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“Cherish the berm.
Preservation of vegetated berms is a form
of flood risk reduction.”
— Peter Buck, SAFCA
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POTENTIAL EFFECTS ON RIPARIAN HABITAT
WITHOUT A REGIONAL VARIANCE TO THE
USACE VEGETATION MANAGEMENT POLICY
The Sacramento River Bank Protection
Project (SRBPP) is an ongoing construction and maintenance effort by the U.S.
Army Corps of Engineers (USACE) to
provide erosion protection along nearly
1,100 miles of the Sacramento River
Flood Control Project (SRCFP) levees
that protect communities and agricultural lands in the Sacramento Valley and
Sacramento-San Joaquin River Delta.
Recent discussions between USACE
and federal resource protection agencies
have highlighted the idea that vegetation
in and around flood-damage-reduction
systems such as dams, levees, and flood
walls can undermine the integrity of the
systems by impacting seepage protection
measures and stability. Following a levee
vegetation workshop sponsored by the
Sacramento Area Flood Control Agency
(SAFCA) in August 2007, we examined
potential impacts to riparian habitat
values associated with implementation
of the proposed USACE vegetation
management policy regarding root and
vegetation free zones along the SRFCP
(See Figure). We assumed that implementation of the proposed USACE
policy would require removal of all
woody species within a 100 foot buffer
strip along the waterside of the levee
crest. We queried the USACE (2007)
GIS Revetment Database for all bank
segments within 100 feet of a levee crest
containing more than 5% overhead cover.
We also assumed that the bank and
floodplain vegetation outside of the 100
foot buffer would remain intact.

are significant: 118 (or more) out of
785 levee miles could be affected by the
policy. Potentially impacted areas are
concentrated downstream (RM 0-80)
where levees are located immediately
adjacent to the channel. Examples
include the Pocket neighborhood
(Sacramento River Mile [RM] 52–53),
the Natomas reach (RM 68), unconfined
meander corridors in upstream reaches,
and the Discovery Park floodplain area
along the Lower American River (RM
0–2). Based upon surveys conducted by
SAFCA, the Pocket and Natomas reaches
could potentially lose some 800 and 173
trees, respectively. In areas with levees
set back farther from the river channel,
removal of levee vegetation would allow
much of the existing riparian corridor to
remain intact.
Adherence to the USACE vegetation
management policy will allow for
inspections and flood fighting access

We found that although the proportion
of shoreline with overhead cover within
the 100 foot buffer strip is low, lengths
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needed to certify flood protection levels
along the SRFCP levees. Removal of
root penetrations into the exisiting prism
of the project levees is hypothesized to
reduce the potential for “piping” failures
along root pathways. However, with the
riparian canopy habitat for avian and
other predators removed, habitat for burrowing mammals that may use the levees
(e.g., pocket gophers, squirrels, and voles)
may be increased, which could increase
the potential for these piping failures
to occur. Losses of plant diversity and
canopy structure could also affect riparian understory indicator species (e.g.,
willow flycatcher, Swainson’s thrush, and
other songbirds); and overstory species
(e.g., Swainson’s hawk and other raptors).
Additionally, nearshore shade and
instream woody debris could be lost as
well, with impacts on rearing fish and
other aquatic resources.
MORE
INFO? noah@stillwatersci.com
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PROPERTIES OF NATIVE RIPARIAN VEGETATION
TO SUPPORT FLOOD MANAGEMENT
The importance of riparian vegetation
for wildlife in California has fueled the
debate about recent efforts to remove
vegetation on levees. The removal of 95%
of the original riparian forest in lowland
rivers over the past century coincides
with a precipitous decline of many
wildlife species. This loss is lamentable.
The restoration of ecological functions is
a worthy consideration, and we contend
that there are properties of vegetation
that help meet flood control objectives.
Over the decades, engineers have been
very creative in applying scientific
principles to design or develop flood
control structures in the Central Valley.
Although the dynamics of vegetation
make it easier for floodplain managers
to ignore (or remove) vegetation than
consider it, certain vegetation properties may help the engineered floodway
meet flood control and ecological goals.
Floodplain managers need as sophisticated an approach with vegetation as civil
engineers have with building materials.
Such a paradigm shift would open up
new opportunities to better protect
infrastructure and improve habitat.
Well-placed vegetation may help corral
some of the variability of dynamic river
systems and may be vital for the functioning of the flood control system in a
cost-effective manner. Our experience
on the Sacramento, San Joaquin, and
Feather Rivers as well as information
from the literature demonstrates that
native riparian vegetation is not only
compatible but may be vital to the longterm functioning of the floodway. Used
appropriately, vegetation protects against
erosion cost-effectively, offers multiple
recreational, biological, and aesthetic
values, needs minimal mitigation and
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BENEFITS OF NATIVE VEGETATION
a Increases shear strength (Thorne and Lewin 1979)
a Reduces water velocity (Gray and MacDonald 1989)
a Armors the bank (Thorne 1982)
a Attenuates the action of wind and boat waves (PWA 2005, Hart)
a Traps sediment (NRCS)
a Slows river meander (Kondolf and Curry 1986, Larson 2006)
a Prevents splash erosion by intercepting the direct impact of rain drops
a Reduces sheet erosion (the transport of material by a shallow, non-concentrated
flow of water)
a Slows runoff (rill and gully erosion, caused by concentration of water in
channels)
a Anchors and reinforces the soil
a Improves soil quality with organic material (aggregation, structure etc.)
a Improves infiltration capacity (porosity, rooting)
a Enhances the soil fauna (microfauna)
a Increases the shear strength of the soil mass

maintenance, and allows managers to
control succession. Policies that ignore
the role of native vegetation in the floodway imperil both wildlife and people.
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HYDRAULIC CHARACTERISTICS OF
CALIFORNIA NATIVE RIPARIAN PLANT
SPECIES (SANDBAR WILLOWS) UNDER
FLOOD CONDITIONS IN A FLUME
A study of the hydraulic response of
California native riparian plant species
was performed in a large flume at
U.C. Davis J. Amorocho Hydraulics
Laboratory. Replicates of a non-vegetated floodplain surface and a sandbar
willow canopy-covered floodplain surface
were reconstructed in the flume. Velocity
distributions, hydraulic head profiles, and
streambed erosion were measured under
various flow regimes with either the bare
soil surface or a sandbar willow surface.
Responses of sandbar willow stems and
branches were observed under various
flood conditions. From the collected data
of sandbar willow tests, we were able to

quantify the vegetation response to flood
flows and to estimate the Manning’s
roughness coefficients under various
flow conditions for various plant species. Preliminary data suggest that the
Manning’s roughness coefficients vary
depending on the vegetation response
to varying flow conditions, and that the
vegetation cover alters the velocity profile
near the floodplain dramatically, which
results in the reduction of surface erosion
over the floodplain.
MORE
INFO? mlkavvas@ucdavis.edu
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TAKE HOME POINTS
• Roughness conditions at the sandbar
willow surface vary with flow conditions, decreasing with increase in flood
flow discharge.
• Roughness over bare soil surface
increases with the flow discharge.
• The willows decreased velocity at the
bottom and increased it at the top of
the flow profile.
• The willows decreased bottom erosion.
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RESTORING AND ENHANCING HABITAT
WHILE PROTECTING LIVES
AND PROPERTY
Traditional methods of levee repair
remove vegetation, woody material, and
fine-grained substrates that provide
valuable riparian habitat and that
improve aquatic habitat for resident and
anadromous fishes. Cumulatively the
length of levee repairs is beginning to
have a significant effect on the available habitat for wildlife and fish of the
Sacramento River. In March 2007, the
Department of Water Resources (DWR)
began to implement a new type of levee
repair designed to restore and enhance
habitat while restoring levee integrity
and protecting lives and property. A good
levee repair should protect the public,
mitigate for impacts on-site, maintain or
improve biological diversity, improve fish
habitat, be implemented in less than one
year, and use public money wisely.

Department of Fish and Game, and the
Army Corps of Engineers to prepare
levee repair designs and landscaping
plans with the goal of making the repairs
self-mitigating. Repairs included a mix of
native vegetation, trees, instream woody
structure, shade, and substrate that
were specifically designed to optimize
conditions for wildlife and resident and
anadromous fishes. The landscape design
features were generally installed between
September 2006 and August 2007.
With these repair sites, DWR and URS
have demonstrated practical methods of
restoring and enhancing riparian habitat
value, while protecting lives and property
from flood hazards.
MORE
INFO? EJ_Koford@URSCorp.com

In 2006, for the first time on the
Sacramento River, URS worked collaboratively with the U.S. Fish & Wildlife
Service, NOAA Fisheries, California

41

RHJV

E.J. KOFORD
URS CORP.

TAKE HOME POINTS
IN GOOD LEVEE DESIGN:
• Stable, functional levees with a 3:1
slope can be built and maintain
biological values.
• Impacts can be largely mitigated onsite.
• Biological diversity can be improved.
• Features beneficial to fishes can be
incorporated.
• Repairs can be implemented in one
year.
• These criteria are wise investments of
the public’s money.

LEVEES

RIVER EDGE ENHANCEMENT:
A KEY ELEMENT OF COMPREHENSIVE
FLOODPLAIN MANAGEMENT
The Sacramento Area Flood Control
Agency’s (SAFCA) highest priority is to
protect life, property, and infrastructure
from catastrophic flooding. The Agency
is also mandated to carry out its flood
management responsibilities in ways that
provide for the optimum protection of
the natural environment with an emphasis on riparian habitat and natural stream
channels. Since the mid 1990s, SAFCA
has been collaboratively planning,
designing, and constructing extensive
levee improvement and bank remediation
works along the urban reaches of the
Sacramento and American River systems.
These streambank protection projects
have successfully improved public safety
and recreation opportunities, while compensating for habitat impacts onsite. In
some cases environmental resources have
been enhanced to a quality exceeding the
pre-construction baseline, and covering a
larger area of the original bank habitat.

Lessons learned based on observations
and empirical evidence suggest that
“lighter” engineering approaches that do
not extend as far up the bank and utilize
smaller quantities of rock to prevent toe
scour, rotational bank failure, and wave
wash are feasible and lower in cost. This
approach when coupled with cobble covered soil fill and vegetative plantings can
lead to enhanced environmental values as
well as stable banks and berms.
MORE
INFO? buckp@SacCounty.net
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TAKE HOME POINTS
• Cherish the berm: berm preservation is
a form of flood risk reduction.
• Using vegetation to stabilize berms is
cheaper than armoring: $200-$2,500/
ft vs. $6,000-8,000/ft for “hard”
methods.
• Riverbanks can be successfully rebuilt,
and some floodplain function can
be restored consistent with flood risk
reduction.
• Using more soil and less rock leads to
an increase in terrestrial habitat.
• The science and techniques will
continue to evolve so long as there is
will to do so on the engineering side
and regulatory side.

Since the mid-1990s, design features and
construction methods have advanced,
based on more rigorous assessment of
bank and levee failure mechanisms, improved understanding of species-specific
habitat requirements, new assessment
tools, and more focused monitoring and
adaptive management. Our methods
have included rock riprap, cobblestone
and soil trenches, and incorporation of
instream woody material and woody
vegetation plantings for shaded riverine
aquatic habitat.
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USE OF VEGETATED LEVEES
AS FLOOD REFUGIA
Ecological restoration projects frequently involve replacing a highly altered
landscape with one that — as a matter of
practicality and economics — uses some
of the altered features to replicate desired
conditions. On the San Joaquin River
National Wildlife Refuge, the Service
and its partners are implementing one of
the two largest riparian woodland restoration projects in California, restoring
2,100+ acres. A focal species is the highly
endangered riparian brush rabbit. This
species has suffered from massive loss
of its dense riparian woodland habitat
throughout its range. The remaining
habitat exists as narrow corridors along
rivers confined by flood control levees,
placing the remaining rabbit population
at risk. When the floodways fill from
levee to levee, drowning is a major mortality factor. The animals will not venture
into open areas, such as those typically
found on levee shoulders, levee-top
roads, grasslands, or agricultural fields.
Prior to development, the rabbits were
able to move up-gradient along side
drainages. These escape routes have
either been effectively destroyed, or
access has been cut off by levees and
other structures. In addition, prior to
development, flood levels and duration
were likely attenuated by the broad open
landscapes that allowed floodwaters to
spread and dissipate. The aggravation
of flood severity within the confined
levee corridors can be catastrophic to
remaining wildlife. This became apparent
during the winter-spring flooding along
the San Joaquin River in 2006, when
the riparian brush rabbit population
suffered unacceptably high mortality due
to drowning. To offset flood-induced
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dense shrubby vegetation preferred by
riparian brush rabbits.
Numerous hurdles were encountered,
including various authorities and their
regulations, levee management, funding,
technical expertise, cultivation, and lack
of proven models.

rabbit mortality, the Service is focusing
on providing high-ground flood refugia,
including constructing densely vegetated
earthen mounds. In addition, levees have
been utilized as a far more economical
and effective means for providing flood
refugia. The restored vegetation on the
levees and mounds is tailored to provide
optimal flood refugia for riparian brush
rabbits. The plantings in the fields are
roughly half trees; on the rabbit flood
refugia areas, there are no trees, just very

Our next focus will be the Buffington
Tract on the Stanislaus River, where we
plan to have a second release area for the
rabbits: we need three self-sustaining
populations before they can be delisted.
There an alfalfa field is used by (the
recently-delisted) Aleutian cackling geese.
We will retain a portion of the field for
geese, but we will restore a portion of it
and use the high ground provided by the
existing levee as well as constructed berms
for additional flood refugia for the rabbits.
MORE
INFO? Kim_Forrest@fws.gov

A very preliminary sketch of what we would like to do with the non-deauthorized
levee on the Buffington Tract.
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DECKER ISLAND
RIPARIAN HABITAT RESTORATION
Delta levees are manmade structures
that support native species and habitats,
yet there is an inherent conflict between
levee maintenance and allowing natural
processes to continue. Many levee
districts have a scorched earth program,
because current policies may penalize
them for allowing habitat to develop.
One solution is to go offsite and create
larger habitat areas.
One such opportunity presented itself
at Decker Island, in the SacramentoSan Joaquin Delta. This restoration
project offered a rare chance to recreate
habitat that existed prior to dredging the
Sacramento River and provided material
necessary for levee reinforcement on
several western Delta Islands. Decker
Island is approximately 20 feet above
sea level because spoils were deposited
on the original marshland when the
Sacramento River was dredged and
straightened at Horseshoe Bend between
1917 and 1937. Exotic weeds and grasses
developed on the dry, upland site, providing little habitat value. The project’s two
phases created 26 acres of native plant

communities and wildlife habitats. Phase
I was completed in December 2000
and created approximately 13.5 acres of
habitat while Phase 2 was constructed
in 2004 and created 12 additional acres
of similar habitat. One setback occurred
when 75% of the project area burned in a
fire on July 4, 2005. Some of the restored
native vegetation, including lots of cottonwoods and alders, was killed, and the
Bermuda grass that had been suppressed
by native rye grasses and sedges began to
re-emerge.
Decker Island habitat consists of a
vegetated terrace and uplands with deep
primary channels cut through the island
and open to the river. Two rare intertidal
species, Mason’s lilaeopsis (Lilaeopsis
masoni) and Suisun Marsh aster (Aster
lentus), benefit from the restoration.
The project creates a mosaic of different
plant communities with varying canopy
layers, vegetation type edges, and water/
land interfaces. The project restores
tidal perennial aquatic, tidal freshwater
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emergent, valley/foothill riparian, upland
scrub, and grassland habitats. Together,
these habitats are designed to function
within the Delta’s natural hydrodynamic
processes. Additionally, the project’s levee
integrity, water quality, water supply
reliability, threatened and endangered
species, and local land use protection
benefits are consistent with the objectives
of the California Bay Delta Authority,
Regional Water Quality Control Board,
and state and federal Endangered Species
Acts. Other benefits of the project include
self-sustaining habitat used by a wide
range of birds, fish, reptiles, amphibians, and at-risk species; the restoration
of natural river processes; and possible
benefits to fish that are part of the Delta’s
pelagic organism decline (“POD”). Permit
conditions required that fish be monitored
for five years. We found that native fish
use the site, but non-natives use it in
greater numbers. It is impossible to design
a project to exclude non-native fish. In the
future, we hope to learn more about Delta
smelt spawning and rearing habitats.
MORE
INFO? dshowers@water.ca.gov

DECKER ISLAND HABITATS
CREATED 2000-2007
aEmergent Marsh – 8.3 acres
aRiparian Forest – 3.4 acres
aRiparian Scrub – 3.85 acres
aOak Savannah – 2.2 acres
aUpland Grassland – 3.0 acres
aShallow Water – 3.5 acres
plus
+ Flood control on Webb Tract,
Twitchell Island, Bradford
Island, and Jersey Island
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THE ENVIRONMENTAL IMPACTS
OF THE USACE ACTIONS FOR CHANGE
After Hurricanes Katrina and Rita, the
U.S. Army Corps of Engineers’ leadership commissioned studies to help the
agency analyze not only what went
wrong from an engineering standpoint,
but also what went wrong from a
planning standpoint. The results of the
Interagency Performance Evaluation
Taskforce (IPET) and Hurricane
Protection Decision Chronology
(HPDC) reports led Corps leadership to
develop the Corps’ “Actions for Change,”
a key component of which involves
the integration of environmental and
social considerations into a risk-based
decision-making process. This shift from
a traditional economic-based NED
(national economic development) focus
will require new methodologies that have
been initially developed and tested for
the Louisiana Coastal Protection and
Restoration study. Our goal is to further
refine and utilize these newly-developed
tools and methodologies to apply them
in California to allow environmental,
public safety, economic, and social goals
to be exhibited and analyzed together
to yield an integrated and collaborative
solution set from a full range of stakeholders.
MORE
INFO? Boniface.G.Bigornia@spd02.

usace.army.mil
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MEETING MULTIPLE OB JEC TIVES

“Floodways are the only places river processes
are happening anymore in the Central Valley.”
— Tom Griggs, River Partners

L E V EMEESE T I N G M U L T I P L E O B J E C T I V E S

A TEST OF A FLOOD-NEUTRAL RIPARIAN
REVEGETATION DESIGN
In the Central Valley most rivers and
streams function as floodways during
high-flow events. These floodways must
convey water in an efficient manner for
the purpose of public safety, and they
are the only places where physical river
processes still operate on the riparian
ecology. Therefore, restoration of quality riparian habitat must take place in
floodways. How do we restore riparian
habitat in the floodway while maintaining flood conveyance? Two-dimensional
hydraulic modeling is a planning tool
that can help design revegetation
plantings that will actually assist in
flood-damage control. In the O’Connor
Lakes Ecological Reserve (California
Department of Fish and Game) riparian
restoration project on the Feather River,
the planting design used the information
about water surface elevation and water
velocity generated by the model under
different hypothetical planting layouts.
Some options (e.g., planting trees) were
determined to be inconsistent with the
goal of flood neutrality. Flexible shrubs

gave a flood-neutral result while providing good upland game bird habitat. The
O’Connor Lakes riparian restoration
project was planted in the fall of 2005
based upon this flood-neutral design.
In early January 2006 the entire project
site was flooded as water moved rapidly
across and through the restoration planting. Our assessment of the behavior of
the flood flows relative to the planting
design was based upon a site visit less
than one month following the peak of
the flood. The designed high-velocity
corridor functioned well with effective
sediment transport apparent. The plantings of woody species in the low-velocity
backwater area survived with a loss of
10% of the individuals and only minor
disruption of the irrigation hardware.
Flood-neutral riparian revegetation for
quality wildlife habitat can be designed
within a floodway with careful planning
for the hydraulic effects of flood flows.
MORE
INFO? tgriggs@riverpartners.org
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TAKE HOME POINTS
• Riparian revegetation can be designed
to provide quality wildlife habitat AND
facilitate flow conveyance and sediment
transport.
• Revegetation can be used to direct
flows away from flood-control structures.
• Restoration can result in lower floodway maintenance costs.

L E V EMEESE T I N G M U L T I P L E O B J E C T I V E S

RESTORATION AND IMPROVED FLOOD
MANAGEMENT THROUGH FLOODPLAIN
RECONNECTION ON LOWER DEER CREEK
In 1949, the US Army Corps of
Engineers constructed a levee and
partly straightened the lower 8 km (5
mi) of Deer Creek, a tributary to the
Sacramento River near Vina, about 160
km (100 mi) north of Sacramento.The
levee has failed repeatedly, most recently
in 1997, generating interest locally in alternative approaches to managing floods
on Deer Creek. The 1949 flood control
project simplified and partially straightened the channel, reducing its habitat
value for threatened spring-run Chinook
salmon (Oncorhynchus tshawytscha) and
other anadromous salmonids native to
Deer Creek. However, the watershed
is essentially natural, with runoff and
sediment yield similar to pre-levee
conditions. The channel has only partially
recovered its natural complexity (gravel
bars and riparian vegetation) because
of channel maintenance in the 1980s,
and because the levees concentrate flood
flows and thus scour gravel deposits and

seedlings. The Deer Creek Watershed
Conservancy is now evaluating the
feasibility of an alternative approach:
setting levees back to allow flood flows to
spread out onto the adjacent floodplain.
The advantages should be increased
reliability of the levee system by reducing
stresses on individual sections of levee,
and improved in-stream and riparian
habitat as a more complex (and more
hydraulically rough) channel evolves.
Deer Creek was originally a phenomenally diverse habitat with multiple
channels and frequent alternations
between pools and riffles. Channel
complexity is important because vertical
undulation in the streambed drives the
hyporheic flow, creating temperature
refugia for salmonids. To document the
reduction in channel complexity between
the pre-levee and current condition, we
examined high quality aerial photographs
from 1938, 1952, 1966, 1979, 1985, and
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TAKE HOME POINTS
• Reduced floodplain connectivity can
reduce channel and riparian complexity (especially when paired with flood
control maintenance).
• Reduced channel complexity can
reduce the potential for hyporheic
exchange.
• Flood management that accomodates
complexity could extend periods with
suitable temperatures for salmonids.
• Analysis of historical change in habitat
can provide a basis for developing
restoration objectives.
• Deer Creek presents an unusual opportunity to restore a self-maintaining
system with high habitat values.

1998, and systematically quantified (in
ArcGIS) changes in river corridor complexity by digitizing a range of features in
each set of photos. Total active channel
length in the levee reach decreased from
14.4 to 12.6 km (9 to 7.9 mi) between
1938 and 1998. Average active channel
width increased and shaded riverine
aquatic habitat decreased between 1938
and 1998. These changes occurred mostly
during project construction in 1949, but
the simplified channel form persisted
through 1998. These data provide a
context within which to develop restoration objectives, and to prioritize, locate,
and develop designs for alternative flood
management approaches that could
enhance and restore aquatic and riparian
habitat along lower Deer Creek.
MORE
INFO? kondolf@berkeley.edu

48

RHJV

L E V EMEESE T I N G M U L T I P L E O B J E C T I V E S

AGENCY COLLABORATION
CAN RESOLVE ENVIRONMENTAL VS.
MAINTENANCE CONCERNS
The rivers and streams of the Central
Valley are floodways during high-flow
events, protecting public safety, transportation, and the economy of the state.
Activities that maintain their function
as floodways, including levee repair and
vegetation and sediment management,
can conflict with ecosystem protection
and environmental laws. These floodways
have a mix of private and public owners and are under the jurisdiction of

multiple agencies with diverse and often
conflicting purposes. The O’Connor
Lakes Ecological Reserve project on the
Feather River provides an example of
how the agencies forged a series of agreements that allowed a riparian restoration
project, including endangered species
habitat, to be planted in the floodway.
MORE
INFO? ngm@water.ca.gov
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TAKE HOME POINTS
• O’Connor Lakes means different things
to different agencies: a floodway
to DWR, a recreation area to DFG,
endangered species habitat to FWS.
• Memoranda of Understanding between
agencies can lower the social costs of
projects and decrease litigation.
• The O’Connor Lakes MOU may have
broader application.

L E V EMEESE T I N G M U L T I P L E O B J E C T I V E S
BEAR RIVER

A CASE STUDY IN OPPORTUNITIES AND
CHALLENGES OF SETBACK LEVEES
The Bear River Levee Setback Project
at the confluence of the Bear River and
Feather River in southwestern Yuba
County is part of a program of flood
control improvements being implemented in an area that has experienced several
devastating floods in the last 50 years.
Funded by $3 billion from Proposition
1E, the project replaces an aging levee
with a new levee constructed to modern
standards on known foundation conditions, reduces upstream water surface
elevations during high flow conditions
by expanding the floodplain, and restores
fish and wildlife habitat in the expanded
floodplain. Construction of the setback
levee and grading of the restoration
area was completed in November 2006;
restoration planting began in November
2006 and continued through fall of 2007.
A key design consideration was to avoid
stranding fish.

Construction of setback levees represents
a key shift from traditional flood control
protection improvements that have
typically resulted in loss and degradation
of natural riverine processes and the
habitats they support. Setback levees are
becoming a favored engineering solution
out of increasing concerns regarding
levee integrity, and they provide a prime
opportunity to restore natural floodplain
processes and conduct large-scale habitat
restoration. This project serves as a
valuable case study in overcoming the
challenges associated with the complex
multi-disciplinary nature of such endeavors and their wide range of objectives
and constraints.
MORE
INFO? anne.king@edaw.com
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BEAR RIVER

RESTORATION DESIGN FOR
THE BEAR RIVER SETBACK LEVEE
Floodplains and associated riparian
vegetation support natural biotic
communities that are becoming increasingly scarce in the Central Valley.
Environmental enhancement of the Bear
River setback levee project area and Bear
River floodway walnut orchard will partially restore these communities to their
former range. It is necessary to identify
project goals, objectives, management
hypotheses, implementation procedures
and potential implementation challenges for successful riparian restoration
within the setback levee area. The project
designers used current and historical site
conditions such as land-use, soils, topography, hydrology, vegetation, and wildlife
to guide the formation of a conceptual
site model. The conceptual site model
was the basis for a plant design specific
to the soils, topography, and hydrology
present within the setback levee area and
adjacent orchard.

Costs and barriers to the use of setback
levees on a greater scale include the costs
of land acquisition and flood easements
and relocating infrastructure, possible
site contamination, finding borrow material and suitable existing levees, loss of
farmland and public relations issues, and
possible water rights disputes.
Benefits of setback levees include
improved flood risk management
throughout river systems, the return of
more natural, dynamic hydrologic, and
geomorphic processes of river systems,
and helping populations of native species
thrive and threatened and endangered
species recover.
MORE
INFO? debra.bishop@edaw.com
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Representative Setback
Levee Projects
• Bear River
• Natomas Levee Improvement Project
• Feather River above Star Bend
• Cache Creek (3 sites)

L E V EMEESE T I N G M U L T I P L E O B J E C T I V E S
BEAR RIVER

BEAR RIVER

MULTI-OBJECTIVE FLOODPLAIN
MANAGEMENT ON THE BEAR RIVER
The project site is located at the confluence of the Feather and Bear Rivers
between Sacramento and Yuba City,
where a levee setback project was recently
completed as part of a local flood control
project. The completed project provided
the opportunity to combine flood protection with ecosystem restoration. The
levee setback lowers flood elevations in
the Bear River while strengthening flood
defenses of an adjacent development.
The additional floodplain that has been
exposed through these actions provides
an area that will be frequently inundated
to allow food chains to develop for favorable ecological conditions. The feasibility
of this project was undertaken using a
methodology to identify the Floodplain
Activation Flow (FAF), geomorphic
analysis, and two-dimensional hydraulic
and sediment transport modeling.
Floodplain activitation flows, events that
are rare in the Central Valley due to flow
regulation, channel incision, and levee
construction, are defined by the flows
that inundate the floodplain for at least
two weeks during the spring in at least
two years out of three. The feasibility
study done prior to restoration identified
that up to an additional 66 acres of prime
habitat could be restored for a variety of
species while lowering flood elevations,
and without significant impacts to the
geomorphic regime of the river system.
Levee setback projects such as this one
are models for floodplain management
and are one of the few ways of achieving
both increased flood protection and
ecosystem restoration.
MORE
INFO? e.ginney@pwa-ltd.com

ERIC GINNEY, ANDREW COLLISON, JOHN STOFLETH,
ELIZABETH ANDREWS, CHRIS BOWLES
PWA, LTD.

TAKE HOME POINTS
• Huge opportunities exist within the Central Valley for flood hazard reduction in combination with ecosystem restoration through levee setbacks. These opportunities should
be maximized.
• Levee setbacks allow for rehabilitation of crucial physical processes including:
a Allowing rivers room to erode and migrate
a Increasing floodplain inundation and sediment deposition
a Conveying floods
• If you have physical processes covered, you probably have it all.
• FAF is a useful tool for evaluating and comparing potential project sites and design
enhancements.
• The FAF metric provides a more ecologically-based target for floodplain grading
depths than other benchmarks such as the two-year flood elevation.
• Feather and Bear Rivers are close to the FAF threshold — still lots of restorable
floodplain behind the levees!  
• Hydrodynamic models (that simulate the entire flood hydrograph) are crucially
important in understanding floodplain dynamics such as inundation (timing, location,
duration), fish habitat, and potential fish stranding.

Historic floodplains in the Central Valley (left); mapping of historic channel positions at the
Feather-Bear confluence (right).
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L E V EMEESE T I N G M U L T I P L E O B J E C T I V E S
BEAR RIVER

BALANCING FLOOD PROTECTION
AND RIVER RESTORATION
The Feather and Bear River levee setback
project is a key element of the Three
Rivers Levee Improvement Authority’s
Yuba-Feather Supplemental Flood
Control Program. The $50 million program is designed to address one of the
most floodprone areas of California: the
Yuba, Feather, and Bear River systems.
The program has the purpose of reducing
the existing flood threat to Marysville,
Yuba City, and the surrounding areas
while achieving ecosystem restoration
benefits. The project sets back the levee
at the confluence of the Feather and Bear
rivers and restores floodplain habitat in
the setback area. Unlike conventional
flood control approaches that isolate
rivers from floodplains, setback levees
reconnect the two features and restore
important natural ecosystem processes
and functions, which in turn have high
potential to benefit Chinook salmon
(Oncorhynchus tshawytscha), steelhead
(Oncorhynchus mykiss), Sacramento splittail (Pogonichthys macrolepidotus), green
sturgeon (Acipenser medirostris), and
several other native fish species.

creates refugia for fish species during
peak flows, and the shallow water and
complex shaded riverine aquatic habitat
also offers native fish species highly productive rearing areas and protection from
large piscivorous fish such as striped bass
(Morone saxatilis). The temporary nature
of the flooded habitat and the protection
offered by relatively shallow water and
dense vegetative cover serve to exclude
non-native predatory fish.
The project is important because setback
levees provide the opportunity to achieve
improved flood protection while restoring important floodplain and riparian
habitat functions and values for a variety
of sensitive fish species in California
Central Valley rivers.
MORE
INFO? chris.fitzer@edaw.com.

Setback levees could help reverse regional
riparian habitat losses, increase the effective amount of habitat available to native
fish species, and improve the conveyance
capacity of the floodplain to provide
migration corridors for, and sustain, fish
populations. The newly created floodplain
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TAKE HOME POINTS
• Levee setback projects offer substantial
opportunities for restoring floodplain
habitat functions and values for sensitive fish species.
• Potential for fish stranding is an issue
that must be considered and addressed.
• Solutions are available to minimize the
potential for stranding and allow these
beneficial projects to move forward.

FLOOD CONTROL

FLOOD CONTROL AND FISH

SALMON, FLOODS, AND FOOD:
A DECADE OF FISHERIES RESEARCH
ON THE YOLO BYPASS FLOODPLAIN
For the past decade, our research team
has studied the 24,000-hectare Yolo
Bypass to examine whether this managed seasonal floodplain is a net “source”
or “sink” for the production of juvenile
Chinook salmon (Oncorhynchus tschawytcha). We found that juvenile salmon
were present in the Yolo Bypass during
winter-spring; fish were collected in all
regions and substrates of the floodplain
in diverse habitats. Experimental releases
of tagged hatchery salmon suggest that
fish reared on the floodplain for extended
periods (mean = 33 days in 1998; 56
days in 1999; and 30 days in 2000).
Floodplain rearing and associated growth
is also supported by the significantly
larger size of wild salmon at the floodplain outlet than the inlet during each
of the study years. High growth rates
are a result of a highly productive food
web that is fueled by a unique species of
chironomid (midge). Several lines of evidence suggest that the majority of young
salmon successfully emigrated from the
floodplain, but areas with engineered
water control structures caused comparatively high rates of stranding. Adult
ocean recoveries of tagged hatchery fish
indicate that the floodplain supports better rearing than the adjacent Sacramento
River in years when Yolo Bypass flows
are “overbank.” These results indicate that
floodplain appears to be a viable rearing
habitat for Chinook salmon, making
floodplain restoration an important tool
for enhancing salmon production.

TED SOMMER
CALIFORNIA DEPARTMENT OF WATER RESOURCES

LESSONS FOR HABITAT RESTORATION AND FLOOD CONTROL
• Floodplain is a source (not a sink) for salmon production.
• Hydrology matters….a lot!
• Habitat features matter, but not as much as you might think.

MORE
INFO? tsommer@water.ca.gov
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FLOOD CONTROL AND FISH

JUVENILE CHINOOK SALMON
IN A LARGE-SCALE,
SIMULATED FLOODPLAIN
Past studies demonstrated that outmigrating, juvenile Chinook salmon
(Oncorhynchus tshawytscha), with access
to the Yolo Bypass floodplain, grow and
migrate faster than those restricted to the
main channel of the Sacramento River.
To address hypotheses regarding how
these young salmon use floodplain vegetation during periods of low to moderate
water velocities (< 1m/s) on floodplains,
we conducted (day-time) experiments in
a large (23-m) flume at the UC Davis’ J.
Amorocho Hydraulics Lab containing a
10-m-long-by 1.2-m-wide planted area
of sandbar willows (Salix interior). The
flume was maintained at 1.5-m depth
and 16 C. Fish were videotaped, using 19
cameras, to determine positional behavior, including use of vegetation, and their
tail beat (body undulation) frequencies.

JOSEPH CECH, JR., DENNIS COCHERELL, AND M.L. KAVVAS
UNIVERSITY OF CALIFORNIA, DAVIS

day-time habitat for migrating, juvenile
Chinook salmon, during river flow periods that include floodplain inundation.

In the laboratory, tail beat frequencies
were replicated with similar salmon in a
calibrated, Brett-type recirculating-flow
respirometer, where water velocities were
known and oxygen consumption (energy
turnover) rates of the fish were measured.
This approach allowed us to observe the
juvenile salmons’ use of sandbar willow
and to estimate the energetic cost of
inhabiting measured water velocities in
the flume.
Preliminary data suggest that the salmon
use the vegetated (lower-water-velocity)
areas of the flume (e.g., as a hydraulic
refuge), to their energetic advantage.
These results argue for the use of
vegetated (e.g., with sandbar willow)
floodplains, rather than non-vegetated
ones, as potentially energy-saving,
56

RHJV

STEFAN LORENZATO
CALIFORNIA DEPARTMENT OF WATER RESOURCES
JOHN CARLON
RIVER PARTNERS

MORE
INFO? jjcech@ucdavis.edu.

FLOOD CONTROL AND FISH

FLOODPLAIN AQUATIC HABITAT ASSESSMENT
MODEL FOR THE LOWER FEATHER RIVER
(YUBA RIVER BASIN PROJECT)
The U.S. Army Corps of Engineers is
currently evaluating setback levees on
the lower Feather River as a means of
increasing flood protection and restoring
natural floodplain functions, including
flow attenuation and conveyance and
enhancement of riparian and aquatic
ecosystem values. Restoring floodplain
habitat and river-floodplain connectivity
have been identified as key components
of ecosystem restoration and native fish
recovery efforts in the Central Valley.
Recent research has demonstrated the
importance of seasonal floodplain habitat
to native fish species for spawning,
rearing, and food production. To address
these values, Jones & Stokes is assisting
the Corps in the development of a flood-

plain habitat assessment model based on
the life history and habitat relationships
of Chinook salmon, a major focus of species management and conservation in the
Central Valley. The model is being designed to quantitatively compare project
alternatives by translating key hydrologic
and topographic features of floodplains
into measures of habitat quantity and
quality that reflect the relative benefits
of different alternatives with respect to
feeding success, growth, and survival of
juvenile salmon. Parameters used in the
model included stage, months or days of
inundation, width of inundation, average
velocity, and floodplain area.
MORE
INFO? bmitchell@jsanet.com
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FLOOD CONTROL AND FISH

THE SACRAMENTO RIVER BANK
PROTECTION PROJECT: PROTECTING THE
PUBLIC AND THE ENVIRONMENT
Since the 1960s, in order to protect
approximately 2.2 million people in 1.7
million acres in the Sacramento River
Basin Inundation Area, the Sacramento
River Bank Protection Project (SRBPP)
has placed over 700,000 linear feet
(130 miles) of rock revetment on the
Sacramento River banks. Another
100,000 linear feet are identified as in
need of repair. In a major flood, we may
be unable to prevent all levee failures. The
estimated value of these improvements
is around $40 billion. However, these
improvements are not without environmental costs. Current authority results
in significant impacts. Those impacts
include loss of fluvial functioning, effects
on riverine dependent species, loss of
habitat quality (even with approved
mitigation), and direct impacts to eight
endangered species: the Delta smelt, giant
gartner snake, valley elderberry longhorn
beetle, the Sacramento River winter-run
Chinook salmon, the Central Valley
spring-run Chinook salmon, Central
Valley steelhead, and the green sturgeon.

MICHAEL DIETL
U.S. ARMY CORPS OF ENGINEERS

SRBPP INTERAGENCY WORKING GROUP ACCOMPLISHMENTS
• Completed Standard Assessment Methodology (2003)
• Rip-rap survey and GIS mapping
• Construction and certification of Pocket Floodplain in Sacramento (nine bank
protection sites; 5,000 linear feet)
• Construction of 19 critical sites (15,000 linear feet)

LESSONS LEARNED
• Use and develop interagency forums.
• Pre-existing interagency fourums are critical to sucessfully executing projects and
minimize damage to the environment in an emergency declaration.
• Close coordination with construction contractors is required to carry planning
into a successful on-the-ground project.

wetland trenches, instream woody
material, and floodplain benches. These
sites were located along the Sacramento
River Flood Protection Project in the
Sacramento River and Steamboat
Slough. Since 2001, progress on repairing
erosion sites has been slow due to lack
of funding and environmental concerns
primarily concerning endangered and
threatened fish species. The 28 sites were
designed by an interagency/interdisci-

As a result of biological opinions issued
by NOAA Fisheries and U.S. Fish &
Wildlife in the fall of 2001, interagency
working groups were formed by the
U.S. Army Corps of Engineers and
the California Department of Water
Resources to bring together action and
resource agencies for levee maintenance
projects. During 2006 and 2007 the
Sacramento District of the Corps of
Engineers repaired 28 critical eroding
sites totaling approximately 20,000 linear
feet at a cost of about $120,000,000.
These projects used new, less damaging
bank protection methods, including
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plinary team using Corps engineering
guidance and a Standard Assessment
Methodology developed by the Corps
and resource agencies to assess the
benefits to the environment. As a result,
these constructed sites require little or no
off-site mitigation and were permitted
and constructed in a timely manner.
MORE
INFO? Michael.L.Dietl@

usace.army.mil

FLOOD CONTROL AND FISH

GRASSROOTS STRATEGIES TO PROTECT AND
RESTORE ENDANGERED COHO SALMON HABITAT
PAOLA BOULEY AND TODD STEINER
IN THE LAGUNITAS CREEK HEADWATERS
SPAWN
streams and riparian habitat,
particularly in
those areas of the
watershed that are
suffering increasingly from the
impacts of suburbanization and poor
land-management
policies. Our toolbox includes public
SPAWN (the Salmon Protection and
Watershed Network) works to protect
and restore the largest-remaining, but
critically endangered, wild population of
coho salmon in California, which occurs
in the Lagunitas Creek watershed in
West Marin County. The future survival
of endangered salmon in California is
intricately connected to local land-use
policies, and the health of our surrounding watersheds, in particular, of riparian
forests, which provide cold, clean, foodrich waters for salmon.
Our community outreach and riparian
restoration programs are primarily
focused along private reaches in the
headwater areas of the San Geronimo
Valley, where 50% of Lagunitas coho
spawn in residents’ backyards. We have a
toolbox of educational strategies and
programs aimed at restoring coho
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outreach techniques such as billboards
explaining that it is spawning time and
asking people not to grade, working with
private landowners to stablize their banks
using soil-bioengineering techniques,
repairing unpaved roads that are not
maintained by the county, taking people
on tours of the creek to show them the
salmon, giving presentations in schools,
and conducting spawning surveys.
MORE
INFO? paola@tirn.net

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

THE ROLE OF FLOOD CONTROL PROJECT DESIGN
IN THE CONSERVATION OF FLOODPLAIN
STEVEN E. GRECO AND ERIC W. LARSEN
ECOSYSTEMS AND WILDLIFE
UNIVERSITY OF CALIFORNIA, DAVIS
The flood control system in the Central
Valley of California needs to be redesigned with modern objectives to
simultaneously satisfy ecological values
and flood safety concerns. The design
should focus on maximizing ecosystem
sustainability and minimizing longterm flood risk to urban development.
Engineering design solutions should
explicitly allow for riparian trees and
shrubs in floodplains that also serve
a flood control function. In nearly all
cases, the current flood control system
was designed not to contain vegetation.
The new flood control channels need to
be redesigned with sufficient capacity
to store and convey flood waters from
storms exceeding 200-year flood levels in
the presence of trees and shrubs at moderate to high densities. The flood bypass
systems in the Central Valley need to
be redesigned for greater flood capacities by expanding the distance between
the existing levees (levee setback) or by
creating secondary levees behind the

existing levees. A new trend in reserve
design for the biological conservation
of landscapes is to create “ecological
networks” which are systems of core
reserves and corridors that connect them.
Landscape connectivity is essential to
the long-term population viability of
most wildlife species and is a relatively
new legal requirement of the amended
Natural Communities and Conservation
Planning (NCCP) Act. Flood control
projects should become an integral
component of biological conservation
planning in California because each
requires coordinated regional solutions,
not piecemeal project-by-project solutions. Trees, shrubs, and groundcover and
the ecological processes that sustain their
continued renewal compose the essential
habitats for a myriad of wildlife species
both common and endangered. Reserves
should be designed and managed for
“minimum dynamic area” — the patch
size required so natural disturbance
regimes will not eliminate a species
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TAKE HOME POINTS
• The land area for expanding flood
capacity and protection levels is available.
• Flow analysis indicates adding trees is
also possible and could contribute to an
ecological network (reserve system).
• The northern Yolo Bypass appears to
be a bottleneck in the system.
• The existing Sacramento Valley flood
control system design needs a new
vision incorporating more contemporary societal values.

— in keeping with flood control objectives. The Sacramento Valley provides
examples of bypass redesign, including
potential expansion of the Sutter and
Yolo Bypasses.
MORE
INFO? segreco@ucdavis.edu

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

RESPONSE OF LEAST BELL’S VIREOS TO FLOOD CONTROL
CHANNEL MAINTENANCE ALONG
BARBARA E. KUS AND KIMBERLY FERREE
US GEOLOGICAL SURVEY
THE SAN LUIS REY RIVER
WESTERN ECOLOGICAL RESEARCH CENTER
The San Luis Rey River Flood Control
Project is located along an 11.5-km reach
of the river between Oceanside, CA and
the Pacific Ocean. Constructed during
the early 1990s, the flood control project
includes single- and double-levee reaches
and six out-of-channel detention ponds
that support riparian vegetation. Tall,
structurally complex riparian habitat has
attracted a dense population of endangered
least Bell’s vireos (Vireo bellii pusillus.)
Proposed operation and maintenance
of the flood control channel includes
periodic vegetation clearing and sediment
removal to ensure that sufficient conveyance capacity is maintained. Vegetation
clearing commenced in early 2006, at
which time we initiated a study to evaluate
the effects of channel maintenance on the
population of least Bell’s vireos breeding at
the site. We located and monitored nests
in 2006 and 2007 to compare nest success
and productivity of birds occupying
treated (reaches of the channel cleared of
vegetation in 2006) and untreated (out-ofchannel detention basins and untreated
reaches of the channel) areas. Overall vireo
numbers dropped from 119 territories
in 2006 to 105 territories in 2007 (12%);
however, this decline was consistent with
regional declines in vireo numbers in 2007
and could not be attributed to vegetation
clearing. Apparent nest success (number
of successful nests/total number of nests)
was significantly higher in treated than in
untreated habitat in 2006, but did not differ between the two habitat types in 2007.

difference was detected in 2007. Analysis
of daily nest survival showed year to be
the strongest predictor of nest survival,
with little support for treatment as a
predictive variable other than through
an interaction with year. Proportionately
more nests were placed in treated habitat
in 2007 relative to 2006, likely a response
to extreme drought conditions in 2007
favoring proximity to the low-flow channel. Continued monitoring will allow
us to document longer-term responses
of both birds and vegetation to channel
maintenance and thus contribute to
the identification of management that
promotes the dual goals of flood protection and preservation of biodiversity.
MORE
INFO? barbara_kus@usgs.gov

Similarly, pairs with territories in treated
habitat in 2006 fledged more young
than those in untreated areas, while no
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TAKE HOME POINTS
• So far, there is no evidence of vireo
population decline attributable to
treatment.
• There was a slight shift of territories into
the treatment area in 2007.
• There was no consistent or negative
effect of treatment on nest success,
productivity, or nest survival.
• We need to examine the effect of
vegetation structure on nest survival at
the territory scale.
• Between-year and among-site differences challenge our ability to detect
treatment effects on nest survival and
productivity.
• Continued research-focused monitoring
will be required as the full management
program is implemented.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

THE SANTA ANA WATERSHED PROGRAM,
2007 – INTEGRATING HABITAT AND MIGRATORY
RICHARD ZEMBAL
ORANGE COUNTY WATER DISTRICT
BIRD RECOVERY WITH FLOOD CONTROL
SUSAN M. HOFFMAN
Encompassing 3,200 square miles, the
Santa Ana River watershed is the largest
drainage in coastal southern California,
with a wide variety of habitats. Endangered
species in the watershed include Santa
Ana River woolly star, Santa Ana sucker,
and light-footed clapper rail. Since 1997,
the Santa Ana River Watershed Program
has been working to reverse past damage
to the river and give the large and growing human population an investment in
the river’s resources. We are attempting
to restore the natural functions of the
river and its resources through control of
invasive species, restoration of riparian
habitat, and wildlife management emphasizing rare and endangered species.
About half of the riparian habitat on the
river had been replaced by giant reed,
Arundo donax. We are attempting to
replace the 10,000 acres of weeds with
native cover through natural succession,
and recover migratory songbird populations. Approximately 3,000 acres of giant
reed and associated weeds have been
removed and native riparian habitat
has expanded into at least 60% of the
reclaimed floodplain.

TAKE HOME POINTS
• Stream corridors provide habitat for
nesting birds, including endangered
species, and corridors for large mammals.
• Control of invasive plants like Arundo is
possible. Initial Arundo removal on the
upper Santa Ana watershed is nearly
complete.

Migratory songbird populations, including the endangered least Bell’s vireo, have
greatly benefited with the increased habitat and our management efforts. By 2004,
the vireo population on the Santa Ana
River at 837 territories had become the
largest in existence and had grown to 992
territories in 2005. The vireo has benefited from effective management of the
brood-parasitic brown-headed cowbird.
Several of the partners in these efforts
have been the flood control districts
because of the great benefit in reducing
flood threats by Arundo removal.
MORE
INFO? RZembal@OCWD.com
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• Management requires control of invasive aquatic species, including crayfish,
bullfrogs, and African clawed frogs.
• For some species we still need to fence
people out, but we’re also trying to
reconnect Southern Californians with
their outdoor resources.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

BANK SWALLOW POPULATION
AND HABITAT TRENDS ALONG
THE SACRAMENTO RIVER,
RED BLUFF TO COLUSA
The bank swallow (Riparia riparia) is
a colonial nesting migratory bird and
California Threatened Species, as well as
a Riparian Habitat Joint Venture focal
species. More than 70% of California’s
nesting population occurs on the
Sacramento River and lower Feather
River. The eroding banks along 100 miles
of the Sacramento River between Red
Bluff (River Mile 243) and Colusa (River
Mile 143) contain the most important
habitat for bank swallow colonies in
the state, supporting about 90% of the
Sacramento/Feather breeding population. Bank swallow colony surveys have
been conducted annually since 1986
when 11,304 breeding pairs were
estimated from 53 colonies (Red Bluff
to Colusa). A steady decline resulted in
4,400 pairs at 37 colonies in 1998. Since
then, the population has slowly recovered
to 8,010 pairs at 38 colonies. The primary
threat is loss of nesting habitat through
flood control and bank armoring projects.
Federal and state riprap projects and private rocking activities have armored over
48% of the suitable bank swallow nesting
habitat between Red Bluff and Colusa.
Recent and projected Sacramento River
bank armoring projects have destroyed,
and will potentially destroy vital colony
sites on private and public lands. A plan
for bank swallow conservation is needed
for the Sacramento River. Potential
strategies include: protection of most
of the existing colony sites and eroding
river bank; a spatial analysis of 21 years
of annual colony survey data and bank
armoring to identify sites for potential

JOE SILVEIRA
US FISH & WILDLIFE SERVICE
RON SCHLORFF
CALIFORNIA DEPARTMENT OF FISH & GAME
ADAM HENDERSON AND BRUCE ROSS
CALIFORNIA DEPARTMENT OF WATER RESOURCES
MICHAEL SINGER
UNIVERSITY OF ST ANDREWS, SCOTLAND, UK

TAKE HOME POINTS
• Bank swallow nesting habitat is constantly created and lost as riverbanks erode.
• Bank armoring is a major cause of habitat alteration.
• Numerous small colonies are also important, since large colonies can
suffer catastrophic losses when banks collapse during high flows.
• Flood safety projects need to consider bank swallow habitat.
• Bank swallows have responded favorably to habitat restoration.

rock removal and floodplain habitat
restoration; floodplain soil sample coring
to determine habitat suitability of potential restoration sites; continued annual
monitoring and demographic investigations. Habitat restoration shows promise:
following the removal of a private levee
by the US Fish and Wildlife Service,
2,770 pairs were recorded at Sacramento
River NWR–Flynn Unit in June 2000.
This represents the third largest colony in
bank swallow survey history. In addition
to river bluffs for nesting, grassland for
foraging also supports bank swallow
colonies. The Sacramento River NWR

Comprehensive Conservation Plan identifies riparian and floodplain restoration
and cooperative monitoring and research
as conservation strategies for the bank
swallow and associated species.
MORE
INFO? joe_silveira@fws.gov

Riprap precludes swallow nest burrows.

Eroding banks offer
swallow habitat.
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ENDANGERED SPECIES RESPONSE TO RE-WATERING:
FACTORS INFLUENCING THE RECOVERY OF THE
MCCREEDY AND SACHA HEATH
WILLOW FLYCATCHER IN THE MONO BASIN CHRIS PRBO
CONSERVATION SCIENCE
PRBO Conservation Science detected
a breeding population of California
State Endangered willow flycatchers
(Empidonax traillii) at Rush Creek, a
tributary of Mono Lake, in 2001. Willow
flycatchers had not been found to nest in
the region for over five decades, and EIR
surveys in the 1990s found this species
to be extirpated from Rush Creek. This
population represents a return of an
endangered species to a riparian corridor
under restoration after decades of municipal water diversion and subsequent
channelization. During diversions to the
city of Los Angeles from 1941 through
the early 1990s, Rush Creek received,
on average, approximately 50% of its
natural flow. Importantly, there were nine
years of zero flow, and multiple years of
very heavy, scouring flows during which
Rush Creek received up to twice its
natural flow. Since the onset of restoration, Rush Creek has received over 80%
of its natural flow, and flow has been
continuous since 1986. Rush Creek now
hosts the densest known population of
yellow warblers (a California Species of
Special Concern) in the state, and willow

TAKE HOME POINTS
• Endangered willow flycatchers at Rush
Creek are nesting not in willows but in
Woods’ rose.
• Willow flycatchers are more affected
by brood-parasitic brown-headed
cowbirds than are closely related dusky
flycatchers.

flycatchers returned to Rush Creek
roughly around the year 2000. After
three consecutive years of population
increases, the population has decreased
in each year since 2004. Meanwhile,
the closely-related dusky flycatcher
(Empidonax olberholserii) is sympatric
with willow flycatchers on Rush Creek,
often sharing nest-site type and territory
geography with its congeners. While
willow flycatchers have steadily decreased
in this system, the dusky flycatcher
population has steadily increased. By
examining demographic parameters such
as nest success, fecundity, parasitism
rates, and survivorship, and by comparing additional factors such as nest-site
selection and vocalization frequency
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• Songbirds aren’t on the success criteria
lists for riparian restoration. But if we
weren’t monitoring Rush Creek, we
wouldn’t know about the state’s densest
population of yellow warblers.

about the nest, significant differences in
annual productivity between dusky and
willow flycatchers were documented.
Our data indicate that brown-headed
cowbird (Molothrus ater) parasitism will
continue to present a hurdle to meeting
population targets at restored sites in the
arid West.
MORE
INFO? cmccreedy@prbo.org

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

FLOOD TIMING AFFECTS NEST PREDATION RATES
STACY SMALL
GEOFFREY R. GEUPEL
IN A BREEDING RIPARIAN
RIVER PARTNERS
PRBO CONSERVATION SCIENCE
FRANK R. THOMPSON III
JOHN FAABORG
SONGBIRD POPULATION
USDA FOREST SERVICE
UNIVERSITY OF MISSOURI-COLUMBIA
Habitat restoration projects are often
designed to improve conditions for
breeding populations of birds and
other taxa, yet it has been recently
reported that fewer than 10% of such
projects are monitored for biological
function. Demographic data linked
to ecosystem processes are critically
needed for effective restoration and
conservation planning. Recently developed analytical techniques allow for
modeling of avian nest survival using
categorical and continuous covariates,
time-dependent covariates, and random
effects. In an effort to evaluate conditions
for a breeding population of a riparianassociated species in a habitat restoration
context, we modeled nest survival of
the black-headed grosbeak (Pheucticus
melanocephalus) in relation to biotic
and abiotic factors, including behavior,
brown-headed cowbird parasitism,
microhabitat, landscape composition, and
flood regime, using the logistic-exposure
method and an AIC model selection
approach. Our best-supported model
was median flood date, representing the
“flood effects” hypothesis (wi = 0.296;
odds ratio = 1.009; 95% CI: 1.002,
1.014). The effect direction was positive
for this covariate, indicating a reduction
of nest predation with more spring flooding toward the start of breeding season.
Floods close to the breeding season may
depress populations of nest predators,
particularly rodents, resulting in higher
nest survival. Our results demonstrate a
link between flood timing and terrestrial
bird population dynamics, indicating
that naturalization of the flow regime
to more closely approximate pre-dam

hydrographs should be a primary strategy
for protecting and restoring floodplain
forests in the Central Valley of California
and the breeding bird populations that
depend upon them.
MORE
INFO? ssmall@riverpartners. org

TAKE HOME POINTS
• Restoration sites are comparable to
forest sites in terms of nest predation.
• Nest predation rates were lower with
more spring flooding.
• Floods may regulate floodplain predator populations.
• Naturalization of the flow regime is
important for floodplain ecosystem
restoration.
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IMPACTS OF FLOODING ON RIPARIAN SONGBIRDS:
AN 11-YEAR STUDY OF THE
NADAV NUR, CHRISTINE A. HOWELL,
JULIAN K. WOOD, AND NATHANIEL E. SEAVY
COSUMNES RIVER FLOODPLAIN
PRBO CONSERVATION SCIENCE
Riparian ecosystems in California have
suffered extensive loss of habitat. The
remaining riparian floodplain in the
Central Valley has been altered due to
dams and levees that constrain winter
and spring flooding. The Cosumnes
River Preserve provides an excellent
opportunity to study the natural ecological processes necessary to restore
and maintain healthy riparian habitat
because the river is undammed. PRBO
Conservation Science has carried out an
11-year study of the floodplain habitat
at the Cosumnes River Preserve in order
to evaluate the condition of the bird
community in restored and remnant
riparian habitat and better understand
the value of flooding, during both winter
and spring for the entire community.
We analyzed data on species diversity
and abundance of 22 landbird species in
restored and remnant habitat (12 sites
studied) and on reproductive success of
the song sparrow (Melospiza melodia), the
most abundant nesting species.

aerial insectivores, demonstrated greater
abundance in the spring of the same
year, in relation to winter flooding.
This study demonstrates the value of
natural-process-based restoration, and
of maintaining connectivity between
terrestrial and aquatic components of the
riparian floodplain. Our study will aid in
the planning and evaluation of riparian
restoration projects and will provide
information to managers, enabling them
to manage bird populations and their
habitat to sustain high diversity and
stability.
MORE
INFO? nnur@prbo.org

TAKE HOME POINTS
• Sites varied in abundance, trends, and
reproductive success. Restored sites
appear to converge on mature sites.
• Winter flooding improves conditions
for birds, as indicated by higher nest
success in song sparrows. In addition,
population growth from one year to the
next increased in relation to wintertime
flooding. The mechanism may involve
effects on vegetation and insects.
• Spring flooding has a deleterious effect
on most songbirds.
• The effect of flooding depends on
whether the site is restored or mature,
at least for one species, song sparrows.
• The effect of flooding depends on species. For tree swallow, this year’s winter
floods increase population growth in
the same year. For song sparrow and
common yellowthroat, this year’s winter
floods increase population growth the
following year.

Abundance and diversity of bird species,
though increasing over time, were lower
in restored habitat compared to mature.
Strong links between reproductive
success and hydrologic condition were
demonstrated by song sparrows: reproductive success increased with winter
flooding but decreased as a function of
breeding season flooding. Abundance of
song sparrows and common yellowthroats (Geothlypis tichas) increased from
one year to the next in relation to winterflooding the previous year, implying
increased recruitment of young as a
function of winter-flooding. In contrast,
tree swallows (Tachycineta bicolor),
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IF YOU BUILD IT, WHO WILL COME? LANDBIRD RESPONSE
TO RESTORATION AT THE SAN JOAQUIN RIVER
KARL KRAFT AND MADHUSUDAN KATTI
NATIONAL WILDLIFE REFUGE
CALIFORNIA STATE UNIVERSITY, FRESNO
Biodiversity loss under human landscape
alteration is often sought to be reversed
through ecological restoration. Most
restoration projects focus on restoring
habitat by reintroducing a subset of the
native flora, hoping the remaining species
from the native community return on
their own (the “Field of Dreams” hypothesis). Here we present an empirical study
that examines bird responses to riparian
restoration, specifically avian community
assembly in restored riparian forests at
the San Joaquin River National Wildlife
Refuge. We chose to focus our study on
birds because they are mobile and free
to respond to restoration based upon resource needs. Point counts and vegetation
assessments were employed to investigate
forest development, habitat use patterns,
and bird habitat relationships. The San
Joaquin River and its tributaries flooded
in the spring of 2006, causing some
plantings to die and affecting natural
recruitment by both native and nonnative plant species. Most woody species
have showed resilience to flooding, but
planted understory structure was not
resilient to flooding. In three out of four
restored fields, flood waters didn’t recede
when the river dropped because these
areas were bounded by levees. Standing
water reduced the native seed bank and
created opportunities for the colonization of non-native grasses and forbs. In
response to the change in understory
structure, ground granivores were the
most abundant and diverse functional
group detected each season. Granivores
are attracted to forbs and grasses that
produce large volumes of seeds. Even
though non-native grasses and forbs

provide forage for some bird species, the
entire community doesn’t necessarily
benefit from them. In contrast to the
ground granivores, which are habitat
generalists, only one riparian-dependent
avian species was frequently detected.
Overall revegetation structure has
increased in complexity and 58% of the
riparian species pool has been detected
in restored forests, but natural hydrologic
conditions haven’t been restored yet.
Levees need to be breached as planned
in order to restore the natural flooding
regime. This is needed for maintaining
ecosystem function, structure, services
and long-term sustainability.
MORE
INFO? karlkraft@gmail.com
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TAKE HOME POINTS
• Vegetation structure has increased in
complexity at restored sites.
• Riparian-dependent species have been
detected in restored forests, although
generalist avian species (e.g., ground
granivores) compose the vast majority
of the community.
• Hydrology needs to be restored as part
of the restoration process.
• Long-term monitoring is needed to see
if restoration is following its intended
trajectory.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

HABITAT RELATIONSHIPS OF
BREEDING LANDBIRDS ALONG
THE SAN JOAQUIN RIVER
Riparian habitat and water flows in the
San Joaquin Valley have been seriously
diminished, resulting in changes to the
landbird community. Region-specific information on abundance distribution and
habitat associations of multiple bird species is greatly needed by land managers.
Such information allows informed decisions to be made regarding restoration
design. We surveyed 175 individual point
count stations three times during the
songbird breeding season each year from

2003 to 2005 and measured vegetation
characteristics around each point count
station. We built predictive bird-habitat
association models for species presence,
abundance, species diversity and species
richness. This is the first study of its kind
in this region of the San Joaquin Valley.
We found that individual species were
influenced by a number of different local
habitat features; some related to specific
plant species and others to vegetation
structure and density. Shrub cover and
water cover were positively
associated with multiple bird
Key to San Joaquin River Study Sites
species whereas tree cover was
Transect			
Code
negative for some and positive
private			
BIVI
private			
CMAT
for others. Overall, our results
private			
CAPA
highlight the importance of
private			
CHCA
monitoring for multiple species
private			
FIRE
and demonstrate the need to
Friant Dam			
FRDA
manage for a mosaic of different
George J. Hatfield State Park
GJHA
habitat types.
Great Valley Grasslands (A)

GVGA

Great Valley Grasslands (B)

GVGB

private			

HW41

private			

LWSL

Lost Lake			

LOLA

Lost Lake Island

LOLI

Mendota 			

MEND

Mendota Wildlife Management Area

MORE
INFO? jwood@prbo.org

MWMA

Middle San Joaquin

MISA

North San Joaquin

NOSA

private			

QSTR

private			

RAMI

Rank Island			

RANK

private			

RIGO

Santa Rita Slough

SRSL

South San Joaquin

SOSA

West Bear Creek

WBCR

West Bear Creek Restoration

WCRE

Willow Unit			

WIUN

Willow Unit Nest Plot

WUNI

Woodward Park

WOPA
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JULIAN K. WOOD, RENEE CORMIER,
GEOFFREY R. GEUPEL, AND CHRISTINE A. HOWELL
PRBO CONSERVATION SCIENCE

TAKE HOME POINTS
• The San Joaquin River is an important
resource for birds.
• Individual bird species have a variety
of needs, including general habitat
features and specific plants.
• Research can inform restoration
planners and land managers to help
address the needs of multiple species.
• No one variable can predict the
abundance of all species. Birds need a
mosaic!

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

RESTORING RIPARIAN HABITAT ON
ALTERED FLOODPLAINS BY INTEGRATING
VEGETATION AND AVIAN MONITORING
Much of the information on riparian
habitat restoration in the Central
Valley is based on intact floodplains
with productive soils. The Lower Clear
Creek Floodway Rehabilitation Project
in Shasta County, California, was
designed to restore the stream channel
and floodplains that have been severely
impacted by aggregate and dredger gold
mining and altered flood flows due to
Whiskeytown Dam. Floodplains were
reconstructed with coarse dredge tailings
and floodplain deposits placed on top of
an undulating clay pan with a perched
water table. Original restoration sites
were designed and planted using evenly
spaced cuttings of riparian trees (e.g. willows and cottonwood) on topographically
uniform surfaces. This approach has been
successful in establishing these cuttings,
but the low productivity of the coarse
soils coupled with sediment-starved
post-restoration flood flows has limited
the amount of natural recruitment.
Monitoring results show these sites are
only being used by a limited number of
bird species primarily due to a lack of a
dense understory typical of early successional riparian habitat. Densities of some
bird species are consistently higher on
remnant sites than restoration sites, and
avian species richness is lower in restoration sites. Integrating monitoring results
from vegetation and avian monitoring

has resulted in changes to restoration
design in subsequent phases. Based on
monitoring results, the most recent phase
of restoration has increased the extent
of features that have proven successful
in prior phases, such as saving areas
of mature vegetation, extensive scour
channels, and backwaters. In addition,
site assessments are being conducted
post-floodplain construction in order to
revise planting methods to provide riparian vegetation that provides the necessary
nesting habitat for birds. By integrating
avian and vegetation monitoring we have
been able to adapt restoration designs
to ensure that the needs of a suite of
riparian-dependent species are being
met. The Clear Creek restoration project
has provided important information
for floodplain restoration using dredger
tailings and an effective model of monitoring and adaptive feedback.
MORE
INFO? rburnett@prbo.org
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TEHAMA ENVIRONMENTAL SOLUTIONS, INC.

TAKE HOME POINTS
• Retain remnant patches of habitat,
especially older seral stages, in future
restoration actions.
• Increase the number and size of scour
channels to maximize natural recruitment of riparian vegetation.
• Maximize retention of backwaters and
other wetland features within the active
floodplain.
• Delay riparian revegetation designs for
one full season to allow time to evaluate
site conditions.
• Plant in stages—start with hardwood
cuttings followed by shrub, vine, and
herbaceous plants once site conditions
improve.
• Retain fine soils for use in floodplain
sediments.
• Flood flows are critical for regenerating
early successional stages.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

DESIGN CONSIDERATIONS
FOR RIPARIAN BRUSH RABBIT
HABITAT RESTORATION
The riparian brush rabbit (Sylvilagus bachmani riparius; “brush rabbit”) is one of
the most critically endangered species in
the Central Valley of California, limited
by habitat loss, floodplain clearance, and
loss of upland flood refugia. The continued survival of brush rabbits is tenuous
because isolated, remnant populations
are vulnerable to local catastrophic events
(e.g. flood and fire) on small habitat
fragments. The goal of the recovery plan
for the species is to re-establish three
new self-sustaining populations in order
to reduce its vulnerability to stochastic
processes. The Stanislaus River, a major
tributary of the San Joaquin River, is
subject to widespread ecological stress
from flood control infrastructure and
agricultural conversion of the floodplains.
The historic riparian forest corridor has
been cleared and leveled, reducing the

STACY SMALL AND THOMAS GRIGGS
RIVER PARTNERS
KIM FORREST
U.S. FISH & WILDLIFE SERVICE
PATRICK A. KELLY
CALIFORNIA STATE UNIVERSITY, STANISLAUS

amount of quality habitat (forage and
cover) and high-ground flood refugia
available for the brush rabbit. Design
considerations for a habitat restoration
plan for captive-bred riparian brush
rabbits to be released into the wild along
the Stanislaus River, on the San Joaquin
National Wildlife Refuge have been
revisited. The plan considers brush rabbit
habitat use and behavior and builds upon
lessons learned from earlier reintroduction efforts. The current restoration plan,
reflecting lessons learned from high brush
rabbit mortality in the flood of 2006,
incorporates a network of high-ground
refugia sites (levees, constructed mounds,
and natural topography), basking sites,
and dense shrubby native vegetation for
forage and cover.
MORE
INFO? ssmall@riverpartners. org
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TAKE HOME POINTS
• Shrubby riparian habitat is critical for
riparian brush rabbit recovery.
• More high ground refugia are needed
on the floodplains.
• Vegetated levees can offer important
wildlife benefits.
• Plants can be configured to achieve
multi-species wildlife benefits.
• Habitat can be designed for target
wildlife.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

WATER MANAGEMENT CONSIDERATIONS
FOR CONSERVING NATIVE HERPETOFAUNA CHERYL BREHME, ADAM BACKLIN,
SARA SCHUSTER, AND ROBERT FISHER
US GEOLOGICAL SURVEY WESTERN ECOLOGICAL
IN SOUTHERN CALIFORNIA
RESEARCH CENTER
Amphibians and aquatic reptiles are
dependent upon healthy aquatic riparian
habitats for all parts of their life cycle
and are therefore important as environmental indicators. A healthy habitat can
be defined as one with a natural water
periodicity, natural adjacent riparian and
upland plant cover, high water quality,
and absence of non-native invasive
predators and competitors. All of these
components of their environment can be
enhanced by effective management of the
waterways in which they live. Managing
for a natural hydrological regime is a key
first step in planning for amphibian and
reptile conservation. Amphibians adapted
to ephemeral systems require periodic
drying periods of their habitat in order
to maintain natural channel characteristics and preclude the establishment of
invasive species. In contrast, more direct
methods of invasive species removal may

be required in perennial systems, such
as eradication efforts of predatory fish,
crayfish, and invasive turtles and frogs.
In California, the majority of rivers are
obstructed by dams. Dammed rivers
require management of water releases to
simulate natural hydrological conditions.
These may include periodic large releases
to mimic natural scouring events and
smaller releases to ensure water availability, especially for breeding. Finally,
control of contaminants is recommended
in systems that are surrounded by urban
or agricultural areas as many have been
tied with disease outbreaks, malformations, and mortality.
MORE
INFO? cbrehme@usgs.gov
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TAKE HOME POINTS
• Retaining and restoring the natural
hydrology allows for greater resistance
of herpetofauna to stressors. Keep
ephemeral systems ephemeral and
perennial systems perennial.
• Protect upland buffers.
• Understand threatened and endangered species in your local area.
Special considerations may be appropriate for rare species.
• Non-native aquatic species populations
must be reduced.
• We need robust monitoring programs
to track responses of ecosystems to
impacts and management actions.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE

RESTORATION AND ENDANGERED
SPECIES: WHAT IS THE BEST
MONITORING APPROACH?
Riparian habitats are among the rarest
and most degraded in North America; in
California’s Central Valley over 95% of
the riparian habitat has been lost in the
past century. As part of an unprecedented
effort to restore riparian habitat and
wildlife populations in the region, PRBO
Conservation Science has been conducting intensive monitoring of riparian
bird populations at restored and intact
remnant riparian sites within the Central
Valley to evaluate the success of restoration projects. Restoration monitoring of
birds has occurred since 1993 at multiple
riparian sites along the Sacramento
River, San Joaquin River, and Cosumnes
River. This time series accounts for over
39 “project-years” of data including
approximately 10,000 detection opportunities in riparian habitats. These data
allow comparison of monitoring results
from the multi-species conservation
strategy (used by CALFED), a focal
species approach, and an endangered
species approach in order to investigate

the inferences we obtain from different
avian monitoring strategies. For the
endangered species approach, less than
0.01% of our records included federally
endangered species — in fact a single
data point, the observation of least Bell’s
vireo at the San Joaquin River National
Wildlife Refuge. While these limited
records are extremely important to the
management of endangered species, the
overall inferences that can be drawn from
these data are limited. The multi-species
conservation strategy approach is used
by CALFED and includes all sensitive
species (similar to Bird Species of Special
Concern), yet this approach accounted
for less than 5.0% of our monitoring
records. Thus the inferences that can be
drawn from these data are limited.
The focal species approach includes a
suite of species that fit into different riparian and floodplain spatial features and
habitat characteristics that collectively
represent a healthy riparian system. This
approach includes both common and rare
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TAKE HOME POINTS
• Bird studies provide an excellent means
to monitor the performance of restoration activtiies.
• Focal species approach is most effective.
• Re-vegetation is working to restore a
diversity of songbird populations.

species. Using the focal species approach
for such metrics as bird species diversity
and reproductive success, we were able
to make much stronger inferences from
our data regarding the success of riparian
restoration efforts.
MORE
INFO? chowell@prbo.org

