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CASE STUDIES IN STREAM AND WATERSHED RESTORATION

(URBAN, AGRICULTURAL, FOREST AND FISH HABITAT IMPROVEMENT)

Kit MacDonald1

Stream and watershed restoration projects have
become increasingly common throughout the U.S.,
and the need for systematic post-project monitoring
and assessment is apparent. This study describes
three stream and watershed ecological restoration
projects and the monitoring and evaluation methods
employed or planned to evaluate project successes or
failures. The stream and watershed restoration and
evaluation methods described in this paper may be
applicable to projects of similar types and scales.

Rivers and streams serve a variety of purposes,
including water supply, wildlife habitat, energy gen-
eration, transportation and recreational opportun-
ities. Streams are dynamic, complex systems that
not only include the active channel, but also adja-
cent floodplains and riparian vegetation along their
margins. A natural stream system remains stable
while transporting varying amounts of streamflow
and sediment produced in its watershed, main-
taining a state of “dynamic equilibrium.” (Strahler
1957, Hack 1960). When in-stream flow, floodplain
morphology, sediment characteristics, or riparian
vegetation are altered, this can affect the dynamic
equilibrium that exists among these stream features,
causing unstable stream and floodplain conditions.
This can cause the stream to adjust to a new equi-
librium state. This shift may occur over a long time
and result in significant changes to water quality
and stream habitat. Land-use changes in a water-
shed, stream channelization, installation of culverts,
removal or alteration of streambank vegetation, water
impoundments and other activities can dramatically
alter ecological balance. As a result, large adjust-
ments in channel morphology, such as excessive
bank erosion and/or channel incision, can occur. A
new equilibrium may eventually be reached, but not
before the associated aquatic and terrestrial environ-
ment are severely impaired.

Stream restoration is the re-establishment of the
general structure, function and self-sustaining charac-
teristics of stream systems that existed prior to dis-
turbance (Doll et al. 2003). It is a holistic approach
that requires an understanding of all physical and
biological processes in the stream system and its
watershed. Restoration can include a broad range of
activities, such as the removal or discontinuation of
watershed disturbances that are contributing to
stream instability; installation of control structures;
planting of riparian vegetation to improve stream-
bank stability and provide habitat; and the redesign

of unstable or degraded streams into properly func-
tioning channels and associated floodplains. Kauff-
man et al. (1997) define ecological restoration as the
reestablishment of physical, chemical and biological
processes and associated linkages which have been
damaged by human actions. 

BAXTER CREEK RESTORATION PROJECT
Purcell et al. (2002) reported results of restora-

tion and subsequent monitoring of 70-m-long urban
stream in El Cerrito, California. Prior to the restora-
tion effort, a culvert was used to control this seg-
ment of the Creek to address flooding and public
health concerns. Shortly after encasing the channel
in culvert, the community of Poinsett Park was con-
structed and the land overtopping the culvert was
converted to a park. In the early 1990s the City
decided that restoring this stream channel was more
economically practical than repair and maintenance
of the culvert over the long term. Stream channel
restoration included removal of the culvert, reestab-
lishment of channel sinuousity and riparian vegeta-
tion, and construction of step-pools (Purcell et al.
2002). The channel now emerges from a culvert at
the northeastern corner the Poinsett Park and flows
freely to the west before it returns underground near
west end of the park. 

The objective of restoration of this segment of
Baxter Creek was to return the stream channel to
conditions that existed prior to the culvert installa-
tion. However, since areas upstream were either cul-
verted, channelized, or highly degraded, there were
no reference conditions upstream of the restoration
site from which to develop design criteria. Regional
hydraulic relationships between channel dimensions
and drainage areas informed the design of the
restored channel cross-sectional area, width, and
depth. Channel sinuosity and gradient corresponded
to a valley slope of 10%. The designed channel was
2-m wide and 30-cm deep. In order to prevent bank
scour and undercutting, step pools were created
from rock salvaged during culvert removal. These
step pools were approximately 30-cm high.

Two sites were chosen as comparison sites
against which the restored segment of Baxter Creek
was compared. One site was a stream segment of
Baxter Creek that had not been restored. This seg-
ment was located approximately 300 m upstream
from the restored site (37°56'N, 122°18'W) and was
near the stream's source. Evaluation of this segment

1U.S. Forest Service, Kaibab National Forest, Williams, AZ.
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provided useful information about the stream's pre-
culverted conditions. The other reference site
chosen was a segment of the south fork of Straw-
berry Creek located on the University of California,
Berkeley campus (37°52'N, 122°15'W). A compre-
hensive restoration of this stream was undertaken in
the late 1980s (Charbonneau and Resh 1992) and is
an example of successful ecological restoration of
an urban stream channel. 

Following restoration, Baxter Creek was eval-
uated to determine restoration success. The evaluation
included (1) a visual habitat assessment; (2) an eval-
uation of biological water quality indicators; and (3) a
survey of local community member who lived near the
creek to evaluate their understanding of the stream
restoration effort and their feelings about the results.

A visual habitat assessment was performed at
each comparison site. These were qualitative
assessments of bank vegetative cover, bank stabil-
ity, and in-stream habitat diversity. The U.S. Envi-
ronmental Protection Agency's Rapid Bioassess-
ment Protocols (Plafkin et al. 1989) were used for
each habitat assessment. The habitat parameters
evaluated included epifaunal substrate, substrate
embeddedness, velocity to depth ratios, sediment
deposition, channel flow characteristics, degree of
channel modification, riffle frequency, bank stabil-
ity, protective vegetative cover, and width of vege-
tated riparian zone. The site of the unrestored seg-
ment of Baxter Creek had the lowest score (79)
when physical habitat characteristics were com-
pared among sites. The restored segment of Baxter
Creek in Poinsett Park had a higher rating (119)
than the upstream unrestored segment but scored
lower than the Strawberry Creek site, which was
considered to the best attainable conditions and a
rating of 144.

Benthic macroinvertebrates are the most com-
monly used organisms for assessing water quality
using biological methods. Members of this diverse
and ecologically important group occur in most
stream habitats and have various sensitivities to
chemical and physical stresses. Replicated samples
of benthic macroinvertebrate collected at the
restored site and the unrestored upstream segment
of Baxter Creek were compared using among para-
meters including taxa richness and a biotic index.
The restored segment showed improvement in both
biological and habitat quality when compared to the
unrestored segment. However, the Poinsett Park
segment had lower habitat condition and water
quality when compared with Strawberry Creek
which had been restored 12 years earlier. A follow-
up biological assessment conducted in 2004 indica-
ted that there were no improvements in the biologic
assemblages compared to the 1999 findings. The
highly urbanized characteristics of the watershed

were thought to be a factor in the lack of ecological
improvement.

A door-to-door survey was conducted in the
area surrounding the park to obtain information on
residents' opinions and perceptions of the stream
restoration project at Poinsett Park. The question-
naire was designed to evaluate respondents' views
about how well they were informed by the city
about the restoration effort and to understand resi-
dents' perceptions about stream restoration in gen-
eral. Responses to questions varied widely among
respondents. The most common responses provided
as justification for restoring the stream channel
were to reestablish the natural biological processes
and improve the overall landscape (42%), improve
neighborhood aesthetics (20%), and improve water
quality and stormwater management (15%). Several
respondents believed the restoration project would
increase property values in the areas around the
park (58%). When asked whether the restoration
project met their expectations, an overwhelming
82% responded that it did (Purcell et al. 2002).
However, some negative views about the restoration
were expressed by some residents. Some residents
expressed concern that the willows planted along
the channel blocked the views of neighbors across
the street. Other expressed public health concerns
about the creek and the potential for increases in
mosquito and other pest populations. A subsequent
neighborhood survey in 2004 found that approxi-
mately half of the residents that moved to the neigh-
borhood since completion of the restoration project
did not know that the creek was previously culverted.

One result of this study shows that although
habitat and ecological conditions improved, engag-
ing local residents in the planning process had both
positive and negative results. The positive results
were that the neighborhood became interested in the
project recognized the value of the investment in
Poinsett Park. Members of the community became
engaged in the restoration project and residents
were willing to communicate their needs and inter-
ests. Once the project was completed several resi-
dents began working together to renovate the play-
ground in Poinsett Park. Negative effects of engag-
ing local residents included the need for complaint
resolution by city personnel and meeting the needs
of a diverse stakeholder group, which increased
project cost and caused delays in project implemen-
tation. This project shows that even though scien-
tific objectives and social perceptions of a restora-
tion project may be disconnected, awareness and
consideration of both can facilitate a more compre-
hensive understanding of successes and failures of
the restoration effort. Additionally, understanding
of social attitudes can benefit future restoration
practitioners by increasing public support.
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LAKE CHAMPLAIN RESTORATION PROJECT
Lake Champlain is the sixth largest freshwater

lake in the U.S. It is a natural lake, located mainly
within the borders of the United States (states of Ver-
mont and New York) but partially located across the
Canada-United States border in the Canadian
province of Quebec. The lake had undergone eutro-
phication due to excessive phosphorus (P) loads
from its 20,800 km2 watershed. The average annual
phosphorus load is approximately 587 metric tons
per year. Approximately 71% of this originates
from nonpoint sources (VT DEC and NY DEC
1997) with 66% coming from agricultural sources.
The Lake Champlain management strategy required
P load reductions from both point and nonpoint
sources. To meet state water quality standards, the
nonpoint source management strategy of the State of
Vermont for Lake Champlain and its tributaries
required implementation of controls, or Best Man-
agement Practices known to be effective for reducing
P loads to receiving waters from agricultural sources.

Agricultural waste management, particularly in
the dairy sector, has been a primary concern of Ver-
mont's efforts to reduce nonpoint source pollution
in Lake Champlain since 1980. Activities including
construction of manure stockpiling facilities that
prevent nutrient leaching and runoff, controlling
surface runoff and delivery of sediment and nutri-
ents to receiving waters, and adopting other waste
management procedures such as avoiding winter
applications of manure were encouraged under state
and federal subsidy programs. Yet it's not uncom-
mon for livestock in Vermont to spend up to half of
each year in pastures with unrestricted access to
watercourses. Trampling and browsing of riparian
vegetation, soil compaction, destabilization of
stream banks and channel substrates and defecation
directly into surface waters are common problems
associated with livestock grazing.

A primary goal of the Lake Champlain Basin
Agricultural Watersheds Section 319 NMP Project
was to quantitatively determine the effectiveness of
excluding livestock access to streams and riparian
areas and riparian restoration as opportunities for
controlling runoff that delivers sediment, nutrient,
and bacteria to receiving waters. Changes to water
quality were monitored and documented at the
watershed scale as affected by implementation of
Best Management Practices to protect streams and
riparian areas from livestock grazing. Water quality
monitoring was conducted at watershed outlets
using a paired-watershed research approach in order
to evaluate the effectiveness of BMPs at protecting
water quality (Meals 1999).

The project was located in the Missiquoi River
watershed of Lake Champlain. Some of the most
intensively managed agricultural lands of the Lake

Champlain Basin are located in the Missiquoi River
watershed. This watershed has historically been the
greatest nonpoint source of phosphorus loading to
Lake Champlain (approximately 74.4 metric tons
per yr). Phosphorus, bacteria, and organic matter
from animal wastes are the primary sources of
impairment of surface waters, and these are all gen-
erated by the agricultural sector from dairy produc-
tion, crops, and livestock use of streams and
riparian areas (VT ANR 1996).

Restoration treatments were implemented in the
Godin Brook watershed, which is 1,421 ha in size.
The 930-ha Berry Brook watershed served as an
experimental control. These two watersheds were
similar with respect vegetative cover types and
land-use patterns. Approximately 60% of land cover
consists of mixed conifer and deciduous forest.
Residential development accounts for approxi-
mately 2 to 3% of each watershed, while agriculture
accounted for approximately 35%. Livestock graz-
ing is the primary form of agriculture in the studied
watersheds. Most farmers in these two watersheds
used pasture grazing for livestock management,
with approximately 25% of each watershed being in
hay meadows, or mixed hay meadow/pasture. 

A paired watershed approach was employed for
the study (USEPA 1993). Paired watershed studies
require two watersheds, with one serving as a con-
trol and the other being the treatment, or experi-
mental watershed. Monitoring includes a calibration
phase before treatments are implemented. Once the
calibration phase is completed, treatments can be
implemented in the experimental watershed. The
control (untreated) watershed helps isolate year-to-
year variations in climate and hydrologic character-
istics, as well as management practices in the con-
trol watershed to reduce factors that interfere with
statistical comparisons between the control and
experimental watersheds. Land management prac-
tices in control watersheds remain unchanged
throughout the study. Once the calibration phase is
completed, treatments such as changes to land-use
practices can be implemented in the experimental
watershed, while the land-use practices remain the
same in the control watershed. Monitoring is con-
ducted in both watersheds throughout the treatment
period in accordance with the experimental design.
The reasoning behind this approach is a quantifiable
relationship is predicted to exists between the treat-
ment and control watersheds with regard to water
quality parameters (such as sediment concentrations
or P loads), and this relationship persists until a
land-use change occurs in one of the watersheds.
When this occurs, a new relationship is created. The
treatment effect is then measured quantitatively by
evaluating the differences between treatment and
calibration data.
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Stream corridor and riparian area inspections,
farm inventories, and interpretation of aerial photo-
graphs during the calibration phase informed res-
toration practitioners where changes to land man-
agement practices changes were warranted. Man-
agement plans were formulated for each partici-
pating farm in cooperation with landowners, who
were participating in the study on a voluntary basis.
Participants were required to maintain treatments
for the duration of the study and assistance was
provided to landowners.  

Restoration treatments included practices
designed to improve water quality, riparian vegeta-
tion, and prevent livestock access to sensitive areas
near waterbodies. These included fencing of ripar-
ian areas, decommissioning or improving frequently
used livestock stream crossings, and revegetation of
damaged and eroding streambanks. Treatment
required installation of new fences and livestock
watering infrastructure, reducing the number and
size of livestock stream crossings, stabilizing live-
stock stream crossings through bridge installation or
armoring, and streambank erosion control using
bioengineering techniques.

Water quality parameters were similar for the
treatment and control watersheds throughout the
calibration period, with no statistically significant
differences at the P#0.10 level. Parameters moni-
tored during the calibration period included pre-
cipitation, discharge (channel cross section stage
and velocity measurements), nutrient and sediment
concentration, bacteria, conductivity, dissolved oxy-
gen, temperature, and bulk export of total phos-
phorus (TP), total Kjeldahl nitrogen (TKN), or total
suspended solids (TSS). With the exception of
minor differences due to variations in precipitation
and associated stream discharge, water quality para-
meters were generally stable during the calibration
phase in each of the streams included in the
assessment. There were only a few statistically
significant differences among project year means.

Watershed treatments were applied in the treat-
ment watershed during May through November
1997. Treatments included installation of exclosure
fencing to protect each side of 2,300 m of stream-
courses and adjacent wetlands implementation of
streambank stabilization measures; installation of a
livestock bridge, a 300-m improved cattle trail,
three culverted stream crossings and two armored
low-water crossings for livestock. Livestock exclos-
ure fences around riparian areas varied from
approximately 2 to 8 m wide, depending on the
amount of acreage the landowner was willing to
remove from livestock access. Streambank stabili-
zation was done using bioengineering techniques,
including planting willows.

Regression analysis indicated that there was a
strong watershed calibration between the control
and treated watershed during the 4-year calibration
period. Researchers were therefore able to detect
treatment responses of approximately 20% or
better. Exclosure fences and streambank stabiliza-
tion measures were implemented in the treatment
watershed in 1997. Analysis indicated significant
reductions in total phosphorus concentration (reduc-
tion of approximately 25%) following the first year
of treatment. Indicator bacteria populations were
reduced as much as 52%, and total phosphorus
export was reduced as much as 42% in the treated
watershed. These results indicate that exclusion of
domestic livestock from streamcourses and riparian
areas and riparian zone restoration can be effective
for reducing nonpoint source pollutant concentra-
tions from livestock grazing in agricultural water-
sheds.

SUCKER CREEK RESTORATION PROJECT
Sucker Creek is a major tributary to the Illinois

River located east of Cave Junction, Oregon. It
supplies approximately 80% of the drinking water
for the City of Cave Junction. Sucker Creek was
listed for stream temperature on the 1994/1996 Ore-
gon Department of Environmental Quality 303(d)
list of impaired waters. The Illinois River sub-basin
is one of the most important sections of the Rogue
River for naturally produced coho salmon
(Oncorhynchus kisutch). Sucker Creek is one of the
most important tributaries for spawning and rearing
of coho in the Illinois River sub-basin. Four
anadromous fish species are found in the Sucker
Creek watershed (Chinook salmon [Oncorhynchus
tshawytscha], Coho salmon, winter steelhead [O.
mykiss] and Pacific lamprey [Lampetra tridentata]);
two native resident salmonids (coastal cutthroat [O.
clarkii clarkii] and rainbow trout [O. mykiss]; and
reticulate sculpin [Cottus perplexus]) (USFS 2007).
Aquatic resources of Sucker Creek were degraded
by historic timber harvesting, road construction, and
placer mining. Channel modification caused by
hydraulic mining and other placer operations is
particularly evident in the Sucker Creek watershed.
Landslides and severe flooding of the watershed in
1964 and 1997 exacerbated pre-existing damage to
the stream channel. Many other channels in the
watershed exhibited disturbance responses such as
increased width, loss of pool habitat due to sedi-
mentation or loss of substrate retention, elevated
water temperatures, loss of side channel habitat due
to loss of sinuousity, increased channel migration,
and loss of channel habitat structure due to lack of
large woody debris. The road system was contribu-
ting to habitat degradation through a) sediment
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delivery caused by road-related slope failures, b)
aggravating existing landslides and slope failures;
c) increased peak flows caused by road drainage, d)
increased routes for sediment delivery to channels
and e) culverts and drainage fills that are often
barriers to fish passage. Regeneration timber har-
vesting and associated road construction has
occurred throughout the watershed. Approximately
30% of the National Forest System lands in the
watershed have been harvested since 1940. These
timber harvest included removal of large woody
debris from stream channels and construction of
road network of moderately high density. Timber
harvesting on the National Forest lands in the
Sucker Creek watershed have decreased substan-
tially since 1990, allowing the forest canopy to
become reestablished in many areas. Sucker Creek's
restoration has been ranked as the Rogue River-
Siskiyou National Forest Forest's second highest of
three priority watersheds (Coquille River is first and
Applegate River is third).

Projects were categorized based on high, med-
ium, and low priority. High priority projects included
instream placement of large woody debris, stream-
bank stabilization, channel restoration, culvert
replacement, road decommissioning, and road stabil-
ization (USFS 2007).

Restoration projects have included large wood
placement, stream bank stabilization and revegeta-
tion, side channel habitat development, riparian vege-
tation planting, riparian thinning, culvert replace-
ment, road stream crossing stabilization, road decom-
missioning and subsoiling, slope stabilization, and
Port-Orford-cedar disease treatment. Some segments
of the Sucker Creek main channel were recon-
structed, using design features based on historic
data. Undisturbed reaches of the stream were used
as reference conditions for stream restoration activ-
ities. New channel segments were created that are
narrower and deeper than the current human-altered
channel. This limits solar heating by increasing
shade on the stream channel.  New pools were con-
structed in the stream channel, connecting the Creek
to ground water sources and increasing the amount
of cool water fish rearing habitat, which is critical
during summer months. Portions of the recon-
structed channel flow through existing dense gallery
forest conditions, allowing the stream to benefit
from immediate shade. Planting of new riparian
vegetation was undertaken to establish a riparian
gallery forest consisting of native trees, shrubs, and
grasses. A variety of native trees and shrubs were
selected for revegetation, including disease-resistant
Port Orford cedar, Douglas fir, Ponderosa pine, red
alder, Oregon ash, bigleaf maple, willow, black
cottonwood, snowberry, and Indian plum. Seedlings
were provided by a native plant nursery in the Illi-

nois Valley and were grown at an elevation similar
to the project site. A ¾-mile-long section of a Forest
Service road adjacent to Sucker Creek was decom-
missioned. The degraded road had delivered fine
sediment to the creek over time. Decompacting,
recontouring, and replanting this poorly located and
degraded road reduces fine sediment inputs to the
stream.  

Parameters to be monitored to determine the
effectiveness of restoration activities and to assess
long-term trend in the watershed include: fish habitat
and smolt production; physical stream characteris-
tics/channel morphology; water quality; and riparian
vegetation.

Changes in fish habitat are monitored using
stream habitat surveys (Hankin and Reeves 1988).
Localized and more detailed channel surveys and
channel cross-section measurements are established
to test effectiveness of woody debris placement and
channel alterations. Surveys of spawning areas of
coho and Chinook salmon and winter steelhead are
used to gauge long term trends in fish population
dynamics. A rotary screw trapping project was used
to monitor smolt production and responses to habitat
enhancement in Grayback Creek, a tributary to
Sucker Creek.

Post treatment monitoring of native fish popula-
tions indicates promising results. Some new salmon
redds were observed in realigned sections of the
stream channel where no spawning sites were  pre-
viously found. Anadramous species that have bene-
fitted from this restoration project include Pacific
lamprey, steelhead, and Coho salmon. Additionally,
snorkel surveys and fish salvage prior to channel
realignment indicated that native aquatic species
populations have increased.

Changes in physical stream characteristics are
monitored through Rosgen Level 2 surveys, including
cross sections, longitudinal profiles, and Wolman
pebble counts (Rosgen 1996). Some of the stream
characteristics monitored include: cross sectional area,
location and depth of the thalweg, streambank shape,
slope, bed and water surface characteristics (using
pebble counts), longitudinal profiles, and channel sub-
strate composition over time. Physical stream
characteristics are important indicators of fish habitat
suitability. Photo points are also used to document
visual changes to restoration sites and stream reaches
over time. Portions of the Sucker Creek watershed
were mapped using LiDAR (light detection and
ranging) which is a useful tool in detecting geomorph-
ological changes at various scales.  

Water quality monitoring includes water tem-
perature and sediment. Water temperature is moni-
tored directly with Water Temp Pros deployed
annually during the summer. a Solar Pathfinder is
used to monitor the shade and for habitat analysis.
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Sediment inputs to streams would be monitored
indirectly with reviews of Best Management Prac-
tices for road treatments and culvert replacements.
Storm patrols are used for assessing the reduction in
sediment delivery would occur to determine how
stabilized roads and replaced culverts respond to
winter storms. Road sub-soiling treatments are moni-
toring for effectiveness to determine if soil
subsidence has resulted in plow pan or dense/
restrictive soil horizons. 

Effects of riparian vegetation thinning on plant
communities would be monitored through stand
exams and photo points. Stand exams provide
quantitative data on the overall condition of trees,
saplings, shrubs, and forbs on a given site. Photo
points are also used to monitor visual changes in
riparian vegetation over time. 

CONCLUSION
These restoration projects show that, regardless

of scale, many factors that contribute to restoration
success are the same. These include: 1) engaging
stakeholders in the decision-making process, even
if it increases the time and expense of project
implementation, 2) striving for consensus on res-
toration components, 3) encouraging partnerships
and volunteerism to defray costs and encourage a
feeling of “ownership” in the restoration effort, a 4)
employing a holistic approach to restore as many
ecosystem processes as possible, and 5) monitoring
to evaluate successes and failures during and after
project implementation.
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