have used to ‘document the
responses of beetles to their landscape may be ex-
tended to other questions. For example: How are
the movement trajectories of individuals atered as
the level of heterogeneity is changed (e.g., as a
result of heavy grazing by ungulates)? Do beetles
concentrate their activities within particular por-
tions of a mosac as paiches become smaller and/or
less interconnected? How do beetles move in a land-
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scape containing little bare ground, as in a short-
grass prairie sward? Is there a critica level of inter-
connectedness of patch types within a landscape
that permits beetles to move readily across the land-
scape, as predicted by studies of percolating net-
works (Orbach 1986; Gardner et al. 1987)? How are
population densities of beetles and the stability of
their populations related to landscape structure and
patch interconnectedness (Fahrig et al. 1983)? How
do the non-random movements of beetlesin a het-
erogeneous landscape influence the movement and
redistribution of materias in the system (Risser et
al. 1984; Wiens et al. 1985)?

Relevance to other animals

Such questions relate to animal movement in com-
plex landscapes in genera, and they are therefore
relevant to other kinds of organisms that may live
in seemingly different landscapes and that move
with different rates at different scaes (eg., Senft et
al. 1987). By considering the mosaic structure on
scales that are relevant to the organisms being
studied, the biases and errors that accompany the
imposition of an arbitrary scale (e.g., kilometers-
wide landscapes) on the system are reduced. By
andyzing landscape structure in terms of its fractd
geometry, mosaic patterns at a variety of scales may
be compared in a scale-independent fashion (Man-
delbrot 1983). The behavioral responses to land-
scape structure of, say, an antelope or a jackrabbit
occupying the desert grassland certainly appear to
us to be vastly different from those of a beetle. The
differences may be somewhat illusory, however;
once the sysems are appropriately scaded to adjust
for the size and homerange differences between the
organisms, their landscape mosaics may turn out to
be geometrically and contexturally similar. Are the
movements of an antelope or ajackrabbit or a bee-
tle within appropriately scaled landscapes fun-
damentally similar, just as the music of Beethoven,
Ba-Benzele pygmies, and American blues share a
common mixture of randomness and predictability
when properly scaed (Voss and Clarke 1975)? Are
differences interpretable in terms of differencesin
diet, life-history features, physiology, or socia or-
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ganization among the organisms? Can we use the
responses of organisms to the fractal geometry of
their landscapes to develop scale-independent the-
ories of how, say, landscape fragmentation might
influence organisms of quite different sizes that
perceive their environments in quite different ways
(Wiens in press; Milne et al. 1989)?

Relevance to landscape ecology

These questions drike us as new and different sorts
of questions, both about organisms and about
landscapes and their effects. They emerge because
we have applied the basic notions of landscape ecol-
ogy at different, multiple scales of study, and be-
cause we have aso attempted to define landscape
structure in away that is relevant to the organism
but is independent of the specific scale of measure-
ment. Many of these questions may be addressed by
investigations of landscapes at microlandscape
scales. In addition to monitoring the movements of
beetles released in carefully measured plots, for ex-
ample, we might experimentally dter the scale
and/or configuration of patches in aplot, or create
landscape patterns of different fractal dimensions,
and test the responses of beetles in these arenas.
Even though scale-independent measures such
as fractal dimensions are constant over a finite
range of scales, however, landscape patterns or the
responses of organisms to those patterns may still
vary as functions of scae. Scde does make a differ-
ence in the patterns we record and the ways we in-
terpret them (Wiens et al. 1986, 1987), and our &bil-
ity to extrapolate findings from microlandscape
studies to landscapes at broader scales is undoubt-
edly limited. Aslong as landscape studies are con-
ducted in a way that is insensitive to scale or that is
confined to a narrow range of human-perceived
scales, we are not likely to develop an understand-
ing of the limits to extrapolation of the results of
any study, regardiess of the scale on which it is con-
ducted. We propose that, by adopting a multi-scae
conceptualization-of landscagpes and by conducting
dudies over a range of scades, we may be able to de-
fine the domains of scale that apply to particular
patterns, processes, or phenomena. Within a given

domain, the pattern of landscape mosaics or the
responses of organisms to that pattern may not
change or may change monotonicaly with changes
in scae (Wiens in press). The findings of studies
conducted a one scae may be extrapolated to other
scales within the domain of that scale, but not into
other domains of scaes, where patterns, processes,
and reationships are fundamentally different.
There are limits to extrapolation, but domains are
not likely to be so small that no extrapolation is
possble. One way to recognize the domains of scde
is to analyze the fractal geometry of the patterns
over a range of scales and determine a which points
the fractd dimension changes (eg., Krumme et al
1987; Palmer 1988). A constant fractal dimension
over a range of scales defines a domain within
which the patterns, and perhaps the processes caus
ing them, are repetitive and therefore predictable.

Conclusions

Studies of diffusion in heterogeneous landscapes
offer rich and seemingly endless opportunities for’
exploring how landscape structure affects the per-
formance of organisms (eg. Kareiva 1985). By de-
veloping models that predict random movements
through landscapes under various constraints, we
may move from a focus on descriptions to an ap-
proach that emphasizes testing of forma hypo-
theses. Many alternative random-walk models re-
main to be explored, including high-order Markov
chains, models that represent biases in turning
angle, and models that incorporate the fractal geo-
metry of landscapes (eg., Milne 1988). Such fracta
models represent landscape heterogeneity explicit-
ly. Their application in broad landscapes, however,
requires measurements of spatial complexity simi-
lar to those reported here. Fortunately, remotely
sensed  measurements  of landscape  patterns  can be
used to estimate fractal dimensions for kilometers-
wide regions (Milne 1989; De Cola 1989), and ran-
dom or neutra models may provide ways of evau-
ating whether or how such patterns are remarkable
(Gardner et al. 1987). Thus, the approaches applied
in a microlandscape context are also amenable to
studies of broad-scale landscapes.



Microlandscape studies embody the essence of
landscape ecology (e.g., Naveh and Lieberman
1984; Forman and Godron 1986) by focusing on
consequences of heterogeneity for the movement of
resources, organisms, and energy (see Risser e al.
1984). Consequences of heterogeneity probably oc-
cur to smilar degrees both for beetles traversing
grassland networks and for ungulates moving
across savannas or mountainous terrain, although
ajjutments must be made for body size (Swihart et
al. 1988). Heterogeneity in landscapes that occur on
vastly different scales may be quantified by arich
array of fracta models (Mandelbrot 1983; Milne
1988, 1989, in press), thereby allowing disparate
systems to enjoy sSimilar conceptua treatments. The
understanding derived from observations and ex-
periments in microlandscapes may accelerate the
development of rigorous approaches that apply to
landscapes at all scales.
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