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Abstract

Gucinski, Hermann; Miner, Cynthia; Bittner, Becky, eds. 2004. Proceedings: views from the ridge—
considerations for planning at the landscape scale. Gen. Tech. Rep. PNW-GTR-596. Portland, OR:
U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 133 p.

When resource managers, researchers, and policymakers approach landscape management, they bring
perspectives that reflect their disciplines, the decisions they make, and their objectives. In working at a
landscape level, they need to begin developing some common scales of perspective across the variety of
forest ownerships and usages. This proceedings is a compilation of 22 papers presented at a conference
that addressed divergent views on landscape management. The conference was a forum for exchanging
concepts and knowledge from research and management experiences about managing landscapes. The
program addressed the issues of managing landscapes when everyone has a different perspective;
approaching landscape management from aquatic, terrestrial, and socioeconomic viewpoints; and
characterizing landscape management.

Keywords: Landscape management, forest policy, forest management, aquatic, terrestrial,
socioeconomic.
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Introduction

Hermann Gucinski*

Fred Swanson, a scientist who has devoted much
of his career to the study of the processes that
affect the character of a landscape, was asked
while leading a tour of the H.J. Andrews Experi-
mental Forest in Oregon with the group poised
atop a commanding ridge, “Well, just what is a
good landscape?”

As a scientist committed to expanding knowledge
rather than to just citing known facts, he took this
guestion as a serious challenge, admitted to find-
ing it perplexing, and used it in turn to engender
deep discussion, and some introspection, around
the campfire that evening.

Before we can use the same question as a frame-
work for the contributions in this volume, it might
be good to ask: “What is a landscape?” and, be-
cause this is a scientific endeavor, “What is land-
scape ecology, and how might it contribute toward
the larger question?” For it was indeed the objec-
tive of the symposium, and the proceedings that
resulted, to take the “View From the Ridge” as a
scientific challenge, rather than a subjective one,
and to try to learn if a scientifically framed answer
can also help with the subjective part of the
needed answer.

Webster’s unabridged dictionary and the Oxford
English Dictionary have similar definitions: “a por-
tion of land or territory, which the eye can compre-
hend in a single view, including all the objects so
seen” for the former, and “a view or prospect of
natural in-land scenery, such as can be taken in
at a glance from one point of view; a piece of
country scenery” for the latter. Both offer some
additional definitions: “a tract of land with its dis-
tinguishing characteristics and features, esp.
considered as a product of modifying or shaping
processes and agents (usually natural)”—*“a view,
prospect of something"—*"a distant prospect: a
vista,"—"a bird’'s-eye view; a plan, sketch, map.”
Thus, our title, “Views From the Ridge” is appro-
priate, although one contributor, Bob Ziemer,
astutely notes that a “view from space” would

Physical scientist (retired) Forestry Sciences Laboratory,
3200 SW Jefferson Way, Corvallis, OR 97331.

provide a yet larger prospect (“Vogelschau”
[bird’s-eye view] may be the most apropos Ger-
man word for this), whereas “a view from the val-
ley” would help discern the delivery of results from
upland processes when taking an aquatic or ripar-
ian perspective.

These processes, the delivery of mass and en-
ergy, among others, bring us to the scientific part
of the inquiry—the appropriate subject of “land-
scape ecology.” Richard T.T. Forman and Michael
Godron (1986) used this definition in their seminal
work:

Landscape ecology is the study of struc-
ture, function and change in a heteroge-
neous land area composed of interacting
ecosystems. It therefore focuses on:

e structure, the spatial patterns of land-
scape elements and ecological objects
(such as animals, biomass and mineral
nutrients);

< function, the flows of objects between
landscape elements; and

« change, alterations in the mosaic through
time.

Monica Turner (1989) defines it thus:

Landscape ecology emphasizes the inter-
action between spatial pattern and eco-
logical process—that is, the causes and
consequences of spatial heterogeneity
across a range of scales. Two important
aspects of landscape ecology distinguish it
from other subdisciplines within ecology.
First, landscape ecology explicitly ad-
dresses the importance of spatial configu-
ration for ecological processes. Not only is
landscape ecology concerned with how
much there is of a particular component
but also with how it is arranged. Second,
landscape ecology often focuses upon
spatial extents that are much larger than
those traditionally studied in ecology.



The following papers show the interest focused on
the importance of spatial configuration for an eco-
logical process and will demonstrate the astonish-
ing variety of both viewpoints and scales used to
address problems. This shows the science to be
evolving and is a sign of the value placed on prob-
lems in this area. A brief look at the history of for-
estry science shows its earliest endeavors, silvi-
culture and entomology, to be largely driven by
stand-scale processes. Problems were consid-
ered solvable at that scale. Not only that, but the
nature of the problem and suggested solutions
were seen as largely separable. You isolated each
variable, and treatments of that variable were
based on the discipline within which it fell.
Although this is oversimplified, earlier scientific
endeavors engendered the separation of the dis-
ciplines and slowed understanding of the interde-
pendence of ecological processes. “If all you have
is a hammer, every problem will begin to re-
semble a nail.” This approach worked for a long
time.

Many phenomena contributed to the expanding
view of ecological processes. We recognized that
the accumulation and translocation of long-lived
pollutants required a comprehensive look at bio-
logical, hydrological, and atmospheric processes.
So did the need to develop concepts of “carrying
capacity” as the pressures of nonsustainable re-
source use—hastened by population growth—
brought conditions that could no longer be
described or understood at stand levels. This
development challenged resource managers to
abandon linear approaches to management—
ecological processes are cyclical in nature, and
evolutionary development has allowed highly inte-
grated system functioning that produces no
waste. Superimposing solutions based on linear
thinking caused new problems to pop up in places
outside the scientific discipline where the original
problem first appeared. Addressing the conse-
guences resulted in yet other problems, leading to
a vicious circle of “stimulus-response.”

That dynamic can be broken by moving up in
scale from the domain of the initial problem, seek-
ing to understand the connections while standing
on the ridge—or, alternatively, in the valley. This
can help us regain perspective, and find pathways
to solutions. Dale and Noon tackle this by relating

the view from the ridge to a quite specific ridge,
namely Oak Ridge, site of the Oak Ridge National
Laboratory and its rich history of contributions to
landscape ecology. Today’s efforts are enhanced
by better tools and methods, as Spies notes in

his contribution, and they also require looking
beyond political boundaries such as ownerships.
McGaughey introduces us to valuable visualiza-
tion tools now available to permit examination of
landscape “treatment” scenarios. Raphael argues
that being able to hold onto all scales is a neces-
sity when considering the problem of “viability” of
a species that is threatened. Clark et al. wrestle
with the subjective components of a landscape as
they relate to the values that people assign to it.
And, as Shindler reminds us, right up to the
present, our decisions have almost always been
made at the stand level. Morgan expands our
vista to not only view a landscape in space, but
become aware of it over time such as a knowl-
edge of history permits. Here the concept of “his-
torical range of variation” can be a vital tool.
Benda and Miller take landscape processes under
the lens, focusing on the differences between
stochastic and deterministic processes. Confus-
ing these can have disastrous consequences.
Neilson reminds us of the nature of “emergent
properties” when going to a larger scale, and uses
climate response as a useful integrator for these
processes.

The intent here is not to give away the principal
theses and conclusions of each contributor. In-
stead, | want to whet the appetite of the reader,
convey the breadth and depth that are contained
in this volume, reflect on the variability of the ap-
proaches outlined, and weigh their implications.
Finally, | hope the information given and the chal-
lenges raised will encourage the reader to rethink
the question, “What is a good landscape?” in light
of available science as it illuminates the subjective
needs we have.
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From Red Queens to Mad Hatters—A Wonderland of Natural

Resource Management

Lance Gundersont

Lewis Carroll (1899) created a number of memo-
rable characters who appear and reappear
throughout the adventures of Alice in Wonderland.
A few of these characters highlight and resonate
with my sense and experience of the kinds of
issues faced by resource managers. Just as Alice
is bewildered by the complexities and uncertain-
ties of Wonderland, managers often face similar
issues of sensemaking and coping with the inevi-
table surprises of complex systems of humans
and nature. In the following sections, | use these
rich characters from Wonderland as an entree
into a set of topics that will hopefully stimulate
some ideas related to the paradigms that underlie
our management of natural resources at the land-
scape scale, beginning with the Red Queen.

Red Queens and Other Caricatures

“Well, in our country,” said Alice, still pant-
ing a little, “you’d generally get to some-
where else—if you ran very fast for a long
time, as we've been doing.”

“A slow sort of country!” said the Queen.
“Now, here, you see, it takes all the run-
ning you can do, to keep in the same
place. If you want to get somewhere else,
you must run at least twice as fast as
that!”

........ Lewis Carroll

The Red Queen'’s action depicted in this scene is
often used as a metaphor by evolutionary biolo-
gists to describe whether species can adapt to
rapidly changing environments. | see similar “Red
Queen dilemmas” as practitioners work as fast

as they can to cope with rapidly and unpredictably
changing systems. This metaphor can be ex-
tended to include a wider set of assumptions or
myths that help to explain how nature operates.
Each of these myths has a different supposition of
how stable systems are (in the sense of respond-
ing to perturbations over time), the types of pro-

1Associate professor and Chair, Department of Environmental
Studies, Emory University, Atlanta, GA 30322; Tel: 404-727-
2429; e-mail: Ilgunder@emory.edu

cesses that support that stability domain, conse-
quences of those assumptions, and explanations
for policy and action. At least five such caricatures
are described in the following paragraphs (modi-
fied from Holling and Gunderson 2002).

Nature Flat

Although this perception is perhaps so simplistic
as to be silly, it is included here as a starting point
from which subsequent contrasts with other views
can be made. In this view, the word “flat” is used
to describe a system in which there is little or no
stability of structure over time. The hands of
humans, given sufficient resources can change
nature, and there are no feedbacks or conse-
quences of those actions—it is much like rolling a
ball around on a cookie sheet. The processes that
affect the state of nature are random or stochas-
tic. In such a view of nature, policies and politics
are random as well, often described as garbage
can dynamics (March and Olsen 1989). Itis a
nature that is infinitely malleable and amenable to
human domination. As such, the issues of re-
source use, development, or control are identified
as issues of people and resolved by activism or
community organization.

Nature Balanced

The second is a view of nature at or near an equi-
librium condition, which can be static or dynamic.
Hence if nature is disturbed, it will return to an
equilibrium through (in systems terms) negative
feedback. As such, nature seems to be infinitely
forgiving. This is the view of nature that underpins
logistic growth where the issue is how to navigate
a looming and turbulent transition—demographic,
economic, social, and environmental—to a sus-
tained plateau. This is the view of several institu-
tions with a mandate for reforming global re-
source and environmental policy: the Brundtland
Commission (Brundtland and Khalid 1987), the
World Resources Institute, the International Insti-
tute of Applied Systems Analysis (Clark and Munn
1986), and the United Nations (Munasinghe and
McNeely 1995) for example, who are contributing



skillful scholarship and policy innovation. They are
among some of the most effective forces for
change.

Nature Anarchic

If the previous myth is one where the system sta-
bility is defined as a ball at the bottom of a cup,
this myth is one of a ball at the top of a hill. It is
globally unstable. It is a view dominated by hyper-
bolic processes of growth and collapse, or where
increase is inevitably followed by decrease. Itis a
view of fundamental instability where persistence
is only possible in a decentralized system with
minimal demands on nature. It is the view of
some extreme environmentalists. If the previous
view assumes that infinitely ingenious humans do
not need to learn anything different, this view as-
sumes that humans are incapable of learning.
This is implicit in the writings of Tenner (1996),
where he argues that all technology that is un-
leashed will eventually “bite back.” This view pre-
sumes that small is beautiful because of the
inevitable catastrophe of any policy. It is a view
where the precautionary principle dominates
policy, and social activity is focussed on mainte-
nance of the status quo.

Nature Resilient

The fourth view is of nested cycles organized by
fundamentally discontinuous events and pro-
cesses. That is, there are periods of exponential
change, periods of growing stasis and brittleness,
periods of readjustment or collapse, and periods
of reorganization for renewal. Instabilities organize
the behaviors as much as do stabilities. This has
recently been the focus of fruitful scholarship in a
wide range of fields—ecological, social, eco-
nomic, and technical. These dynamics have simi-
larities in Harvey Brook’s view of technology
(1986), Brian Arthur’s and Kenneth Arrow’s recent
views of the economics of innovation and compe-
tition (Waldrop 1992), Mary Douglas’ (1978) and
Mike Thompson’s (1983) views of cultures, Don
Michael’s view of human psychology (1984), and
Barbara Tuchman’s (1978) and William McNeill's
(1979) views of history. The “nature resilient” view
is a view of multiple stable states in ecosystems,

and management approaches that are adaptive.
But both of these presume a stationary land-
scape. In this case, our cookie sheet has been
molded and curved in three dimensions, but it is
fixed over time.

Nature Evolving

The emerging fifth view is evolutionary and adap-
tive. It has been given recent impetus by the para-
doxes that have emerged in successfully applying
the previous more limited views. Complex sys-
tems behavior, discontinuous change, chaos and
order, self-organization, nonlinear system behav-
ior, and adaptive evolving systems are all the
present code words characterizing the more re-
cent activities. Such thinking is leading to integra-
tive studies that combine insights and people from
developmental biology and genetics, evolutionary
biology, physics, economics, ecology, and com-
puter science. It is a view of an actively shifting
landscape with self-organization (where the stabil-
ity of the landscape affects behavior of the vari-
ables, and the variables, plus exogenous events,
affect the stability of the landscape). It is a view of
cross-scale interactions of processes—dubbed
panarchy in previous writings (Gunderson et. al.
1995, Holling and Gunderson 2002). It is a view
that requires a focus on active policy probes of a
shifting domain and a focus on institutional and
political flexibility for learning.

Comparing and contrasting these underlying cari-
catures or worldviews, provides some insight into
how we create our wonderlands in order to make
prescriptions for action. It is also useful to note
how these partial myths are adopted and rein-
forced and prescribed by a variety of disciplines,
as described in the next section, organized
around Mad Hatters of various disciplines.

Disciplinarily Mad Hatters

Alice had been looking over his shoulder
with some curiosity. “What a funny watch!”
she remarked. “It tells the day of the
month, and doesn't tell what o’clock it is!”

“Why should it?” muttered the Hatter.

“Does YOUR watch tell you what year it
is?”



“Of course not,” Alice replied very readily,
“but that's because it stays the same year
for such a long time together.”

“Which is just the case with MINE,” said
the Hatter.

Alice felt dreadfully puzzled. The Hatter’s

remark seemed to have no sort of mean-
ing in it, and yet it was certainly English. "I
don’t quite understand you,” she said, as

politely as she could.

........ L. Carroll

The Mad Hatter utters seemingly nonsensical
guestions and answers in his dialogues with Alice
at the tea party. He reminds me of those of us
who are technically or scholarly oriented, the edu-
cated skeptics who pay attention to different indi-
cators, have different frames of reference and
different interpretations and understandings. As
with the Mad Hatter, in attempting to communi-
cate our technical understanding to policymakers
or decisionmakers, more often than not, we are
politely misunderstood. And all of us are like the
Hatter in that we wear our disciplinary hats
proudly—whether as ecologist, biologist, political
scientist, economist, or any other scholarly cat-
egorization. Yet there is a growing sense that
these discipline-based organizations of inquiry
and understanding are problematic.

Management of global and regional resources is
not an ecological problem, nor an economic one,
nor a social one. It is a combination of all three.
And yet actions to integrate all three inevitably
shortchange one or more. Sustainable designs
driven by conservation interests ignore the needs
for an adaptive form of economic development
that emphasizes enterprise and flexibility. Those
driven by economic and industrial interests act as
if the uncertainty of nature can be replaced with
human engineering and management controls, or
ignored altogether. Those driven by social inter-
ests act as if community development and em-
powerment of individuals hold the key and there
are no limits to the imagination and initiative of
local groups. As investments fail, the policies of
government, private foundations, international
agencies, and nongovernmental organizations flip
from emphasizing one kind of myopic solution to
another. Over the last three decades, such poli-
cies have flipped from large investment schemes,
to narrow conservation ones to, at present,

equally narrow community development ones.

Each one builds their efforts on theory, although
many would deny anything but the most pragmatic
and nontheoretical foundations. The conservation-
ists depend on theories of ecology and evolution,
the developers on variants of free market models,
the community activists on theories of community
and social organization. All these theories are
correct in the sense of being partially tested and
credible representations of one part of reality. The
problem is that they are partial. That partiality of
concepts leads to the search for theories of
change that bridge disciplines in rich ways.

One such integrated theory is Holling’s (1992)
adaptive cycle. The heuristic combines ecological
theories of succession and ecosystem develop-
ment with other concepts of stability and resil-
ience. It is a rich framework to indicate how
natural capital and connectivity of systems in-
crease slowly over time. But those properties lead
to an increasing vulnerability and inevitable peri-
ods of destruction and reorganization. Authors
have used this framework to explain co-evolution
of resources and management through time
(Light et al. 1995), business and organizational
dynamics (Westley 1995), and political systems
(Holling and Sanderson 1996).

The above excerpt from the tea party, in which
Alice and the Mad Hatter discuss differences in
their watches, also suggests to me that one of the
key challenges that resource managers face is
overcoming obstacles of scale. Those obstacles
are both theoretical and practical. How managers
attempt to analyze and learn from their actions
are both related to issues of scale. Most models
and modes of inquiry are scale bound and depen-
dent. Walters (1997) cites the cross-scale prob-
lem as a severe obstacle in most assessment/
modeling activities. Development of new theories
is needed to help address ecosystem and natural
resource dynamics across space and time scales.
Over the last 40 years, time and space have been
separated for analytical purposes. Most field eco-
logic investigations either freeze space and ex-
periment over time or freeze time and look at
spatial patterns (witness the explosion and ubig-
uity of geographic information system technology
in resource management agencies). Perhaps
there are practical reasons for this pattern, but it
also can be explained in part because of underly-
ing theoretical frameworks. There is a growing



sense that this separable-dimension framework
results in assessments with different outputs, sug-
gesting the need for integration and reconciliation.

Through The Looking Glass and What
Alice Found There

For some minutes Alice stood without
speaking, looking out in all directions over
the country—and a most curious country it
was. There were a number of little brooks
running across from side to side, and the
ground between was divided up into
squares by a number of hedges, that
reached from brook to brook.

“I declare it's marked out just like a large
chessboard!” Alice said at last. “There
ought to be some men moving about
somewhere—and so there are!” she
added in a tone of delight, and her heart
began to beat quick with excitement as
she went on. “It's a great game of chess
that’s being played all over the world—if
this is the world at all, you know. Oh, what
fun it is!

........ L. Carroll

One of the enduring and endearing aspects of the
Alice in Wonderland stories is that she faces an
uncertain world (from the nightmarish to the sub-
lime) with hope and wonder. For some who deal
with issues of natural resource management,
there is only doubt and gloom. However, | tend to
agree with Alice, and | suggest that there is rea-
son to hope. But that hope is founded on develop-
ing and creating new ways to think about and
manage issues of the environment.

Perhaps it is time to rethink the paradigms or
foundations of resource management institutions,
and place more emphasis on development of
sustaining foundations for dealing with complex
resource issues. Learning is a long-term proposi-
tion that requires a ballast against short-term poli-
tics and objectives. Another shift likely will require
a change in the focus of actions away from man-
agement by objectives and determination of
optimum policies toward new ways to define, un-
derstand, and manage these systems in an ever-
changing world. That focus should not be solely
on variables of the moment (water levels, popula-
tion numbers) and their correlative rates, but

rather on more enduring system properties such
as resilience, adaptive capacity, and renewal ca-
pability. Indirectly, these system properties have
been explored in large complex ecosystems

such as the Grand Canyon (Walters 1997), the
Columbia River basin (Volkmann and McConnaha
1993), and the Everglades (Gunderson 1999). A
resilience or adaptive capacity framework involves
both the human components of the system (op-
erations, rules, policies, and laws) and the bio-
physical components of the landscape and its
ecosystems. The shift of focus to a learning basis
is likely to require flexible linkages with a broader
set of actors, or network. Another way of saying
this bluntly is, until management institutions are
able and willing to embrace uncertainty and sys-
tematically learn from their actions and respond to
that learning, adaptive management will not con-
tinue in its original context, but rather be redefined
in a weak context of “flexibility in decisionmaking”
(Gunderson 1999).

But what does it take to be hopeful in a world that
is perhaps becoming much more unforgiving? As
the degree of human impact continues to increase
in scale, a key unanswered question is whether
the adaptive capacity of both ecologic and social
systems can keep pace with this expanding hu-
man footprint. Under those conditions, the pre-
scription for facilitating constructive change
appears to be:

< |dentify and reduce destructive constraints and
inhibitions on ecological change, such as per-
verse subsidies (e.g., sugar farming in the
Everglades).

e Protect and preserve the accumulated experi-
ence on which change will be based (such as
managers in land management agencies with
multiple decades of experience).

e Stimulate innovation in a variety of fail-safe
experiments that probe possible directions in
ways that are low in costs for people’s careers
and organizations’ budgets (such as adaptive
policies in the Grand Canyon).

e Encourage new foundations for renewal that
build and sustain the capacity of people,
economies, and nature for dealing with
change.



These suggestions are founded on the premise
that we must learn our way into an uncertain fu-
ture. That learning should help guide deliberations
toward workable and sustainable futures. Those
deliberations will not solve all social or distribu-
tional issues, but rather might help frame ways to
work through this wonderland of resource man-
agement—we don’t have the luxury of awakening
and realizing that it may have been a dream.
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What Is a Landscape and How Is One Studied?

Virginia H. Dale! and Barry R. Noon?

Introduction

Because this workshop is entitled “Views From
the Ridge,” | interpret my task in reviewing contri-
butions to resource management from landscape
ecology to be to provide you with the view from
Oak Ridge. The Environmental Sciences Division
at Oak Ridge National Laboratory (ORNL) was
formed in 1955 as a response to the concern of
how radiation was affecting the environment. The
Division’s objectives rapidly expanded to include
analysis of environmental effects of all aspects of
energy use. This topic clearly encompasses all
aspects of environmental sciences, and now our
Division houses 96 scientists with degrees from
18 fields of study.

The history of advancements in environmental
sciences at ORNL parallels developments in land
management and ultimately leads to a landscape
perspective. Therefore, | thought it would be use-
ful to highlight those scientific achievements as a
precursor to discussing landscapes. Over the
years, ORNL scientists have participated in the
development of key research areas that formed
the basis for landscape ecology (Hagen 1992).
Supported by the International Biological Pro-
gram, the field of systems ecology was created.
Systems ecology views ecological interactions
from a holistic perspective and seeks to quantify
interactions of varied components. Global change
research was initiated shortly after views of the
Earth from space led to a realization that the eco-
logical system was global. But this view was
tainted with clouds of pollution. Recognition that
human impacts occur on a global as well as local
scale led to remediation science as a way to use
the scientific process to learn about ways to rem-
edy pollution problems. Yet this application of
ecological science to real-world problems was
difficult because of the intricacies of ecological
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systems. To deal with this complexity, first hierar-
chy theory (O’Neill et al. 1986) and then risk
analysis (Bartell et al. 1994, Suter 1992) arose.
However, neither of these advances recognized
the spatial relationships inherent to ecological
interactions. Landscape ecology has recently
come to be a new field of study that explicitly fo-
cuses on spatial interactions (Turner 1989, Turner
and Gardner 1991).

Need for a Landscape Perspective

From an ecological viewpoint, a landscape is a
spatial extent over which ecological processes
take place (King 1997). More simply, it refers to a
spatially heterogenous area that has a similar
geomorphology and disturbance regime (Turner
and Gardner 1991).

A landscape perspective is needed to address
today’s land management problems for several
reasons. It is now recognized that the spatial
scale of environmental problems is large and that
all ecological processes (and management ac-
tions) occur in a spatial context and are con-
strained by spatial location. As an example,
Fraser fir (Abies fraseri (Pursh) Poir.) are dying in
the southern Appalachians as a result of herbivory
and population dynamics of the introduced woolly
adelgid (Adelges piceae Ratzeburg), but the in-
sects’ distribution, and thus fir mortality, is influ-
enced by the topographic conditions that restrict
the fir to the highest peaks (Dale et al. 1991).
Furthermore, ecological systems can be viewed
as spatially and temporally hierarchical. That is,
processes observed at one level of organization
arise from lower level behaviors and are con-
strained by higher level processes. Therefore,
solutions for contemporary environmental prob-
lems need to be provided within a spatial context.
For example, natural areas that provide essential
ecological services are limited in extent, and their
contributions must be interpreted within the land-
scape matrix in which they reside and with the
understanding that environmental conditions may
change over space as well as time (as with global
warming). Thus spatially optimal solutions to land
management options should be considered.



A Landscape Approach to Land
Management

The defining attributes of an ecological landscape
are structure, composition, function, and change
(fig. 1). Structure deals with the physical relation-
ships of landscape elements to each other: their
shape, patchiness, juxtaposition, etc. Composition
refers to the variety of elements that make up a
landscape (e.g., cover types, land forms, etc.).
Function indicates the ecological processes that
occur on the landscape (e.g., persistence of
patches, rates of nutrients and energy flow, ero-
sion, etc.). These attributes lead to the key focus
of landscape ecology: estimating the reciprocal
relationships between landscape structure, func-
tion, and composition and how they might change
over time.

Linking landscape ecology to application takes
several steps. First, analyses must move beyond
a description of the attributes of structure, func-
tion, and composition to analyze interactions
among these attributes. Second, structure, func-
tion, and composition should be considered at
multiple spatial scales (see fig. 1). For example, it
is critical to know how structure, function, and
composition of the landscape are reflected in
population or ecosystem features. Finally, knowl-
edge of temporal dynamics of landscape change
is essential. Natural disturbance regimes can be
characterized by their frequency, spatial extent,
intensity, and duration. System resilience has
evolved in the context of these disturbances, and
thus it is important to compare human-caused
disturbance regimes to natural disturbance re-
gimes to determine if human impacts lie within the
bounds of system resilience. The concept of his-
torical range of variability has value as a bench-
mark for human-induced changes. It is important
to understand reciprocal relationships between
disturbance and landscape pattern (e.qg., distur-
bances both respond to and create landscape
pattern).

Key goals of responsible land management are to
provide for societal needs without usurping the
resources of future human generations and to
maintain ecological integrity and thus sustainable
ecological systems. The concept of ecological
integrity refers to system wholeness, including the

presence of appropriate species, populations, and
communities as well as the occurrence of proc-
esses at appropriate scales (Angermeier and Karr
1994, Karr 1991). To maintain integrity, it is neces-
sary to perpetuate the “characteristic” structure,
composition, and processes of ecological sys-
tems, preserve those key elements of landscape
geometry that facilitate essential processes, retain
the productive capabilities of the land, and main-
tain the evolutionary capabilities of ecological
systems. Often resource extraction or use com-
promises these features of integrity, and thus
management actions seek ways to reinstate these
features across the landscape.

The Land Use Committee of the Ecological Soci-
ety of America recommends several guidelines to
assist managers in decisions about the use of
land (Dale et al. 2000). The guidelines are pre-
sented in full awareness that all of these rules of
thumb cannot be implemented in every (or even
most) situations. These guidelines suggest that,
when possible, land managers should:

e Examine impacts of local decisions in a re-
gional context.

e Plan for long-term change and unexpected
events.

e Preserve rare landscape elements and associ-
ated species.

e Avoid land uses that deplete natural re-
sources.

e Retain large contiguous or connected areas
that contain critical habitats.

e Minimize the introduction and spread of non-
native species.

e Avoid or compensate for the effects of devel-
opment on ecological processes.

e Implement land use and management prac-
tices that are compatible with the natural po-
tential of the area.

These guidelines are based on ecological prin-
ciples such as the idea that the size, shape, and
spatial relationships of habitat patches on the
landscape affect the structure and function of
ecosystems (Dale et al. 2000). This landscape
principle has several corollaries:
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Figure 1—The structural, compositional, and functional components of ecological systems as viewed at various levels of
ecological organization: the landscape, ecosystem, and population (from Dale and Beyeler 2001).

» Landscape elements vary in spatial distribu-
tion and quality in time and space.

» The structure and attributes of landscape ele-
ments and patches affect movement (flows of
matter and energy), which in turn affects spa-
tial distributions.

» The nature of boundaries between patches
and matrix elements controls horizontal flows
across landscapes.

» The spatial context (neighborhood) of a patch
affects its properties and dynamics.

Several new insights to management arise from a
landscape perspective. The concept of ecological
integrity needs further interpretation within the
landscape perspective so that it becomes meas-
urable and thus a practical management tool at all
scales. Methods are needed to reliably estimate
an expected range of natural variation for specific
ecological systems (see Parsons et al. 1999).

Improved procedures are needed for selecting
ecological indicators to assess the status and
trend of ecological systems (allowing interpreta-
tion of indicators for large spatial and temporal
scales).
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Landscapes: The Dilemma of Scale and the Role of Theory

Lee Benda and Daniel Miller*

Introduction: The Dilemma of Scale

Landscapes fall into a class of objects that fit the
adage: “you know it when you see it, but it's hard
to define.” As one looks from a ridge into a for-
ested valley, words such as ecosystems, interac-
tions, disturbance, and connectivity come readily
to mind. But, it has proven to be another matter
entirely to scientifically define a landscape as a
whole system of interacting parts that can be
readily integrated into management of natural
resources, environmental assessments, water-
shed restoration, and regulation. This is the di-
lemma of scale. Landscapes comprise thousands
of components and processes that are difficult to
characterize at any one time. Furthermore, inter-
actions among landscape components occur over
decades to centuries, making it difficult to analyze
them over the short duration of research studies.
The study of landscapes, therefore, poses a com-
plicated problem.

Major components of riverine habitats depend on
the supply, routing, and storage of inorganic and
organic materials that originate from terrestrial
sources. A stochastic climate exerts a degree of
randomness in the supply of sediment and or-
ganic debris to channel networks over 10 to 100
years; topography and channel-network geometry
impose a spatially determined organization in the
routing and storage of those materials. Hence,
aguatic and riparian habitats have both stochas-
tic and deterministic origins. Studies that have
incorporated stochastic effects have been re-
ferred to as disturbance ecology (Pickett and
White 1985), temporal hierarchies (Frissel et al.
1986), pulses (Junk et al. 1989), and landscape
dynamics (Benda et al. 1998). Studies focusing
on deterministic aspects are described in terms
of continuums (Vannote et al. 1980), spatial hier-
archies (Frissel et al. 1986), ecotones (Naiman et
al. 1988), and classification systems (Montgomery
and Buffington 1997, Rosgen 1995). Despite a
sustained interest in ecological processes over
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a range of scales (Naiman and Bilby 1998,
Swanson et al. 1988), it has proven difficult to
develop general principles on how stochastic and
deterministic landscape factors, in combination,
govern habitat development. One example of this
limitation is the continuing inability to define natu-
ral disturbance regimes, including the range of
variability in aquatic and riparian environments
(Benda et al. 1998, Naiman et al. 1995). In prac-
tice, this has often led to a preference for single
environmental states and single-value regulatory
thresholds by many scientists, managers, and
regulators.

The lack of quantitative and predictive theory on
landscape-scale processes has created a depen-
dence on case studies that often have focused on
unique and detailed aspects of landscapes, and
on classification systems that emphasized spatial
determinism (i.e., stochastic effects ignored).
Moreover, theory absence discourages hypoth-
esis testing and commensurable research efforts
(similar things measured in similar ways). These
problems in combination increase the perceived
difficulty of landscape-scale and environmental
problems. In sum, the lack of theory hinders the
scientific analysis of landscapes and therefore
management planning at the landscape scale.

Role of Theory in the Study of
Landscapes

“Theory” refers to an explicit set of rules and pa-
rameters that are used to describe observed phe-
nomena in a quantitative manner and that accord
with the empirical record (Gell-Mann 1994, Pop-
per 1972). Theories should make testable predic-
tions and hence be in a continual state of evalua-
tion, rejection, and modification (Popper 1972). In
the study of landscapes, theories are generally
applied at small spatial and temporal scales (i.e.,
slope stability and sediment transport theories).
The term “concept” in the aquatic sciences gener-
ally refers to new and innovative ideas, and it is
that class of knowledge where the greatest strides
have been made in articulating the multivariate
attributes of landscapes. Concepts, however, do
not make testable predictions in the same way



theories do because they contain components
that are not fully or explicitly defined. Concepts
may play a key role in the development of a disci-
pline because they act as verbal precursors to the
development of quantifiable and testable theories
(Haines-Young and Petch 1986). A third class of
knowledge, “classification systems,” provides an
organizing framework for grouping items into simi-
lar categories. Classification is a powerful tech-
nigue for developing a common vocabulary and
for arraying physical and biological properties of
certain watershed elements. Typically, classifica-
tion is a precursor to development of theories and
laws (Hempel 1966).

Developing theoretical understanding pertinent to
large scales is a critical step in the coordinated
and organized study of landscapes. First, land-
scape-scale theory would encourage the meas-
urements of landscape attributes in similar ways,
thereby contributing to a regional pursuit of gen-
eral principles, similar to theories at smaller
scales. This would tend to counter the notion that
every place is unique and has to be studied
uniquely on its own merits. Second, because land-
scape study is fundamentally interdisciplinary,
theory would encourage and guide how different
scientific disciplines would need to converge or
merge in studies of various phenomena. Third,
theory makes it easier and more defensible to
extrapolate findings from one landscape to an-
other, thereby obviating the need for re-creating
the wheel at every location. Fourth, theory allows
“bridges” to be built among incomplete data (ei-
ther temporally or spatially), a strategy that could
be cast in terms of “hypotheses,” but that would
allow for more comprehensive understanding.
This would make explicit the gaps in data and
understanding and would aid in targeting future
research priorities. Fifth, general theoretical prin-
ciples would create a hierarchy of scientific under-
standing in which case studies of processes or
conditions obtained over small spatial and tempo-
ral scales would be evaluated in the context of the
larger scales that characterize landscapes. These
advantages would apply to research in the veg-
etative, geomorphic, hydrologic, and biotic sci-
ences; in natural resource management; and in
restoration and conservation biology.
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The Study of Large Numbers of
Interacting Landscape Processes

Clues for developing inductive or deductive theo-
ries at large scales pertinent to landscapes are
found in the scientific disciplines that have already
tackled problems involving large numbers of de-
terministic and stochastic elements. One suc-
cessful strategy has been to represent the inter-
actions of many small-scale processes by larger
scale parameters. For example, application of
analytical mechanics to the problem of landslide
prediction views soil as a “continuum,” even
though soil is composed of many individual
grains. For soil, continuum mechanics represents
the multitude of millimeter-scale grain-to-grain
interactions by meter-scale parameters such as
soil cohesion, bulk density, and soil friction angle.
(A similar approach has been applied to problems
involving turbulent fluid flow [e.g., fluid mechan-
ics]). Analytical mechanics is most effective when
dealing with problems at relatively small spatial
and temporal scales, and it runs into difficulty
when applied at larger scales. For landsliding, the
use of a one-dimensional, infinite-slope model is
an example of simplifying the interactions of mul-
tiple three-dimensional unit volumes of soil in-
volved with failures.

Statistical mechanics provides another tech-
nique for predicting the behavior of exceedingly
large numbers of randomly behaving elements. A
purely statistical approach can describe the be-
havior of gases that contain vast numbers of ran-
domly colliding molecules (James Clark Maxwell
[1831-1879] and Ludwig Boltzmann [1844-1906]).
To calculate the macroenergy state of a gas in
response to applied temperature and pressure,
molecules are parameterized by probability distri-
butions of energy states. As pointed out by Dooge
(1986), however, there are large differences be-
tween the statistical mechanical approach that
depends on concepts of energy equilibrium and
average conditions, and the nonequilibrium and
transient conditions manifest in hydrologic and
geomorphic processes that are of interest to sci-
entists and resource managers.



In the context of these methods, landscapes con-
tain too many components to be treated strictly
deterministically and too few components to be
treated purely statistically. Environmental systems
that fall between the end members of determin-
ism and stochastism but that exhibit both charac-
teristics have been referred to as “intermediate
number systems,” or systems of “organized com-
plexity” (Weinberg 1975). This characterization
also has been extended to ecological and geo-
morphological systems (Allen and Starr 1982,
Graf 1988). To deal with systems of organized
complexity, “systems theory” has been developed
(Von Bertalanffy 1968). Application of systems
theory typically relies on building comprehensive
mathematical models that are used to scale up
analytical descriptions of processes at small
scales to predict the macrobehavior of a system
of such processes over larger space and time
scales. This so-called “upwards approach” has
been applied to the study of certain hydrological
problems (Rodriguez-Iturbe and Valdes 1979,
Roth et al. 1989, Smith and Bretherton 1972).

Pursuit of General Landscape Theory

The concept of “organized complexity” is pro-
posed as a framework for unifying random and
organized attributes of landscapes that govern the
flux, storage, and routing of mass between and
within terrestrial and aquatic systems. Random-
ness refers to behavior that is not predictable in
detail (such as climate), but that can be described
in probabilistic terms. Organization refers to spa-
tial regularities or patterns in a landscape and can
include laws of stream ordering and bifurcation
(Horton 1945, Strahler 1952), and systematic
variations in network geometry, such as decreas-
ing channel gradient and increasing channel width
with increasing drainage area (Leopold et al.
1964).

Pursuit of landscape theory requires landscape-
scale parameters. These include temporal distri-
butions of the frequency-magnitude characteris-
tics of climatic, hydrologic, and geomorphic
events, and spatial distributions that characterize
the attributes of large numbers of landscape ele-
ments (Benda et al. 1998). A general landscape
theory is proposed that predicts how mixtures of
climate, topography, lithology, and vegetation im-
pose overarching constraints on the probability
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distributions and spatial patterns of sediment and
wood flux to streams. Included is how temporal
distributions of material fluxes evolve along a
channel network owing to asynchronous material
supply, network geometry, attrition, spatial scale
(drainage area), and transport and storage re-
gimes. The derived long-term probability distribu-
tions of material flux and storage indicate the
stochastic and deterministic origins of aquatic and
riparian landforms. Probability distributions also
define the space-time structure of variability or the
natural disturbance regime.

The general theory is a work in progress, and
hence there is need for testing and refining gen-
eral principles pertaining to climatic and vegeta-
tion disturbances, erosion regimes, sediment
routing, and wood recruitment. In addition, new
theoretical principles covering riparian vegetation
and the formation of aquatic and valley floor habi-
tats are needed. Many of the overarching interac-
tions between stochastic and deterministic
landscape factors can be sketched on the back of
a napkin. Simulation modeling and field studies
are needed to make more quantitative and land-
scape-specific predictions (Benda and Dunne
1997a, 1997b; Benda and Sias 1998). Refer to
General Landscape Theory of Organized Com-
plexity (Benda et al. 1999) for a more thorough
discussion.

Potential Applications of Landscape
Theories:

1. Guide field studies of landscape-scale pro-
cesses.

2. Provide context for studies conducted at
small spatial and temporal scales.

3. Define natural disturbance regimes through
probability and frequency distributions.

4. Evaluate environmental change through shifts
in distribution form (in time or space).

5. Promote risk assessments that use a probabi-

listic approach.

6. Base environmental analyses, resource man-
agement planning, environmental regulation,
watershed restoration, and conservation biol-
ogy on a theoretical foundation.
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Scale Considerations for Linking Hillslopes to Aquatic Habitats

Robert R. Ziemer*

The title of this conference, “Views From the
Ridge,” suggests a particular scalar view of is-
sues. From the ridge, one obtains a somewhat
broad but restricted view of the landscape. Cer-
tainly, “Views From Space” would provide a larger
spatial overview in which landscape pattern be-
comes a dominant theme. For an aquatic or ripar-
ian theme, “Views From the Valley” would suggest
looking upward to the hillslope and ridges, in con-
trast to looking down from the ridge. Issues con-
cerning appropriate scale have been prevalent in
most of the recent landscape assessments, in-
cluding the Northwest Forest Plan (FEMAT 1993),
the PACFISH (1994) strategy, and, most recently,
the Forest Service Roads Analysis (USDA Forest
Service 1999) procedure. In all of these efforts,
three struggles were common: (1) issue identifica-
tion and integration of information across multiple
disciplines, (2) appropriate spatial scales, and (3)
appropriate temporal scales.

Issue ldentification and Integration of
Information Across Multiple
Disciplines

Several decades ago, some of us thought that it
would be a good idea to get a bunch of fishery
researchers and watershed researchers together
for a joint meeting. The joint meeting lasted about
4 hours until someone voiced the opinion that we
had nothing in common to speak about and the
meeting broke up into two different rooms: one
room for the biologists and another for the physi-
cal scientists. Since that time, interdisciplinary
work has improved. At least now we occasionally
can identify common issues. But still, people con-
tinue to struggle with understanding the crosscut-
ting complexity within a common issue. For
example, foresters tend to identify forestry issues
as centered around trees; hydrologists see for-
estry issues as related to water quality or quantity;
biologists see the same forestry issues as revolv-
ing around birds, salamanders, or fish. Seldom

1 Chief research hydrologist, U.S. Department of Agriculture,
Forest Service, Pacific Southwest Research Station, 1700
Bayview Dr., Arcata, CA 95521; Tel: 707-825-2936; e-mail:
rziemer@fs.fed.us
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are we successful in dealing with the full complex-
ity of the issue across disciplines. Traditional ways
of looking at problems are either from the top
down, or from the bottom up.

Top Down

The top-down approach (fig. 1) starts with some
land use activity, such as logging, grazing, or ur-
banization. The next step is to identify the onsite
changes produced by that activity; that is, how
does that land use activity modify the site—soil,
vegetation, terrain, slope, and so forth. Then, how
are these onsite changes translated into altered
watershed products? Primary products of altered
watersheds are water, sediment, organics, chemi-
cals, and heat. And finally, how are these products
transported away from the site of disturbance to
cause some offsite impact? For example, sup-
pose there are logging and associated roads in a
particular watershed. These activities compact the
soil, modify the vegetation, and alter the topogra-
phy by making the slope steeper at road cuts and
fills. These physical changes can modify runoff
timing and volume, wood input to streams, sur-
face erosion, and landslides. The result can pro-
duce changes in peak flow, base flow, water
temperature, channel condition, and sediment.
Society is more concerned about the conse-
quences of these changes offsite: increased
flooding, increased sedimentation, fewer salmon,
and so forth. By looking at the full set of potential
influences of a land-disturbing activity, a broader
range of potential concerns can be identified than
if we simply focused on our favorite impact.

Bottom Up

Another equally useful approach (fig. 2), which is
a common engineering exercise, is to identify
some offsite impact and trace the way back up to
find the activity that caused that offsite impact. For
example, if a bridge was washed out, there could
be many potential reasons including increased
peak flow, channel erosion, water diversion, bat-
tering by debris, and so forth. Identification of the
correct process and successive linkages is impor-
tant in order to be successful in preventing future
failures or to identify the guilty party.



Top-Down Approach

Figure 1—The top-down approach
starts with a land-disturbing activity,
then describes the onsite changes,
the subsequent effects of these
changes, and finally the con-
sequences (from Ziemer and Reid
1997).
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Figure 2—The bottom-up approach starts with an identified consequence (bridge washed out),
then describes the important conditions and linkages that could have produced the problem,
then the processes that caused the conditions, and finally links to the land-disturbing activities

(from Ziemer

and Reid 1997).
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To be most successful, we should analyze the
issues simultaneously from the top down and
bottom up by linking the land use activity to poten-
tial offsite impacts, and also by linking identified
offsite impacts to potential land use activities

(fig. 3).

Putting It Together

As an example, let us take “disappearing salmon”
as an issue for consideration (fig. 4). If we were to
simply focus on the number of salmon at a par-
ticular point as the appropriate metric of success,
we may develop some programs of salmon resto-
ration that are rather silly when the problem is
considered within its broader context. For ex-
ample, we might try to restore habitat above a
dam or a culvert where the fish are unable to
reach. Or, perhaps the reason the fish numbers
are low is because they were caught downstream.
By producing diagrams similar to figure 4, we can
begin to visualize and understand the complexity
and interactions within the issue of concern. The
process of developing the diagram is more impor-
tant that the final diagram itself. In building the
diagram, individuals with different backgrounds
and focus can identify where their knowledge con-
tributes to the solution of a single issue. In figure
4, there are three major components potentially
affecting salmon: land use, human predation,

and ocean conditions. The land use and terrestrial
conditions include the traditional issues and link-
ages: logging, grazing, agriculture, urbanization,
dams, and so forth, with their associated effects.
The human predation component addresses
sport, commercial, and subsistence fishing. The
ocean conditions influence a major portion of the
salmon’s life cycle.

The traditional view of the problem (fig. 5) is to
ignore all of this complexity and other influences
and focus on the parts that we particularly care
about. We select a land use of interest and evalu-
ate the linkages and pathways between that land
use (logging) and the target concern (disappear-
ing salmon). Commonly, we further narrow the
scope to a specific component, for example, to
woody debris. We want to demonstrate that a
change in woody debris has some effect on disap-
pearing salmon. So this becomes our top-down
approach. We only think about how woody debris
is affecting the salmon and we ignore all of the
other influences.

It is common to find that an agency only considers
those components for which they are directly re-
sponsible and ignores the potential effects of
other land uses. For example, a forestry agency
becomes only concerned with the effects of forest
land management on salmon, while the influence
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Figure 3—The top-down and bottom-up
approaches can be merged into a single-
analysis approach by linking the land use
activity to potential offsite impacts, and
also by linking identified offsite impacts to
potential land-use activities.




The Shape of the Problem
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Figure 4—A generalized diagram of some possible important interactions affecting “disappearing salmon” (from
Ziemer and Reid 1997).
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of agriculture, urbanization, dams, fishing, and so
forth are ignored because the forestry agency is
only authorized to regulate logging or manage
timberland. This focus is appropriate at a later
time when the agency decides upon a program of
action. Unfortunately, such a myopic view often
misses the context of the agency’s program within
the larger issue and can lead to uneven regulation
or to ineffective management actions.

The end point of problem simplification is to select
some index that directly links the activity to the
target issue without regard to other influences
(fig. 6). For example, a group working to restore
salmon runs in the South Fork Trinity River in
northwestern California assumed that their favor-
ite variable, changes in the volume of large pools
in the mainstem river, was related to the number
of returning salmon. The group decided to meas-
ure annual changes in the volume of these large
pools and then to correlate these annual pool
volume changes to logging and road building,
which were assumed to produce decreased pool
volume, and to the amount of future watershed
rehabilitation, which was assumed to result in
increased pool volume. In other words, pool vol-
ume was the index that was to tie changes in land
use to fish. None of the other components or influ-
ences upon fish numbers were to be evaluated or
considered. The problem was that the group had
no information about what was happening to fish
downstream and no independent indication that
there was any relation between fish numbers and
pool volume, let alone between land use and pool
volume.

Spatial Scale

Individuals who design projects, such as timber
sales, roads, grazing permits, recreation facilities,
and so forth, are quite accustomed to and com-
fortable in dealing with the project or subwater-
shed scale (fig. 7) that ranges from 10 to a few
thousand acres. Project designers are less accus-
tomed to evaluating the context of that project
within larger scales. The appropriate size of that
larger scale depends strongly on the issue being
considered. If, for example, there is a concern
about the effect of a project on the drinking water
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supply for a small community, evaluating the
subwatershed directly above the water supply
intake is the appropriate geography and scale.
Areas beyond that direct influence are not rel-
evant to the problem. If, however, we are dealing
with the effect of a project on anadromous fish,
then we are dealing with a much different geo-
graphical and spatial arena. For each of the boxes
and linkages in the disappearing salmon diagram
(fig. 4), there are sets of scales that are appropri-
ate to that box. For the fish population, the scales
range from the individual stream reach to the
Pacific Northwest, including the ocean. Salmon
stocks from the Columbia River may compete in
the ocean for food and resources with salmon
from northwestern California. Anything that
changes the competitive advantage of one stock
is important to consider. Further, there may be
migratory wandering of fish from one river system
to another. A depleted stock from one river may
result in success of stocks from another river
because of reduced competition, or vice versa. It
is important to recognize such external forces that
are operating at the large scale outside of the im-
mediate frame of reference. Similarly, within a
given river system, it is not possible to evaluate
the value of improving fish habitat quality at the
small watershed scale without some understand-
ing of how habitat along the migratory route influ-
ences the population. In the extreme example,
improving salmon habitat above a migration bar-
rier will have no effect, because the fish will never
be able to use that habitat.

The appropriate scale or geography depends on
the issue to be addressed. Some issues remain
fixed in one location (trees, soil fertility), whereas
others are mobile (animals, water, sediment).
Products associated with aquatic issues (water,
heat, chemicals, wood, sediment) tend to move
downslope or downstream and are constrained
within defined topographic boundaries. Fish
move upstream and downstream, so for them,
watershed boundaries are useful geographic
limits. Terrestrial animals (deer, birds) are not
constrained by watershed boundaries, and the
watershed concept is not particularly useful. For
these animals, movement range is a more useful
scale than topographic boundaries.
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A survey of any geographic area will result in a
high variance for most parameters. For example,
consider a hypothetical survey of 30 streams to
evaluate the risk of mortality of some species of
fish (fig. 8). Some streams have good habitat and
a low risk of mortality resulting from some action,
whereas others will have a high risk. The level of
“acceptable” risk has two components, biological
and social. If the species is abundant, it may be
biologically and socially acceptable to adopt a
level of regulation that would overprotect some
streams and underprotect others. As the species
becomes rarer, a higher level of regulation may be
appropriate, depending on the consequences of
making a judgment error. The problem with regu-
lations that produce or require a generic “designer
stream” is that stream systems are dynamic and
may require a wide range of evolving habitat con-
ditions to be productive. The stream systems
described by Reeves (this volume) require a sub-
stantial amount of perturbation and resulting pro-
ductivity changes over time. Designing for the
perceived “ideal” condition in all places all of the
time may lead to a poor stream condition in the
future. Further, a poor condition today may con-
tain exactly the components needed for the best
habitat in the future.

Temporal Scale

It is well known that “significant” hydrologic or
meteorologic events occur rarely, and the tempo-
ral distribution of these events is not uniform. This
presents a problem because most monitoring
activities represent only a short snapshot of the
temporal distribution of events. If the long-term
distribution was uniform and well behaved, the
shapshot may be an adequate representation of
the expected population of future events. How-
ever, if the events are not uniformly distributed
(fig. 9), then any short period of monitoring can
produce flawed information. For example, as-
sume habitat conditions are monitored on a
stream continuously for 75 years, considered by
most to be an exceedingly long record. If the
monitoring period ran from year 1 to 75 (fig. 9),
the conditions represented would be greatly differ-
ent than if the period was from year 75 to 150.
More realistically, most monitoring activities are
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much shorter than 75 years, often 10 or fewer
years. Any 10-year period in figure 9 could find
conditions ranging from no severe storms to mul-
tiple storms. In other words, the temporal scale
needed to adequately represent the significant
geomorphic or ecologic drivers is often orders of
magnitude longer than our monitoring database.

How does this relate to the level of regulation and
risk of mortality? Suppose that the average of the
streams depicted in figure 8 had a monitoring
record of 30 years (fig. 10). The maximum risk

of mortality, and perhaps the appropriate level

of regulation, could differ substantially based on
which period is monitored: for example, years

1 through 10, years 11 through 20, or the entire
30-year record.

What is the appropriate time scale to consider?
The answer depends strongly upon the issue.
Different folks or the same folks considering
different issues look at the problem differently
(table 1). For those in the corporate world of prof-
its and losses, a quarter (of a year) is an impor-
tant scale. Corporate well-being 150 years from
now is often not an important consideration to the
board of directors. Politicians like to see programs
that they sponsor put into effect and have some
result during their time in office. For politicians,
the election cycle (2, 4, or 6 years) is an important
time scale. The length of a human life is an impor-
tant time scale for people, and sometimes plan-
ning includes several generations, that is,
planning cycles ranging from 10 to perhaps 100
years. For most people, something that happened
20 years ago was a long time in the past. With
some exceptions, such as planning for infrequent
but catastrophic events such as earthquakes and
floods, something that happens once every 20
years or so is beyond the immediate concern of
most people. However, a 20-year time scale is
extremely long for an insect species having sev-
eral life cycles per year, or extremely short for a
redwood or bristlecone pine having a life cycle of
1,000 years or longer. An individual storm be-
comes very important for the domestic water user
who turns on the water tap and finds the water to
be turbid. Geomorphic events that shape the
stream channel may occur only once a decade,
century, or millennium.



100

_———————————_——_—.——____
kR L ]
°
80 - Endangered
L species L ]
2 ] o, S
= ® Underprotected L L =
S 60 . @©
= e o e P
g . ° | o|
= a0 L Overprotected —
_3 | . Abundant ©
79} b b S i (%]
| . pecies L
E (]
® e e e >
204 o o ¢ . ° 3
N ®
L ]
0 I T T T T I
0 5 10 15 20 25 30

Stream identifier
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Table 1—Appropriate time scales

Entity Period Years
Corporations Quarterly profits and losses 0.25
Politicians Election cycles 2,4,0r6
Humans Memory of significant events 1to 20
Humans Lifespan 50 to 100
Insects Life cycle 0.2to1
Anadromous fish Life cycle 2to 4
Humans Life cycle 50 to 100
Trees Life cycle 100 to 1,500
Domestic water user Individual storm 0.1to5
Channel adjustments Large storm 1to 1,000
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Finally, how one views the world depends strongly
on conceptual models about how things operate.
For example, our belief about how the level of
watershed disturbance is related to salmon habi-
tat (fig. 11) has a strong influence on land man-
agement and restoration strategies. The initial
assumption for both curves a and b is that the
best habitat represents that area having the least
watershed disturbance. In one model (fig. 11,
curve a), a watershed can be increasingly dis-
turbed with little effect on habitat quality until a
threshold is reached, beyond which there is a
precipitous decline in habitat quality. The manage-
ment objective would be to allow disturbance ac-
tivities to continue until just before the point is
reached where habitat quality begins to drop rap-
idly. Conversely, curve a suggests that a severely
degraded habitat can be restored with a small
reduction in the amount of watershed disturbance.

The second model (fig. 11, curve b) suggests that
a small amount of disturbance in watersheds hav-
ing the best habitat can result in a rapid decline in
habitat quality. Once the habitat quality is low,
additional disturbance has little incremental effect
on habitat quality. Conversely, curve b suggests
that recovery of habitat quality in heavily disturbed
watersheds will require a huge effort before any
improvement will result. Many past land manage-
ment plans followed assumptions of curve a. The
Northwest Forest Plan (FEMAT 1993) aquatic
conservation strategy follows the assumptions of
curve b, that is, to identify and protect those wa-
tersheds that have the best remaining habitat (key
watersheds), and to concentrate continued har-
vesting in those areas having the poorest habitat
(matrix). It is important to determine which of
these models best represents the relationship
between watershed disturbance and habitat
quality.
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Figure 11—Two conceptual models of the relation between watershed disturbance and salmonid habitat:
(a) habitat quality is not degraded until substantial watershed disturbance is reached; (b) habitat quality is
degraded most quickly during initial stages of watershed disturbance (from Ziemer 1997).
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Conclusion

Management and policy strategies to sustain a
resource depend on physical and biological hy-
potheses that often are untested. The success or
failure of a particular strategy will depend strongly
on how the resource actually responds once that
strategy is applied. Understanding the response
of the resource, in turn, will depend critically on
viewing that resource from the appropriate scale
in time and space.
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Landscape Assessment in a Multiownership Province

Thomas A. Spies!

Controversies about forest sustainability, ad-
vances in the sciences of landscape ecology and
ecosystem management, and new tools such as
geographic information systems (GIS) and remote
sensing have led natural resource policymakers,
planners, and managers from the stand, to the
landscape, and to regional scales. As scientists
and managers have expanded to these broader
scales, they have typically encountered multi-
ownership landscapes. The management and
scientific challenges posed by multiownership
landscapes are especially complex. Species and
ecosystems do not recognize legal boundaries
between ownerships, and the landscape dynam-
ics of individual ownerships are controlled by a
complex of economic, social, political, and bio-
physical forces. The aggregate ecological condi-
tions of landscapes are controlled by the spatial
pattern and dynamics of individual owners and
ecological interactions among those ownerships.
The dominant disturbance regimes in many land-
scapes are now directly or indirectly controlled by
human activities. Consequently, to understand
and predict these anthropogenic disturbances, we
must also understand their linkages to economics,
policy, and sociology. Solutions to problems of
conservation policy and practices for multiowner-
ship landscapes do not lie in isolated owner-by-
owner planning and management. Broader scale
approaches are needed. Work in multiownership
landscapes also reveals the need for increased
integration among ecological and social sciences.
The challenges to conducting integrated regional
assessments are numerous and frequently not
appreciated by scientists who typically have little
experience in these types of efforts.

A group of Pacific Northwest Research Station
and university scientists is currently involved in
a research program that is designed to test and
evaluate multiownership issues at province
scales. The Coastal Landscape Analysis and

1 Research ecologist, U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station, Forestry
Sciences Laboratory, 3200 SW Jefferson Way, Corvallis, OR
97331; Tel: 541-750-7354; e-mail: tspies@fs.fed.us
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Modeling Study (CLAMS) is a large interdiscipli-
nary effort designed to evaluate aggregate ef-
fects of different forest policies on the ecological
and socioeconomic conditions of the Coast
Range province as a whole (Spies et al. 2002;
www.fsl.orst.edu/clams). Here, | briefly describe
our general approach and present an example of
a simulation of changing forest landscape condi-
tions over time. | discuss the potential ecological
consequences of the mosaic of different owner-
ship policies and conclude by identifying some of
the challenges associated with building integrated
regional models.

The goal of CLAMS is to develop and evaluate
concepts and tools to help understand patterns
and dynamics of ecosystems at province scales
and to analyze the aggregate ecological and so-
cioeconomic consequences of forest policies for
different owners. Our approach is based on the
assumption that by knowing landscape structure
and dynamics of vegetation we can project conse-
quences of different forest policies for biological
and social responses. The major steps in our
approach are:

1. Build high-resolution spatial models (grain
size of 0.1 to 10 ha) of current biophysical
conditions (e.g., vegetation, ownership pat-
terns, topography, streams) across all owners
by using Landsat satellite imagery, forest in-

ventory plots, and GIS layers.

Conduct surveys and interviews of forest
landowners to determine their expected man-
agement intentions (e.g., rotation ages, thin-
ning regimes, riparian management intensity)
under current policies and to develop spatial
land use change models based on retrospec-
tive studies.

Project expected successional changes in
forest structure and composition under differ-
ent management regimes by using stand
dynamics models.

Build a landscape change simulation system
based on forest management intentions and
forest stand models to project potential land-
scape structure for 100 to 200 years.



Develop biophysical response models for
habitat quality for selected terrestrial and
aquatic vertebrate species, viability of se-
lected vertebrates species, coarse-filter
measures of community and landscape con-
ditions, historical range of natural variation of
forest successional stages, and landslide and
debris flow potential.

Develop socioeconomic response models for
measures of employment and income by eco-
nomic sector, timber value and production,
recreational opportunities, and contingent
value of biological diversity to the public.

Estimate potential ecological and socioeco-
nomic consequences of current forest policies
by using the landscape simulator and various
response models.

Evaluate, test, and revise overall simulator
system and submodels.

Provide policymakers, landowners, and the
public with results of spatial projections of
consequences and interact with those groups
of people to help inform debate and facilitate
collaborative learning.

At this point in the project we are simulating only
forest management-related disturbances (e.g.,
clearcutting, partial cutting, thinning) and landslide
and debris flow disturbances. We focus on these
because they are among the most frequent in the
region, potentially have large impact on measures
of biological diversity, and are of great interest in
current policy debates. We are not simulating
stochastic disturbances such as wildfire, wind,
insects, and disease. Studies in the region indi-
cate that wildfire occurs infrequently (150 to 400
years) and its spatial pattern is only weakly con-
trolled by topography, especially for large fire
events (Impara 1997). Smaller wind and pathogen
disturbances are quite frequent, but they are diffi-
cult to predict and typically occur at patch sizes
below our level of spatial resolution for this provin-
cial study. Climate change is another process that
we do have in the current model. These other
ecological processes could be incorporated into
future modeling efforts, either directly in the simu-
lation model or as scenarios (e.g., effects of a
large fire) for comparative analysis. These pro-
cesses could have profound implications to man-
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agement. For example, a large, rare fire event
could influence ecological and socioeconomic
systems for decades and centuries. Relatively
fine-scale processes such as disease or land-
slides could affect biophysical potential across
large areas. We do not mean to imply that these
other processes are not important but our initial
interest is in isolating the effects of management
actions. The model should be viewed not as a
predictive tool but rather as a computer-based
experiment to provide insights into the relative
effects of different forest policies.

We developed a prototype of our landscape
simulator for the Coast Range province and ran
it for a 100-year scenario under current policies
(fig. 1). Patterns of current forest condition are
nonuniformly distributed across ownerships. Cur-
rent vegetation patterns in the province are char-
acterized by a predominance of early and mid-
sized conifer forests. Forests dominated by trees
of the largest size classes (large and very large
conifers) are rare and restricted primarily to public
lands. Broadleaf forests are less common than
coniferous forests and tend to be concentrated in
riparian areas. Old-growth forest condition (ap-
proximately equivalent to the very large conifer
class) is currently a small percentage of the total
area, and what is remaining is concentrated on
Bureau of Land Management (BLM) and Forest
Service lands in the southwestern portion of the
province. Little old growth occurs on private land,
but some small remnant patches do occur and
form the basis of Habitat Conservation Plans for
the northern spotted owl (Strix occidentalis
caurina). Conversely, open (pasturelands, mead-
ows, agricultural lands, and recent clearcuts) and
early-successional stages of forest (typically for-
ests less than 15 to 20 years old) occupy almost
40 percent of the province and are concentrated
on private lands.

By 50 years into the simulation of future condi-
tions, the pattern of vegetation classes has
changed dramatically. Amounts of large-diameter
classes have increased, especially on federal
lands, and the spatial pattern of vegetation has
begun to resemble the underlying ownership pat-
tern. Young plantations (10 to 30 years old) on
federal lands have matured and are beginning to
blend into the matrix of large conifer size classes.
On private lands, intensive forest management
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Figure 1—Current conditions (as of 1995) and simulated changes in forest types of the Coast Range at 50 and 100 years into
the future under current policies.

(40- to 50-year rotations) keep these landscapes extremes is a wide range of mixtures of succes-
cycling between early successional stages and sional dominance and dispersed or blocked spa-
harvest-age timber plantations. By 100 years, the tial patterns. Consequently, we hypothesize that
contrasting patterns of vegetation across owner- a new landscape pattern is emerging in this prov-
ships are even stronger. ince in which ownership patterns, management

strategies, and boundaries will control patterns of
biophysical processes more than in the past. The
ecological and socioeconomic consequences of
changing diversity and spatial pattern are the pri-
mary focus of our ongoing research efforts.

Although total amounts of late-successional forest
have increased dramatically in the Coast Range
in this simulation, the spatial pattern of these for-
ests creates considerable potential edge effects
and spatial pattern interactions, especially on BLM
checkerboard lands. The simulations suggest that To summarize, we have learned that recently en-
large watersheds of the Coast Range will develop  acted forest policies in the Oregon Coast Range

into a mosaic of very different landscape types have the potential to create novel landscape pat-
based on the amount and spatial pattern of forest  terns of vegetation. We hypothesize that in this
conditions. These landscapes range from water- dynamic landscape, the combination of complex
sheds dominated by late-succesional forest to ownership patterns, contrasting management
watersheds dominated by early-successional regimes, and ecological processes create the
and mature-forest plantations. Between these spatial interactions that could not be predicted

based on information from individual ownerships
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in isolation from each other. Although simple
analysis of ownership patterns indicates a strong
potential for aggregate effects in this province,
more detailed analyses are needed to test the
degree and distribution of these effects. The spa-
tial interactions that we expect to have the great-
est impact on the ecological systems of this
province are the following:

e Imbalances and gaps in seral stage distribu-
tions across environmental strata, including
subecoregions, watersheds, and topographic
positions.

e Gaps in distribution of habitat of relatively
wide-ranging species (such as the northern
spotted owl or salmonids) whose movement
patterns are at similar scales to ownership
tracts and management allocations within
ownerships.

» Decline in aquatic habitat quality in stream
reaches and watersheds as amounts of large
wood are lost because of forest and agricul-
tural management practices along streams
and upslope in landslide and debris flow
areas that are sources of large wood for
many streams.

The building of integrated regional models to as-
sess forest policies is a relatively new endeavor,
and many scientists have little experience with
this type of integrated research, which also may
be conducted in an unfamiliar policy and public
environment. We have learned much about the
process of building integrated regional models to
assess ecological and socioeconomic effects. Our
lessons learned include:

e Theimportance of problem definition and
the conceptual model. Without adequate
problem definition and conceptual framework,
the process can degenerate into separate
studies that may not meet project goals.

e Theimportance of involving policymakers
and identifying policy questions. Without
incorporating policymakers and specific policy
questions at the beginning, the potential rel-
evance of the project will be diminished.
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The difficulty of developing spatial infor-
mation about landscapes and regions. Spa-
tial information about provinces and regions is
inadequate and will always be flawed. The
challenge is to determine when data quality is
good enough to provide a first approximation
at large scales.

The value of landscape projections. Spatial
projections of possible future landscapes are
a powerful way to engage policymakers and
stakeholders in joint learning efforts.

The challenge of measuring ecological
effects. We lack quantitative measures of
ecological response. The challenge is to blend
empirical, modeling, and expert judgment
approaches to provide working hypotheses for
use in model projections and to direct future
research.

The challenge and importance of scale.
The spatial and temporal scales of ecological,
policy, and socioeconomic processes and
measures are typically not the same. Continu-
ous attention to scale is needed to ensure that
linkages can be made among components.

The diversity of ways that integration ei-
ther happens or not. Integration across disci-
plines is central to the effort. Although not all
scientists in the team have the time and inter-
est to attend to integration of the project as a
whole, one or a few leaders must pay close
attention to this process.

The challenge of conducting science in
public policy and private landowner envi-
ronment. Applying landscape ecology to large
multiownership areas cannot be done entirely
within the walls of a research institution. Sci-
entists must interact with policymakers and
stakeholders in new and sometimes uncom-
fortable ways. These interactions can be time
consuming and disruptive to the “normal” pro-
cess of research. Without them, however, the
relevance of the effort can be seriously jeopar-
dized.



These lessons on the process are important for
scientists, policymakers, funding agencies, and
management agencies. These types of efforts
require, above all, patience, leadership, long-term
funding, and flexibility to deal with different per-
spectives and changing goals.

Beyond these challenges and the lessons from
the research process, we expect this effort to
make significant contributions to policymaking
and the science of landscape assessments. We
expect that the detailed ecological and spatial
structure of the model will help us understand the
relative importance of fine-scale management
decisions at broad scales and the importance of
broad-scale policy decisions at fine scales. We
expect to determine the locations in a region

that can provide the greatest contribution to
biodiversity goals. We expect to learn if a different
mix of policies could provide greater overall eco-

37

logical and socioeconomic values than the current
policies. Finally, we expect to discover how much
fine-scale information is needed to answer our
questions and understand the dynamics of land-
scapes and ecosystems at broad spatial scales.
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Implications of Scale on Viability Assessments of Terrestrial

Wildlife Species

Martin G. Raphael*

Introduction

A prudent manager desiring to meet objectives of
ecological sustainability and society’s economic
needs and social desires must consider a variety
of scales, both temporal and spatial. This is per-
haps an obvious point, but the techniques and
operational requirements to manage at multiple
scales are not always so obvious. Large-scale
assessments and conservation strategies, such
as the Northwest Forest Plan and the ongoing
Interior Columbia Basin Ecosystem Management
Project, illustrate the challenges and frustrations
of managing at multiple scales. In particular,
meeting the legal requirements for species viabil-
ity, as embodied in the Endangered Species Act
and the National Forest Management Act, has
forced a clear and explicit recognition of the need
for a broader view and has crystalized the difficul-
ties managers face. In this paper, | introduce
some of these challenges and describe recent
attempts to meet them.

The viability requirement of the National Forest
Management Act illustrates the many facets of
species conservation. Viability is defined in the
current regulations (36 CFR 219.19) as:

...a viable population shall be regarded as one
which has the estimated numbers and distri-
bution of reproductive individuals to insure its
continued existence in the planning area. In
order to insure that viable populations will be
maintained, habitat must be provided to sup-
port, at least, a minimum number of rep