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Abstract (Summary) 

Historically, approaches to environmental management activities have been reactive rather than proactive. Environmental laws and regulations have been generated primarily in response to particular issues (e.g., chemical contamination), creating a piecemeal approach for managing the environment. Responsibilities for managing different resources (e.g., water, air, forests, wildlife) have been assigned to different agencies or groups within government, further fragmenting environmental management. Proactive approaches that recognize the interconnectedness of environmental components are necessary to address complex and long-term environmental management issues. This Perspective proposes an environmental management approach that is comprehensive and systematic, while still being comprehensible to decisionmakers and other stakeholders. The proposed approach is based on ecology and environmental values related to decision-making. It considers interrelationships among and between living organisms (including humans) and their physical environment. The proposed approach builds on the ecological risk assessment (ERA) paradigm, including goal (or problem) identification, values identification (ecological and human) for the environment being managed, and data collection and analysis focused on management decision-making. Stakeholder involvement and active participation are essential elements. As demonstrated herein, application of the proposed framework has enabled environmental managers to achieve workable solutions and to avoid or resolve environmental conflicts at both local and regional scales. The proposed framework is demonstrably transportable across political boundaries, applicable to all environments involving natural resources, independent of any particular ideology, and applicable to environmental management activities at all scales. [PUBLICATION ABSTRACT]
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INTRODUCTION

It is difficult to overemphasize the seriousness of the current environmental crisis, the scope of which has been eloquently expressed by Wilson (2002) and Ward (2004). Conveying a sense of urgency regarding the need for integrated environmental management at this point in planetary history is not an overreaction by environmental alarmists. Admittedly it is difficult to grasp, let alone communicate to others, the uniqueness and significance of the environmental changes that are now occurring. This difficulty is due in part to our growing isolation from the natural environment.

Regulatory systems for environmental management are generally multitiered, multijurisdictional, and fragmented, both in concept and implementation. The need for integration among jurisdictions and environmental disciplines to compensate for the complexities and ambiguities of current regulatory approaches is apparent.

Humans have become the first species on Earth to interact as a whole with the global ecosystem (Eldrege 1995); human populations are an estimated two orders of magnitude greater than any other large mammal (Freedman 1989; Bengston and Laws 1985). Humans currently have the capability of assuming at least partial responsibility for global environmental conditions. We need to assume this responsibility, not only for ethical reasons, but also because such stewardship is essential to our own well-being and cultural survival (Diamond 2005). An appropriate conceptual framework needs to be available for implementation of that stewardship, which eventually will have to be undertaken.

This Perspective proposes one such framework based on ecology, the science that considers the interconnectedness of physical and biological resources in ecosystems (Odum 1993). The approach offers a systematic, comprehensive, and science-based framework for integrating environmental management activities at local to global scales.

CONTEXT-HUMANS AS ECOSYSTEM COMPONENTS

Humans living in developed (i.e., first world) countries tend to be global in their viewpoints and to accept the concept of patriarchic dominion over nature through intensive agriculture; exploitation of minerals, fisheries, and forest products; and industrialization. In contrast, indigenous cultures, particularly hunter-gatherers, have fidelity to one area and are dependent on the local ecosystems in which they live. Because they are embedded in local ecosystems, they see the connections between the entities that comprise the physical and biotic environment and grasp the interrelationships of these components in a system that provides products and services, even if the mechanisms of interaction are incompletely understood. The multitude of environmental values and services provided to indigenous peoples by their local ecosystems are often inadequately considered in environmental assessment and management activities, even in conservation planning projects (Hammond 1991; Lindenmayer and Franklin 2002). The importance of environmental values and services are also inadequately considered by more "advanced" peoples.

Destroying soil fertility or removing plant cover creates immediate and obvious negative impacts. Such effects have been documented primarily for agricultural and industrial societies, but even hunter-gather cultures in remote ecosystems affect ecosystem structure. Over-hunting in portions of the Amazon rain forest have entirely removed some species from large areas (Redford 1992), and there is strong evidence that over the last 40,000 years ancient societies have been responsible for the extinction of many large animal species in Australia, North America, on Pacific islands, and elsewhere (Martin 1984; Flannery 1994). The capacity of most such societies to adversely affect their environment is not always recognized by the cultures affected (Davis 1996; Descola 1993; Diamond 2005; Reichel-Dolmatoff 1996). Modern technology has given recent generations powerful tools to decimate animal populations and destroy natural habitats, and humans have lost little time in using them for such purposes. Although the extinction rate is difficult to estimate, recent calculations place it at between 1,000 and 10,000 times greater than in the past, and it appears to be increasing (Stuart 2000).

Our ability to manage the environment requires that we understand the essential properties of the environment to be managed, but for many ecosystems, this understanding is far from adequate. Half a century ago, wildfires were suppressed, and Smokey the Bear became the icon for good forest management in the United States. We now know that fire is a natural and necessary process that revives and maintains the existence of structural components and processes in many forest, chaparral, and grassland ecosystems.

What do we need to know in order to effectively manage the environment? Wilson (2002) makes the valid point that we cannot know what the values and services of natural systems and their components will be for future generations because we do not know and cannot adequately anticipate future needs. Therefore, ecosystem management should strive to protect the key components of natural ecosystems in a manner that retains the essential functions of the ecosystems and the human use services they provide. This is the essence of environmental sustainability, which should replace the vague, variously defined, and oxymoronic term sustainable development. With proper management, environmental systems can be sustained; development cannot.

Like many other species, humans help shape the structure and functioning of diverse and widely scattered ecosystems (Jones et al. 1994). Humans living wholly within their local ecosystem are also modifiers of the ecosystems in which they live. Foster et al. (2003) provide ample evidence of the influence and importance of past human land uses on many ecological systems. Native Americans have long understood that in the environment "all things are connected" (Letter written by Chief Seattle of the Suquamish Tribe to President Franklin Pierce in 1854). Theodore Catton (1997) provides ample evidence of the human role in Alaskan ecosystems and describes how National Park policy in the United States now embraces this concept for many national parks. National parks in other countries (e.g., China, Italy, Senegal) also incorporate preexisting communities within their boundaries. Adams and McShane (1992) point out that early European explorers wanted to believe in Africa as a virgin land, unsullied by humans but go on to illustrate that humans were integral to the landscape for more than a million years. They provide persuasive evidence that perpetuating the myth of wild Africa has actually hampered effective conservation efforts.

Similar idealistic but false concepts have been built into recent laws, such as the Wilderness Act of 1964 in the United States which defined wilderness as an area where "the earth and its community of life are untrammeled by man, where man himself is a visitor who does not remain. " Such idealistic concepts ignore the fact that Native Americans (both men and women) had used, lived in, and modified many pristine-appearing ecosystems for thousands of years. The use of fire to clear understory vegetation in North America and Africa and the changes in species composition and frequency of occurrence of selected plant species throughout vast areas of "virgin" tropical forests that have been wrought by the swidden agricultural practices of indigenous cultures over thousands of years are just two examples.

Recognition of the interactions among physical and biological components of natural systems is the basis for understanding the structure and function of ecosystems. However, environmental regulations generally address particular issues (e.g., chemical contamination, resource development) or components of these systems (e.g., trees, game species). This is evident in countries such as the United States, where agencies such as the Forest Service (in the Department of Agriculture) manage large tracts of forest and the Fish and Wildlife Service (in the Department of Interior) manage some wildlife, but resident wildlife species are managed by state agencies. The overall approach is fragmented, leading to conflicts and inefficiencies because of the lack of a common synthetic vision of the environment.

A FRAMEWORK FOR INTEGRATION

Integrated environmental management requires an understanding of the hierarchical relationships among the three basic categories of environmental components: physical, biological, and socioeconomic. Attempts to integrate these into a comprehensive management scheme have been based largely on functional interactions such as food webs, or exposure pathways for environmental contaminants, and not on the fundamental realization that environmental management decisions are made on the basis of values. What determines if a mine will be constructed or an area set aside as a reserve-whether it will be used for grazing domesticated species or as a national park-whether existing levels of contamination pose unacceptable risks or not? Good science supports decision-making, but values determine the management decisions to be made (USEPA 1998, 2000).

The basic framework of the approach proposed here is value-based and decisionfocused. It draws on concepts from environmental impact assessment, risk assessment and management, natural resource damage assessment, environmental restoration, socioeconomics, and basic ecology. Technical disciplines, including hydrology, geology, and meteorology are incorporated into data collection and evaluation, as appropriate. The overall framework is ecological in the sense that it recognizes and evaluates the interactions among physical and biological resources and the human uses thereof. It is based on the following principles and assumptions:

1. All environmental management actions are the result of decisions, and these decisions address management goals.

2. All environmental management decisions are ultimately based on values.

3. Living and non-living natural resources interact to form ecological systems that provide goods and services to humans.

4. Decisions for all environmental management actions (e.g., impact mitigation, site remediation and restoration) should be based on a common framework of values.

5. Information and data to make decisions should be of the appropriate type and of adequate quality for supporting the decision-making process.

6. All relevant stakeholders should be identified and allowed to participate in environmental planning and management.

7. Stakeholders must be able to understand the decision-making process in order to participate effectively.

The following steps for implementing this comprehensive and adaptable framework are based on the aforementioned principles.

Step 1. Set Goals or Define the Problem(s)

Goals determine the overall decisions that will guide the rest of the process, be it wildfire management, risk management, environmental impact assessment, or some other environmental management activity. If the goals or problem(s) to be resolved are not clearly defined, then data collection will be correspondingly inefficient, and stakeholders will remain unsatisfied because of their differing perceptions of the issues involved. Management goals similarly need to be clearly defined, be they stakeholder-driven (e.g., establishment of protected areas), or legally driven (e.g., natural resource damage assessment activities at U.S. Superfund sites).

Because ecosystems are influenced by historical uses (Foster et al. 2003) and current conditions, restoration or sustainability goals should address ecosystems with similar assemblages of functional components and services; it is not possible to recreate preexisting ecosystems (Botkin 1990). The possibility of technological failures that do not fully restore ecosystem values is well-documented (Elliot 1997).

Step 2. Identify Ecological Values

All decisions are made on the basis of values (USEPA 1998), and all values, including those related to environmental management, are ultimately human values (Norton 1987; Harwell et al. 1994). Values determine what is important to decisionmakers and other stakeholders. The framework for identifying values in the USEPA's (1998) ecological risk assessment (ERA) guidance involves identification of assessment endpoints. An assessment is "an explicit expression of the environmental value that is to be protected, operationally defined as an ecological entity and its attributes."

The identification of values in ERA and in environmental impact assessments (EIAs) is necessary to focus information gathering and analysis. Environmental management activities (e.g., management of national wildlife refuges or other protected natural resources) frequently involve the stewardship of subsets or components of the broader ecosystem. On occasion, conflicts arise when management goals are not consistent with the values of local communities or indigenous users of the environment. If conflicts (e.g., endangered species protection as opposed to timber extraction) are identified a priori, for instance via stakeholder workshops, they can be avoided or minimized in the planning process.

The framework for values identification acknowledges the growing awareness that scientific understanding needs to be integrated with societal goals, and that the goal of environmental management activities (e.g., wildfire management) should be the ecological health of the land (Dombeck et al. 2003). Ecology is the basic premise for sustainable environmental management (Barnthouse et al. 1998), and values identification is a critical step in environmental management activities such as the effective assessment of ecological risk (Reagan 2002).

Comprehensive and systematic values identification begins with the recognition that all environmental values can be grouped into two categories:

* Ecological values-Those understood as necessary for maintaining a healthy sustainable ecosystem and the attributes thereof; and

* Human values-The full range of human values (i.e., products and services in the broadest sense) of environmental resources.

Identifying ecological values

The systematic identification of ecological values proceeds using a hierarchical approach that recognizes the sustainability of a healthy ecosystem as the ultimate value to be protected, restored, or otherwise managed (Figure 1). Because the functions and entities that provide values are linked in an ecosystem, the full suite of ecological services can only be derived from intact and fully functional ecosystems.

Although there is no generally accepted definition of what constitutes a healthy ecosystem, an operational framework that defines health in terms of structure and components, patterns of organization, and process rates captures the essential features of these complex ecosystems. This framework can be easily communicated to all stakeholders. Embedded in these categories are concepts such as biodiversity, connectivity, food webs, decomposition, and primary productivity, all of which can be measured and analyzed, as appropriate. In some instances, characteristics such as ecological integration or resiliency should also be addressed (Trombulak et al. 2004), even though data for evaluating these particular aspects of most ecosystems are difficult to obtain.

Proceeding to the next lowest level in the hierarchy (Figure 1), ecosystems can be represented in terms of their functional components. In broad terms, the essential functional components of an ecosystem are:

* Physical (abiotic) resources-such as water, air, minerals, and soil;

* Producers-organisms that fix energy through the processes of photosynthesis or chemosynthesis and make it available to other organisms;

* Consumers-organisms that feed on the producers and their byproducts or on each other; and

* Decomposers-organisms that reduce dead organic matter to simple chemicals.

For particular ecosystems of management interest, these components are categorized into functional groups that feed in a particular way or in a particular location (e.g., arboreal carnivores, and terrestrial herbivores). All organisms in an ecosystem are components of the food web of that ecosystem, some of which are fundamental to all ecosystems and others of which are characteristic of the particular ecosystem (Reagan et al. 1996). A generalized food web for a tropical forest ecosystem, which incorporates the essential functional groups characteristic of all forest food webs, is shown in Figure 2. With only minor site-specific modifications, this model has proven to be extremely flexible and has been used successfully to provide a simplified and comprehensive framework for evaluating and planning environmental management activities at local (e.g., hazardous waste sites, protected area management planning) and regional scales (e.g., Fly River Basin of New Guinea related to the Ok Tedi Mine; protected area management planning at Subie Bay in the Philippines). Site-specific models discussed with stakeholders will be simplified, but must be scientifically accurate. Food webs with fewer than 20 compartments (functional groups and non-living components) can include thousands of species without having to address each individually. Once functional groups are determined, the principal attributes of each group (e.g., nectar feeding animals pollinate plants, plants provide shelter and nesting habitat for birds) can be determined to describe ecological values at different levels of ecological organization that are in addition to their role in the food web. Such functional food webs in a values-identification context provide an objective and comprehensive framework for determining and prioritizing environmental values at larger management scales.

Once environmental values have been identified and functional groups in the ecosystem determined, key species such as those that are rare or endangered, game species, and commercially important species can be identified as additional area-specific values. The process thus provides a highly adaptable framework for addressing biota at the appropriate level of discrimination for decision-making purposes. Increasingly larger areas of consideration require integrated values determination involving multiple ecosystems.

Identifying human use values

Natural resource products and services that are of value directly to humans can be distinguished from those that are generally considered as ecological values. For example, interresource connections were identified as part of the cooperative assessment of potential natural resource injuries and assessment endpoint for an estuarine area contaminated with mercury (Reagan 2002). In this context, human use values were not restricted to an economic context, but referred more broadly to any products or services provided to humans. In other circumstances, these could include services such as aesthetics and spiritual values, as well as the more tangible values of recreation, food, and shelter. Loss of such values can adversely affect attitudes, behaviors, and the integrity of social systems, and can be particularly devastating for indigenous societies.

Human values identification can be done by both social scientists and by stakeholders via workshops. The general framework and goals of a project are presented, then stakeholders are asked to identify their values associated with the area under consideration. Stakeholder values identified for establishing a protected area in the Philippines included resource extraction (e.g., bamboo, honey), protection of rare species and habitats (e.g., bats, birds, coral reefs), flood control, water quality management, recreational uses, and economic development (e.g., resorts). Maintenance of healthy terrestrial and aquatic ecosystems was recognized as critical, because all other services flowed from these ecosystems. Within that broad understanding among stakeholders, it was then possible to accommodate most of the identified values by developing a management plan with active input of stakeholders that designated different uses for different areas of the overall protected area. Because the framework was comprehensible by all stakeholders, the approach was transparent. The final outcome was broad support of the plan because all stakeholders assumed some degree of ownership for its development.

The "services" approach presented here needs to distinguish between natural resources as used by developed or developing societies (Figure 3) and those used by indigenous societies, which continue to derive all or most of their needs from local ecosystems (Figure 4). Illustrating the differences in simplified diagrams facilitates the identification of appropriate environmental values for environmental management projects involving those living in the two different societies. In Figure 4 are specifically illustrated connections for a hunter-gather culture, such as still occur in remote regions of Africa, Indonesia, Papua New Guinea, the Philippines, South America, and North America. Many other cultures, such as Native American tribes (i.e., First Nations), are intermediate in their use of services between those presented in Figures 3 and 4.

The two figures are identical with respect to connections among the physical and non-human biological resources, but differ markedly in human service values. Because developed or developing economies are essentially global, these societies draw on resources from ecosystems around the world. This is illustrated in Figure 5 for the United States.

The services identified in Figure 4 are remarkably similar for indigenous cultures around the world, varying only in emphasis and particular components (e.g., desert cultures do not depend on aquatic resources for food). The distinctions between developed/developing and indigenous cultures are frequently not addressed adequately in environmental management activities. To date, this approach has been used to identify and illustrate the interactions of indigenous people with their environment for projects involving Native Americans in the United States (risk assessments), native Aeta communities in the Philippines (protected area management planning), Machiguenga Indians in Peru (review of the environmental impact assessment for gas development), and Baka pygmies in West Africa (development of an environmental impact assessment for mining). The dependence of non-indigenous societies on natural resource services has been increasingly recognized and articulated by conservationists, economists, and decision-makers (Daily 1997; Kellert 1997).

Step 3. Employ a Common Framework for All Environmental Management Activities (as Necessary)

Use of this step is optional, depending on the scope and scale of the particular environmental management activity. Employing a common approach to identifying values maximizes data usability among various management activities for a particular location and is highly cost-effective. Failure to adopt a similar conceptual basis for identifying values to be protected or sustained can result in conflicts, delays, and other costly inefficiencies in overall management.

Step 4. Focus Data Collection and Management

Decisions are made on the basis of values, but data are necessary to characterize the environment and its condition and to discern changes and trends that are pertinent to effective management. Data must be collected to fill important gaps in existing information and to reduce uncertainty to levels determined to be sufficient to support decision-making. Collecting data of the appropriate quality and quantity to make decisions promotes efficiency and transparency in the processes of environmental management. Designing sampling programs that meet statistical requirements to meet established decision criteria, so that decision-making does not degenerate into an overly arbitrary and contentious process is crucial. The USEPA's (2000) Data Quality Objectives Framework provides detailed guidance for appropriate data collection in this context.

Data collection supports problem-solving activities such as risk assessment and management, and is also necessary for managing activities such as habitat restoration or long-term monitoring programs to sustain healthy ecosystems. The values-based decision framework provides the appropriate context for designing such programs and for efficiently and cost-effectively collecting and analyzing baseline and monitoring data for multiple uses by environmental managers.

Steps 5. Encourage and Manage Stakeholder Involvement and Participation

Effective stakeholder participation is essential to the long-term success of environmental management projects or programs. Poorly conducted stakeholder programs in the past have produced decidedly negative (i.e., lose-lose) outcomes. In contrast, effective involvement of seemingly diverse stakeholder groups early in the assessment and management processes has produced beneficial and cost-effective results and engendered broad-based support.

Stakeholder involvement can take various forms, depending on the status and needs of the environmental activity to be undertaken. For many projects or newly initiated programs, a workshop format works extremely well. At Subie Bay, diverse stakeholders were able to progress to the point of developing a common vision for protected area establishment because they could see the interrelationships of their values to others within a comprehensive and comprehensible framework.

The approach described here has been successfully applied to a range of projects, including developed/developing and indigenous societies. Use of this integrated framework as the basis for all environmental activities has several advantages. Besides leading to more comprehensive management solutions, it maximizes data usability for multiple management purposes, minimizes redundancy in data collection (e.g., for monitoring and management purposes), and provides a comprehensive framework in which to integrate values, information, and decision-making. It is also suitable for use by transnational agencies such as international lending institutions (e.g., the World Bank, the Inter-American Development Bank, the Asian Development Bank) and industries to maintain a consistent approach to environmental issues while operating in conformance with the laws and regulations of various states and nations and consistent with requirements of the International Standards Organization (ISO).

ECOLOGICAL FRAMEWORK FOR INTEGRATION

Ecological science is classified as a sub-discipline of biology, together with molecular and organismic biology. However, the discipline of ecology is the science: ". . . that studies the relationships among living organisms and their environments" (Art 1993). Odum (1993) defines ecology as ". . .the study of the earth's life-support systems." Ecology is, therefore, more than a branch of biology; it is an inherently integrative science that provides a scientifically sound conceptual basis for understanding and managing natural systems, including the physical as well as biotic components. It is the only science broad enough to provide a coherent, comprehensive framework for managing the environment (Rosenzweig 2003).

The technical disciplines of geology, hydrology, meteorology/climatology, biology, archaeology, socioeconomics, engineering, and their various sub-disciplines are typically addressed in traditional approaches to environmental assessment and management. Such assessment and management processes do not generally quantify or analyze the interrelationships among the various resources and the services they provide in a comprehensive manner. Integration in some environmental management activities often consists of little more than construction of matrices or conceptual models in which quantitative values are given to various aspects of the environment, without regard to antagonistic, synergistic, or cause-and-effect interrelationships. More recent approaches for assessing contamination distribution and effects (e.g., conceptual models in ERA [USEPA 1998]) do a much better job of integrating interactions among environmental media.

The various components of ecological and social systems and the corresponding disciplines are shown in Figure 6. Although each is a discipline in its own right, the integration of these disciplines for assessing impacts on ecological and human values is obvious, important, and essential to effective environmental management. Using a hierarchical framework (Figure 1) helps identify system-level ecological values such as biodiversity and productivity; identifying major functional groups and their attributes further identifies important interrelationships in the ecosystem(s) being managed. Understanding the service interrelationships among the physical, biological, and human components of the environment provides a comprehensive basis for ensuring the identification of socioeconomic values (Figures 3 and 4). Alternatively, they can be classified in the context of the disciplines of sociobiology or human ecology. Socioeconomics is viewed in this framework as a subset of human ecology; however, the importance of this discipline is undiminished; instead it is focused within a larger coherent framework that identifies the interdependence of all resources and resource services.

SUMMARY AND CONCLUSIONS

The approach presented here places the application of science in an appropriate context. The role of science is used to make measurements that characterize aspects of environmental components and processes, and services and to reduce uncertainly to appropriately acceptable levels. Stakeholders are involved to express their values, provide input on various aspects of information gathering and use, and (ideally) assume some degree of ownership of the environmental management decisions.

Because all decisions are ultimately made on the basis of values, and because all environmental values are ultimately human values, the values-based approach to environmental management provides an appropriate framework for environmental decision-making at scales ranging from local site-specific projects to national and international policy. Value-based decision-making founded on an ecological framework provides common ground for all to understand and participate in managing the environment.

The concept of services provides the necessary links between ecological and societal (i.e., human) values. Based on fundamental ecological concepts, the proposed approach recognizes that although decisions are made on values, ecological science is the tool by which we understand and manage the environment to sustain these values. To be effective, the integration of values identification with scientific methods of assessment should begin at the earliest possible stages of environmental management.

Many stakeholders have a role in environmental management, in addition to government agencies, commercial interests, private landowners, conservation and professional scientific organizations, and indigenous societies. The connections among these organizations and between these organizations and other stakeholders should be strengthened to facilitate the transfer of data, methodologies, and best management practices. All relevant stakeholders need to be informed and effectively involved if environmental management at any scale is to be successful and long-lasting.

Although the approach presented here has to date only been used at local and regional scales, it could apply equally well to development of a comprehensive national and global environmental management activities. The development of national or even global environmental policies should be prospective, comprehensive, systematic, and scientifically valid. Based on ecological science, the value-based framework provides consistency in approach, cost-effectiveness in execution, and process transparency. While awaiting formal regulatory and policy changes, cooperative assessments and voluntary integration of management activities and methods, such as are now occurring among various agencies and management entities in many countries, should be encouraged. The ecology-based approach presented here has provided and can continue to be used to enhance the integration of environmental management activities at all scales of implementation.

ACKNOWLEDGEMENTS

The author thanks Jonathan Taylor and an anonymous reviewer for reviewing and providing helpful comments, and Peter M. Chapman for editing the final article. The framework presented here benefited from discussions with numerous colleagues including Jim Doenges and Jim Singleton (URS Corp.), Ron Gouguet and John Kern (NOAA), Jon Rauscher (USEPA), Kevin McKnight (Alcoa), Monica Rau (Ok Tedi Mining, Ltd.), and others too numerous to mention.

	[Reference]

	REFERENCES

	Adams JS and McShane TO. 1992. The Myth of Wild Africa: Conservation Without Illusion. WW Norton and Co, New York, NY, USA

	Art HW (ed). 1993. The Dictionary of Ecology and Environmental Science. Henry Holt and Co, New York, NY USA

	Barnthouse LW, Biddinger G, Cooper C, et al. 1998. Sustainable Environmental Management SETAC Press, Pensacola, FL, USA

	Bengston JL and Laws RM. 1985. Trends in crabeater seal age at maturity: An insight into Antarctic marine invertebrates? In: Siegfield WR, Candy PR, and Laws RM (eds), Antarctic Nutrient Cycles and Food Webs, pp 661-65. Springer-Verlag, Berlin, Germany

	Botkin DB. 1990. Discordant Harmonies: A New Ecology for the Twenty-first Century. Oxford University Press, New York, NY, USA

	Catton T. 1997. Inhabited Wilderness: Indians, Eskimos, and National Parks in Alaska. University of New Mexico Press, Albuquerque, NM, USA

	Daily GC (ed). 1997. Nature's Services: Societal Dependence on Natural Ecosystems. Island Press, Washington, DC, USA

	Davis W. 1996. One River: Explorations and Discoveries in the Amazon Rain Forest Simon & Schuster, New York, NY, USA

	Descola P. 1993. The Spears of Twilight: Life and Death in the Amazon Jungle. The New York Press, New York, NY, USA

	Diamond J. 2005. Collapse: How Societies Choose to Fail or Succeed. Penguin Group, New York, NY, USA

	Dombeck MP, Williams JE, and Woods CA. 2003. Wildfire policy and public lands: Integrating scientific understanding with social concerns across landscapes. Conserv Biol 18:883-9

	Eldredge N. 1995. Dominion: Can Nature and Culture Co-exist? Henry Holt and Company, New York, NY USA

	Elliot R. 1997. Faking Nature: The Ethics of Environmental Restoration. Routledge, London, UK

	Flannery TF. 1994. The Future Eaters: An Ecological History of the Australasian Lands and People. New Holland Publishers, Sydney, Australia

	Foster D, Swanson F, Aber J, et al. 2003. The importance of land-use legacies to ecology and conservation. Bioscience 53:77-88

	Freedman B. 1989. Environmental Ecology: The Impacts of Pollution and Other Stresses on Ecosystem Structure and Function. Academic Press, San Diego, CA, USA

	Hammond H. 1991. Seeing the Forest Among the Trees. Polestar Press, Vancouver, BC, Canada

	Harwell M, Gentile J, Norton B, et al. 1994. Ecological Significance. Ecological Risk Assessment Papers. EPA/630/R-94/009. Risk Assessment Forum, US Environmental Protection Agency, Washington, DC, USA

	Jones CG, Lawton JH, and Schachak M. 1994. Organisms as ecosystem engineers. Oikos 69:373-86

	Kellert SR. 1997. The Value of Life. Island Press/Shearwater Books, Washington, DC, USA

	Lindenmayer DB and Franklin JF. 2002. Conserving Forest Biodiversity: A Comprehensive Multiscaled Approach. Island Press, Washington, DC, USA

	Martin PS. 1984. Prehistoric overkill: The global model. In: Martin PS and Klein RG (eds), Quaternary Extinctions, A Prehistoric Revolution, pp 259-89. University of Arizona Press, Tucson, AZ, USA

	Norton BG. 1987. Why Preserve Natural Variety? Princeton University Press, Princeton, NJ, USA

	Odum EP. 1993. Ecology and Our Endangered Life Support System, 2nd ed. Sinauer Associates, Sunderland, MA, USA

	Reagan DP. 2002. Determining values: A critical step in assessing ecological risk. In: Puastenbach DJ (ed), Human and Ecological Risk Assessment, pp 1069-98. Wiley Interscience, New York, NY USA

	Reagan DP, Camilo GR, and Waide RB. 1996. The community food web: Major properties and patterns of organization. In: Reagan DP and Waide RB (eds), The Food Web of a Tropical Rain Forest, pp 461-510. University of Chicago Press, Chicago, IL, USA

	Redford KH. 1992. The empty forest. Bioscience 42:412-22

	Reichel-Dolmatoff G. 1996. The Forest Within: The World View of the Tukano Amazonian Indians. Themis Books, Devon, UK

	Rosenzweig ML. 2003. Win-win Ecology: How the Earth's Species Can Survive in the Midst of Human Enterprise. Oxford University Press, Oxford, UK

	Stuart S. 2000. IUCN Species Survival Programme. Available at www.IUCN.org/info_and_news/ press/species2000.html

	Trombulak SC, Omland KS, Robinson JA, et al. 2004. Principles of conservation biology: Recommended guidelines for conservation literacy from the Education Committee of the Society for Conservation Biology. Conserv Biol 18:1180-90

	USEPA (US Environmental Protection Agency). 1998. Guidelines for ecological risk assessment. Federal Register 63(93)26846-924. May 14

	USEPA (US Environmental Protection Agency). 2000. Guidance for the Data Quality Objectives Process. EPA/600/R-96/055. Office of Environmental Information, Washington, DC, USA

	Ward P. 2004. The father of all mass extinctions. Conserv Pract 5:12-19

	Wilson EO. 2002. The Future of Life. Vintage Books, New York, NY USA


	


	[Author Affiliation]

	Douglas P. Reagan

	Doug Reagan & Associates, Castle Rock, Colorado, USA


	


	[Author Affiliation]

	Address correspondence to Douglas P. Reagan, Doug Reagan & Associates, LLC, 350 Gordon Drive, Castle Rock, CO 80104, USA. E-mail: douglaspreagan@aol.com


	


[image: image1.wmf]

305



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image2.wmf]



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image3.wmf]

PQ



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image4.wmf]

1208208075


Indexing (document details)
	Subjects:
	Decision making,  Environmental management,  Animal populations,  Forest management,  Environmental conditions,  Ecology,  Endangered & extinct species,  Management decisions,  Sustainable development

	Author(s):
	Douglas P Reagan

	Document types:
	Feature

	Document features:
	Diagrams,  References

	Section:
	PERSPECTIVE

	Publication title:
	Human and Ecological Risk Assessment. Boca Raton: Oct 2006. Vol. 12, Iss. 5;  pg. 819, 15 pgs

	Source type:
	Periodical

	ISSN:
	10807039

	ProQuest document ID:
	1170933701

	Text Word Count
	5620

	Document URL:
	http://ezproxy.rit.edu/login?url=http://proquest.umi.com.ezproxy.rit.edu/pqdweb?did=1170933701&Fmt=7&clientId=3589&RQT=309&VName=PQD


_1269706016.unknown

_1269706017.unknown

_1269706015.unknown

_1269706014.unknown

