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The Kissimmee River Restoration Project, a 15 year, $400 million project to restore the ecological integrity of the channelized Kissimmee River in south central Florida, is the largest and most expensive river ecosystem restoration project known in history.  The restoration effort will restore 70 km of river channel and approximately 11,000 ha of wetland in an effort to reverse the degradation caused by channelization of the river for flood control in the 1960s.  

The Kissimmee River is part of a vast interconnected hydrologic system stretching from the headwaters lakes south of Orlando to the Everglades and ultimately Florida Bay (see Figure from Toth et al. 1993).  The river originates south of Orlando in a basin of headwaters lakes, or “upper chain of lakes”, and empties into Lake Okeechobee, the enormous 668 sq. mile shallow lake that spills out into the Everglades, creating the “river of grass.”  Prior to channelization, the Kissimmee River was a meandering, 100 mile river that flowed southward on a winding course through a 1- to 2- mile wide floodplain.  Early explorers and settlers in central Florida, encountering a vast plain of wet prairie, broadleaf marsh, and upland savannah, quickly set about converting the land to agriculture, ranching, and settlements.  As the shallow, flat basin was settled, seasonal floods began to regularly claim property, crops, livestock, and even human lives.    The devastating great flood of 1947, which inundated much of the basin for a period of weeks, led to increased demand for flood control and water management to accommodate growing pressures for agricultural and economic development in the central and upper basins.  In 1954, Congress authorized a U.S. Army Corps of Engineers flood control plan developed from 1951-1961.  From 1964-1971, the Army Corps constructed a 90 km, 30 ft deep canal regulated via a series of water control structures. The project led to loss of 40,000 acres of riverine marshland, or up to 75% of the area’s historical floodplain and wetland habitat.  Channelization of the river and loss of floodplain connectivity led to severe alterations to the river’s ecological structure, function, and hydrology.  These hydrologic alterations led in turn to highly visible and politically unacceptable degradation of the river’s aquatic, wetland, and avian biological communities, including a 90% decline in nesting waterfowl populations.  The Kissimmee River restoration project, authorized in 1992 and commenced in 1999, seeks to restore the ecological integrity of the river by:

· reestablishing historic discharge patterns from Lake Kissimmee, 

· acquiring 85,000 acres of floodplain and watershed land in the Kissimmee Chain of Lakes (the upper basin) and the river valley (lower basin)

· continuous backfilling of 22 miles of canal

· removal of 2 water control structures

· recarving 9 miles of former river channel.
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The restoration strategy focuses on reestablishing historic hydrologic conditions and reconnecting the river with its floodplain.  Project leaders and participants have recognized that the Kissimmee will be a model -- for better or for worse -- for people around the world who are interested in restoration of large river systems and ecosystems.  In light of past experience, project leadership has recognized the need for adaptive management as a performance evaluation component of the construction and de-channelization process itself as well as the long-term management of the re-established river system.   The restoration evaluation program and process--particularly the scientific framework and data collection-- have been summarized in a number of academic publications that will be referenced below.  

However, there is a sense in which the restoration of the Kissimmee River represents adaptive management at a larger scale, at the scale of negotiating the scientific, social, economic, and political realities of large-scale public resource management.   Adaptive management for the Kissimmee River has required bold, innovative leadership by numerous highly committed individuals and leaders.   This paper evaluates the history of the Kissimmee River project in terms of several key principles of adaptive management.  These “seven heuristics for highly adaptive managers” are summarized as follows:

1. The goal of resource management is resilience.  To achieve sustainable systems, we must maintain the capacity of living systems—ecological, cultural, and economic—to adapt and renew themselves in response to inevitable and integral disturbances and change. 

2. You can’t get there from here.  Many of the standard approaches to problem-solving in natural resource management only lead in deeper—they focus on narrow, short-term fixes that often have negative unintended consequences for the system as a whole.  To break out of this “management pathology,” leadership should strive to create the conditions for creative synthesis and breakthrough thinking.

3. Surprise is the rule, so plan to learn.  Uncertainty are pervasive in modern natural resource management contexts.   Surprises are inevitable.  There are no easy answers, no road maps.  Therefore, the key skills of leadership and organizations is the ability to learn and adapt to changing conditions.
4. The devil is in the dynamics, not the details.  We are always aiming at a moving target.  Understanding the role of pattern and relationship is as much or more important than mapping every last detail of a system. 

5. Go slow to go fast.  Tracking and reacting to the fast, immediate variables is fighting fires, and leads to perpetual whitewater and reactive, or crisis management.  For fundamental change, focus on the slow, driving variables.

6. Truth lies at the intersection of competing explanations.  Stakeholders and individuals and scientists all view a particular problem or system through slightly different lenses, filtering reality through their own value systems, world views, and epistemologies.  Apparently contradictory explanations may help to surface hidden assumptions or lead to alternative problem definitions, enlarging understanding.  Qualitative, experiential understanding in the form of local knowledge is often necessary to balance or provide context for quantitative scientific data.  

7. Theory is not an intellectual luxury, it is a practical necessity.  Ideas lead change.  New ways of thinking are needed if new behaviors are to be achieved.

KISSIMMEE RIVER RESTORATION  and the

“SEVEN HABITS OF HIGHLY ADAPTIVE MANAGERS”

The goal of resource management is resilience.  As in the Everglades (Light et al. 1995), the dominant resource management goals for the Kissimmee River Basin have evolved over the past 75 years from mere survival to conquest, to control of water quantity, to management of water quality, to provisioning of ecological services, and to production of recreational amenities and environmental values.  Ultimately, the challenge of balancing this complex multiplicity of potentially competing goals has, of necessity, converged upon the goal of maintaining the resilience of the linked social, ecological and economic systems of the Kissimmee River Basin.   

The initial goal of the Kissimmee River channelization project was water quantity management, primarily flood protection, which was viewed as necessary to promote and protect economic development.  However, adverse environmental impacts and opposition to the project surfaced even before the project was completed.  Strenuous opposition was voiced by the U.S. Fish and Wildlife Service as well as many local individuals.  Upon completion of the project in 1971, authority for managing and maintaining the project passed to the local sponsor, the South Florida Water Management District.   At this point, the rising tide of competing goals and objectives of other sectors of the population, not solely interested in flood protection, acquired a local outlet to give voice to their concerns.  Conflict-ridden and fundamentally irresolvable as many of these competing goals for the system were, the SFWMD found itself managing for survival under a blizzard of controversy.   Under proactive leadership and a groundswell of public support for environmental values for the Kissimmee, the SFWMD was able to move from “crisis management” into a period of negotiating different users’ desires for the system.  After 20 years of monitoring data, evidence was accumulating that restoration goals for the Kissimmee could not be achieved with piecemeal hydrologic manipulations.  The course of action that offered the least uncertainty and the greatest potential for success was the path already partially known--restoration of the floodplain hydrology and connectivity to mimic conditions prior to channelization.  Project scientists and lay persons alike recognized that the alternative with the best chance of limited success on numerous grounds--that alternative that preserved the ecological and economic resilience of the system-- was the best alternative.  Meanwhile, resilience in the social arena was buffered by a process of slow, steady, science-based evaluation and public discussion of alternatives and experimental results.  Throughout the process, project management focused on acquiring at market value privately owned land within the floodplain that would ultimately be affected by full restoration. 

The hydrologic criteria and physical form guidelines--the ‘hydrologic determinants of ecological integrity-- developed by the restoration plan recognize that ecosystems are not biological utopias in which the optimal requirements for all component species are continuously present, but that spatial and temporal mosaics preserve a diversity of conditions over time (Figure 3, Toth and Aumen 1994).   The restoration criteria are innovative in that they incorporate stochastic components that recognize the importance of seasonal and annual hydrologic variability, rather than criteria based on some deterministic optimum.  The explicit recognition of resilience as a goal, the precautionary and proactive approach taken by project leadership and restoration supporters, and the resilience of the Kissimmee floodplain ecological system itself have all allowed for the possibility of managing for resilience in the Kissimmee basin.  The Kissimmee River restoration goal was achieved before degradation of the ecological system had reached crisis proportions or become irreversible, constraining opportunities for adaptive experiments.  An instructive contrast is provided by the Everglades, where the more severe alteration of hydrology, changes in water quality, introduction of exotic species, and the dynamics of a more complex, ecologically younger, and perhaps more vulnerable system have led to severe declines in populations and habitats of many species.   The presence of these populations of highly endangered species and the strength of the federal legislation protecting them has virtually eliminated the option of risking restoration of natural dynamics in most years. 
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In establishing “ecological integrity” as the restoration goal, the Kissimmee River restoration project broke new ground both scientifically and practically.  “The ecological integrity goal shifted the focus of restoration planning from independent objectives involving discrete taxonomic components or ecological functions to the organizational determinants and self-sustaining properties of river floodplain ecosystems.”  (Toth and Aumen; Light and Gunderson 1995.)  The hydrologic criteria were based on prechannelization records and studies, and consisted of the following five mutually reinforcing and interlocking determinants believed necessary to reestablish the complex hydrological processes needed to create and maintain resource values of the prechannelization ecosystem:

1. Continuous river flow with duration and variability comparable to prechannelization 

2. Average flow velocities between 0.3-0.6 ms when flows are contained within banks

3. Stage-discharge relationships resulting in overbank flow along most of the floodplain at discharges over 40-57 m3/s

4. Stage hydrographs that result in floodplain inundation comparable to prechannelization hydroperiods, including seasonal and long-term variability characteristics

5. Stage recession rates on the floodplain that do not exceed 0.3m/mo

You can’t get there from here.  Adaptive management is often equated with actively structured, incremental learning, or fine-tuning of management decisions based on explicit recognition of uncertainties embedded in current management policies.   Often, however, it is the management organization itself or the goals it has articulated that become the most serious obstacles to managing adaptively. Truly adaptive management often requires not merely incremental learning, but fundamental reorganization, either of the research and management approach or of the management goals themselves. In such cases, single loop learning--whether from active or passive adaptive management trials--may continue to be achieved successfully, leading to better and better implementation of existing goals and strategies.  Meanwhile, outside the narrowly successful management system, the social, economic, or ecological system in which management is embedded continues to experience erosion of resilience.   For example, where management goals and strategies have become closely tied to a particular set of powerful public interests exerting their influence at the local, state, and/or federal decision level, resource management may continue to successfully achieve narrow targets over the short-term.  Under such circumstances, resource management agencies may even succeed in incorporating some elements of a quantitative, active or passive “adaptive management” process for continually achieving that narrow set of targets.   However, the resilience of the ecological system as a whole may continue to be eroded, and the existence of frustrated interests who have been disenfranchised by the decision process will lead to a fractured and polarized political climate characterized by high levels of mistrust and gridlock.  Under such circumstances, opportunities for constructive dialogue or opportunities to negotiate experimental alternatives are precluded.

Much of resource management is reactive in nature.  Management often unintentionally fails to reward risk taking and experimental behaviors, by punishing the many adaptive probes and experiments that fail.  Adaptive leadership should strive to create the conditions for creative synthesis and breakthrough thinking.  Adaptive management of complex systems requires effective leaders with integrated understanding of issues, clear and steady vision, and commitment.  The Kissimmee River restoration effort benefited from numerous consistent, continuous champions who were committed to navigating through the inevitable maze of bureaucratic roadblocks (Toth and Aumen 1994). On the Kissimmee, leaders struggled to avoid allocation of resources to putting out brush fires and to focus on well-integrated, interdisciplinary planning processes.   Such individuals are sometimes credited publically, but often their persistence and contribution is recognized only informally, from within the informal shadow network of  project champions (see editorial cartoon from the Osceola sentinel, in which a co-worker has pencilled in, in place of the label “Ma Nature” in the original cartoon, the name of the project manager and facilitator.)
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On the Kissimmee, few opportunities for transformative adaptive management emerged until managing authority passed to the South Florida Water Management District upon completion of the Central and Southern Flood Control Project.  The SFWMD, as a local partner, had at a minimum some informal processes for balancing public input, as well as a slightly different organizational culture than the USACE.  In response to broad and vocal concerns about declines in water quality, wading birds, and game fish populations, project leadership on the Kissimmee recognized the need to explore alternative approaches.  The gradual learning process that occurred among the community of scientists, engineers, managers, and publics based on the results of the experimental hydrologic manipulations conducted throughout the 1970s and 1980s did represent incremental learning regarding restoration alternatives.  However, the interaction of that community led to a growing consensus that the only viable goal for the was restoration of  ecological integrity.  The process of researching and defining this goal led to the fairly radical conclusion that while maintenance of some critical flood protection in the upper basin and adjacent private lands was necessary, piecemeal engineering alternatives would be inadequate to meet the ecological integrity goal.  A fundamentally new approach--from impoundments, water-control structures and regulation schedules to full-scale channel restoration--became the new organizing principle.

Surprise is the Rule so Plan to Learn.   Traditional management and research is well-designed to recognize linear or additive trends, patterns, and directional change.  Uncertainties are inherent in even linear systems; however, the learning process accounts for such uncertainties by assuming these can be systematically identified and eliminated.  However, some uncertainties derive from stochastic, emergent, chaotic, or complex shifts in stability domains which Holling (1986) has characterized as “surprise.”   Loss of resilience is often a cumulative effects process leading to sudden, severe, and non-linear system change beyond a given threshold.   Such thresholds and the stability domains they separate are usually unique configurations or constellations of conditions.  Thus, it is highly unlikely that management will have experienced similar sets of conditions in the past, or that management can replicate them at smaller scales in active adaptive management experiments designed for learning.   Surprises, system flips, stochastic disturbances, unexpected or unintended consequences of management or natural events are inevitable; thus, management should expect and plan for the inevitable surprises.

On the Kissimmee River, the implementation of the original channelization project had no built-in learning dynamic.   The project, conceived in the 1940s, designed in the 1950’s and constructed in the 1960s, was twenty years behind the larger society’s goals for the system by the time construction was completed in 1971.  With large-scale projects in particular, the long time periods from goal articulation to project completion make it highly probable that societal goals, scientific understanding, and public opinion will shift over time.  Surprises will occur along the way, and mid-course adjustments will be necessary.  The construction of the Kissimmee River project exhibited no process for recognizing needs, assessing, or carrying out mid-course adjustments.   Instead, constituencies for the restoration process were forced to begin a parallel process, building support for de-channelization even as construction was still ongoing.   Once implementation shifted to the local partner--the South Florida Water Management District--where competing pluralistic visions were more enfranchised and had more avenues for participation in the process, the possibility of flexibility arose.  Before the channelization project was completed, it was clearly nonviable in this context of pluralistic problem definitions.  Had the Army Corps of Engineers project initially “planned to learn”--had it recognized that the narrow problem definition of flooding precluded development a socially optimal policy--the original flood control project might have been pursued and implemented very differently.   This presumably would have greatly reduced the public and private (personal cost) expense of construction and restoration.  


By contrast, the restoration process on the Kissimmee was designed for learning from the very beginning, with demonstration and pilot projects designed to identify technical issues related to ecosystem needs and restoration as well as research into public values for the project.  The Phase I backfilling demonstration project, initiated in 1984 and monitored for five years, identified significant, valid technical issues regarding backfilled soil stability (Loftin et al 1990).  Sedimentation and river mechanics questions were addressed by a three-year physical and mathematical modeling contract study conducted by the University of California at Berkeley.   A restoration project that began with small-scale engineering alternatives such as sheet-pile weirs and floodplain inundation evolved to recognize that only restoration of the pre-channelization hydrologic regime could meet all the criteria for ecological integrity simultaneously.  

Identifying and embracing uncertainty are prerequisite to learning. Bureaucracies in particular often attempt to minimize uncertainty, particularly in communications about risks of decisions with the public. The Kissimmee river restoration scientists and managers have focused on identifying and eliminating or working through key uncertainties over time.  The initial focus of environmental concerns over the canal was the perception that the shortened, straightened river system had become a conduit conducting polluted and nutrient-enriched water from the ex-urban area south of Orlando to Lake Okeechobee, and thence to the Everglades.  Early studies demonstrated that water quality problems did not stem from the headwaters lakes, and that if anything the lower basin was serving as a nutrient sink.  The primary sources of water quality impacts to the increasingly eutrophic Lake Okeechobee were the large dairy operations in the lower part of the Kissimmee River basin.  Nevertheless, concurrent studies had already begun documenting declines in wading bird and waterfowl use of the channelized river and declines in game fish populations.  Key uncertainties shifted to the impact the channelized river was having on waterfowl and fish populations.  Although declines were measurable, key scientific uncertainties continued to surround the precise mechanisms leading to many of the declines.   Nevertheless, multiple lines of evidence began to emerge that the altered hydrology of the system was the major factor governing changes in the basin, and hydrology became the focus of restoration studies and alternatives.   

Published documents regarding the Kissimmee River restoration project explicitly link the fine-tuning of the restoration plan and adaptive management of the recovering and restored ecosystem (Toth et al. 1997.)  With the beginning of construction, key uncertainties arose regarding the impacts of the restoration construction and dechannelization itself: would fill materials erode?  Could stable hydrologic conditions be recreated given the channel alterations to avoid bank and bed erosion?  Studies of the pilot test fill project completed in August 1994 identified additional areas for future evaluation of construction success.   During the test fill study, the desired natural process of formation of rills, holes, and channels in the system was facilitated by an elevational differential between the plug crest and the borrow area that was designed not for that purpose, but to accommodate settling of the fill material.  Thus the pilot test project raised the question of whether new channel formation could still occur without this artificial elevational difference.  A question has been raised more recently in the first phase of restoration.  It appears the river has a tendency to erode “short cuts” back through the backfill area where the artificial shorter, higher gradient channel pathways have not been protected adequately against erosion and reconnection.   Will protection of such reaches against short cutting and erosion by management impede restoration of natural geomorphic processes? 


The project’s comprehensive restoration evaluation program calls for continuous reevaluation of the four discharge zones and stage-discharge rules for the water regulation schedules, to evaluate hydrologic performance and results and to identify this and other uncertainties. Uncertainties surround the specific outcomes from simulation modeling conducted during the design of restoration alternatives due to the use of conservative parameters as well as dry conditions during pilot simulations of drawdowns; thus monitoring will be necessary to determine adjustments needed to meet hydrologic objectives.  Climatic variation will require flexibility in planning and implementing management measures to achieve restoration objectives.  Additional uncertainties surround the longer-term impact of changes that have occurred in the river’s lateral tributary systems, including extensive ditching in tributary watersheds, increased drainage density, a shift in hydrology of lateral watersheds from predominantly base flow to surface runoff, and the elimination of 300,000 acres of wetlands within the lower river basin.  These areas are not part of the current restoration plan, but are addressed in future planning and evaluation strategies.

The devil is in the dynamics, not just the details.  The primary objective stated repeatedly in the Kissimmee River restoration project is to reestablish the structure and function of historic (pre-channelization) river channel and floodplain habitats (Toth 1995).  A range of biotic and abiotic habitat parameters have been evaluated in the existing and historic Kissimmeee river ecosystem to provide a framework for developing hypotheses predicting spatial and temporal responses of river and floodplain habitats to the restoration project.  Restoration of historic hydrologic patterns was expected to be the central factor driving responses by geomorphic and vegetative components of the river’s habitat structure.  The focus on hydrologic process, function, and pattern was a deliberate approach that evolved over time in response to perceived inadequacies in piecemeal approaches.  Although the restoration plan does specify a broad range of spatial and temporal habitat scales for the full range of trophic levels present in the system, it is notable that the central strategy for recreating that mosaic of conditions is restoration of historic hydrologic regimes.  The evaluation component requires long-term monitoring and analysis using a hierarchical habitat classification scheme for all components in a GIS. 

Restoration criteria for the river-floodplain ecosystem included reestablishment of continuous inflows from the headwater lakes, particularly during July to October, natural seasonality of high-and low-inflow regimes, and a wide range of discharge variability (Toth 1994).  Such characteristics were viewed as necessary to restore floodplain wetland structure and function, minimize disruptive flows during fish reproductive periods, and reestablish spatial and temporal components of river habitat heterogeneity including diverse channel morphology and substrate characteristics. A wide range of discharge variability was viewed as necessary to provide for a continuously shifting range of hydrologic conditions needed to maintain biodiversity in wetland ecosystems (Zedler 1988).  The primary criterion for enhancing environmental resources in the headwater lakes was increasing the range of temporal dynamics of water level fluctuations, particularly the maximum extent and duration of high stages. Resilience was also a guiding principle in determining the minimum area required to permit natural maintenance of the diverse mosaic of floodplain plant communities present in the pre-channelized system.  Specific hydrologic criteria were determined based on analysis of records of pre-channelization discharge regimes and flood frequencies.

Adaptive Ecological Assessments presume that knowledge of the combined social, economic and ecological system we are faced with is always incomplete.  The systems themselves are constantly, iteratively coevolving as is the imprint of management and the progressive expansion of the scale of human influences on the planet. We are always aiming at a moving target.  Hence, the actions taken by management must be renewed periodically by re-assessment of ever-shifting assumptions upon which shared scientific understanding as well as the socially desired goals are founded. Human values for the system are changing. For example, the initial canal project was opposed by many local boaters and fishermen.  Construction of the canal had allowed a new constituency of recreational boaters to form--boats with deeper draughts and less experienced boaters who appreciated the ease and safety of navigation in the straight canal.  Thus the recreational boating organization that had opposed the canal project initially came to oppose the restoration process in the early stages on the basis of its changed membership base.

Changes in social values may be due to learning over time by individuals, or to shifts in the demographics and balance of power of different stakeholder groups.  For example, restoration of the Kissimmee was supported by a growing proportion of young urban or suburban professionals who placed a higher value on restricted use and protection of the river system than did previous generations of farmers. 

Throughout the restoration process on the Kissimmee River, feedback from the ecosystem and the human users has driven adaptation of the process.  An initial focus on water quality evolved to become driven by concerns over habitat loss.  Early goals of arresting the decline and investigating engineering alternatives to restore the river evolved to favor restoration of ecological integrity through as near to a full restoration of river hydrology as possible. 

Go slow to go fast.  It takes time to build understanding of a complex resource system, both within a managing agency and between and among the different human users.  Different users have partial understandings of the system being managed.  As in the parable of the four blind men asked to describe an elephant, each of whom describes the elephant very differently based on the small piece of it with which they are in contact, those partial understandings are not necessarily wrong or irrational -- they are merely partial.  At some point in every individual’s life, one learns the hard way that it is cheaper and more efficient to “do a job right the first time.”  Resource management decisions are no different.   

A critical component of good project design and planning is a broad and thorough scoping and assessment process.   Such a thorough assessment and scoping process requires not just thorough scientific inventory and assessment of existing resources and system relationships, nor just modeling of management alternatives and possible consequences of management decisions.  It requires as well a public, democratic negotiated dialogue alongside of the formal or bureaucratic decisionmaking process.  The adaptive process begins by asking the questions: “Who are “we”?  Where are we now? Where have we been in the recent and distant past?  Where do we want to go in the future?  How do we get there?  Is our current course of action pointed toward that desired future?”  And at each stage in the process, the process requires continued reflection and revisitation of those questions.   Only through a sufficiently broad public and internal process can it be assured that these questions are being thoroughly and adequately treated.

As Kissimmee manager Kent Loftin stated, crediting the concept to business manager Warren Hall, “every resource management project has a political hassle period, or a PHP.”  PHPs are inescapable and recurring, occurring at the beginning, throughout, and at the end of a project.  There are recurring rounds of political hassles followed by appeasement exercises on the part of the management organization.  The PHP is a process that “has its own life,” and, depending on how it is managed, it can create the trust-eroding, immobilizing conflict that leads to gridlock or it can be the “social crisis” that serves to fuel funding, media attention, decision-making, and ultimately learning. The lesson is that resource management projects, no matter how well-meaning, well-intentioned, scientifically based, or supported by powerful financial interests a project may be, cannot be fast-tracked.   If adequate personnel and financial resources are not allocated into managing this process, if leadership is not committed to doing it well, the project effort is likely to be ultimately unsustainable, inviable politically or financially, or  delayed unnecessarily with consequent negative social, economic, and ecological costs.  

With the Kissimmee River, each stage of restoration effort--from the original political clamor for restoration by environmental activists, to the monitoring and design studies to the choice of alternatives, to the pilot projects, to the construction phase--was accompanied by a Political Hassle Process.  Early on, project leaders were active in educational and information efforts, working with communities, affected landowners and interested parties, publicizing the results of monitoring and research beyond the walls of the agency to help build trust and maintain public support and awareness of the effort. 

If “social crisis” emerges rapidly as a backlash from stakeholder groups who have felt disenfranchised by the decisionmaking process, the resulting political fallout is often interpreted as a political mandate rather than as a self-organized expression of the need for a deeper level of civic dialogue.  A common source of failure is that the social crisis that emerges is taken as a static set of instructions by the organizations or the political leadership, and progress on an issue is shut down or moved underground.  In reality, the process is a social dialectic that if moved forward can advance decisionmaking as well as the broader process of social learning. Ideally, the technical and scientific work should be conducted hand-in-hand with the managed dialogue and education, to allow social values and frameworks to keep pace and keep honest the concurrent technical learning efforts, helping to frame the inevitable secondary and tertiary questions that arise from each decision point.  Adaptive management recognizes that “you never get it right” and that’s natural-- learning is a continuous process.  Kissimmee managers described the management of the interdependent processes of the technical scientific work with the social process as a delicate balancing act.   When conflict heated up too far beyond the  “zone” of productive tension and the social hassle process began to undermine or sabotage the technical efforts, managers explicitly moved to throttle back but continued fundamental work in other arenas. 

Public concern—both in support of and in opposition to restoration—was a major factor throughout the restoration movement (Loftin et al. 1990).   The efforts of key individuals were critical.  In 1971, Art Marshall testified before the Florida governor and cabinet “with all the fervor of an old testament prophet” warning them of the need for “environmental repentance” (Blake 1980; Light and Gunderson 1995).  His testimony was focused on the idea that the canal was “sluicing sewage from Orlando directly to Lake Okeechopbee.” (McCaffery 1981).  The Marshall report prompted the governor and the legistlature to appropriate money for a state study.  The results of this study led to the Kissimmee River Restoration Act of 1976 and the creation of the Kissimmee River Coordinating Council (KRCC).  The KRCC consisted of the heads of various state agencies to direct efforts and restoration studies.  Beginning in 1984, the SFWMD invited public involvement at Governing Board workshops and meetings, a major technical symposium in 1988, guided tours along the river, and numerous public meetings.  The SFWMD has also produced two video documentaries and conducted public input surveys.  Thus, the Kissimmee River project has actively encouraged, supported, and cultivated a public constituency for restoration and adaptive management throughout the process of managing the technical research and restoration effort.  It is this constituency that has formed the core of critical political and social support that has guaranteed adequate funding and commitment for project implementation.

In a 1994 article, Toth and Aumen stated “Unlike most other altered ecosystems such as Lake Okeechobee, the Everglades, and the Mississippi River system where the infrastructure that has destroyed ecosystem integrity is too well established and/or costly to remove, the principal determinants of ecological integrity that were affected by the Central and Southern Florida Flood Control Project can be reestablished in at least the central portion of the channelized Kissimmee.”  It certainly appears to be the case at present that sunk cost into infrastructure and the resulting entrenchment of political and economic power preclude a hydrologic approach to ecosystem restoration on river systems such as the Colorado or the Upper Mississippi.  Could a shift in public values for these systems such as that occurred in the Kissimmee potentially alter the outcome of economic analyses and goals for these systems as well?

Truth lies at the intersection of competing explanations.  In today’s milieu of “wicked problems” and complex resource dilemmas, the need for inductive and integrative approaches to science has become almost a mantra.  Creative synthesis in the face of large structural uncertainties, competing paradigmatic worldviews, and large power imbalances requires recognizing the human resource value of diversity.  All models are partial descriptions of reality, created to simplify reality for a more manageable decision world.   Similarly, all myths and heuristics are also partial representations of reality.   Thus, multiple modes of inquiry and multiple lines of evidence are needed to build common understandings of complex resource management issues. Dealing with complex real world setting requires development of scientific methods and tools that are well suited for putting puzzle pieces together, discovering and exploring gaps in understanding, and examining ways to combine experience, data and intuition to develop shared but always incomplete picture of the problem situation.  According to Holling, it is important to include in the planning process strategic but potentially unrealistic alternatives, in order to make explicit the tradeoffs that will result from selecting alternative sets of objectives or governing values.  Once the Kissimmee restoration team of biologists, chemists, hydrologists, and ecologists developed environmental criteria and guidelines for restoration, based on structure and functioning of the prechannelization system, alternative plans for Kissimmee restoration, including more limited restoration alternatives, were developed and evaluated to see how well they met restoration criteria. A clear consensus developed that individual or piecemeal alternative plans would fail to meet restoration objectives.

Local, or “anecdotal” knowledge, played a key role in augmenting scientific data and knowledge during the modeling and development of experimental alternatives.  In the absence of scientific data characterizing hydrologic regimes or bird populations prior to channelization, project leaders drew upon the substantial experience and first-hand knowledge of long-term residents who had fished, hunted, explored, or farmed in the upper and lower Kissimmee basins.  Their qualitative descriptions and memories of the areal extent of seasonal flood peaks and the densities of nesting waterfowl and wading birds were fed into simple models and used to develop more accurate parameters for the hydrologic criteria and bird population estimates. 

Given that resource management agencies are generally created at local, state or federal levels with public service in mind, and that agencies often have very little direct control over resources, a large component of resource management is people management.  In the idealized but imperfect system known as democracy, agencies are created to serve the values, interests, and goals of competing sets of resource users, and are generally charged to do so in ways that protect, enhance, and provide for equitable--or at least equal opportunity--use and distribution of resources.  While agencies are empowered to determine the ‘how’ of that mission, they are beholden to the public and to their legislative missions for the “why.”  Kissimmee river restoration documents recognized explicitly that “Public involvement plays a vital role in establishing what values society places on complex and qualitative aspects of natural resource management such as ecosystem restoration.”
The process that links agency resource management with public understanding of and values for resource systems is notoriously complex, imperfect, and fraught with pitfalls, including the tendency for agency operations to be ‘captured’ by particularly powerful constellations of interests, and to become beholden to a small subset of powerful users through this process of institutional capture.  Thus, the potential role of a linked political process as a constructive force for learning and renewal, as an antidote to institutional capture, and as context for adaptive management should not be underestimated.  After all, public activism has identified and crystallized most of the major environmental issues in the U.S. of the past two decades, long before government agencies and private entities moved to embrace those same issues.   Civic discourse is the platform for negotiating competing ideas in a complex and contentious decision world. In the Kissimmee, the voices and the vision that identified and recognized the potential negative consequences of channelization and flood-control projects in south Florida in the 1950s and 1960s were so disenfranchised from the political process that their input, which might have saved considerable financial and ecological resources down the road, went unutilized.  No avenues existed for substantive input into federal decisionmaking processes throughout the Army Corps of Engineers’ implementation of the Kissimmee River channelization project.  Out of that small minority of dissenters, however, grew the seeds of system renewal.  Many of those individuals, young and relatively powerless at the time, went on to obtain positions as agency scientists, managers, activists, writers, journalists or government decisionmakers, and the balance of public opinion and power began to turn.  The story was a slow but steady process of building critical mass for a new paradigm.  
Resource management agencies, rightly or wrongly, are often accused of delaying decisions regarding complex and contested natural resource issues by claiming “more science/research is necessary.”  Conversely, citizens on all sides of an issue often feel strongly that “enough technical studies [have been] conducted to make decisions” and are frustrated by perceived foot dragging on the part of an agency/agencies.  Managers may delay decisions due to fear of political consequences, discomfort in moving outside the realm of their specific expertise, and/or uncertainty regarding the outcome of the decision. Often the problem is that we know more than we think; we understand less than we know.

Much uncertainty stems from a lack of integrated analysis that brings together detailed disciplinary knowledge regarding specific areas of the system, social and economic understanding.  Often confusion results from a lack of consensus on goals and measurement criteria for decisions.   Interagency coordination was a focus of the Kissimmee restoration. Although the SFWMD was the lead agency on the project, numerous other entities were involved over the years including university scientists, SFWMD, Department of Environmental Regulation, Department of Natural Resources, Department of Community Affairs, US. Fish and Wildlife Service, and the USACE. The 1998 technical symposium’s ecological review panel concurred with participating scientists that reestablishment of reduced ecological values, and goals established by the Governor’s Executive Order and state and federal legislative mandates, will be achieved only with a holistic ecosystem restoration perspective (Karr 1990).  

The kind of integrated analysis that can lead to real understanding requires commitment of time and resources.  The turning point in Kissimmee came at the point where the legislature, under concerted political pressure from coalitions of committed stakeholders and project leadership, authorized the resources and the staff for thorough exploration of restoration options.   Project leaders took advantage of small funding resources authorized by waivering state politicians in “delay” mode.  But the biggest opportunity was the Federal congressional authorization of a re-study on the basis of the early state-led research.

Theory is not an intellectual luxury, it is a practical necessity.  Problem-solving does not take place in a theory and values vacuum.   Rational choice of alternatives is contingent on assumptions governing the way the system functions and the role of humans or resource management in the system.  

The paradigm that guided the original canal project on the Kissimmee River was one of engineering controls to solve problems created by Nature.  During the historical period that coincided with the development and construction of the canal, engineering alternatives for flood control and water storage were seen as necessary components of economic development and efficient use of land and water resources. The management problem as defined by that theoretical paradigm was limited to water quantity.  Before construction of the canal was even completed, however, new theoretical models were being developed that recognized the severe limitations of narrow single-target engineering approaches to resource management.  Such approaches recognized the connectivity of ecological components, ecological structure and function, and the existence and values of ecological services. Conceptual models have guided development and implementation of the Kissimmee Restoration project since its inception. The approach taken by leadership in the Kissimmee River restoration began with the expansion from water quantity concerns to concerns about water quality, but evolved over time to explicitly focus on restoring structure and function and maintaining ecological resilience and integrity. A scientific summit held to develop evaluation criteria for the project was held in which respected aquatic scientists such as James Karr and Paul Angermeier were consulted on indicators, ecological processes, and concepts that would serve as the most efficient measures of ecosystem health.  In the late 1980s, the conceptual model that began to guide planning was the need to restore both function and form to the system.  The 1990s restoration plan recognized that the integrity of pre-channelization system, including its stability and resilience, could not be restored if key structural characteristics (such as availability of refuges are connectivity between the river and floodplain) were not reestablished.  

Conceptual models for future directions for the restoration project focus on a landscape scale watershed approach, focused on integrating a mix of agricultural, protective, and compromise watersheds to manage water resources in lateral watersheds to the Kissimmee which are not the subject of the current floodplain restoration plan.  The project is viewed as a component of broader regional ecosystems including the Everglades, in lieu of the Kissimmee’s regional role as part of the mosaic of habitats that function at a landscape level to buffer waterfowl and wading bird populations against natural and anthropogenic disturbance.

Conclusions


The principles for adaptive management listed above are not new.  Many variations have received broad endorsement in many disciplines in recent decades, and from within numerous theoretical frameworks such as integrated planning, integrated environmental management, ecosystem based management, participatory research, participatory decisionmaking, etc.  Likewise, the Kissimmee River Restoration was not explicitly designed to be a process of Adaptive Environmental Assessment and Management.   However, many of the elements that have been identified as barriers or contributors to project success help to illustrate key adaptive management concepts and theories.   At root, the adaptive approach recognizes the need for inductive, integrative, and iterative approaches that incorporate multiple visions and values in negotiating multiple goals, while organizing an effective, science-based exploration of how the system is likely to respond to selected and alternative strategies.   The overall goal of adaptive management is to preserve the resilience of the system, i.e. the internal capacity of the linked social-ecological system to renew itself, while satisfying human needs and values over time, given that disturbance and surprise are inevitable.  Links between science, management, and the public must be integrated organizationally and conceptually into a continuously recurring set of assessment, decision, evaluation, and goal-setting processes.  


Restoration of the Kissimmee River marks an unprecedented willingness to “unlearn” the past. The Kissimmee River restoration is also a story of institutions changing in response to changes in social values.  By an overwhelming majority, public taxpayers and sponsoring agencies have both been willing to commit ten times the original cost of the canal project to undo the damage caused by that project.  Consistent political and appropriations support for Kissimmee River restoration at the state and federal level was due largely to the success of the project in addressing and incorporating numerous opposing social and cultural factors in the development and selection of the restoration plan (Toth and Aumen 1994).  Some constraints were never fully eliminated.  Navigation and flood control were established as planning constraints.  Mistrust of government, socio-economic impacts and conflict associated with agricultural and human encroachment onto the drained floodplain continue to be significant issues.  However, commitment to evaluating and integrating social, cultural, and economic issues and concerns into the planning process, fairly and openly, as well as a rigorous, long-term, solid scientific/technical foundation for the project, have gone a long way in working through such concerns.  The restoration project continues to enjoy broad public support and has helped establish productive working relationships between the SFWMD, other state and federal agencies, and grassroots organizations and leaders.
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