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Abstract

 

Successional models are used to predict how restora-
tion projects will achieve their goals. These models
have been developed on different spatial and tempo-
ral scales and consequently emphasize different types
of dynamics. This paper focuses on the restoration
goal of self-sustainability, but only in the context of a
long-term goal. Because of the temporal scale of this
goal, we must consider the impact of processes arising
outside of the restoration site as of greater importance
than restoration itself. Because ecological systems are
open, restoration sites will be subjected to many ex-
ternal influential processes. Depending on the land-
scape context, the impact of these processes may not
be noticeable, or, at the other extreme, they may pre-
vent the achievement of restoration objectives. A sec-
ond issue is to emphasize the nature of processes in
the long term, that they are a complex of characteris-
tics such as magnitude, frequency, and extent. Ecolog-
ical systems are only adapted to a range of values in
each of these characteristics. Restoration often com-
bines goals that are of different scales. Models appro-
priate to these goals need consideration.

 

Introduction

 

he restoration and management of ecological sys-
tems has been conceptualized as intervention into

the ongoing dynamics of a site, or “applied succession”
(McIntosh 1980; Niering 1987; Luken 1990; Glenn-Lewin
& van der Maarel 1992; Jordan 1993), even though a site
may require considerable initial rehabilitation. Restora-
tion ecology in this context requires specific objectives

T

 

(Cairns 1990), and in some cases these might be a partic-
ular composition, some functional process reestablished
(like tidal flow in marshes), or comparison against a ref-
erence site. Intervention might require the reduction or
removal of species or circumstances that might prevent
site restoration, such as invasive species populations or
toxic soil conditions. In other situations, the addition of
specific species or the infrequent application of processes
such as burning may be needed. The principal objective
appears to be the creation of a species mix and environ-
mental conditions that permit the site to become self-sus-
taining, if that is possible.

This model of restoration inherently implies a view of
ecological systems as reflecting the dynamics of under-
lying processes. The pattern of the biological commu-
nity and its composition and spatial distribution result
from a history of processes at the site. Dispersal rate
into the site is one of these processes, as are reproduc-
tive rates and interactions among the biological mem-
bers of the site, changing edaphic conditions, climate,
and other familiar abiotic impacts. Ecologists pair the
terms “pattern” and “process” together as an indication
of this perspective.

A number of implications for restoration arise from
this perspective, such as how processes critical to main-
taining a site may arise external to it or how a list of
static characteristics used for assessing restoration suc-
cess, like composition, diversity, or structure, may not
adequately express the ongoing dynamics of the biolog-
ical community as would terms expressing rates of
change. If processes are dynamic in their spatial and
temporal features, characteristics of a system to be con-
sidered need to be described from a dynamic perspec-
tive. Rather than composition, the rate of change in total
composition or of a particular species set may be a more
appropriate consideration, or the rate of cover or biomass
change or other system attributes (Table 1). Characteris-
tics can change in their rates at different seasonal or
successional periods or climatic conditions. Such pat-
terns of rate change are fundamental for understanding
system operation and meeting restoration objectives.

Part of the problem of restoring sites using our cur-
rent understanding of succession is that ecologists dif-
fer about what successional principles are established
or accepted (McIntosh 1980, 1985, 1987; Shugart 1984;
Pickett et al. 1987, 1992). Consequently, there can be dis-
sension among scientists about the degree to which sites
are self-regulating or about whether there are end points
to succession (Pickett & Parker 1994; Aronson et al.
1995). These are important issues, but the problem is
not really that in restoration, reference sites are overem-
phasized in some cases or that end points to succession
are expected, or any of the other issues that ecologists
question. At the center of these arguments is assessing
and understanding the spatial and temporal scale at
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which mechanisms that drive and control succession
are expected to operate (McIntosh 1980, 1985; Allen &
Starr 1982; Shugart 1984; O’Neill et al. 1986; Carlile et al.
1989; Hoekstra et al. 1991; Brand & Parker 1995). This is
the focus of this paper, and I approach it by considering
only two issues. One of these is the degree to which res-
toration sites are impacted by influential processes orig-
inating from outside the site. Restoration sites occur in a
variety of circumstances, and in each case, processes
impacting the system may enhance, have no net impact
on, or greatly constrain the success of the restoration
effort.

The second issue is that the systems we are attempt-
ing to restore are historically contingent, and this cre-
ates many of the problems of interpreting and applying
influential processes on a system. What I mean by this
is that communities result from numerous assemblies,
disturbances, invasions, shifts in climate, and gradual
changes in environmental conditions such as erosion or
soil development. Some ecologists think of succession as
an individual by individual replacement process (Horn
1975; Pickett 1976, 1980), as a struggle among species in
which adaptations permit the success of some over ear-
lier occupants. This provides the mechanistic process
by which orderly progression or at least some predic-
tion can be based. Even though we can develop “laws”
of succession if we restrict the scale sufficiently (Pickett
& McDonnell 1989), such a viewpoint constrains com-
pletely our expectations and can lead to unexpected
failure (Brand & Parker 1995).

Expanding our scale temporally and spatially on suc-
cession also reveals the multidimensional nature of eco-
logical processes. We can overcome the history of a site
with respect to composition by introducing species into a
site or removing others. However, to maintain their on-
going dynamics, restorationists must also introduce or
restrict processes so that the influential set of processes at
a site are reflective of the history of conditions support-
ing the patterns of biological organization and dynamics
we are interested in establishing. While it is well ac-
cepted that disturbances such as fire or canopy gaps
have several dimensions, for example, frequency, magni-

tude, area and season, which together are expressed as a
“regime” (Pickett & White 1985), clearly all processes
that influence dynamics, whether they are abiotic im-
pacts such as windthrows or biotic interactions such as
herbivory, have these dimensions, and that gives them a
historical characteristic within any particular commu-
nity. For restoration, re-creating these environmental re-
gimes within their historical range is the principal objec-
tive (Cairns 1990; Pickett et al. 1992; Beechie et al. 1996).

What are restoration goals? Ecologists have inter-
preted dynamics of ecological systems from a number
of temporal and spatial scales; all of these scales are
valid, yet they demonstrate the differential importance
of processes, depending on the scale considered. If we
are rehabilitating sites and establishing any type of
community, then short-term, small-scale approaches
will be effective. However, often the goal is to develop
communities that are self-sustaining, and this is a long-
term issue. Much of the diversity of successional mod-
els and principles is the result of the scale at which they
were developed. If we limit our goals to initiating a cer-
tain composition and leaving the system alone after
that, then models that focus on biological interactions
and organism adaptation to initial conditions are ap-
propriate. If self-sustainability is also a goal, then larger
spatial and temporal scale models are fundamental.
This paper starts with the assumption that one of the
goals is self-sustainability. Given that, then processes
arising external to the site and the longer-term charac-
teristics of processes are much more critical to under-
stand and incorporate (Botkin 1992; Arseneault & Pay-
ette 1997; Caley & Schluter 1997).

 

Process Scales and Site Context

 

Processes that underlie observable patterns of a diver-
sity of ecological communities arise from a range of
spatial scales and temporal durations (Allen & Starr
1982; Allen & Hoekstra 1992; Dayton et al. 1992; O’Neill
et al. 1986; Steele 1978, 1989; Weins 1986, 1989; Menge &
Olson 1990; Brand & Parker 1995; Parker & Pickett
1998). Many familiar biological processes are those con-
tained within the site, such as competition and symbi-
otic mutualisms between individuals, and abiotic pro-
cesses, such as soil drying during droughts. On the
other hand, processes arising external to the site can
have considerable impact as well. Dispersal of individ-
uals into a site can result from adjacent or distant loca-
tions (Carlquist 1981; Fowler et al. 1992). Metapopula-
tion models are based on these probabilities (Hanski
1991; Hanski & Gilpin 1991). The impact from external
processes can be gradual, such as the predicted global
climate change, or be a single event, such as a rainstorm
during the passing of the Chernobyl radioactive fallout
cloud over California (DeSante & Geupel 1987). Simi-

 

Table 1.

 

Examples of characteristics of ecological systems 
from a static and a dynamic perspective.

 

Static Characteristic Dynamic Characteristic

 

Species composition Rate of change in composition
Diversity Rate of change in diversity
Structure/spatial patterning Patch dynamics
Mineral pools Mineralization rates
Energy income Food web development rate 

and dynamics or rate of 
change in productivity and 
biomass distribution
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larly, processes may impact only a portion of a site or
selected organisms within a site, or the whole site being
restored may be impacted (Figure 1). The range of tem-
poral durations and spatial extents of processes sug-
gests that we should think of sites as impacted by a con-
tinuum of process scales (Parker & Pickett 1997, 1998).

We can arbitrarily divide this continuum into several
categories. One is those processes contained within res-
toration sites. These would include biological processes
such as competition, parasitism, and mutualism, that is,
most processes involved in interactions among individ-
uals. Restoration sites are found within a spatial context
of other ecological systems that may or may not contain
a similar array of species. Within urban areas, for exam-
ple, a major influence on the success of a site’s restora-
tion is the continuous propagule input of aggressive in-
vasive species dispersed from adjacent habitats. Such
dispersal represents an example of a process arising ex-
ternal to the site. Other processes originating externally
may include runoff and erosion, mineral flow, pollen
flow and pollinator activity, as well as other constraints
or enhancements. Finally, we can also divide up pro-
cesses into regional or global ones. Historically, these
larger scales of processes changed at rates too slow for
the time scale of restoration ecology objectives. Cur-
rently, however, regional influences can include new in-
vasive species, general warming of an area, atmospheric
pollution, impacts from agricultural practices, differen-
tial inputs of dust and minerals, and acidified rain,
among others. Globally, these human influences are re-
flected in seemingly rapid changes in climatic variability
and atmospheric composition.

Along with viewing the size or duration of processes
along a continuum is the observation that processes, re-
gardless of size or duration, may impact only a portion of
the site. Trails or roads facilitate processes like this, pro-
viding routes for movement of deer, other large animals
or invasive species, and in the case of roads, differential
pollution. Topographic variation, such as north-facing
versus south-facing slopes, modifies frequencies and du-

ration of droughts or temperature extremes. Directional
processes such as salt spray off of oceans or atmospheric
pollution from point sources may differentially impact
windward-exposed portions of restoration sites.

The extent of the impact of flows along boundaries,
and into sites, strongly depends on the size and shape
of the site, the types and conditions of surrounding hab-
itat, and the overall landscape mosaic (Wiens 1992; For-
man & Moore 1992; Forman 1995; With & Crist 1995). In
some cases, processes impacting a site may differen-
tially affect species, with only a portion of the commu-
nity showing strong responses, as in situations in which
physiological tolerances are reached, such as droughts or
air pollution (Reich & Amundson 1985; DeSante & Geu-
pel 1987). The overall context of a site, consequently, is
a critical consideration, and two different restoration
sites may completely differ in their post-treatment re-
sults because of differences in adjacent habitats that
generate different types, frequencies, or magnitudes of
processes.

 

Processes of External Origin and Site Dynamics

 

Planning for restoration, especially in terrestrial sys-
tems, often focuses on the problems and circumstances
of the site itself. What species need to be introduced?
What conditions need changing? However, dynamics
of sites also depend upon processes arising outside of
their boundaries. Sites containing communities isolated
from other similar communities in the region often dis-
play different compositional or structural patterns than
they would in a context of similar communities (Gaston
& Lawton 1990). A number of species in a community
may require spatially infrequent events for reproduc-
tion or high rates of immigration to maintain popula-
tions (Pickett & Thompson 1978). Each situation re-
quires a careful consideration of what community can
be maintained, what processes must be re-added, such
as infrequent disturbances, and what new processes
cannot be modified but must be accounted for.

Sites in which human impacts are significant, such as
urban or agricultural areas, may be controlled by inva-
sive species. Whereas studies on invasive species have
been summarized recently (Drake et al. 1989; Simberloff
1996), the impacts of individual cases can be impres-
sive. In Hawaii, 

 

Myrica fava

 

 (firetree) has modified min-
eral nutrient pools and shifted the system fertility to a
range that has changed the succession dynamics of the
forests and altered dominance patterns (Vitousek &
Walker 1989). Sometimes the continuous introduction
of invasive species over a long time period results in to-
tal changes in the system, such as the 95% dominance of
San Francisco Bay by introduced aquatic organisms
(Cohen & Carlton 1995) or the loss of native diversity in
freshwater aquatic systems (Moyle & Leidy 1992; Moyle &

Figure 1. Illustration that processes impacting a restoration 
site can be of different spatial extents and can arise offsite yet 
be influential onsite.
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Light 1996). In some cases, a single introduction, as in the
case of a pathogen (e.g., Dutch elm disease), can change
patterns of dominance throughout the range of the spe-
cies infected.

Commonly, the intermixing of natural habitats and
human modified landscapes results in the addition of
disturbances or abiotic influences or the suppression of
processes critical to maintaining the diversity and struc-
ture of natural communities. Five decades of ozone pol-
lution in the mountain ranges within 300 km of Los An-
geles show shifts in the dominance of the forests from

 

Pinus ponderosa

 

 (ponderosa poine) and 

 

P. jeffreyi

 

 (Jeffrey
pine) to more ozone-tolerant species such as 

 

Calocedrus
decurrens

 

 (incense cedar) and 

 

Abies concolor

 

 (white fir)
(Miller et al. 1963; Miller 1992). Species with greater sen-
sitivity, such as the lichen communities, have been elim-
inated from these systems altogether. The loss of diver-
sity and function of the lichen component of these systems
can have an impact on mineral cycling and food webs
and further reduce diversity or modify biological struc-
ture (Sigal & Nash 1983). Human fragmentation of hab-
itats also can constrain other processes such as migration
or prevent the movement of fire across the landscape.
The suppression of fire in particular can shift system
dynamics into other successional trajectories or may
yield a limited, more extreme range of fire intensities
(Minnich 1989); in both cases, loss of biodiversity or a
shift to a new community type results (Zedler et al.
1983; Christensen et al. 1989; Parker 1993). Fire is a good
example of an often rare event that nonetheless is criti-
cal to the maintenance of site biodiversity, function, and
dynamics on long-term scales. Other events can be just
as critical for biodiversity and system function, and spe-
cies that may not seem important within a system may
dominate after such events (Tilman 1996). Species are
adapted to the temporal patterns of these types of pro-
cesses and can be profoundly impacted if the historical
range of frequencies is exceeded. This is recognized in
systems as different from each other as fire in chaparral
(Zedler et al. 1983; Parker 1993) and watershed stream
flows in salmon restoration (Beechie et al. 1996).

These examples suggest a number of circumstances
that must be considered for restoration: What are the
historical patterns of environmental regimes for the
proposed community? Which are critical to the long-
term dynamics or biodiversity of the proposed commu-
nity? What are the constraints of the landscape context?
What external processes can be managed and which
cannot? How does this modify restoration objectives?

 

Scale and Interpretation of Successional Changes

 

Ecological systems are heterogeneous in time as well as
in space; this temporal pattern requires a dynamic view
of systems and of the characteristics we should measure

to determine restoration success. Many systems cannot
be quickly returned to a relatively mature state, or in
some cases, it may not be practical to return systems to a
relatively mature state in which mineral cycles, patch dy-
namics, or other critical attributes are fully operative.
System recovery may result from simply initiating the
process of vegetation dynamics or succession. Because
ecological systems are open, and because strongly influ-
ential processes are of a variety of spatial extents and
temporal dimensions, successional trajectories can be
readily modified by a number of processes (Pickett et al.
1987). The landscape context of a site is as important to
understand and take into consideration as are character-
istics of the site to be restored. Restoration may be an on-
going management process, and that blends into long-
term vegetation management (Pickett & Parker 1994;
Parker & Pickett 1997).

Finally, processes themselves are heterogeneous and
are characterized by dimensions of magnitude, dura-
tion, frequency, extent, and other features. Processes of
low frequency and limited duration, especially distur-
bances, may be critical to long-term dynamics of a site,
but not at all necessary for short-term dynamics. Criti-
cal to restoration success is understanding this multidi-
mensionality of processes, because we use processes to
manipulate sites and direct succession or local dynam-
ics. Unfortunately, all process dimensions have historical
ranges to which dynamics will respond and maintain the
system. Otherwise, site composition will reassemble
into a new and perhaps unintended community. Re-
membering that systems may have multiple steady
states while focusing on restoring natural historical
ranges of processes is critical and leads to meeting res-
toration objectives.

Because the systems we wish to restore have histori-
cal dimensions, we must remember that we can only
overcome certain of these aspects. We can achieve the
desired composition in the short term by introduction
of the appropriate species, but in the long term we have
to ensure that a range of environmental processes is op-
erative. Historically, ecologists have focused on how
systems change during succession and how species are
replaced. The principles developed from these studies
are tested and often effective in restoration projects. It
must be remembered, however, that these principles are
scale-limited and work only in the context of changes af-
ter a disturbance (Brand & Parker 1995). These princi-
ples are spatially limited to the extent of the disturbance
and temporally limited to the span of effects of the sin-
gle initiating event. Long-term restoration goals, such
as self-sustainability of a restoration, require a broader
perspective. Habitat variation is no longer a set of initial
characteristics that must be mitigated or considered; in-
stead, the influence of the external processes and the
long-term requirements for multiple disturbances or
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other rare processes that maintain the diversity and func-
tion of the system (Brand & Parker 1995). The importance
of considering the larger spatial and temporal scales will
depend on the landscape mosaic of the restoration site.
In the context of other natural systems with operative
processes, focusing on initiating succession may be suf-
ficient to meet restoration goals. However, in the con-
text of disturbed or modified habits, the longer-term is-
sues become the dominating ones. Dynamics occur at a
number of scales within natural systems; models devel-
oped at different scales are all valid but limited. Longer-
term success of restoration depends on understanding
longer-term dynamics and the governing processes.

 

Acknowledgments

 

I thank S. T. A. Pickett, D. L. Peterson, students of the
plant ecology lab at San Francisco State University, and
biologists of the Marin Municipal Water District, Golden
Gate National Recreation Area, and the California De-
partment of Parks and Recreation for discussions of the
ideas presented here. This work was supported by U.S.
Department of Agriculture (NRICGP-9503119) and Na-
tional Science Foundation (DEB-9420141) grants.

 

LITERATURE CITED

 

Allen, T. F. H., and T. W. Hoekstra. 1992. Toward a unified ecol-
ogy. Columbia University Press, New York.

Allen, T. F. H., and T. B. Starr. 1982. Hierarchy: perspectives for
ecological complexity. University of Chicago Press, Chicago,
Illinois.

Aronson, J., S. Dhillion, and E. Le Floch’h. 1995. On the need to
select an ecosystem of reference, however imperfect: a reply
to Pickett and Parker. Restoration Ecology 

 

3:

 

1–3.
Arseneault, D., and S. Payette. 1997. Landscape change following

deforestation at the Arctic tree line in Quebec, Canada. Ecol-
ogy 

 

78:

 

693–706.
Beechie, T., E. Beamer, B. Collins, and L. Benda. 1996. Restoration

of habitat forming processes in Pacific Northwest water-
sheds: a locally adaptable approach to salmonid habitat res-
toration. Pages 48–67 in D. L. Peterson and C. V. Klimas, edi-
tors. The role of restoration in ecosystem management.
Society for Ecological Restoration/Parks Canada, Madison,
Wisconsin.

Botkin, D. B. 1992. The ecology of forests: theory and evidence.
Oxford University Press, New York.

Brand, T., and V. T. Parker. 1995. Scale and general laws of vege-
tation dynamics. Oikos 

 

73:

 

375–380.
Cairns, J., Jr. 1990. Lack of theoretical basis for predicting rate and

pathways of recovery. Environmental Management 

 

14:

 

517–
526.

Caley, M. J., and D. Schluter. 1997. The relationship between local
and regional diversity. Ecology 

 

78:

 

70–80.
Carlile, D. W., J. R. Skalski, J. E. Batker. J. M. Thomas, and V. I.

Cullinan. 1989. Determination of ecological scale. Landscape
Ecology 

 

2:

 

203–213.
Carlquist, S. 1981. Chance dispersal. American Scientist 

 

69:

 

509–
516.

Christensen, N. L., J. K. Agee, P. F. Brussard, J. Hughes, D. H.
Knight, G. W. Marshall, J. M. Peek, S. J. Pyne, F. J. Swanson,

J. W. Thomas, S. Wells, S. E. Williams, and H. A. Wright.
1989. Interpreting the Yellowstone fires of 1988. BioScience

 

39:

 

678–685.
Cohen, A. N., and J. T. Carlton. 1995. Nonindigenous aquatic spe-

cies in a United States estuary: a case study of the biological
invasions of the San Francisco Bay and delta. U.S. Fish and
Wildlife Service, Washington, D.C.

Dayton, P. K., M. J. Tegner, P. E. Parnell, and P. B. Edwards. 1992.
Temporal and spatial patterns of disturbance and recovery
in a kelp forest community. Ecological Monographs 

 

62:

 

421–
445.

DeSante, D. F., and G. R. Geupel. 1987. Landbird productivity in
central coastal California: the relationship to annual rainfall,
and a reproductive failure in 1986. The Condor 

 

89:

 

636–653.
Drake, J. A., H. A. Mooney, F. di Castri, R. H. Groves, F. J. Kruger,

M. Rejmanek,and M. Williamson, editors. 1989. Biological in-
vasions: a global perspective. John Wiley, Chichester, England.

Forman, R. T. T. 1995. Land mosaics. Cambridge University Press,
Cambridge, England.

Forman, R. T. T., and P. N. Moore. 1992. Theoretical foundations
for understanding boundaries in landscape mosaics. Pages
236–258 in A. J. Hansen and F. di Casstri, editors. Landscape
boundaries: consequence for biotic diversity and ecological
flows. Springer-Verlag, New York.

Fowler, A. J., P. J. Doherty, and D. M. Williams. 1992. Multi-scale
analysis of recruitment of a coral reef fish on the Great Bar-
rier Reef. Marine Ecology Progress Series 

 

82:

 

131–141.
Gaston, K. J., and J. H. Lawton. 1990. Effects of scale and habitat

on the relationship between regional distribution and local
abundance. Oikos 

 

58:

 

329–335.
Glenn-Lewin, D. C., and E. van der Maarel. 1992. Patterns and

progresses of vegetation dynamics. Pages 11–59 in D. C.
Glenn-Lewin, R. K. Peet, and T. T. Veblen, editors. Plant suc-
cession, theory and prediction. Chapman and Hall, London.

Hanski, I. 1991. Single-species metapopulation dynamics: con-
cepts, models and observations. Biological Journal of the Lin-
nean Society 

 

42:

 

17–38.
Hanski, I., and M. Gilpin. 1991. Metapopulation dynamics: brief

history and conceptual domain. Biological Journal of the Lin-
nean Society 

 

42:

 

3–16.
Hoekstra, T. W., T. F. H. Allen, and C. H. Flather. 1991. Implicit

scaling in ecological research: on when to make studies of
mice and men. BioScience 

 

41:

 

148–154.
Horn, H. S. 1975. Markovian processes of forest succession. Pages

196–211 in M. L. Cody and J. M. Diamond, editors. Ecology
and evolution of communities. Harvard University Press,
Cambridge, Massachusetts.

Jordan, W. R., III. 1993. Restoration as a technique for identifying
and characterizing human influences on ecosystems. Pages
271–279 in M. J. McDonnell and S. T. A. Pickett, editors. Hu-
mans as components of ecosystems: the ecology of subtle hu-
man effects and populated areas. Springer-Verlag, New York.

Luken, J. O. 1990. Directing ecological succession. Chapman and
Hall, London.

McIntosh, R. P. 1980. The relationship between succession and the
recovery process in ecosystems. Pages 11–62 in J. Cairns, Jr.,
editor. The recovery process in damaged ecosystems. Ann
Arbor Science Publishers, Ann Arbor, Michigan.

McIntosh, R. P. 1985. The background of ecology. Cambridge
University Press, New York.

McIntosh, R. P. 1987. Pluralism in ecology. Annual Review of
Ecology and Systematics 

 

18:

 

321–341.
Menge, B. A., and A. M. Olson. 1990. Role of scale and environ-

mental factors in regulation of community structure. Trends
in Ecology and Evolution 

 

5:

 

52–57.
Miller, P. R. 1992. Mixed conifer forests of the San Bernardino



 

Scale of Successional Models

 

306

 

Restoration Ecology

 

DECEMBER

 

 

 

1997

 

Mountains, California. Pages 461–497 in R. K. Olson, D. Bin-
kley, and M. Böhm, editors. Response of western forests to
air pollution. Springer-Verlag, New York.

Miller, P. R., J. R. Parmeter, O. C. Taylor, and E. A. Cardiff. 1963.
Ozone injury to the foliage of 

 

Pinus ponderosa.

 

 Phytopathol-
ogy 

 

53:

 

1072–1076.
Minnich, R. A. 1989. Chaparral fire history in San Diego County

and adjacent northern Baja California: an evaluation of natu-
ral fire regimes and the effects of suppression management.
Pages 37–47 in S. C. Keeley, editor. The California chaparral:
paradigms reexamined. Natural History Museum of Los An-
geles, Los Angeles, Calilfornia.

Moyle, P. B., and R. L. Leidy. 1992. Loss of biodiversity in aquatic
ecosystems: evidence from fish faunas. Pages 127–170 in P. L.
Feidler and S. K. Jain, editors. Conservation biology: the the-
ory and practice of nature conservation, preservation and
management. Chapman and Hall, New York.

Moyle, P. B., and T. Light. 1996. Biological invasions of fresh wa-
ter: empirical rules and assembly theory. Biological Conser-
vation 

 

78:

 

149–161.
Niering, W. A. 1987. Vegetation dynamics (succession and cli-

max) in relation to plant community management. Conser-
vation Biology 

 

1:

 

287–295.
O’Neill, R. V., D. L. DeAngelis, J. B. Waide, and T. F. H. Allen.

1986. A hierarchical concept of ecosystems. Princeton Uni-
versity Press, Princeton, New Jersey.

Parker, V. T. 1993. Conservation issues in land management.
Pages 53–60 in J. E. Keeley, editor. Interface between ecology
and land development in California. Southern California
Academy of Sciences, Los Angeles, California.

Parker, V. T., and S. T. A. Pickett. 1997. Restoration as an ecosystem
process: implications of the modern ecological paradigm. In
K. M. Urbanska, N. R. Webb, and P. J. Edwards, editors. Res-
toration ecology and sustainable development. Cambridge
University Press, Cambridge, England. (In press).

Parker, V. T., and S. T. A. Pickett. 1998. Historical contingency
and multiple scales of dynamics within plant communities.
In D. Peterson and V. T. Parker, editors. Ecological scale: the-
ory and applications. Columbia University Press, New York.
(In press).

Pickett, S. T. A. 1976. Succession: an evolutionary interpretation.
American Naturalist 

 

110:

 

107–119.
Pickett, S. T. A. 1980. Non-equilibrium coexistence of plants. Bul-

letin of the Torrey Botanical Club 

 

107:

 

238–248.
Pickett, S. T. A., and M. J. McDonnell. 1989. Changing perspec-

tives in community dynamics: a theory of successional
forces. Trends in Ecology and Evolution 

 

4:

 

241–245.
Pickett, S. T. A., and V. T. Parker. 1994. Avoiding the old pitfalls: op-

portunities in a new discipline. Restoration Ecology 

 

2:

 

75–79.
Pickett, S. T. A., and J. N. Thompson. 1978. Patch dynamics and the

design of nature reserves. Biological Conservation 

 

13:

 

27–37.
Pickett, S. T. A., and P. S. White. 1985. Natural disturbance: the

patch dynamics perspective. Academic Press, New York.
Pickett, S. T. A., S. L. Collins, and J. J. Armesto. 1987. Models,

mechanisms, and pathways of succession. Botanical Review

 

53:

 

335–371.
Pickett, S. T. A., V. T. Parker, and P. Feildler. 1992. The new para-

digm in ecology: implications for conservation biology
above the species level. Pages 65–88 in P. Feildler and S. Jain,
editors. Conservation biology: the theory and practice of na-
ture conservation, preservation, and management. Chapman
and Hall, New York.

Reich, P. B., and R. G. Amundson. 1985. Ambient levels of ozone
reduce net photosynthesis in tree and crop species. Science

 

230:

 

566–570.
Shugart, H. H. 1984. A theory of forest dynamics. Springer-Ver-

lag, New York.
Sigal, L. L., and T. H. Nash. 1983. Lichen communities on conifers

in southern California mountains: an ecological survey rela-
tive to oxidant air pollution. Ecology 

 

64:

 

1343–1354.
Simberloff, D. 1996. Impacts of introduced species in the United

States. Consequences 

 

2:

 

13–22.
Steele, J. H. 1978. Spatial pattern in plankton communities. Ple-

num, New York.
Steele, J. H. 1989. The ocean “landscape.” Landscape Ecology 

 

3:

 

185–192.
Tilman, D. 1996. Biodiversity: population versus ecosystem stabil-

ity. Ecology 

 

77:

 

350–363.
Vitousek, P. M., and L. R. Walker. 1989. Biological invasion by

 

Myrica faya

 

 in Hawaii: plant demography, nitrogen fixation,
ecosystem effects. Ecological Monographs 

 

59:

 

247–265.
Weins, J. A. 1986. Spatial scale and temporal variation in studies of

shrubsteppe birds. Pages 154–172 in J. Diamond and T. J. Case,
editors. Community ecology. Harper and Row, New York.

Wiens, J. A. 1989. Spatial scaling in ecology. Functional Ecology 

 

3:

 

385–397.
Wiens, J. A. 1992. Ecological flows across landscape boundaries: a

conceptual overview. Pages 217–235 in A. J. Hansen and F. di
Castri, editors. Landscape boundaries: consequence for biotic
diversity and ecological flows. Springer-Verlag, New York.

With, K. A., and T. O. Crist. 1995. Critical thresholds in species’
responses to landscape structure. Ecology 

 

76:

 

2447–2459.
Zedler, P. H., C. H. Gautier, and G. S. McMaster. 1983. Vegetation

change in response to extreme events: the effect of a short in-
terval between fires in California chaparral and coastal
scrub. 

 

Ecology 

 

64:

 

809–818.


