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ABSTRACT

I comment on several areas of important activity in ecology as we approach the 21st century. Investigations founded
on mechanisms operating at the level of individual organisms may lead to better understanding of higher-level patterns,
Ecologists should consider the effects of spatial and temporal scales and of the degreee of openness of ecological
systems on the patterns they document and the explanations they offer. Spatial heterogeneity, especially as it is
expressed in the spatially explicit patterns of environmental mosaics, should also become a focus of study. The distinc-
tion between basic and applied ecology is detrimental to progress and should be abandoned.
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RESUMEN

Se comenta sobre diversas dreas de actividad importante en ecologia, 2 medida que nos acercamos al siglo 21. Las inves-
tigaciones basadas en los mecanismos que operan al nivel de organismos individuales pueden llevar a una mejor com-
prensidon de los patrones de alto nivel. Los ecdlogos deberian considerar los efectos de las escalas temporales y espa-
ciales y del grado de apertura de los sistemas ecoldgicos, sobre los patrones que ellos documentan, y las explicaciones
que ofrecen. La heterogeneidad espacial —particularmente en la forma en que ella se expresa en los patrones espacial-
mente explicitos de mosaicos ambientales— deberia llegar a ser también un foco de estudio. La distincién entre ecologia
bisica y aplicada es daifiina para el progreso, y deberia ser abandonada.

Palabras claves: Ecologia “mecanistica”, escala, ecologia del paisaje, patrones espaciales, ecologia aplicada.

mental (Haila 1982, McIntosh 1985, 1989,
Loehle 1987, Wiens 1989a). The conceptual
and ‘theoretical foundation of ecology has
become richer, but at the same time more

INTRODUCTION

The science of ecology has undergone an
explosive growth over the past three

decades. Journals have proliferated, profes-
sional societies have been formed, and new
subdisciplines have sprung to life. The
parallel development of public concern
about environmental problems has revi-
talized interest in conservation and produc-
ed significant political movements in many
countries. Ecology has become important
to people other than ecologists.

As it has grown, ecology has changed
from a descriptive and often qualitative
discipline to one that is increasingly quanti-
tative, hypothetico-deductive, and experi-

* Adapted from an address delivered at the ceremony
marking the twentieth anniversary of the Facultad
de Ciencias Biologicas. Pontificia Universidad Catélica
de Chile, Santiago, on 8 August 1990,

contentious (Pielou 1981, Roughgarden
1983, Cherrett 1989, Wiens 1989b). Con-
troversies have developed over such
questions as the importance of competition
in structuring communities; the role of
density-dependent factors in population
dynamics; the degree to which communities
or ecosystems are deterministic, cybernetic
systems or are governed by stochastic
processes; the use of null models; the im-
portance of local details versus general
patterns; the level at which selection
operates in ecological systems; whether or
not the concept of succession (or, indeed,
any concept) is useful or realistic; or
whether behavior or physiological res-
ponses to environmental stress are opti-
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mized. To some degree, these controversies
stem from misunderstandings among eco-
logists about the appropriate scale for
investigations (Wiens 1989¢) or their use
of different forms of causal explanation,
but they also reflect fundamental dif-
ferences of opinion about how nature is
structured and how science should be done.
Schoener (1986a) observed that the debate
over the relative importance of intraspecific
versus interspecific processes has at times
“‘been so acrimonious that it has frightened
some away from the field and evoked a
wonderment in others as to what could
possibly be so controversial.”’ Perhaps to
assuage such disharmony, calls for a plu-
ralism of approaches in ecology have
become more frequent (Schoener 1986b,
McIntosh 1987). Ecology, like many of
the systems it studies, has become increas-
ingly fragmented.

Is it possible, amid this splinterning, to
develop some outlook on where ecology
might (or should) be headed as we ap-
proach the twenty-first century? The
inventory of both basic and applied eco-
logical problems awaiting solution is
quite large, and one might enumerate a
correspondingly large list of directions
and approaches that ecologists should
follow (Lubchenco et al 1991; see also
Kawanabe et al.,, 1990, May & Southwood
1990). Here I offer a personal perspective
on the future of ecology, focusing on
several features that must become central
to investigations in any area of ecology.

MECHANISTIC ECOLOGY

Traditionally, ecological explanations have
been largely phenomenological. A pattern
is observed and matched with the predic-
tions of a theory that postulates a certain
linkage between pattern and process. The
observations are then explained as the
result of the presumed operation of the
postulated process in nature. The do-
cumentation of the pattern is empirical,
but the underlying explanation is in-
ferential. There are formidable difficulties
with this approach, not the least of which
is the problem of multiple causation —the
same pattern may be produced by several

processes (Wiens 1989b). Because of their
heavy reliance on inference (or analogy),
phenomenological exlanations are often
based more on faith than on empirical
evidence. If we instead frame explanations
of population, community, and ecosystem
phenomena in terms of their underlying
mechanisms, the role of inference can be
reduced and our understanding of pattern-
process linkages sharpened. Mechanistic
ecology, which is already receiving some
attention (Price 1986, Schoener 1986a,
Huston et al., 1988), will become a major
focus of ecology in the future.

The mechanisms underlying ecological
phenomena are rooted in what individual
organisms do. The feeding habits of animals
determine the trophic dynamics of eco-
systems; their movements and habitat
selection establish the spatial structure of
populations, gene flow, and the assembly
patterns of communities; and their be-
havior affects reproduction, demography,
and microevolutionary change. In a like
manner, the capacities of plant organisms
to accumulate biomass, utilize nutrients,
fix nitrogen, and the like not only affects
the distribution and demography of plant
populations and communities, but also
provides both the food and elements of
habitat structure upon which consumer
communities are built.

Three aspects of individual activities
are particularly important contributors
to patterns at higher levels. First, individual
movements and dispersal affect virtually
all aspects of an organism’s ecology —its
probability of encounter with food, shelter,
or mates; its predation risk; its exposure to
physiological stress; its habitat occupancy
and interactions with competitors; and
so on. For example, organisms that move
in approximately linear pathways (e.g.
ants moving to and from a rich food
source, dispersing juveniles of many species)
are likely to encounter a greater variety
of patches in a given landscape mosaic
than are individuals following a more
convoluted track with more frequent and
extreme turns (e.g. desert isopods searching
for shelter, predators engaged in area-
restricted search). As a consequence, they
may have greater opportunities for actively
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selecting the habitat patches to occupy.
Because they encounter a more diverse
landscape, however, they may also ex-
perience a more uncertain environment. It is
easiest to visualize these consequences for
highly mobile animals, but even sessile
organisms such as barnacles or trees have
a mobile, dispersal phase. Although this
phase may comprise only a small fraction
of the life cycle, it may have dis-
proportionate effects on many population,
community, and ecosystem patterns.

Habitat selection is a second major
component of mechanistic ecology. Many
organisms respond actively to the mosaic
of habitats they encounter, avoiding some
and preferring others. The outcome is
that the occupancy and use of habitats
differs markedly from the proportion of
habitat types found in an area. Habitat
selection is often a hierarchical process
—individuals respond to certain features at
broad scales and then further refine their
use of habitats at finer scales (Kotliar &
Wiens 1990). Individuals may thus
aggregate by habitat at several scales of
resolution, and this aggregation may
influence population structure and de-
mography, the directions and frequencies
of species interactions, community com-
position, and energy and nutrient flow
pathways. Neither the process of habitat
selection nor its consequences has received
much empirical or theoretical study (but
see Cody 1985).

The third critical element of mechanistic
ecology, resource acquisition, has been a
traditional focus of ecological investigations,
albeit in the guise of competitively driven
resource partitioning among species. Re-
sources are the foundation of ecological
processes (“You are what you eat”), yet
they are often vaguely defined and poorly
quantified (Tilman 1982, Wiens 1984,
Abrams 1988). The effects of resource
abundance and availability in habitats on
individual performance or fitness and
population dynamics need to be do-
cumented in much greater detail if we are
to understand such central concepts as
“resorce  limitation” “competition,”
“resource use efficiency,” or ‘“trophic
efficiency.”

To some ecologists, a focus on
mechanisms raises the spectre of a descent
into the black hole of reductionism. They
fear that we will be drawn into increasingly
detailed examinations of increasingly
particular situations, and littie if any light
on the central questions of ecology will
emerge. Instead of becoming more
mechanistic, it is proposed that we should
focus on large-scale ‘“‘macroparameters’
such as multispecies distribution patterns
or global patterns in biodiversity (May
1988, Brown & Maurer 1989).

This proposal has merit. Some phe-
nomena are driven by events occurring
at broad scales (e.g. El Nifio), and some
patterns are apparent only when a large-
scale perspective is used (e.g. core-satellite
species-abundance distributions; Hanski
1982). Broad-scale features of ecological
systems may act as constraints on the
patterns and dynamics that are expressed
at finer scales (Ricklefs 1987, Brown &
Maurer 1989). Of course, some macro-
ecological patterns are determined by
processes operating at broad scales (e.g
atmospheric circulation dynamics), and
reduction to finer levels would be likely
to obscure rather than reveal these
mechanisms. More often than not, however,
macroecological patterns may derive from
mechanisms operating at the level of
individuals that are overlooked if one
resorts to broad-scale, inferential explana-
tions. A macroecological approach can
serve as a guide for judicious reductionism,
but it should not preclude the search for
mechanisms at the level where ecological

dynamics are frequently played out L_the
individual organism. m

SCALE

It is apparent from these comments that
ecological investigations can be conducted
at various scales. Over the past decade, it
has also become apparent to many eco-
logists that the patterns we see in nature
depend very much on the scale on which
they are viewed. Ecological phenomena
are scale-dependent in time and space
(Wiens 1989c¢). Until quite recently,
however, ecologists have largely ignored
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scale-dependency, designing their investiga-
tions with little regard for the ‘‘natural”
or intrinsic scaling of the systems they
study. When Natasha Kotliar and I con-
ducted a survey of papers published in
Ecology over a 5-yr interval in the 1980s,
we discovered that most investigators used
a grain size (i.e. minimum sample-unit
area or quadrat) of 1 m?, whether they
were studying small or large organisms,
plants or animals, or individuals or eco-
systems. It seems unlikely that such a wide
range of ecological phenomena and systems
would operate on such a convenient scale.
The danger, of course, is that measure-
ments recorded from systems at inappropri-
ate scales may reveal patterns that are
only artifacts. Because we are good at
telling stories about whatever patterns
we see in nature, we can often explain
such patterns to the satisfaction of our
peers (who also love a good story!). The
patterns and their process explanations
are then perpetuated in the literature.

The openness of systems further
exacerbates such scaling problems. Eco-
logical dynamics are rarely contained
within the boundaries of the area or time
selected for study. Interactions and in-
fluences from outside the system (as we
arbitrarily define it) may have substantial
effects on the patterns and dynamics we
observe. As a result, explanations that
treat the system as closed will be in-
complete. Terms such as “metapopulation”
or “supply-side ecology” (Hanski 1989,
Roughgarden et al, 1987) focus attention
on the openness of ecological systems; the
key to understanding the effects of differing
degrees of openness, however, may lie in
mechanistic ecology, particularly investiga-
tions of movement patterns,

Future progress in ecology depends on
our recognizing and dealing with scale-
dependency and openness. We must regard
scaling not just as a bothersome feature of
study design but as a subject meriting study
in its own right —a science of ecological
scaling (Meentemeyer & Box 1987). This
science might have as its foundation the
definition of domains of scale: regions of a
scale spectrum within which patterns and
their relationships with underlying proces-

ses either do not change or change
monotonically with changes in scale (Wiens
1989¢). The transition from one domain,
where patterns are determined by one set
of factors, to an adjacent domain, where
other factors predominate, may be relati-
vely abrupt and may be characterized by
complex nonlinearities and apparent chaos,
much like phase transitions in physical
systems. Relationships (and explanations)
may be relatively stable and predictable
within a domain, but not between domains.
The challenges of specifying these domains,
determining their generality over ecological
systems and phenomena, and defining the
“translation rules’ between domains will
be formidable, but they cannot be ignored.
The first task is to establish that domains
of scale actually exist; at present, we do
not know if this concept has any value at
all, or whether ecological patterns and
processes may instead change quantitati-
vely and qualitatively with every change in
scale.

SPATIALLY EXPLICIT ECOLOGY

Environments vary in time and space.
Temporal dynamics have received consi-
derable attention, especially in population
studies, and as long-term investigations
become more fashionable (Likens 1989,
Armesto 1990, Oliver & Larson 1990)
our understanding of the temporal di-
mension of variation is bound to grow.
Ecologists have also recognized the effects
of spatial heterogeneity on systems (Pickett
& White 1985). To a large degree, however,
this recognition has been limited to dis-
tinguishing between homogeneous and
heterogeneous environments or evaluating
heterogeneity as expressed in various
statistical indices.

The recent development of landscape
ecology (Turner 1989) has brought an
awareness that the explicit locational
relationships of habitats and organisms
may have profund effects on a wide variety
of ecological phenomena. The susceptibi-
lity of a local population to predation or
parasitism, for example, depends not only
on the characteristics of the habitat patch
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occupied, but also on features of the
adjacent patches in a spatial mosaic.
Unfortunately, landscape ecology has not
yet developed either the theoretical frame-
work or the rigorous empirical base to
permit a predictive understanding of
spatially explicit patterns, effects, and
linkages.

There are several ways to develop a
spatially explicit ecology. Statistical ana-
lyses of spatial patterns (Ripley 1981,
Haining 1990) are necessary to document
spatial relationships, but they do little to
reveal dynamics, It is becoming increasing-
ly feasible to model large spatial matrices
(e.g. Costanza et al. 1990), and such
models may provide a powerful way to
explore possible spatial effects on system
dynamics at multiple scales and to design
the empirical studies necessary to substanti-
ate the results. Mechanistic approaches
that link movement patterns and habitat
or patch selection with patch-boundary
conditions and spatially explicit mosaics
(e.g. Stamps et al. 1987, Wiens et al. 1985,
Wiens, Stenseth, Van Horne, & Ims, in
preparation) may permit us to link fine-
scale mechanisms with broader scale
demographic or nutrient-flow dynamics
in a spatially sensitive (and sensible) man-
ner. This approach could forge a connection
between mechanistic ecology and macro-
ecology. Work in this area is just beginning,
but the pervasiveness of spatial hetero-
geneity and the consequences of variations
in explicit mosaic structure indicate that
it must be a major focus of future activity.

BASIC AND APPLIED ECOLOGY

As ecology has grown, the distinction
between basic and applied work has be-
come increasingly formalized. Just this year
the Ecological Society of America has
launched Ecological Applications, which
joins Journal of Applied Ecology and
Forest Ecology and Management as a
journal focused on ecology dealing with
applied problems. Applied ecologists often
work for business or government agencies,
basic ecologists for universities. The po-
larization of these approaches is further

nurtured by attitudes, some applied
ecologists regarding basic ecologists as
unrealistic dreamers or charlatans while
some basic ecologists consider those
working in applied areas to be inferior
scientists or mercenaries.

To distinguish between basic and applied
ecology is senseless. What is important is
whether or not the science is good, not
whether it addresses problems that only
ecologists or the public at large finds
important. The catalog of ‘‘applied”
environmental problems is huge: pollu-
tion and degradation of environments by
human activities, an accelerating loss of
biological diversity, global climatic change
and its effects, devising sustainable de-
velopment plans that balance human
needs with biospheric integrity, and (by no
means least important) communicating
ecological knowledge and findings to the
public and to those making policy and
management decisions. Each of these
problems provides ample opportunities
to conduct basic reserach, and each. rests
on findings from such research for its
resolution. These are not applied problems;
they are ecological problems. Who ever
said that ecological research has to be
irrelevant to be good? Ecology of the
future must include collaborative efforts
and unrestricted communication between
those who might now consider themselves
“applied” or “basic” scientists, regardless
of where they are employed.

CONCLUDING COMMENTS

The themes I have developed here are
general and conceptual, not specific or
detailed. Certainly future directions in
ecology will be strongly influenced by
methodological advances, especially tech-
nologies imported from other disciplines
(e.g. fractal geometry, remote sensing
systems, chaos theory, computer scanning,
molecular probes, genetic engineering).
These advances by themselves will make
ecology a more demanding subject,
fostering specialization and diversification.
The spectrum of problems and approaches
will demand greater operational and
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philosophical variety —ecology cannot be-
come just experimental, or solely hypotheti-
co-deductive. In the face of these forces,
it will be difficult for ecology to avoid
further fragmentation. Yet the challenges
we face demand cohesion, not fragmentata-
tion. Perhaps the threads I have outlined
here— mechanisms, scaling, spatial expli-
citness, and a merging of basic and applied
approaches —will provide the fabric to bind
ecology and ecologists together.
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