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Foreword 

Ecosystems: Those ever-changing wondrous places where unique life forms and their physical environments interact. The phrase ecosystem management is now used by almost all land managers. In its consideration of new legislation, the US Congress has described ecosystem projects in terms of ecosystem analysis. 

But what does all this mean to activists who daily participate in monitoring ecosystemic processes and health? What is an ecosystem? Why is it so important to protect ecosystems, and what tools and understanding do we need to ensure that the end result of ecosystem planning actually benefits the biological components of ecosystems and ecological processes? How do we reasonably assure that ecosystem integrity is not adversely impacted by human activities in the future?

From the Everglades of South Florida to the ancient forests of the Pacific Northwest, we have witnessed numerous attempts at ecosystem management on a landscape scale. Many, if not most, of these ecosystems are under severe stress, are already threatened, or are critically endangered and may be close to ecological collapse. 

Under the banner of “ecosystem management,” economic exploitation and other human activities are often front loaded into the planning processes while the biological factors that contribute to long-term viability for imperiled species are ignored. Management plans of this sort, which would allow complex and irreplaceable species interactions to disappear, could have profound effects on ecosystem health. Such management plans are scientifically unsound.

This guide is intended to be a primer for activists and planners who want to be effective advocates for scientifically sound ecosystem management applications. It has been prepared with a recognition of the acute need to incorporate ecosystems and ecological sustainability concerns into all local and public land management policy.

Much more needs to be done to document the current health of ecosystems. We encourage activists to learn all they can about the biotic components of ecological systems. The knowledge we gain from studying these natural systems can help us to restore the integrity and biodiversity of ecosystems across the natural landscape and secure a healthier environment for human and nonhuman life forms in the future.

We have included at the end of this guide a proposed “Native Ecosystem Act”—new federal legislation that would mandate the protection and restoration of the entire spectrum of native plant and animal species in the United States. We encourage you to review and comment on this proposal as we work toward more complete protection for ecological processes and biologically intact natural systems.

—
D.C. “Jasper” Carlton


Executive Director, Biodiversity Legal Foundation 

Preface

Early in 1997, Jasper Carlton of The Biodiversity Legal Foundation gave me a call about a new project he had in mind. Conservation activists, he told me, need a nontechnical guide to ecosystem management. They need to be able to determine when a project is scientifically defensible and when it is not. They must be able to separate environmentally friendly projects from the smoke screens often presented to them by agencies, behind which logging, grazing, mining, and other insults to nature continue as usual. They need some tangible guidelines for initiating ecosystem management projects of their own. It was Jasper’s intention to distribute the guide to activist groups nationwide and beyond. Together, Jasper and I wrote a proposal for the ecosystem management guide to John Davis of the Foundation for Deep Ecology, who generously funded our request. This guide is the result.
I have written this guide for the conservation activist, agency employee, planner, and general citizen who want to know something about ecosystem management without poring through the stacks of books, scientific articles, and agency reports that address it. Although I have done my best to make this guide nontechnical and easy to read, I assume some general familiarity with ecological and land management concepts on the part of the reader. My intention was not to produce a thorough review of the literature, a history, or a compendium of the science of ecosystem management. Rather, it was to highlight the key issues of ecosystem management as they relate to conservation of biodiversity and to stimulate critical thinking—indeed, skepticism—about projects that carry the ecosystem management label. I am personally a supporter of ecosystem management in principle, though I prefer the idea of ecosystem conservation. I have been in the conservation business too long to believe that all the agencies and stakeholders involved in ecosystem management have pure and selfless motives. I have tried to approach the topic with an open mind and to give projects still under development the benefit of the doubt. Nevertheless, I do have my biases about where ecosystem management should be heading. This text is not value-free! If you do not believe that protection and restoration of native biodiversity and ecological integrity should be the principal aims of ecosystem management—especially on public lands—this guide may ruffle your feathers. 

I have been involved in a number of projects labeled ecosystem management (or something similar) over the years, sometimes as a researcher working with other scientists, sometimes as a consultant or instructor for state and federal agencies, and other times as an advisor or expert witness for conservation groups challenging ill-conceived projects. My experience has shown me that most people—in agencies or otherwise—who have initiated ecosystem management projects are well intentioned. They want to maintain native biodiversity as well as meet vital human needs. In many cases, however, projects become co-opted by the incentive structure of the agencies involved (e.g., “get the cut out or lose your budget”) or flounder miserably in trying to achieve consensus among a group of stakeholders whose basic values diverge. Some stakeholders are most assuredly there at the table to subvert conservation goals and serve their narrow interests. The “democracy” of consensus-based decision making often serves these interests all too well. The only acceptable ecosystem management project is one that is based on the best available science and takes very seriously its ethical obligations to other life forms. 

This guide benefitted from the reviews and editorial comments of Jasper Carlton, John Davis, Mitch Friedman, David Johns, and Sydney Maddock. I took most, but not all, of their suggestions; any remaining problems or errors can be blamed entirely on me. I make no excuse for my cantankerous attitude, except to insist I was born with it. 

· Reed Noss

Introduction

Ecosystem management—the conservation and stewardship of large areas of land or water containing multiple species, habitats, resources, and (often) ownerships—is one of the most fashionable concepts in modern conservation. It has been the dominant theme of public land management in the 1990s. It is also one of the most controversial themes. Virtually every government land-managing agency in North America, at all levels, claims to be practicing ecosystem management. Scientists use the term regularly, and usually approvingly, in grant proposals, conferences, and journal articles. Conservation activists, too, talk much about ecosystem management, sometimes favorably and at other times with great suspicion or even disdain. The harshest critics of ecosystem management can be found at the two ends of the conservation spectrum: on the one side, the defenders of traditional, intensive resource exploitation and private property rights (i.e., the “wise use” movement), and on the other, the extreme preservationists who find the basic idea of human management of nature offensive.

One of the first uses of the term “ecosystem management” was in a 1987 workshop on management of parks and wilderness convened by the University of Washington College of Forest Resources, National Park Service, and US Forest Service. In the 1988 book that emerged from that meeting, ecosystem management was characterized by editors Jim Agee and Darryll Johnson as “regulating internal ecosystem structure and function, plus inputs and outputs, to achieve socially desirable conditions.” The adjectives “socially desirable” leave a lot of wiggle room for managers, but were deemed necessary by Agee and Johnson because, they believed, natural conditions “cannot be scientifically resolved.” Since then a plethora of definitions of ecosystem management have been offered, a sample of which is in Table 1. 

It is interesting to note that although the concept of managing ecosystems (as opposed to individual resources or species) extends in unambiguous form only from the 1980s, the idea of conserving entire ecosystems extends back much further. For example, in the 1920s and 1930s Victor Shelford and his colleagues in the Ecological Society of America devised plans and maps to represent all of the major vegetation types in North America in a system of protected areas. These ecologists sought not just to represent samples of plant communities, but to preserve all the native flora and fauna of these systems, including large carnivores. Their goals contrast sharply with those of most government-sponsored ecosystem management plans—and with the interests of most academic ecologists—today.

How did ecosystem management come to be such an embattled concept? Is the idea of managing ecosystems philosophically and scientifically valid? Is management or conservation at the ecosystem level a replacement for management or conservation of single species, resources, or sites? Does ecosystem management represent a significant improvement over conventional management? How do we tell if an ecosystem management project is scientifically defensible and ecologically responsible? Can ecosystem management be salvaged as a paradigm for stewardship of natural resources, or has it been hopelessly compromised by conflicting interpretations, flawed implementation, and hidden agendas? 

This guide attempts to address these questions. Its purpose is to provide a primer on ecosystem management and an overview and critique of its implementation, especially in the United States. I write from the perspective of conservation biology: science in the service of conservation. I focus on the ecological principles that underlie ecosystem management and provide some suggestions for implementing ecosystem management in a scientifically defensible and ecologically responsible way. I address what ecosystem management should be, as well as what it is and has been in practice. One of my major objectives is to provide conservation activists and other citizens with a means for evaluating projects touted as ecosystem management in order to determine if these projects have potential to live up to their ambitious claims. To summarize my recommendations I provide a checklist of the features of a defensible and biologically prudent ecosystem management plan, contrasted with the features of an unacceptable plan. Many of my examples come from land managing agencies of the federal government of the United States, not only because these agencies have put so much energy into defining and implementing the concept, but also because it is on the management of federal lands that Americans generally have the greatest ability to affect policy. Nevertheless, because most of the US is private land, and approximately half of all species listed under the Endangered Species Act exist almost entirely on these lands, ecosystem management on private lands demands greater attention from citizens.

Why Ecosystems?

Before we dig deeper into the concept of ecosystem management, it is helpful to step back and examine its components: ecosystem and management. First, how did the ecosystem come to be a focus of conservation and management? Not without some difficulty. The idea of nature as a functioning system of living things intertwined with their physical environment extends back to the writings of some early naturalists, but it was not until the birth of the science of ecology in the late 19th century that these ideas began to take substantive form. For example, in 1887 S.A. Forbes of the Illinois Natural History Survey described a lake as a “microcosm” that incorporates all living and nonliving attributes in a single entity. In 1935 the term “ecosystem” was introduced by the British plant ecologist Arthur Tansley. Tansley’s definition of ecosystem included the physical environment as well as living things: “the whole system (in the sense of physics) including not only the organism-complex, but also the whole complex of physical factors forming what we call the environment of the biome—the habitat factors in the broadest sense.” Thirty-five years later, in 1971, the influential ecologist Eugene Odum defined an ecosystem similarly as “any unit that includes all of the organisms in a given area interacting with the physical environment so that a flow of energy leads to clearly defined trophic structure, biotic diversity and material cycles.” Most modern textbook definitions are comparable.

What is striking about virtually all formal definitions of ecosystems is that boundaries are not mentioned. This reflects  ecologists’ knowledge that ecosystems are open systems, exchanging matter, energy, and organisms with the other ecosystems around them. Furthermore, in most cases species appear to respond individualistically to environmental gradients such as elevation, moisture, and soil texture or chemistry. This is true both spatially, where few species show identical distributions along environmental gradients, and temporally, where fossil pollen evidence shows that trees and other plant species migrated at different rates and along different paths in response to past climate changes. These lines of evidence have led some ecologists to conclude that biological communities and ecosystems do not exist. Other ecologists maintain that they do exist, but that boundaries are often diffuse and characterized by broad ecotones (transitional areas). In any case, where we draw the lines between ecosystems is largely dependent on the interests of the investigator. 

Some people are troubled by the seemingly arbitrary boundaries of ecosystems and the general vagueness of the ecosystem concept. Nevertheless, flexibility may be one of the concept’s greatest strengths. Depending on the problem or objective at hand, we can be concerned with a single plant community or habitat, or the whole mosaic of communities across a broad landscape, watershed, or ecoregion. What nature has given us is a nested hierarchy of ecosystems within ecosystems. What level in this hierarchy we focus on, and where we draw boundaries, should depend on the problems we seek to address. Aquatic and terrestrial ecoregions often differ in their boundaries because the factors that shape them differ. A comprehensive ecosystem management or conservation plan addresses each problem or issue within the appropriate spatial bounds.

For example, if we are concerned about the survival of a stand of old-growth Douglas-fir, then our boundaries should include that forest and the landscape around it that affects it in various ways. If we are concerned about an endangered stock of coho salmon, then our ecosystem of concern is the entire watershed of the stream where that stock spawns, as well as the portion of the ocean it inhabits, where it could be overfished. If we are concerned about the water quality and fish species composition of the Great Lakes, then our ecosystem must include the entire watershed of the Great Lakes Basin. If we are interested in the restoration of the tallgrass prairie ecosystem, then our boundaries should encompass the entire presettlement range of this vegetation type throughout the Midwest and Great Plains. Many regional conservation planning initiatives, such as Yellowstone to Yukon (Y2Y) and other plans associated with The Wildlands Project, address regional ecosystems that cross many ecoregional and watershed boundaries. These ecosystems are often defined by the long-term needs of the most wide-ranging species, especially large carnivores or migratory ungulates. For some problems, such as global warming and stratospheric ozone depletion, the entire earth is the ecosystem of concern.

For practical purposes most applied ecologists and conservation biologists define ecosystems geographically or according to their vegetation. Despite the problems with species responding differently to environmental change in space and time, defensible boundaries can be defined for most ecosystems of interest. Hence, we have the Greater Yellowstone Ecosystem (first defined on the basis of the distinct population of grizzly bears), the Longleaf Pine Ecosystem, the Southern California Coastal Sage Scrub Ecosystem, the Interior Columbia Basin Ecosystem, and so on. Each of these ecosystems can be delineated on a map. Although the precise boundaries may be a point of contention, “mappable” ecosystems are far easier to deal with in ecosystem management or conservation planning than textbook abstractions defined on the basis of functional relationships.

Despite widespread acceptance of the ecosystem as a core concept of ecology, most people—including many of the politicians, land managers, and corporate executives who control what happens to our native ecosystems—do not look at nature in this way. They view nature as a collection of separate, isolated entities, some of which are good (e.g., deer to shoot, bass to hook, coal to mine, trees to convert into logs) and others either bad or useless (e.g., predators of any kind, insects, trees left standing until they grow old and decadent). The relationships among entities in nature are never considered seriously by most people in our culture. The roles of ecological processes are particularly misunderstood—witness the bizarre response of the press, Congress, and the general public to the Yellowstone fires of 1988! The disjointed, utilitarian, nonecological view of the natural world has strongly influenced resource management philosophies and practices. Foresters have stuck to commercial trees, wildlife managers to huntable game, fisheries biologists to game fish (usually introduced), and range conservationists to cows. The vast majority of funding in wildlife conservation, mostly derived from hunting license fees, has been devoted to maintaining a harvestable surplus of game animals. Nongame and endangered species and their habitats have received comparatively little funding or research attention.

The biased apportionment of funds in conservation reflects the interest of the general public in species they can shoot, hook, and eat, or (occasionally) in other animals they find visually attractive or interesting. When the US Congress finally saw a need to protect species at risk of extinction, they elected to consider each species one by one, and the large, attractive animals received the bulk of attention. Plants and invertebrates have been slighted throughout the history of the Endangered Species Act. This trend reflects the familiar (and flawed) “Great Chain of Being” concept, where humans are at the top, with all other species below. The more different a species is from us, the farther down in the chain it is placed. As I heard Alaskan Senator Ted Stevens say in a congressional hearing: “I’m embarrassed to confess I voted for the Endangered Species Act in 1973. I thought we were protecting bald eagles and wildlife! If I had known this Act would be used to protect some bug that lives under a rock, I never would have voted for it.”

Despite the stated goal of the US Endangered Species Act of 1973 to conserve “the ecosystems upon which endangered species and threatened species depend,” most plans and actions undertaken for listed species ignore the needs of other species—listed or otherwise—and their habitats. The term “ecosystem” never appears in the Endangered Species Act after the general goal statement in the preamble. We can only expect the situation to worsen as human knowledge about nature declines with each generation. As a case in point, a recent study found that the average American teenager can identify some 1000 corporate logos, but cannot give the names of even ten plants and animals native to the area where they live. Some basis for ecosystem management!

Managing species, sites, and resources one by one has seemed difficult enough for resource management professionals. Hence, it is legitimate for managers to ask how we can possibly expect them to manage and conserve entire ecosystems. It would seem that if managing one species requires X amount of dollars or staff time, then managing 10,000X species in an ecosystem is inconceivable. What is ignored in such a calculation is that maintaining a healthy, diverse ecosystem does not require that individual attention be given to each and every species. The needs of many species overlap and can be covered by providing habitat of adequate quantity and quality. Some species are so adaptable that they can be safely ignored. Perhaps most important, the vitality of an ecosystem often can be measured by a few key variables—the size and spatial arrangement of key habitats, the frequency and intensity of a few, critical ecological processes, and the status of a relatively small number of species that are either of central importance to the functioning of the ecosystem or are extremely sensitive to human disturbance.1 Some of these species, such as large carnivores, require very large areas of habitat in order to maintain viable populations. If enough habitat is set aside for these “umbrella species,” then many or most other species in the region will also survive. Those species missed by the umbrella-species approach can often be captured by including examples of all kinds of physical habitats and plant communities in a nature reserve system. Therefore, most biologists today agree that conserving ecosystems is generally more practical, efficient, and effective than the species-by-species approach. 

Besides the direct benefits to biodiversity of focusing conservation and management efforts at the ecosystem level, many other ecological advantages accrue. For example, forestry programs concerned only with production of timber—even those aimed at producing a sustained, even flow of wood—often have neglected soils, soil organisms, and other aspects of the ecosystem. Sometimes the result is collapse of the forest ecosystem. In the US Rocky Mountains, Cascades, and other areas across the globe, clearcuts on high-elevation and other stressed sites have sometimes failed to produce new trees, even after several decades and plantings. It has been suggested that intensive vegetation management after logging, including the use of herbicides to control brush, may have broken the links between vegetation and the soil organisms known as mycorrhizal fungi, which grow in symbiotic associations with the roots of trees and other plants and encourage their growth. As the mycorrhizal linkage is broken, other soil properties change and the site can no longer support trees. Other examples of problems stemming from a failure to plan and manage at an ecosystem level include invasions of exotic species into natural areas from other sites where they were planted; heavy flooding and mudslides resulting from logging activities higher in the watershed; loss of fisheries from similar activities upslope that increased sediment loads in streams; and chemical contamination of soils, waters, and food chains due to chemicals released into the air or water, often at great distances away (e.g., acid rain, DDT). All these examples point to the need to take into consideration the diverse biological and physical linkages among the components of an ecosystem and the need to consider the total area likely to be affected by a given human activity. In ecosystem management, there are no externalities.

A fundamental lesson from the failures of piecemeal resource management is that ecosystems remain healthy only when their processes remain intact. Processes such as nutrient cycling (e.g., the movement of nitrogen from air to plants, animals, decomposers, soil, and finally back to the air), energy flow, hydrology, disturbance regimes, succession, predator-prey relationships, pollination, and so on are variable over time in any given ecosystem, but they vary within certain bounds. This bounded variation is often called the “historic” or “natural” range of variability. The species in a given ecosystem have adapted, through natural selection over a long period of time, to a particular range of variability for every natural process that affects them. When this range of variability is exceeded in either direction—either too much or too little fire, flooding, predation, etc.—then certain species will decline, sometimes to extinction. Many resource managers, with little or no training in ecology or evolutionary biology, have ignored this basic logic. The range of variability for many species has been exceeded often. Ecosystems have been changed in their basic character and many species have been lost locally, some globally. 

Hence, a rapid transition from species-by-species, site-by-site, resource-by-resource conservation to ecosystem conservation is necessary. But this transition requires breaking with tradition in many ways. It requires changing old attitudes, changing the goals of management, increasing training of managers in ecology and other natural sciences (as well as social sciences such as history and philosophy), and seeing the big picture. The trend today—toward thinking of whole ecosystems in conservation planning and resource management—is encouraging, but it still faces enormous obstacles in implementation. Many managers still focus narrowly.

Before leaving this topic, I want to identify a false dichotomy that creates much unnecessary debate among conservationists: species versus ecosystems. Species conservation and ecosystem conservation are not mutually exclusive—they are complementary. Although conservation biologists generally agree that conserving and managing ecosystems is more efficient than species-by-species approaches, the needs of certain species must receive priority attention in ecosystem management. Generally speaking, species are more sensitive to disruption by human activities than are ecological processes. Ecosystems are often defined by their species, and details of ecosystem management such as optimal patch size and connectivity can be addressed only in relation to particular species. Generally, the species that warrant greatest individual attention are those with the largest area requirements, specialized habitat needs, functional importance in the community (i.e., keystone species, whose impact is disproportionately great for their abundance), or high sensitivity to human activities—including, but not limited to, many species listed as threatened or endangered. Ecosystem management projects that disregard or overlook such species are irresponsible. 

Why Management?

An obvious assumption of ecosystem management is that natural or seminatural systems need to be managed. If this assumption is incorrect, ecosystem management is on shaky ground.

No doubt, the philosophical implications of management are troublesome. The desire to manage nature reflects, to a considerable degree, a desire to control, dominate, and subdue other life forms. Some trace this attitude to the Book of Genesis. Genesis 1:28, for example, tells us to “be fruitful, multiply, fill the earth and conquer it.” A basic human desire for control is reflected not only in Genesis, but also in most of human history and political tradition. Indeed, an ability to control nature for our own purposes would have been strongly favored by natural selection.2 Individuals who had more control over the environment around them would produce more surviving offspring. The question today is whether this naturally selected desire to control and dominate nature, a remnant of our early evolution, provides an adequate basis for a harmonious and sustainable relationship with the earth. Perhaps, many conservationists believe, it is time to do something unnatural (from the Darwinian perspective) and show some altruism toward other beings.

We should not be surprised that the desire of many humans to conquer nature is reflected in our land management traditions. The history of conventional resource management is nothing to be proud of. As noted in the preceding section, piecemeal management of species and resources often has been unsustainable. In addition, even when managers have sought to do well for wildlife, their zeal to manipulate nature frequently has gotten the best of them. Their hubris has led them to believe that they understand the complexities of ecosystems well enough to manage them for good purpose. 

A familiar example of hubris is the traditional practice of wildlife managers to manage for the highest possible habitat diversity on a local scale. This means interspersing early- and late-successional habitats and maximizing the amount of habitat edge. This practice grew from observations that deer, grouse, and many other game species thrive in fragmented habitat with abundant edge. When the first studies showing negative effects of edge surfaced in the late 1970s, wildlife managers were generally undeterred—they kept managing for maximum interspersion and edge. Twenty years later, and with a now voluminous literature demonstrating the folly of such management, many wildlife managers persist in their old ways. Nature, in their view, just won’t work right without their help. As George Leonard, former associate chief of the US Forest Service, put it: “We know what nature can do, and we’re relatively certain that we can do better than nature.” This attitude is still all too evident in many ecosystem management projects today. Northern California activist Felice Pace has called this attitude the “management imperative…we need to be needed (by nature).” 

Those of us who find the control-and-subdue attitude of land managers reprehensible have essentially two choices: reject human management of nature altogether or try to develop a kind of management that is less domineering and more humble. Early in my career I leaned strongly toward the first choice, but as I learned more about ecology and saw many healthy and battered landscapes up close, I had to accept the latter. The no-management position carries a critical assumption—that natural ecosystems are self-managing and self-regulating. They can take care of themselves and heal from past abuses on their own. In the not-too-distant past, before the agricultural revolution and exponential growth of the human population, this assumption was generally valid for most of the globe. It probably remains valid today for the largest remaining wildlands. A corollary of this assumption is that anything that humans do to natural ecosystems will only upset them. This attitude, perhaps also biblical in foundation (i.e., the Garden of Eden and the original sin) has considerable empirical support. Our history of managing nature—or even managing ourselves—is dismal. On the other hand, not only is a strict “balance of nature” concept untenable given what we know about the ever-changing, sometimes even cataclysmic history of natural systems, we must also recognize that humans have so altered most ecosystems that natural processes no longer function as they once did. To not manage in these situations—to let nature take its course—is to invite extinction. Here are a few lines of evidence that failing to restore and manage ecosystems that we have damaged—or to manage human activities that continue to affect these ecosystems—may result in irreversible losses of biodiversity:  

1) Habitat fragmentation has resulted in many regions today being composed of small, isolated remnants of natural or seminatural habitat. Species that require large areas usually cannot survive for long in these remnants without management. The ideal solution is to enlarge the size of these remnants and reestablish movement corridors among them. If we want to accomplish this soon enough to avert extinction, however, it will often require tree-planting and other active restoration—that is, management. Intensive population-level management (including, for example, translocations of animals from one population to another to help reestablish gene flow) may be required, as a temporary measure, to avert extinctions of some species.

2) Fragmented habitats are extremely vulnerable to edge effects, which include changes in microclimate (e.g., increased wind and insolation near edges), declines in native species that avoid edges and require habitat interiors, and often relentless invasions of exotic and feral animals (including introduced plants and feral cats) and opportunistic, medium-sized predators such as raccoons and opossums. Because large predators are generally absent from fragmented landscapes, deer and other prolific herbivores (which thrive in fragmented landscapes with abundant interspersion of cover and forage areas) increase markedly, overbrowsing many native plants and simplifying habitat structure. As a result, sensitive native species often cannot survive in habitat remnants unless managers actively eradicate or control invasive, problematic species. 

3) Studies of endangered ecosystems in North America have determined that many of the most reduced and imperiled plant communities are those that depend on frequent fire. Examples include longleaf pine-wiregrass, most ponderosa pine communities, grasslands, barrens, and savannas (see Table 2 for a more complete list). Not only have natural fires been actively suppressed in many areas, but habitat fragmentation creates barriers to the natural spread of fire. A small, isolated fragment simply will not receive lightning strikes frequently enough to maintain a fire-dependent community. Similarly, a recent study of the causes of species imperilment in the United States by David Wilcove and colleagues determined that a high proportion of imperiled species is threatened by fire suppression within their fire-dependent habitats. Another major threat turned out to be alien species. The authors concluded that “both types of threats must be addressed through active, ‘hands-on’ management of the habitats, such as pulling up alien plants and trapping alien animals or using prescribed fire to regenerate early successional habitats.” The authors further noted that whereas the Endangered Species Act prohibits harm to listed animals, it does not require private landowners to take affirmative actions—such as prescribed burning or controlling alien plants—to maintain or, especially, restore habitat for listed species. We must find other incentives for these positive management actions.

4) Alteration of hydrological regimes through damming, ditching, draining, diking, road-building, diversions, and other actions has altered many aquatic and wetland communities to the point where they can no longer support many native species and processes. In the lower 48 United States, there are only 48 undammed river stretches longer than 124 miles. In the Mississippi Alluvial Plain, virtually every stream has been channelized, leveed, or otherwise altered. Florida provides abundant examples of disrupted wetlands, not only in the Everglades-Big Cypress Ecosystem, but throughout the state. These communities will not heal themselves within any foreseeable period of time. They require active, hands-on restoration, such as that being undertaken to de-channelize the Kissimmee River (unfortunately, however, most of the “restoration” being undertaken in South Florida will benefit development far more than the native ecosystem). Proposals to remove dams are other examples of restorative management. 

5) The impacts of human visitors on natural areas often have severe effects on sensitive native species and communities. We all know of national parks, wilderness areas, and other public lands degraded by too many people, especially—but not entirely—those using motorized vehicles. Management, including strict law enforcement, is necessary to keep these visitors out of sensitive areas and generally make their actions less destructive. Areas damaged by ORVs or too many hikers (e.g., braided trails) often require active restoration. Perhaps, as conservation educator David Orr has observed, “It is humans that need managing, not the planet.”

6) Whether we approve or not, in the near term many public lands and most private lands will continue to be managed for some kind of commodity. Is it not better to find a way to provide resources for humans sustainably than to continue with our present, often unsustainable practices? Cautious management experiments to provide for true, ecological sustainability—which includes sustenance of all native species and processes—should be encouraged in appropriate areas. We have much to learn.3

Hence, at least in some ecosystems today, the ecological consequences of not managing the land could be as bad as those that come from managing it poorly. There are also unfortunate political consequences of conservationists taking a no-management, preservationist position: it provides a convenient straw man for those who want to manipulate every square inch of our public lands. In both the Interior Columbia Basin Ecosystem Management Plan, which lacks any recommendations for new protected areas, as well as the earlier Northwest Forest Plan approved by President Clinton, planners were able to dispense with alternatives that included meaningful protected areas by fashioning these alternatives to exclude all management (including restoration, prescribed burning, etc.). None of the alternatives designated reserves with management dictated primarily by biological considerations or as control areas for management experiments. Hence, the preservation alternatives in these planning processes were easily dismissed as ecologically unrealistic.

The take-home message from these experiences—and from our knowledge of ecosystems generally—is that management is not necessarily bad or good; it can be either or it can be neutral, depending on how well it mimics natural processes. If management introduces to the biological community a whole new set of disturbances and stresses that many species in the community have never experienced during their evolutionary histories, then the effects are most likely to be negative. Clearcutting a forest community that normally experiences single or small-group treefalls as its normal disturbance regime would be an example. A management regime that sustains or effectively mimics a natural disturbance regime (e.g., allowing natural fires to burn or prescribing fires to emulate the natural frequency and intensity for that plant community) may be expected to have neutral effects on native biodiversity. Finally, a management regime that effectively restores natural patterns and processes that were disrupted by former human activities would have a net positive effect. For example, a series of thinnings applied to a fire-suppressed stand or plantation, perhaps combined with seeding of diverse native species, may help that stand gradually develop into something resembling a natural forest. A prudent approach would be to conduct thinnings and other restoration experiments in the actively managed, roaded landscape, and, at least for the meantime, stay out of roadless areas.

As I will discuss later in this report, how one judges ecosystem management projects and practices ultimately depends on one’s values. The same is true for basic questions about whether human management of nature is acceptable, and if so, under what circumstances. Everyone engaged in applying or critiquing ecosystem management, either generally or in relation to specific projects, has an ethical obligation to bring their values, preferences, and interests out in the open. My personal, aesthetic preference is for wild landscapes over tamed, agrarian, or urban landscapes. My main interest is biological conservation—protecting and restoring native biodiversity and ecological integrity—not management per se. I believe my values are defensible because they are not biased by anthropocentrism. I recognize, however, that in today’s damaged landscapes, management of some kind is usually needed to achieve conservation goals, and that production of commodities (wood, meat, minerals, etc.) can sometimes, in some places, be consistent with the objectives of biological conservation. Especially on public lands, however, whenever there is any doubt about the compatibility of resource production and biological conservation, conservation must always come first. This approach—often called the precautionary principle—is the prudent and conservative course; it shifts the burden of proof from conservationists to those who would alter natural ecosystems for any purpose.

Given my values and preferences, combined with my experience as an ecologist, I believe that ecosystem conservation in some cases is best achieved by hands-off preservation. Forest ecologist Bob Zahner has stated this point of view eloquently in reference to the second-growth forests of the southern Appalachians: “For most restoration needs…I advocate the choice of benign neglect management, where the decision is to let nature heal herself.” For these and ecologically similar forests, where they exist in patches large enough to escape edge effects, I agree with Zahner. On the other hand, benign neglect has not worked out well for many other ecosystem types, such as the fire-dependent communities listed in Table 2. Rather, neglect—or worse, fire suppression and livestock grazing—has led to a steady decline in native biodiversity as fire-sensitive species have invaded from off-site, out-competing fire-dependent species. For an increasing proportion of our native ecosystems, meeting conservation goals requires hands-on management. Nevertheless, I hope this management turns out to be only a temporary necessity. The ideal future landscape is one where nature again manages itself and humans live in harmony with other species. Without this idealistic, long-term vision, we risk being caught in a trap of ever-increasing manipulation of ecosystems.

The Role of Science in Ecosystem Management

Science is widely accepted in virtually all modern cultures as the preeminent means of obtaining knowledge and truth. Although some observers contend that the public is losing trust in scientists and other experts, a 1993 survey by Peter Hart and Associates for Defenders of Wildlife showed that Americans trust the word of scientists on conservation issues over that of politicians, agencies, environmental groups, industry, or news reporters. The trust that the public places in science and scientists—arguably a product of the Enlightenment—is dampened somewhat by the occasional unethical behavior of individual scientists who “sell out” to their clients and distort the truth, often for personal profit. Tobacco company doctors and developers’ consultants (at least sometimes) are obvious examples of such “biostitutes.” Not as obvious are the many subtle biases and predilections that every scientist possesses, as much as any other person. 

Scientists also sometimes do a disservice to society by stating or implying that science is the only way to truth, ignoring other legitimate means such as direct experience of reality and learning by doing. More commonly, some scientists accept only a very narrow, reductionist version of the scientific method and maintain that no other approach to gaining knowledge is valid. Ironically, the rigid hypothesis-testing model of science, which requires true replication of all experiments as well as true control areas entirely unaffected by human activity, would rule out virtually all ecosystem-level studies.

Today “the scientific method” is accepted by most scientists as involving a mixture of analysis and synthesis, deduction and induction, experiments and practice-based learning. Testing hypotheses and rejecting those that do not hold up to rigorous analysis are still the preferred means of obtaining knowledge, but the process is now more open to alternative methods. The laboratory science model of the scientific method—the one we all learned in school—does not apply well to most of conservation planning and ecosystem management. Instead, observational studies, retrospective studies (i.e., measuring the outcome of management actions taken in the past), and inventories and surveys can provide information useful to ecosystem management when controlled, randomized experimental methods are not possible. Results from several different studies can be assessed statistically using techniques of “meta-analysis,” which often tell us much more than trying to synthesize the findings of these studies in our heads. Bayesian statistics, which were developed specifically for analyzing prior knowledge and observational data, can also be used to infer relationships among management actions and the responses of species and other ecosystem components. 

When substantial information is lacking on a particular area, ecosystem management should be based on the empirical generalizations or principles derived from studies elsewhere. For example, we know that in the vast majority of cases, and with all else being equal, it is good to avoid habitat fragmentation and road-building and to maintain large, well-connected patches of natural habitat. Empirically-derived principles are a good starting point for any kind of conservation planning. The overriding theme in applying such principles is prudence—in the face of uncertainty about the effects of an action, it is always better to err on the side of protection rather than development. Again, this is the precautionary principle. Some have criticized this principle on the basis that it fails to tell us precisely what precautions should be taken; hence, value judgments are still necessary. Nevertheless, a shift in the burden of proof toward those who propose projects involving risks to natural ecosystems would go a long way toward reducing such risks. 

One of the more controversial topics in modern discussions about ecosystem management is the role of experts. Traditionally, experts have been looked to for guidance in conservation and management. This would seem appropriate, as modern science, both basic and applied, is a rich source of often esoteric information. It takes a person many years of study and practice to acquire adequate knowledge in any scientific discipline. People who possess such knowledge—experts—arguably have more to offer than the average person on such problems as population viability of a rare plant, edge effects associated with habitat fragmentation, prescribed burning, or any other specialized topic within their disciplines. 

In spite of this logic, expert-bashing has become a popular pastime among both opponents and proponents of ecosystem management. Experts are viewed by some as elitists or outsiders. A fundamental issue is that scientific expertise appears to clash head-on with the democracy of consensus-based decision making, stakeholder processes, and community-based conservation themes of ecosystem management. If everyone at the planning table is an equal, what is the role of the expert? Social scientists Hanna Cortner and Margaret Moote, in their book on “the politics of ecosystem management,” cite this problem as a major paradox of ecosystem management. They write: “The reliance on expert opinion has come to have profound consequences for the role of the public in political matters. Experts render judgment, eclipsing the role of the citizen.” And: “This reliance on experts has significant consequences for the role of the public in decisions about resources; democratic processes are ignored in favor of scientific decision making.” On the other hand, democratic processes have, in some cases, led to laws that require proper attention to science. The US Endangered Species Act, for example, requires that listing decisions be based on the “best available scientific and commercial data”; making decisions without input from appropriate experts would violate the law.

Holding the word of experts sacred would surely be a mistake, especially in matters involving human health and safety. As philosopher Kristin Shrader-Frechette has suggested, “Some physicists claim that because they are the experts about nuclear fission and because the public is often scientifically ignorant, they alone have the right to make ethical judgments on the acceptability of nuclear reactors.” Nevertheless, whereas the problems of ecosystem management will not be cured entirely by more and better science, more and better science must be part of the solution. Expert-bashing in the name of democracy gets us nowhere. A thorough grounding in biological science is absolutely necessary—even if not sufficient—for ecosystem management. If, for example, in a consensus-based process that seeks to determine how to manage and restore a shrub-steppe ecosystem, the opinion of a ranch hand with no knowledge of ecology is considered equal to that of a Ph.D. who has studied the species interactions and ecological processes of that ecosystem for decades, then democracy has been subverted. 

Shrader-Frechette has also noted, “as Aristotle recognized, equal or objective treatment does not mean treating everyone and every position the same, but treating equals the same.” An uninformed opinion is simply that. It is in no way equal to an informed opinion. Intimate biological knowledge of a place or species is a rare and precious commodity, and should be treasured as such. More importantly, following the advice of a biological expert over that of someone with a vested interest in ecosystem management decisions is usually much more prudent—it poses less risk to biodiversity. 

The problem remains of what to do when experts disagree. This is an increasingly common predicament in our contentious and litigious society. The problem is not well resolved in a courtroom—especially before a biologically ignorant judge. Rather, this is when the community of scientists, as represented by the National Academy of Sciences or (better yet, in my opinion) the professional societies in the pertinent specialty, should be called on to help resolve the dispute. We cannot expect these societies to be available to address specific problems that arise in every ecosystem management project. Professionals are busy people. But they should be consulted to address general issues—for example, the role of understory thinning versus other restoration practices in restoring fire-suppressed ponderosa pine forests, or the restoration of salmonid stocks in the Pacific Northwest. For individual ecosystem management projects, independent peer reviewers with the relevant expertise can often provide invaluable advice and help resolve disputes between local experts who may be biased.4 A professional society, or local chapter of such, would be a good source for names of competent reviewers.

At this point I must issue an important caution to activists. Over the last couple decades a perceived role of science has arisen that is counterproductive to science and, ultimately, to conservation. This role—the scientist as “hired gun”—has been promoted by both environmentalists and industry, and perhaps especially, by the attorneys who represent them. Although scientific experts have a legitimate role in the courtroom, the way they are often being used today is contrary to the objective pursuit of truth that is at the core of true science. 

No science or scientist is value-free or entirely objective—these are relative concepts. Science functions best, however, when biases are minimized. Consider the hypothetical case of an ecosystem management project on a national forest that a local environmental group does not like because it involves entry into an area where their members regularly hike. The group files an appeal and asks scientists to write affidavits in support of their case. What the group wants from the scientists is not science, but rather criticism of the project, which often involves selective citation of the scientific literature and rationalization (i.e., pseudo-science). If the project in question is truly bad, for example involving road-building and habitat fragmentation in an area of high biological value, then a scientist may be able to critique the project objectively on the basis of lessons learned elsewhere. Many studies have shown negative effects of road-building and habitat fragmentation. Prior studies and the empirical generalizations derived from them, as noted earlier, can be extremely valuable when site-specific information is lacking. Conservation biologists, as practitioners of a mission-oriented discipline, have a duty to respond to urgent conservation issues—time permitting—brought to their attention by activists. 

Moreover, professional ethics demand not only honesty on the part of scientists, but also caution; in the face of uncertainty, we should tread lightly and minimize risks to species and ecosystems. The burden of proof should always be on those who wish to develop or exploit an area. But I have learned that honest and precautionary arguments from scientists are not always what activists want. Some want specific predictions of disasters that no honest scientist could make. They want to put words in scientists’ mouths.

Science plays its most useful role when it is engaged early in the ecosystem management planning process—not when it comes in as blind criticism late in the game. It is not the job of the scientist to come up with a bunch of data and arguments in support of a pre-conceived proposal or critique. Activists, just like industry, often expect scientists simply to marshal evidence in support of their cause. They do not want to support—or wait around for—the extensive research that is required to create a defensible argument or strategy.5 Instead, when a crisis appears, they bring scientists into the courtroom as hired guns. In my view, the increasing use of scientists as hired guns on all sides of environmental debates is corrupting science. When science is corrupt, it will no longer be trusted by the public and its legitimate role in conservation will be lost.

Another key distinction in ecosystem management and conservation planning is between science-based and science-informed approaches. Although both are superior to a science-ignorant approach, a science-based approach provides a much firmer foundation for ecosystem management. A science-based approach is one that applies scientific methods to a conservation or management problem. It poses hypotheses and corresponding research questions, assembles the appropriate data (ideally using rigorous methods and a defensible experimental design), analyzes the data in as objective and rigorous a way as possible, and makes defensible recommendations on the basis of that analysis. It also makes use of independent peer review as a safeguard and correction factor. Science in this instance is engaged early in a project planning process, before interests are polarized and before irreversible political decisions have been made. A science-informed approach, on the other hand, makes use of scientific opinion, not scientific methods. It often is engaged late in the planning process and risks all of the kinds of biases and abuses just cited with regard to use of scientists as hired guns. Nevertheless, many industry advocates and conservation activists alike seem to prefer a science-informed to a science-based approach, not only because it is faster and cheaper (which sometimes is a legitimate reason), but perhaps also because it gives them more freedom to disregard science when it does not conform to their preconceived notions.

Social scientists, too, are usually critical of science-based approaches, perhaps because the “science” in question is usually natural rather than social science. For example, in their generally excellent book, Cortner and Moote contend:

Certainly the concept and language of science-based decision making reinforces the perception that science alone decides, and heightens the paradox of expert versus open decision making. Perhaps this paradox can be more effectively addressed if it is posed somewhat differently: how to balance the values of expertise and scientific knowledge, i.e., science-informed decision making, with social consensus and civic discourse.

A science-based approach is not one that ignores other concerns, such as socioeconomic and cultural issues. Rather, it permits reasoned discussion of such concerns against a backdrop of ecological reality. “Social consensus and civic discourse,” by themselves, do not necessarily recognize such things as the dependence of species on an adequate quantity and quality of habitat, configured in such a way as to promote long-term population viability; they do not necessarily recognize a difference between hearsay or speculation on the one hand, and information obtained through rigorous research on the other. It is up to natural scientists to provide this ecological and scientific backdrop, upon which social concerns can be addressed more objectively. Biology has to be “the bottom line” in ecosystem management, or we will lose much of biodiversity. In cases where data are limited and there is no time or funding for a science-based approach, then use of scientific opinion may be the only recourse. But all parties must be aware of its limitations.

To close this section, I offer a few criteria to assist citizens in determining whether or not an ecosystem management project is scientifically defensible:

1)
The project is based on explicit, biologically oriented goals and objectives.

2)
Research, planning, and management questions are directed toward these goals.

3)
The methodology is rigorous (by scientific standards of the time and taking into consideration scale issues) and systematic, and seeks to answer the stated questions.

4)
The methodology is well documented and replicable (i.e., others could apply it and get similar results in the same area).

5)
The analysis is as objective as possible, with assumptions and limitations clearly acknowledged.

6)
The interpretation and application of results are congruent with principles (i.e., empirical generalizations) of conservation biology, and demonstrate a good command of the relevant literature and theory.

7)
The data, models, and analyses are available to the public. (Lack of access to this information precludes full review and is sometimes inconsistent with federal laws such as the Administrative Procedure Act.)

8)
The project is thoroughly peer reviewed by scientists who are independent (i.e., not financially or emotionally connected to the project) and competent in the appropriate subject areas. Peer review comments are thoughtfully considered and responded to (i.e., either each of the reviewers’ suggestions is followed or an adequate reason is given for not following it). 

9)
The entire process, from developing research methods through implementation, is iterative and adaptive. There is no “final plan” or “no surprises” clause; rather, the plan is continually refined and improved with feedback from research, monitoring, peer review, and learning by doing.

Requirements of Ecosystem Management

In a widely cited 1994 paper in Conservation Biology, biologist Ed Grumbine surveyed 33 papers and books published on ecosystem topics between 1933 and 1993 in an effort to determine the dominant themes of ecosystem management. It should be noted that only two of these sources were published before 1970, and only four before 1987. Also, although Grumbine considered all sources as addressing ecosystem management, some were much more concerned with ecosystem conservation (protection and restoration) than with what most agency personnel would call management. Nevertheless, the ten dominant themes that emerged from Grumbine’s review provide a useful summary of the ideas that characterize ecosystem management and distinguish it from piecemeal management: hierarchical context, ecological boundaries, ecological integrity, data collection, monitoring, adaptive management, interagency cooperation, organizational change, humans embedded in nature, and values. 

At the same time that Grumbine’s article was in press, the Ecological Society of America assembled a committee of scientists, chaired by Norm Christensen of Duke University, to examine the scientific basis of ecosystem management. I was a member of this committee, which published its report as an article in Ecological Applications in 1996. The report is significant in that it represents a consensus statement by 13 leading ecologists who sometimes differ in their personal opinions and predilections concerning management. Yet, these scientists were able to agree on many key points. The report, in addition to recognizing ecological science as the basis for ecosystem management and discussing a number of specific ecological issues, identified eight requirements of ecosystem management. These requirements, with my editorial commentary, are discussed below.

1) Long-term sustainability as a fundamental value. Sustainability is probably the most frequently encountered concept in the modern ecosystem management literature. Who can argue with sustainability? Actually, although the essential idea of sustainability may be inarguable, quite a few biologists have argued with the way it has been interpreted and applied by governments, industry, intergovernmental panels, and even mainstream conservation groups. The concept of maximum sustained yield, which once guided resource management, was long ago found inoperable, such that in 1977 the eminent fisheries biologist P.A. Larkin published “an epitaph” to the concept. More recently the concepts of sustainable development and sustainable use, made popular by the 1987 report of the Brundtland Commission and endorsed by virtually all the major international conservation groups, have had a troubled history. Sustainability, interpreted in this way, attempts to balance conservation and development, but in practice, development has virtually always taken precedence over biodiversity. As biologist John Robinson of the Wildlife Conservation Society pointed out in 1993:

Sustainable use is a powerful approach to conservation… but it is not the only one. Many species and biological communities will be lost unless they are protected and managed with the express goal of their conservation. Sustainable use is very appropriate in certain circumstances, but it is not appropriate in all. It will almost always lower biological diversity, whether one considers individual species or entire biological communities, and if sustainable use is our only goal, our world will be the poorer for it.

The central problem with sustainability is that it has almost always been defined anthropocentrically. Even in the Ecological Society’s report, sustainability was interpreted to mean ensuring “provision of the opportunities and resources we enjoy today to future generations.” Consideration for future human generations is commendable and must be a large part of the sustainability idea, but it is not enough. In order for ecosystem management projects to be truly sustainable, they must be able to maintain “opportunities and resources” for future generations of all species, not just humans. Hence, sustainability must be reinterpreted to include sustenance of the structure, function, and composition of native ecosystems—in perpetuity. This will often mean managing for “naturalness.” 

Although Agee and Johnson, and many ecosystem managers since, have dismissed the concept of naturalness because it is philosophically messy and “cannot be scientifically resolved,” an imperfect, messy baseline is better than no baseline at all. Although naturalness may not be capable of unambiguous definition that pleases everyone, some logical indicators of naturalness are available. For example, Jay Anderson offered three criteria for assessing the relative naturalness of an area: a) the amount of cultural energy required to maintain the system in its present state; b) the extent to which the system would change if humans were removed from the scene; and c) the proportion of the fauna and flora composed of native versus nonnative species. For example, a forest ecosystem that can take care of itself and would change little if left alone (barring natural disturbances), and is composed of native species, is more natural than a tree farm—and much more sustainable! Hence, naturalness is a relative rather than an absolute concept, but provides a good general measure of sustainability for ecosystem management.

2) Clear, operational goals. The Ecological Society committee, noting that ecosystem management “is as applicable to intensive utilitarian objectives as it is to the conservation of pristine wilderness,” nevertheless insisted that “such goals should not focus exclusively on ‘deliverables’ such as board feet of timber, total catch, or visitor days.” Rather, goals must be stated explicitly in terms of “desired future trajectories” and “desired future behaviors.” I have provided an example of desired future trajectories for the Oregon Coast Range, which could be generalized to most forest types in North America (Fig. 1). Many forest landscapes have experienced well-documented degenerative trends that are associated with loss of biodiversity and other values: old forests have been replaced by younger forests and plantations; structurally complex forests of all ages have been replaced by simplified stands; large, well-connected patches have been replaced by smaller, more isolated patches; thousands of miles of roads have been built in what once were roadless landscapes; and natural fires have been heavily suppressed, with especially devastating consequences for forest types adapted to frequent, low-intensity fire. 

These trends can, to some extent, be reversed through a combined strategy of protection, restoration, and management of forests. For example, remaining old growth can be protected; harvested stands can be managed on longer rotations; structure can be maintained silviculturally; habitat fragmentation can be avoided; large protected areas can be established and connected by corridors; roads can be closed, roadbeds restored to natural cover, and no new roads built; natural fires can be allowed to burn and prescribed fires can be used for restoration and management in cases where lightning strikes occur too infrequently to sustain natural, fire-adapted communities. Specific trajectories of recovery should be included in ecosystem management plans as objectives that follow logically from stated goals. 

More generally, I have suggested several goals (revised from time to time) that are well accepted by conservation biologists and would be a good starting point for any ecosystem management or conservation project:

•
represent all kinds of ecosystems, across their natural range of variation, in protected areas; 

•
maintain or restore viable populations of all native species in natural patterns of abundance and distribution; 

•
sustain ecological and evolutionary processes within their natural ranges of variability; 

•
build a conservation network that is adaptable and resilient to short-term and long-term environmental change;

•
encourage human uses that are consistent with conservation of native biodiversity, and eliminate those that are not.

3) Sound ecological models and understanding. Ecosystem management is the practice of managing ecosystems. Ecology is the science of ecosystems. The Ecological Society committee recognized, however, that the term “ecosystem management” is somewhat misleading because doing it right must actually involve research and action at all levels of biological organization—genes, individuals, populations, species, etc.—not just ecosystems. Nevertheless, ecology and conservation biology, both of which are broad, interdisciplinary sciences that focus on interconnections and work across many scales and levels of organization, are the appropriate core disciplines of ecosystem management. 

4) Understanding complexity and interconnectedness. As noted earlier, many people have difficulty envisioning the world as a richly interconnected and interdependent system. They think in terms of parts and pieces, not wholes. Yet holistic understanding is crucial to designing intelligent ecosystem management plans. The Ecological Society committee recognized that “the importance of ecosystem complexity and the vast array of interconnections that underlie ecosystem function is certainly one of the most important lessons of ten decades of ecological research” and emphasized the importance of biological diversity and structural complexity of ecosystems in promoting resistance to and resilience from disturbance. The committee also noted that “with complexity comes uncertainty” and concluded that “ecosystem management cannot eliminate surprises of uncertainty; rather, it acknowledges that given sufficient time and space, unlikely events are certain to happen.” I would add that, given the certainty of surprises, an acceptable ecosystem management plan is a biologically conservative one that minimizes risks to biodiversity, but is open to continual revision as we learn more over time.

Another kind of “interconnectedness” that often is in the center of debates in ecosystem management is the physical connection of habitat patches in the landscape. Natural landscapes generally are well connected, and human activities (roads, clearcuts, agriculture, urbanization, etc.) tend to reduce connectivity by fragmenting the landscape. Activists often propose habitat corridors to counter this problem, but such proposals are not always well thought out. Agencies, on the other hand, often make the untested assumptions that the landscape matrix will provide adequate connectivity and that corridors are unnecessary. The kind of connectivity that is important biologically is functional connectivity, which might be defined as the successful movement of individuals across the landscape and among populations (or the natural transmission of an ecological process, such as fire or flood, across space). Functional connectivity is highly specific to species and ecosystems. What is a corridor to one species will be a barrier to another. One species might require a mile-wide swath of undisturbed, late-successional forest as a corridor, whereas another can meander through the landscape matrix with little difficulty. Activists and agency staff both often make the mistake of speaking generically about connectivity. Even in ecosystem management, connectivity issues simply must be addressed species by species. We do not need to worry about most species, however. Rather, we must focus on the species demonstrably or hypothetically (i.e., because of their life-history characteristics) most sensitive to habitat fragmentation in the landscape of concern. Incidentally, a review of corridor research by Paul Beier and me demonstrates that most well-designed studies show that corridors do provide connectivity.

5) Recognition of the dynamic character of ecosystems. Yes, ecosystems change over time, in some cases gradually and in other cases catastrophically. Many kinds of change take place simultaneously, each at a characteristic rate and scale. For example, in a deciduous forest ecosystem one to two percent of the forest canopy may be “recycled” by natural treefall gaps each year, whereas major windstorms may recycle an entire watershed every few hundred years or more. Stand-replacing fires in such forests occur less frequently. At the same time, the nutrient status of the soil is changing, increasingly due to atmospheric inputs of nitrogen and other elements from human activities, and landform and hydrology are altered gradually as streams cut downward and continental plates move about. 

The old, preservationist ideal of holding nature static does not dovetail with ecological understanding. The new paradigm of ecosystems, accepted by the vast majority of ecologists and a smaller but significant number of conservationists, is of dynamic, variable systems far from equilibrium. However, many or most human actions that affect ecosystems fall outside the normal range of variability—they change ecosystems or their components at faster (or sometimes slower) rates than species evolved with. This often leads to extinction, at least locally, of sensitive species and proliferation of weedy species that thrive on human disturbance. As Steward Pickett and coauthors pointed out in 1992:

The new paradigm in ecology can, like so much of scientific knowledge, be misused. If nature is a shifting mosaic or in essentially continuous flux, then some people may wrongly conclude that whatever people or societies choose to do in or to the natural world is fine. The question can be stated as, “if the state of nature is in flux, then is any human-generated change okay?”…The answer to this question is a resounding “No!”…Human-generated changes must be constrained because nature has functional, historical, and evolutionary limits. Nature has a range of ways to be, but there is a limit to those ways, and therefore, human changes must be within those limits.

The Ecological Society committee similarly noted that “the spatial and temporal domains of critical ecological processes are rarely congruent with the spatial boundaries and temporal schedules of management.” Ecosystem management requires shifting management to accord with natural temporal and spatial scales of change.

6) Attention to context and scale. These are some of the most critical issues in ecosystem management. The Ecological Society committee acknowledged that “ecosystem processes operate over a wide range of spatial and temporal scales, and their behavior at any given location is very much affected by the status and behavior of the systems or landscape that surrounds them.” As pointed out above, boundaries and scales of management should emulate natural boundaries and scales, but this rarely happens. The context issue is broader than this, however. Proper attention to context means paying close attention to the broader status of an ecosystem when designing a management plan for that kind of ecosystem in a local area. It means considering how actions taken at one scale (e.g., local) will affect ecological processes and patterns of biodiversity at broader scales—especially as a result of cumulative impacts. 

For example, an agency might try to justify heavy logging of a particular forest type because it is the most abundant type in its management area, ignoring information on the broader status of that ecosystem. It could be a globally imperiled community that has declined by over 95% since European settlement, yet still occupies, say, 40% of the management area in question. Also, agencies commonly justify human disturbance of natural communities by saying that those disturbances “increase biodiversity.” What they are considering, however, is only local species richness (the raw number of species). They ignore the identity of those species. Human activities that increase species richness locally typically add “weedy” species (often exotics) that thrive on human disturbances, at the expense of sensitive native species. The cumulative effects of many such local actions generally will be a decline in biodiversity at a regional or global scale. This all seems logical enough, but despite ecologists making this point for 20 years, many agency managers have still not figured it out.

7) Humans as ecosystem components. Are people part of the ecosystem? Most people are aware that the Darwinian revolution fundamentally united humans with the rest of nature. All species are kin. Furthermore, the science of ecology demonstrates unequivocally that humans interact, for better or worse, with the rest of nature. These facts suggest that we are indeed part of the ecosystem. As the Ecological Society committee pointed out, “ecosystem management acknowledges the role of humans, not only as the cause of the most significant challenges to sustainability, but as integral ecosystem components who must be engaged to achieve sustainable management goals.” The committee further acknowledged that “identifying and engaging stakeholders in the development of management plans is a key ecosystem management strategy. Humans who are a part of the ecosystems will, of necessity, define the future of those ecosystems.” 

No doubt these words are true. The problem is that commodity interests—and those in the agencies beholden to such interests—have seized on the “humans as part of the ecosystem” idea and used it to their advantage. “Part of” is interpreted as “masters of,” and the short-term economic interests of local human communities (or, behind the scenes, the corporations that manipulate the politics of those communities through threats of layoffs) become the dominant consideration in ecosystem management. The way to counter this nonsense is not to remove humans (conceptually or literally) from the ecosystem, but rather to explain that long-term sustainability of the ecosystem requires that humans change their ways. It may also be worthwhile to point out that, for federal lands, the affected public is the entire national populace, not just the local community.

Humans are indeed part of the ecosystem, but modern humans—or perhaps any humans in large numbers—are more like a cancerous tumor than a healthy organ (to use an admittedly inaccurate, but common, organismic analogy). The key point is that humans are the ultimate generalists. We are highly adaptable and capable of changing our niche, almost at will. We have occupied virtually every climatic zone on earth and modified the environment to support ourselves in high numbers. Our behavioral plasticity is enormous. Most other species do not have anything close to this degree of adaptability or flexibility. Their niches are much narrower and they are more sensitive to changes in their environments. Thus, if we accept that sustaining all native components of the ecosystem is a worthy goal, then we must accept the responsibility of modifying our behavior and letting other beings be. 

8) Adaptability and accountability. One of the most common themes in ecosystem management, as noted in Grumbine’s review, is adaptive management. This process views management as an experiment which tests specific hypotheses. Different management practices can be seen as different “treatments” in the experiment. The Ecological Society committee addressed this issue succinctly:

As in all areas of science, current models and paradigms of ecosystem function are provisional and subject to change. Management goals and strategies must be viewed as hypotheses to be tested by research and monitoring programs that compare specific expectations against objective measures of results.…To be adaptable and accountable, management objectives and expectations must be explicitly stated in operational terms…and tested by carefully designed monitoring programs that provide accessible and timely feedback to managers. 

Although virtually all applied scientists today accept the general concept of adaptive management, precisely how it should be accomplished is a topic of much debate. As noted earlier, the large spatial scale and unique situations of ecosystem management make experiments in the rigorous sense impossible. True experiments, for example, require replicates of each treatment, but true replicate landscapes do not exist (though, in some cases, they may be approximated). Thus, as noted, other experimental design and statistical analysis approaches that permit inferences to be made must be used, but those inferences are often not as strong as ones derived from traditional experimental designs with true replication.

A more serious problem with experimentation in ecosystem management is its prudence. Is it prudent, for instance, to experiment with an imperiled ecosystem, or is it safer to just leave it alone? There is no ready answer to this question. As discussed earlier, many of the most endangered ecosystems in North America are endangered because of human interference with natural processes—especially fire, but also hydrology and other processes. Active management appears to be required in most cases to restore these ecosystems. What we have damaged, we have a responsibility to help fix. Because we don’t know exactly which restoration techniques will work best, restoration must proceed experimentally with two or more treatments applied. But, experimentation in such cases must be exceedingly cautious. We have a lot to lose if we screw up. 

If, for example, our ecosystem of interest is a ponderosa pine forest suffering from several decades of fire suppression, then appropriate treatments in an experiment might include: 1) control areas where no management is conducted, but wildfires would be allowed to burn, 2) areas with no management except fire suppression, 3) two or more treatments applying prescribed burns at different frequencies and seasons, 4) areas that are “thinned from below” (i.e., thinning of small-diameter trees and shrubs that have invaded since fire suppression), and 5) areas with different combinations of prescribed burns and understory thinnings. More intensive treatments, at least initially, should be limited to the roaded, “managed” landscape and avoid sensitive areas. A management treatment that is assuredly not prudent is the US Forest Service’s typical response to such situations: heavy “salvage” logging that includes road-building and cutting of old-growth trees. Nevertheless, for conservationists to condemn all thinning in such cases (i.e., “zero cut” taken literally) and oppose all management treatments would be counterproductive—it would not be consistent with our knowledge of these ecosystems, nor with the spirit of adaptive management and scientific inquiry. Unfortunately, the no-management position of some environmentalists threatens to widen the gulf between scientists and activists, just at a time when the two camps need to be brought together to address ecosystem management issues intelligently.

Finally, an important issue that is too seldom mentioned in the adaptive management literature is the need for control areas. Echoing Aldo Leopold’s counsel about the ecological and scientific values of wilderness, The Ecological Society committee commented:

One of the greatest potential values of natural areas is as benchmarks or control areas for management experiments.…Scientists shudder to think of experiments without controls, but this is the case for much of current natural resources management.…Existing natural areas are imperfect baselines for many reasons, but they are the best we have. Ecosystem management, because it is essentially experimental and adaptive, requires natural areas as controls. 

Citizens should scrutinize ecosystem management plans carefully to determine if experiments are adequately controlled. Because many ecosystem management experiments cover large areas, protected control areas must be correspondingly large (i.e., landscape-scale). One glaring example of uncontrolled experimentation at a vast scale is the interagency Interior Columbia Basin Ecosystem Management Plan, released in draft form in 1997 and covering some 58 million acres—including 70% of US Forest Service roadless areas in the lower 48 states. This egregious plan fails to designate a single acre of new protected areas in a region with grossly inadequate existing reserves.

Table 3 provides a checklist to help citizens determine the adequacy of ecosystem management plans by looking for “green lights” and “red flags.” This checklist is designed for application primarily to public-land ecosystem management projects, because these are where the public has the most influence. The text material in this section and the preceding section on the role of science in ecosystem management provide background material for interpreting this table.

How Well Do Ecosystem Management Projects Measure Up to the Requirements?

Does the history of ecosystem management in North America provide us with any hope that the criteria discussed in this guide and summarized in Table 3 are being followed? The most extensive review of ecosystem management projects is one conducted by Steven Yaffee and colleagues. These researchers identified 619 projects in the United States and selected 105 for detailed analysis. Information was provided through the end of 1995, so projects initiated later than this are not included in the analysis. In 1995, nearly two-thirds of projects were still in the planning stage, a reflection of the recentness of interest in ecosystem management. Project leaders or other representatives of projects contributed all the information, including assessments of their accomplishments and obstacles, so the results are probably more favorable and optimistic than if projects were reviewed by independent critics. Nevertheless, the results provide interesting information on the goals, organization, and status of projects.

Federal agencies were involved in 88% of the projects reviewed, compared to 86% involvement by state agencies, 77% by nonprofits, 50% by private landowners, 49% by local agencies, 46% by industry, and less involvement by other partners. Encouragingly, the goal cited as most important by the majority of respondents (71%) was preserving the ecosystem, followed by restoring the ecosystem (43%), obtaining stakeholder support (28%), maintaining and improving the economy (22%), providing guidelines for ecosystem management (21%), and other goals. The most commonly reported strategies for attaining goals were research (67%), stakeholder involvement (61%), ecosystem restoration (53%), promotion of compatible land uses (50%), and education and outreach (42%).

Because most projects were started only recently, their history is too brief to provide solid lessons. It is interesting and a bit worrisome, however, that the five outcomes viewed as successes by respondents are all procedural: improved communication and cooperation (74%), development of a management plan (62%), development of decision-making structures (56%), change in approach to land management (50%), and ongoing restoration activities (46%). Hopefully, successes will become more substantive with time—that is, real improvement in the status of ecosystems and species! Yaffee et al. contend that “these process improvements are important in themselves. Many respondents seemed exhilarated by successful formation of partnerships and glimpses of a style of management that can garner public enthusiasm and support.” Although it would be unfair to judge projects in early stages too harshly, many observers have noted that agency bureaucrats often appear to prefer process to real accomplishment. At this stage, at least, few projects reviewed by Yaffee et al. would fare favorably under the criteria suggested in Table 3 of this report. There is a world of difference between process and outcome.

Some 50% of Yaffee’s respondents reported opposition to the concept of ecosystem management on the part of the public as a major obstacle to success. On the other hand, it is encouraging that 50% of respondents reported positive changes in management philosophy, including a shift in emphasis from single species to multiple species or outputs, an emphasis on designs on a landscape scale, incorporation of holistic approaches, or a general focus on ecosystem considerations in management decisions. Perhaps many projects are on the right track, but of course, the proof is in the pudding—that is, have all species and their habitats been restored?

In an effort to get feedback directly from citizens who have “watchdogged” ecosystem management projects, I sent a survey to 24 individual activists or groups that have been involved in such efforts; I received eight responses. Below are examples of responses to the more substantive questions:

1) What are the most pernicious ecosystem management plans you have seen? What features of these plans make them particularly revolting or dangerous? I received more general than specific responses to this question. Most activists indicated an extreme skepticism about ecosystem management. Susan Andrew of the Southern Appalachian Forest Coalition summed up the problem: 

While early descriptions of ecosystem management were cause for hope and interest a few years ago, many of us have felt that the label “ecosystem management” has been applied to practices that were basically business-as-usual, sometimes using the same canned language we have been reading in Forest Service biological evaluations for many moons. 

Among the examples given of bad projects were: a) the Northwest Forest Plan (Option 9), with its heavy reliance on a large number of discretionary actions by a large number of managers, “reserves” that are not really reserves (i.e., still open to commodity extraction and no binding requirement for restoration), and lack of physical connectivity (landscape linkages) among reserves; b) the red-cockaded woodpecker EIS and management plan for the Southern Region of the US Forest Service, which is being used as an excuse to convert native hardwood forests to pine plantations managed on 100–120 year rotations; and c) logging to create early-successional forests in the Southern Appalachians. In this third case logging around the turn of the century has resulted in a large amount of secondary forest, which is relatively homogeneous and lacks the natural tree-fall gaps of old-growth forest. This homogeneity provides the ostensible justification for logging. But instead of applying small-scale projects to create small canopy openings that resemble the natural pattern, which might be an interesting experiment if conducted cautiously, the Forest Service is proposing to create large even-aged stands of early-successional forest, replete with new roads. 

One respondent from the Midwest (whose name and group shall remain anonymous) was highly critical of all restoration efforts, even actions to restore barrens (one of the most highly endangered natural communities in the country; see Table 2) using fire and thinning. This respondent complained of “overzealous burning” killing at least one individual of the endangered Mead’s milkweed on the Shawnee National Forest, logging of shortleaf pine plantations, and removal of cedars (“some of them a hundred years old”) on a bluff pavement habitat. I cannot help but find this critique counterproductive. Although agencies are occasionally overzealous in their application of burning and other restorative management, and sometimes have ulterior motives (i.e., timber), neglecting opportunities for restoration of endangered ecosystems would be irresponsible. It could easily result in extinctions. Many examples exist of fire and thinning being used successfully by state and federal agencies, as well as by private groups such as The Nature Conservancy, to restore barren, savanna, and grassland communities that have suffered 50–100 years or more of fire suppression in the eastern states. Activists need to keep the big picture in mind. Loss of one or two individuals of an endangered milkweed or of 100-year-old cedars that invaded a site after fire was eliminated is inconsequential if the result is restoration of an imperiled community and recovery of the populations of rare species that inhabit it. At the same time, the agencies will have to be diligent to win the trust of activists. As Hugh Irwin of the Southern Appalachian Forest Coalition pointed out: 

A lot of people have already become very distrustful of ecosystem management—so much so that conservationists may have a difficult time accepting a good proposal if it comes along. I was at a workshop recently where a number of people (from the Ozarks) were speaking strongly against any burning in their national forests. Granted, there are very likely abuses going on, but some of these communities are clearly fire dependent.

2) Have you seen any ecosystem management plans that might improve conservation of biodiversity in the area concerned, or that otherwise have some merit? What are the laudable features of these plans? The activist respondents were able to come up with a few examples of laudable ecosystem management. Ray Vaughan of WildLaw noted that, even though it is tied to the flawed red-cockaded woodpecker plan, the longleaf pine restoration on the Conecuh National Forest in southern Alabama is mostly effective. Here, native hardwood stands are maintained, but plantations of slash and loblolly pine are being reconverted to longleaf. Longleaf pine stands that have been fire-suppressed are thinned and burned to resemble the natural, parklike forest. Regular burning has successfully restored wiregrass and numerous pitcher plant bogs. Nevertheless, says Vaughan, “industry pressure to get the cut out often prevents them [the US Forest Service] from being as aggressive in ecosystem restoration as they seem to want to be.”

Other promising projects include: a) the aquatic portion of the Northwest Forest Plan and many watershed-based plans in the region; b) a post-storm road management plan on the Mt. Hood National Forest in Oregon that will result in decommissioning of roads that pose a threat to water quality, fisheries, and the aquatic ecosystem generally; c) management to restore the pre-European-settlement mix of seral stages on the Six Rivers National Forest in California, based on inventory data and computer modeling to “regrow” stumps from past logging; d) the Inuvialuit Final Agreement in the Northwest Territories of Canada, which includes a large percentage of protected area and an emphasis on transparent processes for land and wildlife management; e) the Big Creek timber sales on the Nantahala National Forest in North Carolina, which were executed in consultation with the public and an expert forest ecologist (Robert Zahner) and included logging of white pine plantations and restoration of a more natural mix of tree species; and f) the Department of Defense’s ecosystem management project on Eglin Air Force Base in Florida. The latter project, although making slow progress, has been carried out in collaboration with The Nature Conservancy, has surprisingly biocentric goal statements, and is based on excellent data from new biological inventories. Prescribed burning (including aerial ignitions using Air Force fighter planes!) is used aggressively on the base to restore longleaf pine and other fire-dependent plant communities. Another positive example, mentioned by John Davis in his review of this manuscript, is the response of the New York Department of Environmental Conservation to the blowdown of July 1995 in the western Adirondacks. The agency resisted industry pressure to salvage-log the Five Ponds Wilderness and chose only to clear trails and heighten fire watch.  

3) What kinds of information or expertise would you find helpful in evaluating ecosystem management plans, interrogating agencies, or preparing critiques or legal challenges? The activists who responded cited the need for willing scientists and technical and legal experts to help them in evaluating projects. Such experts, according to Felice Pace of the Klamath Forest Alliance, are needed to “investigate our concerns on the ground, corroborate our analysis of these plans, and write reports/comments and/or affidavits.” Ray Vaughan provided similar comments, and specifically identified a need for “forestry experts who can make on-site surveys to field check, verify, or contradict what the Forest Service says are stand conditions (thus allowing us to challenge false data leading to their ‘need’ to cut, as this happens often).” Unfortunately, according to Pace, in most cases “grassroots groups do not have the resources to hire good scientists/specialists. This makes it easier for the agencies to blow off the activists.” Pace makes a very important point here, one that foundations and other funders should consider in determining funding priorities: scientific consultation requires adequate funding. 

Other needs identified by activists include a) comprehensive vegetation and habitat mapping; b) data, maps, and photos of historic vegetation to compare to current vegetation; c) maps showing road density and forest fragmentation; d) GIS modelers who can map habitat suitability; e) not just science, but also effective partnerships; and f) the ability to communicate readily with all other people nationwide who are doing this sort of work. Communication, especially face-to-face, could be fostered by foundation grants for workshops that bring activists together with each other and with conservation biologists. The October 1998 Wildlands Project Grassroots Rendevous in Estes Park, Colorado, is a good example of such a workshop. 

Susan Andrew noted that some of the best “nuggets” of information for use in evaluating and challenging ecosystem management projects have been obtained from slogging through agency files on individual timber projects. Andrew gave this example: 

For instance, the project file on the Tuckaluge timber sale on the Chattahoochee National Forest in Georgia, which was designed in the name of ecosystem management (but which gutted the heart of one of their remaining roadless areas) contained a doosie: the project coordinator…wrote that they could “market the project” with an “ecosystem management framework” by combining multiple projects into one large-scale analysis and thus cut down on the required NEPA documentation.

4) If you are familiar with alternative ecosystem management plans developed by independent scientists or activists, what features of these alternative plans do you find attractive? Alternative plans cited as attractive include the Northern Rockies Ecosystem Protection Act (NREPA), the Conservation Biology Alternative for Grizzly Bear Restoration in the Salmon-Selway Ecosystem, and various proposals by regional grassroots groups and associated scientists. Many of these groups are affiliated with The Wildlands Project. Felice Pace noted some features of alternative plans that, in his view, make them superior to typical agency plans: “bigger reserves, physical as well as functional connectivity, redundancy, clarity, accessibility: in contrast to agency plans these are generally shorter and more readable and thus more accessible.” Hugh Irwin suggested that “an essential ingredient for ecosystem management should be selecting an area based on ecological processes rather than confining analysis to arbitrary administrative boundaries,” and that plans should “realistically place any proposals within a realistic time framework for the stated goals. For example, it may make sense to have intense activities in an area for a short period of time if it restores critical ecological functions over the long term.” Truly long-term thinking generally seems to be more of an ingredient of citizens’ alternative ecosystem management plans than of agency plans, which respond to political exigencies.

Conclusions

In the foreword to an ecosystem management text edited by Mark Boyce and Alan Haney, former Forest Service chief Jack Ward Thomas tells a story about testifying in front of a congressional committee and being asked to explain in simple terms the purpose of ecosystem management:

I asked the senator, “Did your momma ever tell you the fable of the goose that laid the golden eggs?” The senator allowed that he had heard the story. I then inquired, “Do you remember the lesson of that fable?” The senator replied that the point of the story was that “if you want golden eggs, it would be well to take good care of the goose.” He looked at me in some puzzlement. “Bingo!” I replied. “Such is the purpose of ecosystem management.”

Thomas’s analogy was probably at the right intellectual level for the senator. But like all “ecosystem services” rationales for conservation, the fable leaves me unsatisfied. Golden eggs are one reason to value ecosystems, but not the only reason. A real danger in this kind of argument is that ecosystems can go on functioning and providing golden eggs—clean water, clean air, wood products, livestock forage, recreational opportunities, and so on—even when degraded and after losing many native species. A well-managed tree farm produces abundant ecosystem services. But it is not wild; it is not natural. It is simplified and impoverished, a sorry caricature of a real forest. If golden eggs are all we want out of ecosystem management, then we are indeed headed down the wrong road.

Conservationists have a tremendous opportunity to help shape ecosystem management into something better. Ecosystem management has not been around all that long. It is not an established paradigm; rather, it is in what Hanna Cortner and Margaret Moote call a “pre-paradigm stage,” not yet accepted fully by either professionals or the general public. If activists steadfastly oppose all management and take an extreme hands-off position, then opportunities for steering ecosystem management in a scientifically and ethically defensible direction will be limited. Instead, activists should show support for worthwhile projects (there are some!) and be proactive by designing scientifically defensible projects of their own. It would also be helpful to call for major policy reforms. Supporting ecosystem-level conservation legislation (see Appendix: A Native Ecosystems Act), even if chances for success under the current Congress are low, would be a good place to start.

Although I am a natural scientist by training, and would probably plead guilty to charges of “biological imperialism,” I recognize that conflicts over values are likely to be more important in determining the direction of ecosystem management than any questions about the science. I applaud Cortner and Moote’s suggestion that ecosystem management should be normative: “Primary weight can be given to judgments based on ethical choices between competing values; normative viewpoints can be incorporated into analysis.” The classic, most oft-cited normative statement that applies to ecosystem management is Aldo Leopold’s canon from the land ethic: “A thing is right when it tends to preserve the integrity, stability, and beauty of the biotic community. It is wrong when it tends otherwise.” Although natural scientists today might quibble some with Leopold’s choice of words (integrity, stability, and even beauty are controversial ideas in ecology), most share his basic sentiments. Social scientists Cortner and Moote agree: “Ecosystem management, with its emphasis on maintaining and restoring ecological functions and protecting biodiversity, will require a more biocentric or life-earth centered perspective that redefines the relationship between humans and nature.” If all participants in ecosystem management shared these sentiments, there would be few arguments about basic goals and approaches, only minor disagreements over the details.

Unfortunately, there is clear evidence that the prevailing model of ecosystem management within the US land management agencies is not the biocentric (or ecocentric) one that Leopold advanced and many scholars today endorse. Rather, it is a highly anthropocentric, utilitarian model. Evidence of this can be seen in some of the definitions of ecosystem management provided by the agencies (Table 1), where there is emphasis on such things as “desired conditions, uses, products, values, and services,” and “optimum integration of societal values and expectations, ecological potentials, and economic plus technological considerations.” More telling is a diagram that apparently first appeared in the 1993 report of the Eastside Forest Health Assessment Team (called the “Everett report” after team leader Richard Everett, who also figured prominently in the later and equally infamous Interior Columbia Basin Ecosystem Management Plan). This model (Fig. 2), which I call the Forest Service version of ecosystem management because it was subsequently reprinted and endorsed in many Forest Service publications (project plans, newsletters, etc.), carries the remarkable assumption that human needs and desires—and the needs of an expanding economy and technology—can be met mostly independently from the land. Note that there is only a small area of overlap among “human desires and needs,” “technology and economics,” and “land ecology.” This assumption is indicative of what David Ehrenfeld, in his 1978 book, called “the arrogance of humanism.” The assumption is also dead wrong. Any ecosystem management project that operates under this assumption will fail to achieve true ecological sustainability.

An alternative model of ecosystem management (Fig. 3) would be a biocentric or (more properly) ecocentric one, where human needs and desires, as well as the realities of economics and technology, are acknowledged, but along with the needs of nonhuman species. Furthermore, this new paradigm would recognize that none of these needs can be met independently from land ecology. Land ecology (in the broad, Leopoldian interpretation of land to encompass the entire ecosystem, including water and air) is the big circle than encloses and accommodates all others. This model recognizes that the ecological integrity of the land must take precedence over the needs of any single species, including humans. It places us, in Aldo Leopold’s words, as plain members and citizens of the biotic community. One wonders why the Forest Service thinks this is such a bad place to be.6

Social scientists Joanna Endter-Wada and colleagues, in a distinctly unenlightening paper published in Ecological Applications (the same journal that published the Ecological Society of America report) recognize the biocentric/anthropocentric dichotomy and come down firmly in favor of the anthropocentric. They argue that “the biocentrist position considers the primary goal of ecosystem management to be maintaining ecological integrity, and generally assumes that human influences are detrimental to ecological systems,” whereas “the anthropocentrist position emphasizes the importance of human resource uses, and often assumes that ecological systems are resilient to such uses.” Ignoring the work of some of their social science colleagues, such as Cortner and Moote, they trace the emphasis on biocentric thinking in academic discussions of ecosystem management to the dominance of such discussions by natural scientists. They complain about “assumptions that ecosystem management science will be handled by ecologists, with social considerations relegated to managerial or political domains.” But while criticizing the scientists, Endter-Wada et al. applaud the agencies for their anthropocentric positions: 

For resource management agencies, on the other hand, especially the Forest Service and Bureau of Land Management, the “humans are an integral part of nature” principle is more than just rhetoric. Despite criticisms from some in the ecological community, agency position statements continue to emphasize that ecosystem management means balancing both social and ecological goals.

What kind of “balance” can there be today between the needs and desires of one grossly overabundant, hyperconsumptive, and destructive species and the vital needs of all other species? Whatever balance might have existed in past millennia is now long gone and can be restored only through a deliberate, long-term process of scaling down human activities while, in the meantime, minimizing our impacts on nature. This transition will require a deep humility and a commitment to improve our relationship with nature. Ignored by Endter-Wada, the Forest Service, and other proponents of anthropocentric ecosystem management is the need for human restraint. Ignored is the indisputable evidence that the activities of modern, industrialized humans have proven incompatible with the persistence of sensitive species and other measures of ecological sustainability. Indeed, Endter-Wada et al. go so far as to criticize natural scientists for assuming humans can’t have our cake and eat it, too! Is this not a fair assumption, given our track record? Ironically, although Endter-Wada et al. call for greater collaboration between natural and social scientists, they seem unaware of some useful work that has taken place in this arena. Their paper is unlikely to win many natural scientists over to their cause.

What worries me most in the immediate future of ecosystem management is how the issue of public participation will be resolved. In the review of projects by Yaffee et al., a common thread was the use of “consensus-based processes that allowed participants to have an equal voice in decision making.” Yaffee et al. concluded that “such processes fostered greater ownership of decisions and allowed varying interests to find common ground.” Even within the environmental community, and the foundations that fund conservation work, “community-based conservation” is the fad of the day. These projects typically seek to balance social and ecological goals through consensus, with the usual result that ecological goals are subverted. 

There is no bigger mistake than considering all opinions as equal in a public involvement process. Some voices at the table are simply more honest, more informed, more intelligent, more ethical, and more altruistic than others. What common ground will a conservationist find with an industry executive who cares only about short-term profits, or with a logger who shoots spotted owls and hangs their corpses on Forest Service signs? These attitudes and behaviors are not uncommon. People like this will be seated at the table as “stakeholders.” The least common denominator of any such consensus process is unlikely to amount to substantial improvements in management. The real stakeholders—the nonhuman species that have the most at stake in ecosystem management decisions—will not fare well. One of the most critical roles of activists is to gain seats at the table for these real stakeholders by arguing in their behalf.

I bring up these disagreeable points not to stifle a democratic process, but only to insist that decision makers muster the courage to separate truth and good intentions from lies, self-interest, and plain hatred of nature. I have been involved in enough public forums and consensus processes to see a broad spectrum of values displayed by participants. Many of these values are not conducive to prudent management of ecosystems. Fortunately, we are “a nation of laws, not of men,” but laws are not always enforced, and can be changed for the worse. The only way I see the least common denominator problem being resolved, without abandoning public participation, is through leadership that demands high ethical standards—including a basic respect for other life forms—on the part of all participants. This is not an unreasonable expectation. So much depends on it. Ultimately, ecosystem management will not succeed without a land ethic.

Notes

1. There is no easy formula for determining these variables. Citizens must consult with ecologists, naturalists, and other experts familiar with the particular ecosystem and its biota. In addition, they should educate themselves about the biota and the relevant technical literature. Many experts have their own biases and agendas that will be evident only to the well-informed activist.

2. Most evolutionary biologists probably would accept this statement; it applies especially to the early biological evolution that shaped our species, including our psychology. In modern societies, however, natural selection generally is overshadowed by cultural selection. Social and economic factors largely determine reproductive choices and success.

3. Management experiments must include protection of adequate control or reference areas—landscapes where no management occurs except, perhaps, for temporary restorative management. As noted by Aldo Leopold, wilderness provides “a base datum of normality” for comparison with human-manipulated areas. 

4. Peer review, however, is not appropriate or necessary in all instances. Particular actions, especially when urgent, such as listing a species under the Endangered Species Act, should not require peer review. In such cases peer review wastes funds and delays necessary protection.

5. Admittedly, even when they would like to gather scientific evidence, activists often lack the funds to support such studies. Hence, they may be forced by circumstances beyond their control to be reactive rather than proactive.

6. In criticizing the Forest Service and characterizing it as anthropocentric, I refer to the dominant attitude within the agency bureaucracy. Many Forest Service scientists and other employees, especially at lower levels, are true conservationists who possess a strong land ethic.

Glossary

abiotic  Not biotic; often referring to the nonliving components of the system, such as water, rocks, and mineral soil.

anthropocentric  Placing human needs and desires above the needs of all other species in importance and value.

biocentric  Showing primary concern for the needs of the native biota as a whole.

biodiversity  The variety of life and its processes at several levels of organization.

biota  The living things inhabiting a particular region.

community  A group of interacting organisms in a particular area.

connectivity  The state of being functionally connected by movement of organisms, materials, or energy.

conservation biology  Science in the service of conservation; especially, biology and ecology applied to conservation problems.

control area  In science, an area that is not manipulated. 

corridor  A route that allows movement of individuals or taxa from one region or place to another.

ecocentric  Showing primary concern for the native ecosystem (essentially equivalent to biocentric).

ecology  The scientific study of the interactions among living things and their environments.

ecoregion  A regional ecosystem, the boundaries of which are determined by climate, landform, geology, soils, vegetation, and species distributions.

ecosystem  A dynamic complex of plant, animal, fungal, and microorganism communities and their associated nonliving environment interacting as an ecological unit.

ecosystem management  The conservation and stewardship of large areas of land or water containing multiple species, habitats, resources, and (often) ownerships (also see Table 1).

ecotone  A gradient in species composition from one ecosystem to another.

edge effects  The ecological changes that occur at the boundaries of ecosystems.

endemic  Restricted to a specified region or locality.

exotic species  Species introduced to an area by humans; also called alien or introduced species.

fragmentation  (see habitat fragmentation)

habitat fragmentation  The process by which habitats are subdivided into smaller and more isolated units.

keystone species  A species that plays a significant role in an ecosystem, and has a disproportionately large effect on ecosystem structure or function relative to its abundance.

landscape  A heterogeneous land area composed of a cluster of interacting ecosystems that is repeated in similar form throughout.

management  The act, manner, or practice of managing, handling, or controlling something; hence, management encompasses restoration, visitor control, and other practices.

native  A species or ecosystem indigenous to an area; not created or introduced by humans.

natural  Present in or produced by nature; not caused or created by human activities.

natural selection  The differential reproductive success of different individuals or groups according to their adaptation to 
a specific environment.

old growth  The older developmental stages of natural forests.

population  Any group of organisms belonging to the same species and in the same area at the same time.

precautionary principle  A tenet that suggests we act in anticipation of harm in order to prevent it, and that shifts the burden of proof to those who would develop or alter a natural ecosystem.

species richness  The number of species in a specified area.

umbrella species  Species that require large areas to maintain viable populations and, hence, whose protection will also assure protection of more restricted or less wide-ranging species.

viable population  A population that contains an adequate number of individuals and an appropriate age and sex ratio to persist over time without significant human intervention.
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Appendix: A Native Ecosystems Act

Conservationists interested in protecting and restoring native ecosystems have been forced to rely on 1) the good will of land management agencies and private landowners, or 2) legislation that is vague or was designed for other purposes. The Endangered Species Act of 1973 is the only federal law in the United States that contains an explicit goal of conserving ecosystems. Unfortunately, the Endangered Species Act contains no enforceable provisions or even guidance for ecosystem conservation. The National Forest Management Act (NFMA) of 1976 contains provisions for maintaining viable populations and a diversity of plant and animal communities, but these provisions are vague and difficult to interpret at the ecosystem level. A few other laws, such as the Clean Water Act and its requirements to maintain biological integrity, have similarly vague connections to ecosystem conservation. 

Hence, many conservationists over the last decade and a half have discussed a need for an “endangered ecosystems act” or something similar. I propose a “Native Ecosystems Act” that would serve to protect and restore the entire spectrum of native plant and animal communities across the United States. The Act would have three sections: 1) endangered ecosystems, 2) representative ecosystems, and 3) ecosystem inventory, research, and monitoring. An independent Ecosystem Conservation Panel, with representatives from the relevant professional scientific societies (Society for Conservation Biology, Ecological Society of America, Natural Areas Association, American Institute of Biological Sciences, etc.) would be established to advise the Department of Interior on ecosystem listing, protection, recovery, and management decisions. If drafted and passed as legislation, the Native Ecosystems Act would give some backbone to ecosystem management.

Classification

Conservation of ecosystems must begin with a comprehensive, hierarchical classification of ecosystems for the region of concern—in this case the United States. The Act would follow the convention of classifying ecosystems as vegetation types or plant communities. A geographically defined ecosystem (e.g., the Everglades, Southern Appalachians, Greater Yellowstone Ecosystem, etc.) would consist of many such communities. Ecosystems would be classified according to the National Vegetation Classification System developed by The Nature Conservancy with the assistance of other organizations and agencies. This system was endorsed by Secretary of Interior Bruce Babbitt in October 1997. The classification includes a complete physiognomic (structural) classification of the vegetation (hierarchy and classes), and a floristic (plant species-based) classification of 4149 specific plant communities (associations). Floristic taxonomic units of plant communities are crucial to habitat delineation and scientifically based ecosystem management at a spatial scale useful to land managers. Other, older classifications can be cross-walked (explicitly linked) to the national system.
Endangered Ecosystems

This section of the Act would be modeled after the Endangered Species Act. Ecosystems would be first assessed according to their extent of decline since European settlement. Decline would include outright destruction, conversion to other land uses, or significant degradation of ecosystem structure, function, or composition (for example, see the fire-dependent ecosystems listed in Table 2). Ecosystems at any level of classification hierarchy would be considered, and separate assessments for major regions of the country would be conducted. Following the convention of the 1995 National Biological Service report on endangered ecosystems, those ecosystems that have declined by 98% or more would be considered critically endangered, by 85–98% would be considered endangered, and by 70–84% would be considered threatened. To supplement the classification based on floristics, ecosystems defined by seral stage, structure, functional relations, condition, and other ecologically relevant factors would be recognized. Hence, free-flowing rivers, old-growth forest, unplowed grassland, and ungrazed shrub-steppe could be considered critically endangered, endangered, or threatened ecosystems depending on their extent of qualitative decline in particular regions. The National Biological Service report would serve as the initial list of ecosystems, to be enforced until refined estimates of decline are available through further research.

After ecosystems have been classified according to their extent of decline, an additional criterion of rarity would be applied. The Nature Conservancy ranks plant communities (as well as species) primarily with regard to their rarity and geographic extent of occurrence. A community is ranked as G1 (critically imperiled globally) if five or fewer occurrences are extant or if the total extent of occurrences is less than 2000 acres. A community is ranked as G2 (imperiled globally) if fewer than 20 occurrences or less than 10,000 acres are extant. Plant communities ranked as G1 or G2 by The Nature Conservancy and/or state natural heritage programs would be added to the list, with G1s as critically endangered and G2s as endangered ecosystems. Ecosystem types in any category that are at high risk of further decline, for example due to human population trends and development pressures in the regions where they occur, would be high priorities for immediate protective actions (analogous to emergency listings and protective actions under the Endangered Species Act). 
Endangered and critically endangered ecosystems on public lands, like species listed under the Endangered Species Act, would be protected from all “take” that would degrade them in any way. Thus, roading, logging, livestock grazing, mining, development, or other habitat alteration would be prohibited unless necessary for restoration (thinning, for example, might be necessary for some fire-suppressed savannas or forests, and livestock grazing may have to substitute for grazing by native herbivores in some grazing-dependent grasslands whose native herbivores have been extirpated and cannot immediately be reintroduced). On private lands, landowners would have two incentive-based options for conserving listed ecosystems: 1) generous tax credits for developing an adequate conservation plan, or 2) an option to sell the property, or a conservation easement, to a public or private conservation agency at fair market value. Threatened ecosystems would be monitored and managed on public lands in such a way as to prevent further degradation (i.e., no net loss). Federal actions (e.g., permits) that led to degradation of these ecosystems on private lands would be prohibited. Tax incentives for managing threatened ecosystems would be provided to private landowners.

Recovery goals would be established and recovery (restoration) plans developed for each listed ecosystem type. The recovery goal would be reestablishment of viable ecosystems in their native landscapes. Wherever possible, the natural distribution of vegetation along environmental gradients would be restored, as would natural disturbance regimes and populations of extirpated species. Multi-ecosystem, geographic-based recovery plans would be strongly preferred over individual-ecosystem recovery plans. All plans would include site-specific management actions, and agencies would be required to implement the plan according to specified timetables and schedules. The Ecosystem Conservation Panel would advise the Secretary of Interior on the suitability of recovery plans.

Representative Ecosystems

The purpose of this section would be to represent viable examples of all native ecosystems (plant communities) in a network of protected areas, regardless of their current rarity and across their full range of natural variation. The emphasis here is to assure that ecosystems that are still relatively secure and healthy will remain that way. Analyses of representation in the United States indicate that most ecosystem types are poorly represented, and many un-represented, in protected areas. The Gap Analysis (GAP) project, organized by the US Department of Interior and being implemented in every state, is assessing the level of representation of vegetation types nationwide. In Idaho, for example, the GAP project identified 29 out of 71 vegetation types that were either not represented in protected areas or had less than 10,000 hectares (25,000 acres) represented. The forest types with no representation were limber pine/greasewood, lodgepole pine floodplain riparian, subalpine fir-mountain hemlock, western juniper/mountain sagebrush, Douglas-fir-limber pine/mountain brush mosaic, and western juniper/low sagebrush mosaic. Although these types are not presently under intense pressure for timber harvest, they may be vulnerable to other human activities, including livestock grazing, mining, and residential development. Forest types with less than 10,000 ha protected in Idaho include several types with high timber values that are threatened by logging: western redcedar-western hemlock, grand fir-western redcedar, western larch-Douglas-fir, Douglas-fir-Engelmann spruce, ponderosa pine-lodgepole pine, grand fir-Douglas-fir, and lodgepole pine-mixed conifer.

Forest types in each state that are found to be unrepresented or under-represented in reserves would be protected by a moratorium on timber harvests—except legitimate restoration forestry—on public lands, at least until adequate representation has been achieved. What amount is adequate would be determined by the Ecosystem Conservation Panel. Combined with other major initiatives (e.g., projects of The Wildlands Project and The Nature Conservancy), GAP data would be used to determine the optimal location of new reserves to meet representation and other conservation goals. General reserve design and management (including restoration) guidelines also would be provided in this section of the Act.

Ecosystem Inventory, Research, and Monitoring

This final section of the Act would apply existing programs (e.g., Gap Analysis, the US Environmental Protection Agency’s monitoring programs), augmented by new studies, to provide up-to-date assessments of the status and trends of ecosystems nationwide. New studies would include detailed analyses of the extent of decline of plant communities since European settlement and experimental studies of the effects of alternative restoration and management practices for each ecosystem type. A nationwide monitoring system, using remote sensing and ground-level measurements, would track trends in ecosystem distribution, quality, protection status, and response to management. Information from research and monitoring would be used adaptively to revise lists of threatened and endangered ecosystems, modify recovery goals and methods, and eventually to delist ecosystems that have been adequately restored. Degenerative trends in nonendangered ecosystems would be noted and mitigated to prevent the need for the drastic actions required for endangered ecosystems.

Funding

All sections of the Act would receive adequate, annual levels of funding for implementation. The Ecosystem Conservation Panel would determine what levels of funding are adequate.

Your comments and suggestions for improving and drafting a Native Ecosystems Act would be appreciated. Please direct your comments to Jasper Carlton at the Biodiversity Legal Foundation and Reed Noss at the Conservation Biology Institute.

___________
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