Appendix 4.1

The following material is Appendix 4.1
for Chapter 4 of: Fowler, C.W. 2009.
Systemic Management: Sustainable
Human Interactions with Ecosystems
and the Biosphere. Oxford University
Press

1 What should management applied to
ecosystems include?

This appendix is a brief consideration of the who,
what, how, and why of “ecosystem management”
as described in the literature. It demonstrates com-
plexity and conflict when definitions are attempted
on the basis of conventional science and percep-
tion of ecosystems. Conflict is experienced, often
in lack of consensus. Although there are a num-
ber of common elements, surveys of the literature
show that, there is no commonly accepted defin-
ition of “ecosystem management” or “ecosystem-
based management” (Agee and Johnson 1988,
Arkema et al. 2006, Christensen et al. 1996, Clark
et al. 1991, Costanza et al. 2000, Francis 1993, Francis
et al. 2007, Grumbine 1994, Kay 1993, Keddy et al.
1993, Malone 1995, McCormick 1999, Moote et al.
1994, Pikitch et al. 2004, Schaeffer and Cox 1992,
Stanley 1995, Toman 1993). More often than many
are comfortable with, the claim is made that we
are already doing ecosystem management; clearly,
we are influencing ecosystems, but is our influence
sustainable?

Most of the literature describes or suggests desir-
able components of management or adds to the list
of factors, elements, processes, and other things that
should be taken into account (pieces of complexity,
or fragments of reality stakeholders and managers
are supposed to think about, consider, or discuss;
top row Fig. 1.1). The desirable components of man-
agement fall into the categories of who should do
“ecosystem management”, how it should be done,

what should be managed, and why. Each publi-
cation places different emphasis on each of these
components and a sense of indecision emerges
stemming from the complexity of “ecosystem man-
agement” as an extension of conventional manage-
ment with emphasis on the transitive. There is a
clear lack of consensus on how a balance can be
struck in view of the diversity of opinion regarding
a variety of often opposing points of view. There is
frequent call for something different to deal with
the impasse (e.g., Salwasser 1993).

In the existing literature there is frequent men-
tion of the need to consider the genetic effects of
human activities or concern about the coevolution-
ary reactions among species to human influence
(e.g., Brown and Parman 1993, Kendall 2007, Law
2001, Law et al. 1993, Mangel et al. 1996, NRC 2006,
Orians 1990, Sutherland 1990, Thompson 2005).
In actual management, however, these issues are
considered less in management at all levels of bio-
logical organization than are matters of products,
goods, and services and their economic value.
Evolutionary/genetic effects are of even less con-
cern in the literature when we consider ecosys-
tems (even rejected scientifically, e.g., Golley 1993).
Scientists appear to be more concerned than are
managers and their concerns seem to relate more
to loss of genetic diversity than change in species-
level characteristics and their consequences.

The literature identifies a wide variety of people
who should be involved in “ecosystem manage-
ment”. Among those are scientists from various
disciplines, especially those involved in integrat-
ing and synthesizing information. Included are
elected officials, their constituents, staff, executives
and administrators, government agencies, inter-
national bodies and organizations, representatives
of various communities (including local private
interests and landowners) and people, institutions,
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and businesses that use resources. The breadth
of involvement suggested above is intended to
encompass the widely differing (often opposing)
objectives of the groups represented. Collectively
these are the stakeholders identified as important
to the process of setting policy, establishing goals,
and making decisions in their position represented
in the top row of Figure 1.1.

The qualities brought to management by people
identified above are also deemed important. A var-
iety of experiences, professional qualifications, and
skills have been emphasized, whether for individ-
uals or collective management groups. It has been
suggested that management personnel work inde-
pendently, be interdisciplinary, and show inter-
agency, political, and economic expertise through
integrated coordination. Responsibility for deci-
sions is often emphasized. Mixes of appointed and
elected participation have been suggested. The
institutional inadequacy of existing management
(e.g., Clark et al. 1991) is recognized and results in
emphasizing inclusiveness, breadth, and commit-
ment to abide by decisions made. The reaching
of consensus and resolution of conflict is left to
human design. To improve on this, special training
is advocated to bridge the gap between science and
management (Brosnan and Groom 2006).

The variety of suggestions for what should be
managed to constitute “ecosystem management”
reflects the history of ecosystem science. More
importantly, it reflects the prevailing concept
that management is largely a matter of transitive
manipulation. Such approaches often seem to be
in opposition to means of ensuring long-term sus-
tainability for future generations of humans in
ecosystems exhibiting natural states and processes
capable of supporting humans. This often emerges
as conflict between what are called the biocentric
(that value forms of life at the ecosystem level, future
options and natural states) and the anthropocentric
camps (that place more value on meeting human
needs for the short term, Stanley 1995).

Based on conventional approaches, components
of ecosystems, populations, and species are often
seen as options for management. Some publica-
tions emphasize control over ecosystems and their
elements as an option; others focus on regulation
of human activities as the approach that emerges

as the only viable option in this chapter. Processes
and functions identified as subject to management
include flows of nutrients and energy, and interac-
tions and relationships among species, especially
human resources. The need for holistic approaches
is expressed in words such as landscape, systems,
network, community, array, total, and global.
Abiotic components of ecosystems are included in
management of habitat (including soils) and there
is concern about global warming and pollution.

Although manipulation to meet human need is
seen as part of “ecosystem management” (Allen and
Hoekstra 1992), it is recognized that limits to such
activities must exist. Although there is no agree-
ment on how to go about establishing such limits
(or find a balance, Stanley 1995), management with
humans as the subject of management has been
suggested as one alternative. The limitation and
regulation of human activities and influence is
often considered part of “ecosystem management”,
and is often recognized as the only part of the sys-
tem that can be controlled.

On the other hand, the characteristics of managed
units are often seen as available for manipulation
or control. At the ecosystem level, such characteris-
tics include variability, productivity, mean trophic
level, species numbers or diversity, organization,
integrity, health, homeostasis, structure, processes,
patterns, composition, heterogeneity, boundaries,
and equilibrium. The holistic nature of ecosystems
is evidenced by the use of words such as integrity,
bioregional, entirety, viability, order, dimensions,
irreducible wholes (and whole systems), geo-
graphic, complexity, and interdependence.

More than anything else, the literature on man-
agement has identified “what should be taken into
account” in “ecosystem management”. Thisincludes
uncertainty, instability, unpredictably, evolution,
dynamics, change and variability, time, area and
space (including parks and preserves), flows of
materials and energy, cycles, physical components
and environment, extinctions (natural and human
caused), aggregation, species-level issues, ecosys-
tem responses to stress, complexity and levels of
organization, nonlinear nature of interactions,
interconnectedness, whole system properties (e.g.,
ecosystem attributes, including the fact that they
are open systems and exhibit emergence), history,



spatial heterogeneity and fragmentation, carrying
capacities, responses of ecosystems to stress, lim-
its, overpopulation, rarity, naturalness, and extinc-
tion. Although this is only a partial list of factors
that various authors have listed as important to
account for in “ecosystem management”, it exem-
plifies the complexity of biotic systems in general
(and scratches the surface of the complexity of real-
ity, Appendix 1.1). It also illustrates the guaranteed
conflict when various people or organizations sup-
port one element over another. In the end, collect-
ive consideration of such lists emphasizes that we
must account for reality/complexity.

Much of the existing literature recognizes that
to be operational, a definition of “ecosystem man-
agement” must include specified activities. These
include what managers are often asked to do: assess
options, consider and integrate information, apply
standards and reference points (normative infor-
mation, often seen as lacking), plan, establish pol-
icy, evaluate, cooperate and coordinate, assess risks,
identify and define problems, implement legisla-
tion, establish programs, educate and communicate
(including journalism), authorize specific actions,
and implement programs and decisions. The activ-
ities of scientists in providing information is also
included: application of technologies, information
integration and synthesis, measurement, analysis,
experimentation, inventory, monitoring, providing
data and information on natural principles (con-
tribute to perspective, paradigms, ideas, concepts),
recommending actions, educate, assess (resources,
risks, benefits), interpret, identify and define prob-
lems, and conduct studies and research. In carrying
out management to achieve ecosystem states, con-
trol and manipulation are frequently mentioned.
Often the components of ecosystems are to be
manipulated. But the main subject of effective con-
trol is the human element. Human activities should
be restricted in order to protect or promote certain
characteristics for resources and ecosystems. Other
activities are promoted in support of humans as
elements of ecosystems. These include subsidizing
and mitigation for ecosystem responses, undertak-
ing captive breeding, and directed exploitation, or
alteration of environment.

It is often proposed that management activities
should be conducted with democratic, collaborative,

APPENDIX 4.1 75

and consensual approaches with emphasis on inte-
gration (combined or collective approaches), and
holistic or global breadth. There is clear desire for
predictive capacity, and the difficulty or impossi-
bility of ever achieving it is recognized. The util-
ity of modeling in such cases is often emphasized
and in other contexts the limits of such approaches
are recognized. Flexible, experimental, adap-
tive approaches are often emphasized (Holling
1978, Walters 1986, 1992). The magnitude of risk
involved in failed trials arises in conflict with this
suggestion.

Motivation for developing a clear definition of
“ecosystem management” stems from recognition
of clearly important objectives, goals, and desired
outcomes. The conflicting nature of many of the
goals is clearly emphasized. Minimizing risk is
often in opposition to yields, services, products,
commodities, and the multiple uses of various
elements of ecosystems. Preventing extinctions,
maintaining biodiversity, conservation, care, and
sensitivity to environmental issues are in conflict
with human needs in the realms of the economy,
health, and resources. Sustainability is recognized
as a step toward finding a balance among these
conflicting forces and is often presented with
the word “development” to emphasize the need
to avoid disregard for human needs. Long-term
objectives are suggested to be necessary to account
for the longer time scales of ecosystem dynamics.
Preservation (especially of biodiversity) is seen
as important but often in conflict with meeting
human need. Undisturbed ecosystems are valued
for their contribution to knowledge of natural base-
line ecosystem characteristics.

The preservation of nature is recognized as rele-
vant to the future of humans as a species and is
part of the concept of sustainability and intergen-
erational need. This is emphasized in the goals
of renewability, continual availability, preserving
options for the future, and the need for resources
lasting into perpetuity as long-term objectives.
These, however, are in conflict with the short-
term goals of socioeconomic and political forces in
meeting day-to-day utilitarian needs. Optima are
seen as balance (Fuentes 1993) wherein maintain-
ing healthy ecosystems includes long-term human
goals such as avoiding extinction. Harmony,
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altruistic, therapeutic, spiritual, ethical, and aes-
thetic issues arise when trying to balance use and
protection, or short- and long-term objectives.

To understand these conflicts as natural, one
must understand the human species from bio-
logical, ecological, and evolutionary perspectives.
Evolutionary forces behind the need to consume,
survive, and reproduce, for example, are in oppos-
ition to the forces of ecosystems that both set limits
and provide resources. Finding a balance is one of
the challenges in defining an operational form of
management.

A variety of definitions and discussion of “eco-
system management” abound in the literature (e.g,,
see references in Arkema ef al. 2006, McCormick
1999, Fowler 2003, and Francis et al. 2007). Because
of the volume of this work, it would be difficult
to find impartial representative or exhaustive list-
ings or review of definitions. As an introduction
to related concepts and to indicate the intensity of
interest in the field, however, it is useful to consult
a few of the relevant publications that provide the
detail of what is considered important, primarily
from the perspective of conventional ecosystem
science and management (e.g., Agee and Johnson
1988, Allen and Hoekstra 1992, Anderson 1991,
Aplet and Johnson 1993, Aplet et al. 1993, Apollonio
1994, Arkema et al. 2006, Auerbach 1981, Bakuzis
1969, Baron and Galvin 1990, Bormann and Likens
1969, Boulding 1991, Bratton 1992, Cairns 1986, 1991,
Caldwell 1988, Callicott 1992, Christensen et al.
1996, Clark and Zaunbrecher 1987, Clark et al. 1991,
Costanza 1992a, Costanza et al. 1992a,b, 2000, Cox
1993, Cristoffer 1990, Crystal 1989, Diamond 1980,
Ehrenfeld 1992, 1993, Ehrlich 1987, Eldredge 1991,
1992, Fiedler and Jain 1992, Francis 1993, Francis
et al. 2007, Franklin 1993a,b, Fuentes 1993, Gilbert
1988, Goodman 1980, 1987, Gordon 1993, Grizzle
1994, Grumbine 1994, Hannon 1992, Hargrove 1992,
Haskell et al. 1992, Holling 1978, 1993, Holt and
Talbot 1978, Huntley et al. 1991, Johnson and Agee
1989, Karr 1992, Kay 1993, Keddy et al. 1993, Kemf
1993, Kenchington 1990, Kerr and Dickie 1984, King
1993, Lee 1993a,b, Levine 1989, Lewis 1969, Likens
1992, Loucks 1985, Lovejoy et al. 1984, Lubchenco
et al. 1991, Ludwig et al. 1993, Maerz 1994, Malone
1995, Mangel et al. 1996, Mann and Plummer 1993,
Mann and Lazier 1991, McCormick 1999, McNamee

1986, McNeely 1989, Mitchell et al. 1990, Mladenhoff
and Pastor 1993, Moote et al. 1994, Munn 1993,
Munro and Holdgate 1991, Murawski 1991, Myers
1989, 1991, Nash 1991, National Commission on the
Environment Staff 1993, Norton 1987, 1991, 1992,
Noss 1990, 1993, Noss and Cooperrider 1994, Odum
1985, 1993, O’Neill 1989, O'Neill et al. 1986, Orians
1990, Orians et al. 1990, Ovington 1975, Page 1992,
D. Patten 1991, Pfister 1993, Pikitch et al. 2004, Pimm
1991, Pyle 1980, Quammen 1991, Ramphal 1992,
Rapport 1992, Ray and Grassle 1991, Reed 1989,
Regier 1993, Roberts 1991, Romm 1993, Salwasser
1988, 1993, Salwasser et al. 1993, Sample et al. 1993,
Santos 1990, Schaeffer and Cox 1992, Schaeffer et al.
1988, Scheffer 1991, Sharp 1993, Simberloff 1986,
1988, Smith 1977, Soulé 1986, Soulé and Wilcox
1980a,b, Southwick 1985, Spurr 1969, Stanley 1995,
Steedman and Haider 1993, Sutherland 1990,
Terborgh 1974, Thorne-Miller and Catena 1991,
Toman 1993, Ulanowicz 1992, van Dobben and
Lowe-McConnell 1975b, Van Dyne 1969a,b, Varley
1988, Wagner 1977, 1969, Walters 1986, Western and
Pearl 1989, Westman 1990a, Wilcox and Murphy
1985, Wilson 1985a, Wood 1994, Woodley 1993,
Woodley et al. 1993).

A strong pattern in most of the literature listed
above is the theme of expressed support for
involving stakeholders, scientists and managers
in decision-making in regard to setting objectives
and policy as depicted in the top row of Figure
1.1. This is in contrast to the roles to which people
are confined in systemic management (bottom
row of Fig. 1.1) wherein posing questions, empir-
ically observing things consonant with manage-
ment questions, and carrying out management
to avoid abnormality are the responsibility of all
stakeholders.

References

Agee, ] K. and D.R. Johnson (eds). 1988. Ecosystem manage-
ment for parks and wilderness. University of Washington
Press, Seattle, WA.

Allen, TEH. and TW. Hoekstra. 1992. Toward a unified
ecology. Columbia University Press, New York, NY.

Anderson, ].E. 1991. A conceptual framework for evaluat-
ing and quantifying naturalness. Conservation Biology
5: 347-352.



Aplet, G.H. and N. Johnson. 1993. Designing sustainable
ecological systems: a regional approach: introduction.
In Aplet, GH., N. Johnson, J.T. Olson, and V.A. Sample
(eds). Defining sustainable forestry, pp. 123-126. Island
Press, Washington, DC.

Aplet, G.H.,, N. Johnson, J.T. Olson, and V.A. Sample
(eds). 1993. Defining sustainable forestry. Island Press,
Washington, DC.

Apollonio, S. 1994. The use of ecosystem characteristics
in fisheries management. Reviews in Fisheries Science
2:157-180.

Arkema, KK, S.C. Abramson, and B.M. Dewsbury. 2006.
Marine ecosystem-based management: from charac-
terization to implementation. Frontiers in Ecology and
the Environment 4: 525-532.

Auerbach, S.I. 1981. Ecosystem response to stress; a
review of concepts and approaches. In Barrett, G.W.
and R. Rosenberg (eds). Stress effects on natural ecosys-
tems, pp. 29-42. John Wiley and Sons, New York, NY.

Bakuzis, EV. 1969. Forestry viewed in an ecosystem per-
spective. In Van Dyne, G.M. (ed.). The ecosystem concept
in natural resource management, pp. 189-258. Academic
Press, New York, NY.

Baron, J. and K.A. Galvin. 1990. Future directions of eco-
system science. Bioscience 40: 640-642.

Bormann, FH. and G.E. Likens. 1969. The watershed-
ecosystem concept and studies of nutrient cycles. In
Van Dyne, GM. (ed.). The ecosystem concept in natural
resource management, pp. 49-76. Academic Press, New
York, NY.

Boulding, K. 1991. What do we want to sustain?
Environmentalism and human evaluations. In
Costanza, R. (ed.). Ecological economics: the science
and management of sustainability, pp. 22-31. Columbia
University Press, New York, NY.

Bratton, S.P. 1992. Alternative models of ecosystem res-
toration. In Costanza, R., B.G. Norton, and B.D. Haskell
(eds). Ecosystem health: new goals for environmental man-
agement, pp. 170-189. Island Press, Washington, DC.

Brosnan, D.M. and M.]. Groom. 2006. The integration
of conservation science and policy: the pursuit of
knowledge needs the use of knowledge. In Groom,
M.J, GK. Meffe, and C.R. Carroll (eds). Principles of
conservation biology, pp. 625-659. Sinauer Associates,
Sunderland, MA.

Brown, ].S. and A.O. Parman. 1993. Consequences of size-
selective harvesting as an evolutionary game. In Law,
R., J M. McGlade, and T.K. Stokes (eds). The exploitation
of evolving resources: proceedings of an international
conference held at Julich, Germany, Sept. 3-5, 1991
(Lecture notes in biomathematics, 99), pp. 248-261.
Springer-Verlag, Berlin.

APPENDIX 4.1 77

Cairns, J., Jr 1986. The myth of the most sensitive species.
Bioscience 36: 670—672.

Cairns, J., Jr 1991. The need for integrated environmen-
tal systems management. In Cairns, J., Jr and TV.
Crawford (eds.). Integrated environmental management,
pp- 5-20. Lewis Publishers, Chelsea, MI.

Caldwell, L.K. (ed.). 1988. Perspectives on ecosystem man-
agement for the Great Lakes: a reader. State University of
New York Press, Albany, NY.

Callicott, J.B. 1992. Aldo Leopold’s metaphor. In Costanza,
R., B.G. Norton, and B.D. Haskell (eds). Ecosystem health:
new goals for environmental management, pp. 42-56.
Island Press, Washington, DC.

Christensen, N.L., A.M. Bartuska, J.H. Brown, et al.
1996. The report of the Ecological Society of America
Committee on the scientific basis for ecosystem man-
agement. Ecological Applications 6: 665-691.

Clark, TW. and D. Zaunbrecher. 1987. The Greater
Yellowstone Ecosystem: the ecosystem concept in
natural resource policy and management. Renewable
Resources Journal 5: 8-16.

Clark, TW., E.D. Amato, D.G. Whittemore, and A.H.
Harvey. 1991. Policy and programs for ecosystem man-
agement in the Greater Yellowstone Ecosystem: an
analysis. Conservation Biology 5: 412-422.

Costanza, R. 1992. Toward an operational definition
of ecosystem health. In Costanza, R., B.G. Norton,
and B.D. Haskell (eds). Ecosystem health: new goals for
environmental management, pp. 239-256. Island Press,
Washington, DC.

Costanza, R., B.G. Norton, and B.D. Haskell. 1992.
Introduction: What is ecosystem health and why should
we worry about it? In Costanza, R., B.G. Norton and B.D.
Haskell (eds). Ecosystem health: new goals for environmen-
tal management, pp. 3-22. Island Press, Washington, DC.

Costanza, R., B.G. Norton, and B.D. Haskell (eds). 1992.
Ecosystem health: new goals for environmental manage-
ment. Island Press, Washington, DC.

Costanza, R., H. Daly, C. Folke, P. Hawken, C.S. Holling,
AlJ. McMichael, D. Pimentel, and D. Rapport. 2000.
Managing our environmental portfolio. Bioscience 50:
149-155.

Cox, G.W. 1993. Conservation ecology. Wm. C. Brown
Publishers, Dubuque, IA.

Cristoffer, C. 1990. Nonrandom extinction and the
evolution and conservation of continental mam-
mal faunas. Ph.D. Dissertation, University of Florida,
Gainesville, Fl.

Crystal, L. 1989. American broadcast journalism: its
coverage of conservation crises. In Western, D. and
M. Pearl (eds). Conservation for the twenty-first century,
pp- 289-296. Oxford University Press, New York, NY.



78 SYSTEMIC MANAGEMENT

Diamond, ].M. 1980. Patchy distributions of tropical birds.
In Soulé, M.E. and M.A. Wilcox (eds). Conservation
biology, an evolutionary-ecological perspective, pp. 57-74.
Sinauer Associates, Sunderland, MA.

Ehrenfeld, D.J. 1992. Ecosystem health and ecological the-
ories. In Costanza, R., B.G. Norton, and B.D. Haskell
(eds). Ecosystem health: new goals for environmental man-
agement, pp. 135-143. Island Press, Washington, DC.

Ehrenfeld, D.J. 1993. Beginning again: people and nature
in the new millennium. Oxford University Press, New
York, NY.

Ehrlich, PR. 1987. Population biology, conservation
biology, and the future of humanity. Bioscience 37:
757-763.

Eldredge, N. 1991. The miner’s canary: unraveling the mys-
teries of extinction. Prentice Hall Press, New York, NY.

Eldredge, N. 1992. Where the twain meet: causal intersec-
tions between the genealogical and ecological realms.
In Eldredge, N. (ed.). Systematics, ecology, and the bio-
diversity crisis, pp. 1-14. Columbia University Press,
New York, NY.

Fiedler, PL. and S.K. Jain (eds). 1992. Conservation biology:
the theory and practice of nature conservation, preservation
and management. Routledge Chapman & Hall, Inc., New
York, NY.

Fowler, C.W. 2003. Tenets, principles, and criteria for
management: the basis for systemic management.
Marine Fisheries Review 65: 1-55.

Francis, G.R. 1993. Ecosystem management. Natural
Resources Journal 33: 315-345.

Francis, R.C., M.A. Hixon, M.E. Clarke, S.A. Murawski,
and S. Ralston. 2007. Ten commandments for ecosys-
tem-based fisheries scientists. Fisheries 32: 217-233.

Franklin, J.F. 1993a. Preserving biodiversity: species,
ecosystems, or landscapes? Ecological Applications 3:
202-205.

Franklin, J.F. 1993b. The fundamentals of ecosystem man-
agement with applications in the Pacific Northwest. In
Aplet, G.H., N. Johnson, J.T. Olson, and V.A. Sample
(eds). Defining sustainable forestry, pp. 127-144. Island
Press, Washington, DC.

Fuentes, E.R. 1993. Scientific research and sustainable
development. Ecological Applications 3: 576-577.

Gilbert, V. 1988. Cooperation in ecosystem management.
In Agee, ] K. and D.R. Johnson (eds). Ecosystem manage-
ment for parks and wilderness, pp. 180-192. University of
Washington Press, Seattle, WA.

Golley, EB. 1993. A history of the ecosystem concept in ecol-
ogy. Yale University Press, New Haven, CT.

Goodman, D. 1980. Demographic intervention for closely
managed populations. In Soulé, M.E. and M.A. Wilcox
(eds). Conservation biology, an evolutionary-ecological

perspective, pp. 171-196. Sinauer Associates, Sunderland,
MA.

Goodman, D. 1987b. How do any species persist? Lessons
for conservation biology. Conservation Biology 1: 59-62.

Gordon, J.C. 1993. Ecosystem management: an idiosyn-
cratic overview. In Aplet, G.H., N. Johnson, ].T. Olson,
and V.A. Sample (eds). Defining sustainable forestry, pp.
240-244. Island Press, Washington, DC.

Grizzle, R.E. 1994. Environmentalism should include
human ecological needs. Bioscience 44: 263-268.

Grumbine, R.E. 1994. What is ecosystem management?
Conservation Biology 8: 27-38.

Hannon, B. 1992. Measures of economic and ecological
health. In Costanza, R., B.G. Norton, and B.D. Haskell
(eds). Ecosystem health: new goals for environmental man-
agement, pp. 207-222. Island Press, Washington, DC.

Hargrove, E. 1992. Environmental therapeutic nihilism.
In Costanza, R., B.G. Norton, and B.D. Haskell (eds).
Ecosystem health: new goals for environmental manage-
ment, pp. 124-131. Island Press, Washington, DC.

Haskell, B.D., B.G. Norton, and R. Costanza. 1992.
Introduction: What is ecosystem health and why
should we worry about it? In Costanza, R., B.G. Norton,
and B.D. Haskell (eds). Ecosystem health: new goals for
environmental management, pp. 3-20. Island Press,
Washington, DC.

Holling, C.S. 1993. Investing in research for sustainabil-
ity. Ecological Applications 3: 552-555.

Holling, C.S. (ed.). 1978. Adaptive environmental assessment
and management. John Wiley and Sons, New York, NY.

Holt, S.J. and L.M. Talbot. 1978. New principles for the con-
servation of wild living resources. Wildlife Monographs
59: 5-33.

Huntley, BJ., E. Ezcurra, E.R. Fuentes, et al. 1991. A sus-
tainable biosphere: the global perspective. Ecology
International 20: 1-14.

Johnson, D.R. and ].K. Agee. 1989. Introduction to ecosys-
tem management. In Agee, ] K. and D.R. Johnson (eds).
Ecosystem management for parks and wilderness, pp. 3-14.
University of Washington Press, Seattle, WA.

Karr, J.R. 1992. Ecological integrity: protecting earth’s
life. In Costanza, R., B.G. Norton, and B.D. Haskell
(eds). Ecosystem health: new goals for environmental man-
agement, pp. 223-238. Island Press, Washington, DC.

Kay, J.J. 1993. On the nature of ecological integrity:
some closing comments. In Woodley, S., G. Francis,
and J. Kay (eds). Ecological integrity and the manage-
ment of ecosystems, pp. 201-212. St. Luicie Press, Delray
Beach, FL.

Keddy, P.A., HT. Lee, and I.C. Wisheu. 1993. Choosing
indicators of ecosystem integrity: wetlands as a model
system. In Woodley, S., G. Francis, and J. Kay (eds).



Ecological integrity and the management of ecosystems, pp.
61-79. St. Luicie Press, Delray Beach, FL.

Kemf, E. (ed.). 1993. The law of the mother: protect-
ing indigenous peoples in protected areas. Sierra, San
Francisco, CA.

Kenchington, R.A. 1990. Managing marine environments.
Taylor and Francis, New York, NY.

Kendall, N. 2007. Long term fishery selection on age
and size at maturity of Bristol Bay, Alaska sock-
eye salmon. MS Thesis, University of Washington,
Seattle, WA.

Kerr, S.R. and L.M. Dickie. 1984. Measuring the health of
aquatic ecosystems. In Cairns, VW., PV. Hodson, and
J.O. Nriagu (eds). Contaminant effects on fisheries, pp.
279-284. John Wiley & Sons, New York, NY.

King, AW. 1993. Considerations of scale and hierarchy.
In Woodley, S., G. Francis, and J. Kay (eds). Ecological
integrity and the management of ecosystems, pp. 19-45.
St. Luicie Press, Delray Beach, FL.

Law, R. 2001. Phenotypic and genetic changes due to
selective exploitation. In Reynolds, J.D., G.M. Mace,
K.H. Redford, and J.G. Robinson (eds). Conservation
of exploited species, pp. 324-342. Cambridge University
Press, Cambridge.

Law, R., .M. McGlade, and T.K. Stokes (eds). 1993. The
exploitation of evolving resources: proceedings of
an international conference held at Julich, Germany,
Sept. 3-5, 1991 (Lecture notes in biomathematics, 99).
Springer-Verlag, Berlin.

Lee, K.N. 1993. Compass and gyroscope: integrating
science and politics for the environment. Island Press,
Covelo, CA.

Lee, K.N. 1993. Greed, scale mismatch, and learning.
Ecological Applications 3: 560-564.

Levine, N.D. 1989. Evolution and extinction. Bioscience
39: 38.

Lewis, J.K. 1969. Range management viewed in the
ecosystem framework. In Van Dyne, G.M. (ed.). The
ecosystem concept in natural resource management,
pp. 97-187. Academic Press, New York, NY.

Likens, G.E. 1992. Ecosystem approach: its use and abuse.
Ecology Institute, Olendorf/Luhe, Germany.

Loucks, O.L. 1985. Looking for surprise in managing
stressed ecosystems. Bioscience 35: 428-432.

Lovejoy, T.E., ].M. Rankin, R.O. Bierregaard, Jr, K.S.
Brown, Jr, L.A. Emmons, and M.E. VanderVoort.
1984. Ecosystem decay of Amazon forest remnants.
In Nitecki, M.H. (ed.). Extinctions, pp. 295-326. The
University of Chicago Press, Chicago, IL.

Lubchenco, J.,, A.M. Olson, L.A. Brubaker, et al. 1991. The
sustainable biosphere initiative: an ecological research
agenda. Ecology 72: 371-412.

APPENDIX 4.1 79

Ludwig, D., R. Hilborn, and C. Walters. 1993. Uncertainty,
resource exploitation, and conservation: lessons from
history. Science 260: 17, 36.

Maerz, ].C. 1994. Ecosystem management: a summary of
the ecosystem management roundtable of 19 July 1993.
Bulletin of the Ecological Society of America 75: 93-95.

Malone, C.R. 1995. Ecosystem management: status of
the federal initiative. Bulletin of the Ecological Society of
America 76: 158-161.

Mangel, M., L.M. Talbot, G.K. Meffe, et al. 1996. Principles
for the conservation of wild living resources. Ecological
Applications 6: 338-362.

Mann, C.C. and M.L. Plummer. 1993. The high cost of
biodiversity. Science 260: 1868-1871.

Mann, K.H. and JR.N. Lazier. 1991. Dynamics of marine
ecosystems: biological-physical interactions in the oceans.
Blackwell Scientific, Cambridge, MA.

McCormick, EJ. 1999. Principles of ecosystem manage-
ment and sustainable development. In Peine, ].D. (ed.).
Ecosystem management for sustainability: principles and
practices illustrated by a regional biosphere reserve coopera-
tive, pp. 3-21. Lewis Publishers, Boca Raton, FL.

McNamee, T. 1986. Putting nature first: a proposal for the
whole ecosystem management. Orion Nature Quarterly
5: 4-15.

McNeely, J.A. 1989. Protected areas and human
ecology: how national parks can contribute to sustain-
ing societies of the twenty-first century. In Western, D.
and M. Pearl (eds). Conservation for the twenty-first
century, pp. 150-157. Oxford University Press, New
York, NY.

Mitchell, R.S., C]J. Sheviak, and D.L. Leopold (eds). 1990.
Ecosystem management: rare species and significant habi-
tats. New York State Museum, Albany, NY.

Mladenhoff, D.J. and J. Pastor. 1993. Sustainable forest
ecosystems in the northern hardwood and conifer
forest region: concepts and management. In Aplet,
G.H,, N. Johnson, J.T. Olson, and V.A. Sample (eds).
Defining sustainable forestry, pp. 145-180. Island Press,
Washington, DC.

Moote, M.A., S. Burke, H.J. Cortner, and M.B. Wallace.
1994. Principles of ecosystem management. Document
published by the Water Resources Research
Center, College of Agriculture, The University of
Arizona, 14 pp.

Munn, R.E. 1993. Monitoring for ecosystem integrity.
In Woodley, S., G. Francis, and J. Kay (eds). Ecological
integrity and the management of ecosystems, pp. 105-115.
St. Luicie Press, Delray Beach, FL.

Munro, D.A. and M.-W. Holdgate (eds). 1991. Caring for
the earth: a strategy for sustainable living. IUCN, Gland,
Switzerland.



80 SYSTEMIC MANAGEMENT

Murawski, S.A. 1991. Can we manage our multispecies
fisheries? Fisheries 16: 5-13.

Myers, N. 1989. Extinction rates past and present.
Bioscience 39: 39-41.

Myers, N. 1991. Extinction “hot spots.” Science 254: 919.

Nash, S. 1991. What price nature? Bioscience 41: 677-680.

National Commission of the Environment Staff.
1993. Choosing a sustainable future: the report of the
national commission of the environment. Island Press,
Washington, DC.

Norton, B.G. 1987. Why preserve natural variety? Princeton
University Press, Princeton, NJ.

Norton, B.G. 1991. Ecosystem health and sustainable
resource management. In Costanza, R. (ed.). Ecological
economics: the science and management of sustainability,
pp- 23—-41. Columbia University Press, New York, NY.

Norton, B.G. 1992. A new paradigm for environmen-
tal management. In Costanza, R., B.G. Norton and
B.D. Haskell (eds). Ecosystem health: new goals for
environmental management, pp. 23—41. Island Press,
Washington, DC.

Noss, R.F. 1990. Can we maintain biological and eco-
logical integrity? Conservation Biology 4: 241-243.

Noss, R.F. 1993. Sustainable forestry or sustainable for-
ests? In Aplet, G.H., N. Johnson, J.T. Olson, and V.A.
Sample (eds). Defining sustainable forestry, pp. 17-43.
Island Press, Washington, DC.

Noss, R.E. and AY. Cooperrider. 1994. Saving nature’s
legacy: protecting and restoring biodiversity. Island Press,
Washington, DC.

NRC (National Research Council). 2006. Dynamic changes
in marine ecosystems: fishing food webs and future options.
National Acadamy Press, Washington, DC.

O'Neill, RV. 1989. Perspectives in hierarchy and scale.
In Roughgarden, J.,, RM. May and S.A. Levin (eds).
Perspectives in ecological theory, pp. 140-156. Princeton
University Press, Princeton, NJ.

O'Neill, RV.,, D.L. DeAngelis, J.B. Waide, and T.F.H.
Allen. 1986. A hierarchial concept of ecosystems. Princeton
University Press, Princeton, NJ.

Odum, E.P. 1985. Trends expected in stressed ecosystems.
Bioscience 35: 419-422.

Orians, G.H. 1990. Ecological concepts of sustainability.
Environment 32: 10-15, 34-39.

Orians, G.H., G.M. Brown, Jr, W.E. Kunin, and J.E.
Swierzbinski (eds). 1990. The preservation and valuation
of biological resources. University of Washington Press,
Seattle, WA.

Ovington, J.D. 1975. Strategies for the management of
natural and man-made ecosystems. In van Dobben,
W.H. and R.H Lowe-McConnell (eds). Unifying concepts
in ecology, pp. 239-246. Dr. W. Junk b. v.,, The Hague,
the Netherlands, and the Centre for Agricultural

Publishing and Documentation, Wageningen, the
Netherlands.

Page, T. 1992. Environmental existentialism. In
Costanza, R., B.G. Norton, and B.D. Haskell (eds).
Ecosystem health: new goals for environmental manage-
ment, pp. 97-123. Island Press, Washington, DC.

Patten, D.T. 1991. Human impacts in the greater
Yellowstone: evaluating sustainability goals and
eco-redevelopment. Conservation Biology 5: 405—411.

Pfister, R.D. 1993. The need and potential for ecosystem
management in forests of the inland west. In Aplet,
G.H., N. Johnson, J.T. Olson, and V.A. Sample (eds).
Defining sustainable forestry, pp. 217-239. Island Press,
Washington, DC.

Pikitch, E.K., C. Santora, E.A. Babcock, et al. 2004.
Ecosystem-based fishery management. Science 305:
346-347.

Pimm, S.L. 1991. The balance of nature? Ecological issues in
the conservation of species in communities. The University
of Chicago Press, Chicago, IL.

Pyle, R-M. 1980. Management of nature reserves. In
Soulé, M.E. and M.A. Wilcox (eds). Conservation biol-
ogy, an evolutionary-ecological perspective, pp. 319-328.
Sinauer Associates, Sunderland, MA.

Quammen, D. 1991. Dirty word, clean place. Outside
August: 25-28.

Ramphal, S. 1992. Our country, our planet: forging a partner-
ship for survival. Island Press, Washington, DC.

Rapport, D.J. 1992. What is clinical ecology? In Costanza,
R., B.G. Norton and B.D. Haskell (eds). Ecosystem health:
new goals for environmental management, pp. 144-156.
Island Press, Washington, DC.

Ray, G.C. and J.F. Grassle. 1991. Marine biological
diversity: a scientific program to help conserve marine
biological diversity is urgently required. Bioscience 41:
453-457.

Reed, C.G. 1989. More on extinction. Bioscience 39:
357-358.

Regier, H.A. 1993. The notion of natural and cultural
integrity. In Woodley, S., G. Francis, and J. Kay (eds).
Ecological integrity and the management of ecosystems, pp.
3-18. St. Luicie Press, Delray Beach, FL.

Roberts, L. 1991. Ranking the rain forests. Science 251:
1549-1560.

Romm, J. 1993. Sustainable forestry: an adaptive process.
In Aplet, G.H., N. Johnson, ].T. Olson, and V.A. Sample
(eds). Defining sustainable forestry, pp. 280-293. Island
Press, Washington, DC.

Salwasser, H. 1988. Managing ecosystems for viable
populations of vertebrates: a focus on biodiversity. In
Agee, ].K. and D.R. Johnson (eds). Ecosystem management
for parks and wilderness, pp. 87-104. University of
Washington Press, Seattle, WA.



Salwasser, H. 1993. Sustainability needs more than better
science. Ecological Applications 3: 587-589.

Salwasser, H., DW. MacCleery, and T.A. Snellgrove. 1993.
An ecosystem perspective on sustainable forestry and
new directions for the U.S. national forest system. In
Aplet, G.H., N. Johnson, ]J.T. Olson, and V.A. Sample
(eds). Defining sustainable forestry, pp. 44-89. Island
Press, Washington, DC.

Sample, V.A,, N. Johnson, G.H. Aplet, and ].T. Olson.
1993. Defining sustainable forestry: introduction. In
Aplet, G.H., N. Johnson, ]J.T. Olson, and V.A. Sample
(eds). Defining sustainable forestry, pp. 3-10. Island Press,
Washington, DC.

Santos, M.A. 1990. Managing planet earth: perspectives on
population, ecology, and the law. Bergin and Garvey, New
York, NY.

Schaeffer, DJ. and D.K. Cox. 1992. Establishing ecosys-
tem threshold criteria. In Costanza, R., B.G. Norton
and B.D. Haskell (eds). Ecosystem health: New goals for
environmental management, pp. 157-169. Island Press,
Washington, DC.

Schaeffer, D.J., E.E. Herricks, and HW. Kerster. 1988.
Ecosystem health: I. Measuring ecosystem health.
Environmental Management 12: 445-455.

Scheffer, V.B. 1991. Shaping of environmentalism in America.
University of Washington Press, Seattle, WA.

Sharp, G.D. 1993. Fisheries oceanography. Science 261:
1463-1464.

Simberloff, D. 1986. The proximate causes of extinc-
tion. In Raup, D.M. and D. Jablonski (eds). Patterns
and processes in the history of life, pp. 259-276. Springer-
Verlag, Berlin.

Simberloff, D. 1988. The contribution of population and
community biology to conservation science. Annual
Review of Ecology and Systematics 19: 473-511.

Smith, FE. 1977. Comments revisited—or, what I wish
I had said. In Innis, G.S. (ed.). New directions in the ana-
lysis of ecological systems, Part 2, pp. 231-235. The Society
for Computer Simulation, La Jolla, CA.

Soulé, M.E. and B.A. Wilcox. 1980. Conservation biology:
its scope and its challenge. In Soulé M.E. and M.A.
Wilcox (eds). Conservation biology, an evolutionary—
ecological perspective, pp. 1-8. Sinauer Associates,
Sunderland, MA.

Soulé, M.E. and B.A. Wilcox (eds). 1980. Conservation
biology, an evolutionary—ecological perspective. Sinauer
Associates, Sunderland, MA.

Southwick, C.H. (ed.). 1985. Global ecology. Sinauer
Associates, Sunderland, MA.

Spurr, S.H. 1969. The natural resource ecosystem. In
Van Dyne, G.M. (ed.) The ecosystem concept in natural
resource management, pp. 3-8. Academic Press, New
York, NY.

APPENDIX 4.1 81

Stanley, T.R., Jr 1995. Ecosystem management and the
arrogance of humanism. Conservation Biology 9:
255-262.

Steedman, R. and W. Haider. 1993. Applying notions
of ecological integrity. In Woodley, S., G. Francis,
and J. Kay (eds). Ecological integrity and the manage-
ment of ecosystems, pp. 47-60. St. Luicie Press, Delray
Beach, FL.

Sutherland, W.J. 1990. Evolution and fisheries. Nature 344:
814-815.

Terborgh, J. 1974. Preservation of natural diversity: the
problem of extinction prone species. Bioscience 24:
715-722.

Thompson, J.N. 2005. The geographic mosaic of coevolution.
University of Chicago Press, Chicago, IL.

Thorne-Miller, B. and J. Catena. 1991. The living ocean,
understanding and protecting marine biodiversity. Island
Press, Washington, DC.

Toman, M.A. 1993. Defining an economics of sustainable
forestry: general comments. In Aplet, G.H., N. Johnson,
J.T. Olson, and V.A. Sample (eds). Defining sustainable
forestry, pp. 270-279. Island Press, Washington, DC.

Ulanowicz, R.E. 1992. Ecosystem health and trophic flow
networks. In Costanza, R., B.G. Norton, and B.D. Haskell
(eds). Ecosystem health: new goals for environmental man-
agement, pp. 190-206. Island Press, Washington, DC.

van Dobben, W.H. and R.H Lowe-McConnell. 1975.
Preface. In van Dobben, W.H. and R.H Lowe-McConnell
(eds). Unifying concepts in ecology, pp. 5-8. Dr. W. Junk
b. v.,, The Hague, the Netherlands, and the Centre
for Agricultural Publishing and Documentation,
Wageningen, the Netherlands.

Van Dyne, G.M. 1969. Implementing the ecosystem
concept in training in the natural resource sciences.
In Van Dyne, G.M. (ed.) The ecosystem concept in natural
resource management, pp. 328-368. Academic Press,
New York, NY.

Van Dyne, G.M. (ed.). 1969. The ecosystem concept in natural
resource management. Academic Press, New York, NY.
Varley, ].D. 1988. Managing Yellowstone National Park
into the twenty-first century: the park as an aquarium.
In Agee, ] K. and D.R. Johnson (eds). Ecosystem manage-
ment for parks and wilderness, pp. 216-225. University of

Washington Press, Seattle, WA.

Wagner, F.H. 1969. Ecosystem concepts in fish and game
management. In Van Dyne, G.M. (ed.) The ecosystem
concept in natural resource management, pp. 259-308.
Academic Press, New York, NY.

Wagner, EH. 1977. Species vs. ecosystem management.
Transactions of the 42nd North American wildlife and nat-
ural resources conference 42: 14-42.

Walters, C. 1986. Adaptive management of renewable
resources. Macmillan, New York, NY.



82 SYSTEMIC MANAGEMENT

Walters, C. 1992. Perspectives on adaptive policy design
in fisheries management. In Jain, S.K. and L.W. Botsford
(eds). Applied population biology, pp. 249-262. Kluwer
Academic, Dordrecht, Netherlands.

Western, D. and M.C. Pearl (eds). 1989. Conservation for
the twenty-first century. Oxford University Press, New
York, NY.

Westman, W.E. 1990. Managing for biodiversity:
unresolved science and policy questions. Bioscience 40:
26-33.

Wilcox, B.A. and D.D. Murphy. 1985. Conservation
strategy: the effects of fragmentation on extinction.
American Naturalist 125: 879-887.

Wilson, E.O. 1985. The biological diversity crisis: a chal-
lenge to science. Issues in Science and Technology 2:
20-29.

Wood, C.A. 1994. Ecosystem management: achieving the
new land ethic. Renewable Resources Journal 12: 6-12.
Woodley, S. 1993. Monitoring and measuring ecosystem
integrity in Canadian national parks. In Woodley, S.,
G. Francis, and ]. Kay (eds). Ecological integrity and the
management of ecosystems, pp. 155-176. St. Luicie Press,

Delray Beach, FL.

Woodley, S., ].J. Kay, and G.R. Francis (eds). 1993. Ecological
integrity and the management of ecosystems. St. Luicie
Press, Delray Beach, FL.





