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Growing concerns over global environmental change, water
resources, river restoration, and sustainable river management
are focusing attention on the human dimension of fluvial sys-
tems. This GSA Special Paper presents a set of studies and inter-
pretations of river-channel change that reflect modern viewpoints
of river management in the twenty-first century. It seeks to bridge
a rich body of literature borne of late-twentieth-century river
studies based in classic concepts of fluvial geomorphology with
modern studies of river management and restoration, integrated
watershed science, modern fluvial geomorphology, and historical
channel-change reconstructions. Collectively, the papers docu-
ment or recognize extensive changes to fluvial systems over a
prolonged period, present analytical methods that can be used to
examine and understand fluvial systems, and examine or recom-
mend policies for river management and restoration.

Background

The papers in this Special Paper were drawn from presenta-
tions in Topical Session 17 at the annual GSA meeting in Den-
ver, 28-31 October 2007. The title of the topical session was the
same as this volume: Management and Restoration of Fluvial
Systems with Broad Historical Changes and Human Impacts. In
addition to inviting selected authors and keynote speakers, the
themes and structure of the session were listed by the GSA prior
to the meeting, and many authors volunteered papers through this
open forum. The favorable response and high level of commit-
ment received from senior scientists and scholars, and the wide
range of topics covered, indicate a strong, diverse interest in long-
term anthropogenic changes to watersheds and river responses,
and rapid growth in the field of river management and restora-
tion. The session drew 34 presentations, including 8 posters and
2 oral paper sessions consisting of 26 papers. The oral papers
concluded with a spirited panel discussion.

Panel Discussion

A panel consisting of Peter Downs, Faith Fitzpatrick, Will
Graf, Jim Pizzuto, Ellen Wohl, and Bill Renwick made several
important points and raised just as many questions concerning
long-term human impacts on rivers and the implications for river
management. The discussion began with comments by Bill Ren-
wick, Faith Fitzpatrick, Greg Pasternack, Cliff Hupp, Jim Piz-
zuto, Peter Downs, and others about the importance of impound-
ments and legacy sediment to sediment regimes and how this
factor has changed through time and space. The question of scale
is an important aspect of this issue. The importance of large res-
ervoirs to downstream sediment loadings on large rivers has long
been recognized. More recently, however, the extensive nature
of small headwater impoundments such as farm ponds and mill
dams on intermediate-order drainages has come to be recog-
nized. To many environmental scientists—such as those con-
cerned with total daily maximum loads (TMDLs)—all sediment
is treated as a pollutant. This perspective is in conflict with the
need to introduce sediment to sediment-starved reaches below
impoundments or where coarse sediment needs to be recruited to
replenish spawning gravels on riffles and bars. This conflicting
view toward sediment illustrates the need to recognize unique
situations; attempts to prescribe a universal approach (e.g., sedi-
ment reduction) to river management may fail to restore needed
ecological functions if they do not match specific local or regional
geomorphic situations.

The panel discussion next turned to a stimulating dialogue
about river-management policy. Robb Jacobson noted how the
“democratization” of resource management raises issues of deci-
sion making based on limited scientific understanding and may
result in policies that treat all rivers alike. Will Graf described
a case in which scientists and stakeholders met in two sepa-
rate groups, then later met together to develop solutions. This



spe451-00 1st pgs page vi

vi James et al.

procedure took 6 yr to complete, but the result was successful.
When discussion shifted to the diversity of goals and philosophies
of river restoration, Jack Schmidt pointed out that biologists may
regard channel geomorphic features merely as a substrate to sup-
port species, whereas geomorphologists see them as a productof
dynamic river processes that should be allowed to operate. Pat
McDowell indicated that reach-scale restoration projects may not
be resilient and are vulnerable to failure over the long term. Much
could be learned from the history of ecosystem management,
which has long embraced landscape-scale approaches to natural
systems. Thus, the conversation turned back again to issues of
scale, as Will Graf pointed out how projects of larger extent have
a greater difficulty of surviving the budgetary appraisal process.
These concepts of developing flexible policy guidelines based on
sound science to integrate human impacts over watershed spa-
tial scales and centennial temporal scales formed an appropriate
summation of the sessions and a springboard for this volume.

Objectives of This Special Paper

Recognition of the complexity, potential anthropogenic con-
tributions, and dynamics of fluvial system change at time scales
up to a few centuries is essential to the proper management of
river systems. This recognition, along with methods and strat-
egies for managing rivers in this context, is the primary theme
of this volume. In many watersheds, long-term anthropogenic
changes—such as deforestation, cultivation, fires, urbanization,
road construction, and mining—initially resulted in widespread
increases in runoff generation, flood magnitudes, erosion, and
sedimentation. These changes to watersheds indirectly affect
river channels. In addition, direct alterations to channels include
dams, levees, channelization, bank protection, instream mining,
and removal of vegetation or large woody debris. In many basins,
subsequent changes may have initiated relaxation from an earlier
period of disruption. For example, reforestation in many regions
has reversed the trend away from increased runoff and erosion.
In a different sense, dam construction has locally or region-
ally reversed some effects of increased sediment production by
trapping sediment in upstream reaches. In addition to the per-
turbations and subsequent relaxation from changes, the effects
of climate change should be factored into an understanding of
watershed processes that drive channel changes.

Several of the studies in this volume are concerned with
long-term fluvial changes that recognize the cumulative impacts
of human activities over periods that span several generations and
up to multiple centuries. Most of the studies are broad in scope
and adopt a modern watershed perspective that is both spatially
and process integrated. Many also recognize that long-term land-
use and land-cover changes, as well as legacy sediment, can be
strongly related to modern river processes. These studies provide
examples of why attempts to manage or rehabilitate rivers should
seek to identify linkages between broad watershed processes
and river behavior. Understanding geomorphic and hydrologic
changes to surface-water and sediment systems is an essential

prerequisite to devising viable management strategies for main-
taining stable but dynamic and diverse channels, floodplains, and
aquatic ecosystems in a pseudo-natural state, and for anticipating
and mitigating further changes. The papers in this volume are
divided into three sections related to the implications of historical
changes to managing and restoring river systems:

I. Large-Scale, Long-Term Sediment and Geomorphic

Changes

II. Hydrologic Considerations for River Restoration

III. River Management and Restoration

The first section emphasizes changes in sediment loadings
through time and historical geomorphic changes in rivers. It pur-
veys the extensive nature of changes that characterize many river
systems, and how these changes continue to determine modern
river processes. The second section is concerned with hydrologic
changes and how they may drive river processes, or methods of
evaluating them. The final section presents papers that evalu-
ate the success or examine the feasibility of stream restoration.
Throughout the volume a recurrent theme of the papers is the per-
vasive nature of human impacts on river systems and how river
management should be keenly sensitive to this legacy.

Divisions between these sections are not absolute, and sev-
eral of the papers overlap the categories. Although all such clas-
sifications have limitations, this structure provides the basis and
context from which broader implications can be derived from the
papers. The sequence of the sections establishes the background
of pervasive change to fluvial systems, followed by examples of
hydrologic factors that often drive changes in sediment and geo-
morphology. Finally, examples of the effectiveness or feasibility
of stream restoration provide a reality check for river managers
who seek to adopt restoration practices. The brevity of this vol-
ume constrains the ability to address all of the topics in detail,
and the intent is not to provide a comprehensive treatment of
these subjects but a sampling only. The remainder of this intro-
duction briefly describes these three sections of the volume and
the papers that are included in them.

Large-Scale, Long-Term Sediment and Geomorphic
Changes

The first section presents examples of long-term or broadly
extensive changes to watersheds—often human-induced—that
drive channel changes in streams and rivers. The emphasis on
sediment loads in most of the papers reflects the importance of
sediment to geomorphic form, which in turn drives other river
functions such as habitat diversity. Sediment dynamics are dif-
ficult to measure but have often changed substantially over time
and can be critical to proper river management and robust res-
toration strategies. These papers demonstrate the importance of
changing sediment regimes over time, and the need to understand
the history of these changes in order to anticipate responses to
management policies. The perspective that change is the rule,
rather than the exception, is important to most river restoration or
management planning. The assumptions that changes in sediment
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loadings and channel morphology have been minor, and that
pristine reference reaches exist that can be emulated to design
stable yet “natural” reengineered reaches, should both be criti-
cally evaluated on a case-by-case basis. These papers also dem-
onstrate the importance of a watershed-scale analysis sensitive
to historical legacies. A disconnection often exists between river
management or restoration efforts performed at the river-reach
scale and the processes governing fluvial systems that operate at
a broader basin scale. Without an understanding of the spatially
distributed nature of hydro-geomorphic processes operating over
a centennial time scale, local restoration efforts may be prone to
failure. The eight papers in this section impart an appreciation for
this spatially and temporally broad-scale perspective of substan-
tial change. The importance of interactions between present and
historical sediment budgets, channel morphology, and engineer-
ing works is made clear in the first paper.

Jacobson et al. (this volume) note the influence of dams and
bank protection on spatial patterns of sedimentation, suspended
sediment loads, and channel morphology in the Lower Missouri
River. The history of channel engineering in the Lower Mis-
souri River includes construction of the largest reservoir stor-
age system in North America and bank stabilization and chan-
nelization projects between 1930 and 1960. Altered sediment
regimes below dams impose constraints on river restoration and
management options, and the ability to manage dam releases to
compensate for those altered regimes is severely limited. The
reservoir system has reduced downstream flow variability and
sediment loads, and reservoir operation policies aimed at man-
aging sediment must contend with uncertainty in how channels
will respond. This uncertainty calls for a better understanding of
present and historical sediment fluxes.

Using observed fluxes on the mainstem of the Lower Mis-
souri River, Jacobson et al. compute suspended sediment budgets
that reveal distinct temporal and spatial changes. At Yankton,
South Dakota, below Gavins Point Dam, post-dam suspended
sediment loads (1994-2006) were only 0.2% of pre-dam val-
ues. This proportion increased downstream to 11% at Omabha,
Nebraska, and 17% at Hermann, Missouri. Tributaries are key
contributors to mainstem sediment loads below the dams. The
amount of sediment contributed by tributaries decreased between
1948 and 1952 and 1994 and 2006 owing largely to improved
land-conservation practices in tributary watersheds. Bank stabi-
lization (1930-1960) reduced channel top widths by two-thirds,
the sequestering of sediment preferentially removed sand from
the suspended load, and commercial channel mining continues
to remove much sand. Textures of the active load, therefore, have
fined downstream and through time. Most channels responded to
reduced sediment loads with bed incision, which decreased lat-
eral connectivity between channels and floodplains. Aquatic hab-
itat restoration—active since 1984—was stimulated in 2003 by
mandates to restore and increase shallow-water habitats (SWH)
and emergent sandbars. Naturalized reservoir releases with peri-
odic high flows will be used to laterally connect channels with
floodplains, build emergent sandbars, and increase SWH. Pulsed

reservoir releases are constrained by flood risks in low-lying
lands below Omaha where channels have not incised. Sandy
sediment derived from excavations and placed in the channel to
improve SWH will contribute ~34 Mg y' to the main channel
over the next 15 yr; i.e., ~62% of the 1994-2006 suspended sedi-
ment budget. This planned project raises questions of the capac-
ity of the river to carry the increased load. Given the complexities
and constraints of the Lower Missouri system, the authors recom-
mend concentrating restoration efforts in zones where they will
be most effective with regard to costs and sustainable benefits.

Fitzpatrick et al. (this volume) demonstrate the pervasive
nature of change to fluvial and wetland systems brought about
by sedimentation derived from agricultural forest clearance and
engineering works in an upper Midwestern watershed over the
past 160 yr. The study was initiated to identify restoration alter-
natives. It demonstrates the need to understand the history and
geomorphic evolution of a system rather than simply basing res-
toration strategies on channel morphology that was fundamentally
changed from low to high banks by human-induced sedimenta-
tion. They cite sediment cores, geochemical dating, historical
aerial photographs, and other evidence to constrain sedimentation
rates and locations. Peak volumetric overbank sedimentation rates
to the marsh occurred from 1919 to 1936, owing primarily to agri-
cultural practices. These rates were seven times greater than mod-
ern rates (1994-2006), which are, in turn, more than four times
rates during the early settlement period from 1846 to 1885. A full
understanding of sedimentation and channel morphologic change
requires knowledge of the history of levees, railroad embank-
ments, dams, and channelization in the area.

Madej and Ozaki (this volume) emphasize the longevity
of geomorphic impacts of massive sedimentation events in the
gravel-bed Redwood Creek, California, caused by a series of
~25-yr flood events in the 1950s through 1975. Based on a data
set collected over the past 30 yr, they examine the effects of a
1997 10-yr flood event on channels recovering from the earlier
sedimentation. Comprehensive field measurements are used to
document protracted sediment reworking after three decades.
Over the long term, channel incision is characterized by deceler-
ating rates of bed lowering that define an exponential decay rate
from progressive bed armoring. Spatial patterns of recovery are
nonuniform in the basin; sediment evacuation in the upper basin
has been relatively rapid compared with that downstream. Pool
depths and frequencies increased through time until they were
partially refilled by the 1997 flood. Little is known about how
quickly gravel-bed rivers in mountainous forested basins recover
from episodic sedimentation. The observed pattern of punctuated
recovery of the channel system is important, therefore, to river
managers and restoration scientists, who should consider the fea-
sibility of passive restoration; i.e., letting nature do the work.

James et al. (this volume) contrast styles of channel change
and recovery between two rivers that were managed by distinctly
different policies beginning in the late nineteenth century. His-
torical reconstructions of the lower Yuba and Feather Rivers—
severely impacted by hydraulic mining sedimentation—are
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based on evaluations of a large number of historical maps and
aerial photographs and high-resolution 1999 LiDAR-SONAR
composite topographic data. Both the timing and styles of geo-
morphic responses were markedly dissimilar in the two rivers
owing to contrasting engineering strategies practiced from the
1880s through the mid-twentieth century. These watersheds rep-
resent the earliest example of federally sponsored river-basin
management west of the Mississippi River, so this post-project
evaluation documents the consequences of one of the longest-
running river-engineering experiments in the western USA.
Surian et al. (this volume) present a European perspective of
long-term anthropogenic channel morphological changes in the
context of Italian rivers. They use historical maps, aerial photo-
graphs, and field survey data to examine changes in dimensionless
channel width (W/W__ ) and bed elevation over the past 200 yr
in 12 rivers, seven heading in the Alps and five in the Apennines.
Changing sediment loads were the primary causes of channel
change, but this relationship was driven by factors that varied
within and between watersheds and through time. Most channels
underwent a long period of incision and narrowing that began in
the late nineteenth century and lasted well into the twentieth cen-
tury. This incision was driven largely by human activities, begin-
ning with levees, followed by bank protection and reforestation.
Incision intensified from 1950 to the 1980s with dam construc-
tion and gravel mining. The incision processes have reversed or
stabilized over the past 15 to 20 yr in most rivers. In light of the
extreme changes to these rivers, the authors do not recommend
trying to use channel conditions prior to human disturbances as a
reference for restoration. They call for a focus on sediment man-
agement in severely impacted fluvial systems such as these.
Hupp et al. (this volume) present measurements of modern
bank erosion and floodplain sedimentation rates in the Roanoke
River, on the Coastal Plain of North Carolina, USA. They use ero-
sion pins, repeated transects, clay pads, and other techniques to
evaluate bank stability and floodplain deposition, and for devel-
opment of a sediment budget for 153 km of the river downstream
of two dams built in 1953 and 1963. Channel widening (net bank
erosion) occurred on 90 transects, whereas only 12 transects dis-
play narrowing (net deposition). The zone of most rapid overall
bank retreat has apparently progressed downstream through the
upper reaches near the dams. Bank retreat is now greatest in the
middle reaches of the study area, where mean annual rates on
transects were found to be 63 mm yr' compared with 44 mm
yr! upstream near the dams, and 24 mm yr!' farther downstream
(not including mass wasting events). High low-flow river stages
after dam construction have concentrated fluvial bank erosion on
the lower banks. This bank undercutting has encouraged mass
wasting of mid- and upper banks composed largely of historical
alluvium. Bank mass wasting, which was not well represented in
the sediment budget, is suggested as an explanation for a large
sediment surplus—deposition on lower Roanoke floodplains in
excess of bank erosion—of approximately 2.8 10° m? yr'.
Giineralp and Rhoads (this volume) demonstrate a multi-
methodological approach, including the use of a variety of
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geospatial methods, to compute stream powers, map lateral
migration locations, estimate migration rates, and evaluate bank
stabilization and stream restoration potential. They analyze chan-
nel planform changes over a 60-yr period in seven 5- to 10-km
stream reaches in the Kishwaukee River watershed in northern
linois, using a GIS-based channel-change detection with his-
torical aerial photographs. Cross-sectional stream power (total
power per unit flow width) correlates with lateral migration rates.
None of the reaches had mean bankfull mean stream powers
as high as 35 W m=, the threshold for meander recovery often
noted in the literature. Local stream powers were also less than
the threshold except in one steep headwater watershed, where
they were as high as 63 W m™. In spite of stream powers below
the threshold for meander recovery, most reaches underwent sub-
stantial lateral planation, and spatial patterns of channel migra-
tion were strongly related to stream power. The authors conclude
that historical evaluations of channel change and computations of
stream power provide important river-management tools.

Gran et al. (this volume) examine sediment loads in the Le
Sueur River, an agriculture-dominated tributary to the Minne-
sota River, in the upper Midwest, USA. They take a long-term
perspective by comparing mean Holocene production rates of
suspended sediment in the watershed with modern low-turbidity
management goals. Sediment production in the Le Sueur River is
strongly influenced by the geomorphic history of the basin. Deep
knickpoints were initiated by regional post-glacial base-level
lowering associated with the catastrophic drainage of glacial
Lake Agassiz. These knickpoints have eroded headward 30 to
35 km over ~11,500 yr and are now located in the lower reaches
of all three main tributaries of the Le Sueur. Calculations of Holo-
cene sediment production rates, based on topographic analyses
of post—glacial valley formation using high-resolution LiDAR
data, indicate that modern sediment loads are 1.3 to 3.4 times
higher than the average load over the past 11,500 yr BP. These
modern rates compare with a tenfold increase in regional post-
European-settlement production rates based on sedimentation
in Lake Pepin. The watershed can be divided into agricultural
uplands above the knickpoints, and a lower incised zone domi-
nated by steep bluffs and ravines that contributes from 61% to
74% of the total basin sediment. The watershed now contributes
a disproportionate amount of sediment to the Minnesota River
and Lake Pepin largely from sediment produced in the deeply
incised channels. Total suspended solid (TSS) loads are an order
of magnitude greater than regulatory standards, so this spatial
knowledge is important for targeting remedial measures.

Hydrologic Considerations for River Restoration

The three studies in this section provide examples of the
importance of hydrology to river systems. Hydrologic influences
are key to many watershed problems, and methods of analyz-
ing hydrologic inputs and outputs are welcome additions to most
river managers’ tool boxes. Hydrology may drive biogeomorphic
factors through flow frequencies or connectivity and may govern
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sediment loads, channel morphology, water quality, and aquatic
ecology. The first paper begins with a broad consideration of
channel changes in semiarid streams that are largely influenced
by flow regulation and diversions. It includes a case study of ref-
uge pools in headwater streams that can be linked to groundwater
during low-flow periods. The second paper proposes a method
for determining appropriate flow releases from reservoirs. The
third paper utilizes a method of analyzing annual maximum flow
data to detect spatial and temporal change. The first two papers
are concerned with providing guidance for management of river
environments, whereas the third paper is more concerned with
demonstrating hydrologic change and a method for quantifying
this change.

Wohl et al. (this volume) review historical fluvial changes
in the Great Plains. They demonstrate the need to study rivers as
spatially heterogeneous systems rather than as disjunct reaches.
The paper considers a broad array of management factors and
implications of low flows, such as water allocation, water-table
fluctuations, biology, and riparian vegetation composition. The
authors place emphasis on the seasonal lack of longitudinal
connectivity on small intermittent headwater streams that have
received less attention than larger, perennial Great Plains riv-
ers. These pools are essential to the fragile ecosystems of small
ephemeral rivers. Regionally, intensive groundwater withdrawals
have reduced the volume and longitudinal connectivity of ref-
uge pools that provide important habitat for native aquatic spe-
cies. A case study within Pawnee National Grasslands illustrates
the challenges of preserving refuge pools as an integral part of
the riverscape of the western Great Plains. A lack of statistical
correlations between biological activity and most physical pool
characteristics or location within the drainage network leads the
authors to recommend that programs aimed at sustaining ecolog-
ical systems should concentrate on pool size. They suggest that
management strategies should focus on protecting larger pools
from consumptive water use.

Rathburn et al. (this volume) develop a four-step method for
identifying appropriate environmental flows needed to control
sediment transport and vegetation. The method is aimed at inte-
grating dam-operating policies with river management to ensure
environmental flows that meet conservation targets. Flows along
the North Fork Cache La Poudre River in north-central Colorado
are characterized using a method that links sediment-transporting
events and riparian vegetation composition and structure to spe-
cific flow recurrence intervals. Results of a hydrologic analysis,
coupled with the sediment and riparian vegetation data, quantify
the in-channel and overbank flows necessary to maintain chan-
nel processes and ecologically healthy riparian areas. Develop-
ing rational dam-operating policies that ensure appropriate envi-
ronmental flows is an example of the emerging science of active
river management for restoration purposes. Environmental flow
standards developed by interdisciplinary teams of scientists can
quantify the complex system processes responsible for main-
taining ecological health within fluvial systems. These efforts to
quantitatively link river flow to conservation priorities as a means

of managing riverine ecosystems represent a turning point in how
societies view and value regulated rivers.

Galster (this volume) uses extensive U.S. Geological Survey
(USGS) gauging data from U.S. rivers to evaluate the rate at which
peak annual discharge increases downstream with drainage area.
Most of the studied rivers flow out of the Appalachian Moun-
tains in the eastern USA. The discharge-area relationship is often
assumed to be linear; i.e., a log-log (power function) relation-
ship in which the exponent is approximately equal to 1.0. Results
of this study, however, indicate a nonlinear or secular trend in
time with most of the basins. Many rivers had exponents <0.75,
indicating greater runoff generation and conveyance in tributaries
than in larger rivers downstream. Many other rivers demonstrated
substantial changes in discharge-area relationships through time
primarily from dams, urbanization, and other land-use changes.
Documenting linkages between the instrumental hydrologic
record and channel morphology has been a prominent enterprise
in fluvial geomorphology for several generations. These findings
and the method of analysis have important implications for river
management and policy, particularly given the limited flow data
for most watersheds. Drainage area is often used as a proxy for
discharge in hydrologic models, flood-hazard analyses, channel-
stability computations, ecological-habitat evaluations, and other
planning tools, but assuming a linear relationship between dis-
charge and drainage area should be done with caution.

River Management and Restoration

The papers in this section provide scientific findings relevant
to river management and restoration policy. Few post-project
studies have been conducted of restored river reaches, so much is
to be learned about which restoration methods are most appropri-
ate, and which river reaches are most likely to be geomorphically
durable or ecologically viable. The first two papers in this sec-
tion provide detailed examinations of restored river reaches that
should be a welcomed addition to the restoration literature. The
third paper provides clear insights into the reasoning involved in
selecting reference reaches and viable sites for restoration. Col-
lectively, these three papers provide much-needed information
about the relatively young science of river restoration.

Elliot and Capesius (this volume) analyze geomorphic
changes along high-gradient rivers at sites on three “reclaimed”
reaches in Colorado monitored for the USGS Reconfigured-
Channel Monitoring and Assessment Program (RCMAP).
Repeated cross-section surveys in these gravel-bed rivers docu-
ment changes to banks, bars, and channels and constructed boul-
der and log structures following 4- and 6-yr floods at two of the
sites. The authors provide quantitative hydraulic information
about flow environments and grain size. Boundary shear stresses
for floods are computed using the HEC-RAS model, and criti-
cal shear stresses for median sediment size are computed using
Shield’s criteria. The ratio of these values (T /t) is used to esti-
mate the sediment-entrainment potential for a given cross sec-
tion. Use of this ratio and recognition of areas with excessive
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flood boundary shear stress, relative to the resistive force of the
sediment, often explain the spatial patterns of bank erosion and
streambed deposition and scour observed at the monitored sites.
The quantitative approach, coupled with abundant field data and
thorough documentation, makes this paper a valuable contribu-
tion to stream restoration science.

Chin et al. (this volume) examine two small step-pool stream
channels in California as unique case studies evaluating the
ecological potential of step-pool restoration. The two streams,
restored in 1996 and 2003, were examined for geomorphic stabil-
ity of the step-pool systems and characteristics of benthic macro-
invertebrates present. Geomorphic stability has been maintained
through storms exceeding 14- to 20-yr recurrence intervals. The
biological effectiveness of restoration by artificially manipulat-
ing step-pool systems was assessed through monitoring percent-
ages of sensitive taxa to determine if ecologically viable envi-
ronments were created. Comparisons were made across habitat
types, to identify the most beneficial habitat, and across water-
sheds including a reference reach. Five to 12 yr after restoration
the reference reach was found to have healthier ecological condi-
tions and biological indicators than in the restored reaches, which
were not significantly different than in unrestored reaches above
or below the restored reaches.

Smith et al. (this volume) evaluate the effects on low-
gradient rivers of extensive watershed disturbance in western
Tennessee. Excessive sedimentation generated by deforestation
and agricultural erosion on sandy uplands has induced com-
plex channel and valley-bottom responses, including formation
and growth of valley plugs, upstream migration of the zone of
aggradation, and widespread flooding. Reformation of meanders

owing to avulsions around plugs—sometimes reoccupying for-
mer channels—is identified as a form of passive self-restoration.
Long-standing policies that promote extensive channelization
and canal maintenance conflict with mandates to protect wet-
lands and restore streams. The authors’ descriptions of river
restoration efforts in this highly altered hydrologic setting, and
the role of beaver and unmanaged channel avulsions in restor-
ing natural conditions, provide lessons that should lead to more
sustainable management programs.

Concluding Remarks

From the breadth of papers included in this volume, it is
evident that many scientists are working on diverse fluvial sys-
tems to address timely questions relevant to river management
and restoration. These studies reflect growing interests in envi-
ronmental resources, ecological sustainability, and anthropo-
genic change that are driving modern movements in aquatic res-
toration and sustainable river management. The papers in this
volume provide a repository of information that demonstrates
the complexities of managing river systems that are responding
to legacy conditions and that may have been highly altered by
human activities. We hope this body of knowledge will ben-
efit others by elucidating the historical and spatial dimensions
of watershed processes that should be understood for decision
making to be well informed. The challenge to river scientists is
the need for continuing to assess the broad historical changes
to fluvial systems brought on by human and nonhuman factors
in order to develop practical solutions and policies for sound
management of river resources.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


