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For three centuries, from early European settlement up through the 1960s, the ecological aspects
of rivers in the United States were consistently diminished or destroyed largely through dam
building, dikes and levees, straight concrete channels, filling, and dredging. These actions
provided temporary benefits and short-term profits, but in many cases the long-term costs far
outweighed the public benefits, and we are just beginning to realize the extent of the cost of the
damage. In just one case 96 million dollars has been allocated to study if only part of the Florida
Everglades hydrology can be restored.
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Most policy makers now recognize that destructive river engineering must be ended and replaced
with ecological river restoration. We would characterize the U.S. as being in the first
experimental stages of ecological river restoration. Decision makers recognize ecological
restoration as essential for long-term management, fisheries health, drinking water, etc.; but we
are just learning how to do it. We have some cases that have been ecologically ineffective or
detrimental, a few successes, and more experiments in the planning stages (Palmer et al 2005,
Kondolf 1998). But there is no question that we are trying to undo past damage. We are not
building more dams. We are removing them. We are not engineering rivers with concrete
channels, We are removing concrete channels. The definition of river restoration is to return
rivers to predisturbance states in terms of fluvial process, biotic and abiotic process.
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Over the 15-year period of 1990-2004 at least 37,000 restoration projects with over $17 billion in
investment were documented in the U.S. by a national study (Bernhardt et al. 2005). The goals of
most of these projects were to rehabilitate river ecosystems degraded by previous actions such as
channelization, dredging, straightening, dam building, gravel mining, or diversion. Below are
the few lessons learned so far.
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1. Preserve what’s working first. Stop river destruction. Humans cannot control rivers.
Preservation is the best form of restoration. Approach restoration in the context of historical
changes pre-disturbance. If fluvial processes are intact they can sustain a healthy ecosystem.
In these cases the purchase of floodplains to allow fluvial processes to work naturally is often
the best prescription, even in urban areas.
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In the U.S. the 1968 Wild and Scenic Rivers federal legislation has been most essential in
preserving rivers that retain pre-disturbance ecological functions. More recently the strategy
to preserve what is working has been extended to more urbanized river functions. The
acquisition of undeveloped floodplains in the Sacramento River basin in California and the
Neuse River basin in North Carolina support fluvial functions and provide recreation for
large urban populations. These actions have saved billions of dollars in flood damage over
the years.
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2. Restore process not form. Riverine species depend on connectivity and dynamics for rivers to
function and require room for dynamic flow and channel migration. Rivers need space to
roam. Natural rivers are seldom static. They do not stay in one alignment. The Skagit River
in Washington State, for example, has wandered several miles north, south, east, and west as
it flows near the town of Mount Vernon.
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The most effective way to restore ecological function is to restore connectivity (longitudinal,
lateral and vertical), and dynamic, natural flow regimes (with a supply of sediment and

wood). In the U.S. connectivity disrupted by dams rivers has traditionally been achieved with
fish ladders and more recently with dam removal. Dam removals including the Matilija Dam



on the Ventura River, California, is scheduled. Many of the dam removals are to protect
fisheries for food supply and endangered species.
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Another trend is to restore flow regimes even when dams are not removed. In a precedent-
setting case, the courts ruled that the Friant Dam must be re-operated to release flows
sufficient to restore downstream to restore populations of spring-run Chinook salmon, which
had been extirpated by dam-reduced flows which dried out reaches of the channel. This
required detailed analysis of pre-and post- disturbance seasonal and episodic flow cycles
necessary for fish migration and bed gravel mobilization essential to spawning. This was a
precedent setting case because the judged relied on extensive research on river science.
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Often by simply stopping alterations, the river can heal itself. On the Cosumnes River,
California, flood control levees were breached, allowing overbank flow and sedimentation —
and these natural processes restored the cottonwood forest. We expect it to continue to
restore itself to pre-disturbance condition when the levees of Consumnes River were
breached, flood water spread out and slow down and reducing flooding downstream.
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Do no harm. Because there is strong and growing support for river restoration in the U.S.
there is considerable danger in doing more harm than good. When viewed from the
perspective of ecological effectiveness (Palmer et al. 2005), many so-called restoration
projects have been arguably ineffective or outright detrimental (Kondolf 1998). As an
example the Apalachicola River hosts the greatest number of fish species of any river in
Florida, but dredging and straightening sent the ecosystem into serious decline. 4! %] =
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Set goals in the context of constraints and opportunities. Optimize restoration investments.
Employ triage so that investments return dividends. Do not invest in cases that are impossible
to restore. In urban areas so-called restoration may be more like ersatz nature. In more
natural areas where pre-disturbance condition is possible.
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Prioritize projects at the system-wide scale. Start with the reach scale but consider the entire
watershed. Develop conceptual models of watershed function and identify critical points in
time and space, especially reproductive bottlenecks, limiting factors in the entire life cycle of
endangered species, and other fluvial and ecological processes (Kondolf et al. 2008). Model
and rest small environmental improvements before construction.
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Restore upstream first on smaller tributary to reduce flooding downstream. Reducing peak
flood runoff and non-point source pollution are critical issues to hydrological health. Seattle,
Portland and San Francisco each have aggressive projects to create green streets, rain gardens
to slow water down before it gets to the main river.
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. Approach each restoration project as an experiment, from which we can learn lessons that
can improve future efforts. Experiment small-scale projects first and then conduct large-scale
projects based on what we learned from the experiments.
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Empower rivers to provide natural ecological and biological functions through legislation
understood by the public. In the U.S. the National Environmental Protection Act (NEPA), the
Wild and Scenic Rivers, Clean Water, and Endangered Species Acts have dramatically
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contributed to successful river restoration. This was because these environmental laws were
strictly enforced into projects.
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In the San Francisco Bay Area, local legislation created the Bay Conservation and
Development Commission (BCDC) in 1965 and stopped filling the bay. This made San
Francisco one of the most beautiful cities in the world surrounded by water. Statewide in
California over 25% of river water is now designated by law for environmental purposes.
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Make river decisions transparent. This requires freedom of information, scientifically-
grounded public debate.
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Make river restoration science a part of everyday public life and knowledge. Most urban
people suffer from ecological illiteracy. In the U.S. many restoration efforts now include 1.
“re-education” so that the public will understand basic principles of how rivers work and 2.
“hands-on” involvement so that citizens collect science in daily life.
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Build a public constituency of river stewardship system wide as well as locally.

In conclusion, restoration of fluvial process and ecological function is slowly replacing
traditional river engineering in the U.S. Future successes will depend on improving both

system-wide fluvial science and informed public knowledge.
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