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he state of California faces some of the greatest challenges in flood management and protection in the nation. It also has some of the most magnificent and diverse riparian forests
and woodlands spanning the state’s bioregions, from the southern and central California
coastal watersheds, to the Central Valley, to the San Francisco Bay-Delta, southeastern deserts,
Sierra Nevada, and northern California mountain ranges and forests. Riparian areas provide wildlife
habitat and corridors, essential reserves, and open-spaces, filter pollutants and improve water quality, and impart other important ecological functions to watersheds. Riparian areas occur within the
floodplain and are the transition between the aquatic and terrestrial environments. But in California
today, unprecedented activities and investments at local, state, and federal levels are proceeding to
reduce the risk and scope of potential damage and loss from flooding — actions and investments
that have the potential to either harm or improve California’s riparian systems. Some of the activities include levee repair and maintenance, flood control, dam improvements, and restoration.
In the 1980s two major conferences on California’s riparian systems were held in Davis,
California, focusing on conservation and management, protection, and restoration (Warner and
Hendrix 1984, Abell 1989). In March 2001, a third conference on California riparian systems
focused on riparian and floodplain processes, habitat management and restoration, monitoring,
and partnerships in riparian area activities (Faber 2003). In December 2007, the Riparian Habitat
Joint Venture (RHJV) held the fourth such conference on California riparian systems, bringing
together the timely and critical issues of riparian conservation and flood management. This same
year, the American Society of Military Engineers, Sacramento Area Flood Control Association,
and the Floodplain Management Association sponsored several high-profile conferences on flood
management, levees, and floodplains.
In the Forward to the 2001 Conference Proceedings, Luna Leopold pointed out how much of
that conference emphasized the linkages and interrelationships of every component of and activity
in riparian systems. In deciding to hold another conference in December 2007, the RHJV recognized that many of the same priorities are still imperative and worth discussing. The similarities
can be seen in the themes on which the 2007 conference
was centered: restoration on agricultural and rangelands;
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What else has occurred since 2001? In the summer of 2005, Hurricane Katrina devastated the
entire Mississippi coast, killing nearly 2,000 people, costing over $80 billion, and extending
devastation from New Orleans, Louisiana on the coast to 100 miles inland to Alabama. The most
destructive aspect of Katrina was the flooding. But where does the next greatest threat of flooding
exist? What is the region with the most vulnerable flood protection system and the most lives,
property, and habitat at risk? The answer is California, and in particular, the Central Valley.
Focus now on wildlife, habitat, and biological communities occurring in riparian ecosystems and
floodplains of California. Riparian areas harbor a great diversity of terrestrial animal and plant
species, and in the aquatic environment are essential to the health of fishes, aquatic invertebrates,
and aquatic plants. The dramatic loss and functional degradation of California’s riparian areas,
particularly in the Central Valley, is well known and has been a topic of concern in many forums.
The RHJV, in part, exists to reverse this trend. But restoring and conserving riparian areas can be
complex and difficult. It requires action and cooperation of federal, state, and local governments,
conservation organizations, landowners, and scientists.
The 2007 conference was developed with integration and stewardship in mind. It hosted agencies,
organizations, scientists, engineers, landowners, and leaders endeavoring to protect the communities, property, and natural resources along the waterways across California. The goal was to have
these diverse stakeholders tackle the many issues before them to work toward integrating needs,
ideas, and solutions for sustaining a safe, vibrant, and healthy environment along the streams and
rivers of California. The opening Plenary Session, with its seven esteemed presenters plus keynote
speaker Dr. Donald Gray, a preeminent expert in soil bioengineering, and the concurrent sessions
created a forum for attendees to better understand the many issues before us while also providing
many avenues for solutions that provide for the meeting of many goals.
With so much at stake and with the current acute awareness of likely future flooding and loss
of riparian areas across California, there is no better time to make a commitment to integrating levee management, flood protection, riparian conservation, and wildlife protection. All those
who are concerned with riparian areas and floodplains, for whatever reason, need to forevermore
work together if the joint goals of conserving riparian ecosystems and protecting human life and
property are to be achieved. This conference was specifically designed to address the critical need
for restoring the essential biodiversity of riparian areas while also ensuring good water quality and
flood safety for our communities. Unless California addresses the integration of these two critical
needs, there will not be adequate solutions for either one.
We hope the 2007 conference will be the first of many such forums working to formulate a
collective commitment to stewardship of California’s riparian areas and floodplains. Our hope is
that conferences and workshops like this one become regular events and lead to on-the-ground
conservation and multi-objective solutions.
This published proceeding of the nearly 80 presentations and discussions that occurred during the
three-day conference will provide a significant contribution towards implementing the next steps
that need to be taken to integrate ecological restoration and conservation and flood management
in California. Doing nothing is no longer an option. The RHJV is committed to being part of the
solution into the future. Those who attended the conference demonstrated that same commitment.
Kevin Shaffer, Conference Chair
Ann Chrisney, RHJV Coordinator
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PL EN A RY SESSION

A note of anticipation hung in the cool gray mist at the early December 2007 Riparian Habitat Joint
Venture Conference, following recent controversy over potential new policies affecting vegetated
levees, which comprise a good portion of the state’s remaining riparian habitat. Addressing the
overarching theme of the conference — integrating riparian habitat and flood management in
California — River Partners’ John Carlon started off the Plenary Session on Day One by pointing
out that the vast majority of Californians have no idea what “riparian” means, but they know they
want a reliable source of
California Secretary for Resources Mike Chrisman reiterated the
drinking water, rivers with
importance of riparian habitat in California. “Riparian areas and
fish, beautiful recreational
corridors will be critical in adapting to climate change, yet they are
areas, and protection from
one of our most heavily degraded ecosystems. We now know that
floods. “Must we sacrifice
naturally functioning riparian areas and flood control systems can be
riparian habitat to achieve
complementary, and we have opportunities to integrate riparian 		
flood protection? The
answer is ‘no.’ We can use
riparian habitat to improve
flood safety while lowering
operations costs; we have
the models to do this.”

areas into flood control design. We also have the obligation to 		
mitigate for loss of riparian habitat.” Chrisman said that his agency
plans to “rethink our historic approach to mitigation,” and focus on
large-scale restoration projects
“Riparian areas and corridors
(like the San Joaquin River) and
regional-level mitigation banks.
will be critical in adapting
Partnerships with working farms and
to climate change, yet they
ranches need to be part of the restoration equation, said Chrisman,
are one of our most heavily
saying there is an “unprecedented opportunity for working landdegraded ecosystems.”
scapes to be part of riparian habitat restoration.”

— California Secretary for Resources
“Can we have our cake and eat it too?” asked the next speaker, the
Mike Chrisman
U.S. Fish & Wildlife Service’s Paul Henson, referring to protecting people
from floods while conserving wildlife in floodplains. The answer, said Henson, is yes, and there
are several examples of where good floodplain management is contributing to the recovery and
possible delisting of endangered and threatened species. On the San Luis Rey River in Southern
California, the Corps cleared some vegetation for flood control, and left a fair amount for the
endangered least Bell’s vireo. With habitat preservation efforts like this one, the vireo has begun
to recover, and delisting is being considered. Other examples of managing riparian areas for floods
and species include the hundreds of restoration projects, such as the setback levee projects on the
Bear River, at Hamilton City, and at O’Connor Lakes, that have been planted with elderberries
for the valley elderberry longhorn beetle. A Sacramento River National Wildlife Refuge project
created swales to transmit high flows across a former agricultural landscape while leaving habitat
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“Riparian restoration and
conservation are almost
always compatible with
flood safety goals.”

— Paul Henson,

U.S. Fish & Wildlife Service

for neotropical migrants, and vegetation was restored to the Truckee
River to lower water temperatures for the cui-ui, a threatened fish.
“Riparian restoration and conservation are almost always compatible
with flood safety goals,” concluded Henson, adding that policymakers, conservationists, engineers, and private landowners must work
together in the future, or “we’re just going to lose these species.”

One such private landowner is Bruce Hafenfeld of the California
Cattlemen’s Association, who spoke next. Hafenfeld operates a family ranch in Weldon, raising commercial calves and cows both on private property and on a federal
grazing allotment in the Sequoia National Forest. “We’ve come a long way to arrive at the day
when cowboys and the Corps of Engineers are invited to speak at a conference like this,” quipped
Hafenfeld. Hafenfeld has enhanced habitat on his ranch and entered into a perpetual conservation
easement to ensure that his Kern River Valley property is maintained as a working ranch. During
times of drought, irrigation ditch water and its associated riparian habitat provide the only habitat
available for species like the willow flycatcher, said Hafenfeld. But putting together a conservation easement took about eight years of working with multiple agencies, a frustrating process.
“Our goal all along was to do a conservation easement to protect habitat and our way of life,” said
Hafenfeld. “We put our money where our mouth is. We developed a management plan for 1.3
acres along the Kern River Preserve, went after a wetland reserve grant, and developed habitat that
increased opportunities for species to come onto my land. We were trying to show that we were
not a liability, but an asset.” Hafenfeld said the most important lesson learned in the process was
that putting together an easement, while it shouldn’t have taken as long as it did, took strong leadership and a willingness for agencies to “get out of the box. You won’t be able to work with people
like me otherwise,” said Hafenfeld. Hafenfeld said he is not the only rancher who is frustrated by
agency bureaucracy, and that he has worked with the Cattlemen’s
Association, conservation groups, and state and federal agencies
“We’ve come a long way to
to put together the California Rangeland Conservation Coalition,
arrive at the day when 		
which will help preserve 30 million acres of rangeland and habitat
in the San Joaquin Valley. The Coalition was formed when ranchers
cowboys and the Corps of
started to complain that the Fish & Wildlife Service was not doing
Engineers are invited to speak
enough to protect ranchland, and neither were conservation groups.
at a conference like this.”
“So we locked a lot of folks in the same room with one door, and
—Bruce Hafenfeld,
didn’t get out until we agreed,” said Hafenfeld. “I never thought I’d
sit across the table from a gentlemen from the ‘leaping frog institute.’
But this is the future, when you bring coalitions of bipartisan groups together.”

California Cattlemen’s Association

PRBO Conservation Science’s Ellie Cohen built on the theme of partnerships in her talk on
climate change and riparian areas. “The water wars of the past will be nothing compared to the
future if we don’t start working together,” warned Cohen, agreeing with Hafenfeld that “it’s going
to take leaving behind business-as-usual attitudes to change things. We’re in that locked room.”
Climate change is happening now, said Cohen, with more frequent and catastrophic flooding,
including levee failures. To mitigate those floods and failures, floodplains should be widened and
restored, with benefits for both people and wildlife. “We have no time to lose,” said Cohen. “The
21st century challenge is going to be managing these systems for flood control and ecosystem
functions. They have to be integrated, or we won’t survive,” said Cohen. “We require healthy
ecosystems and ecosystem services — like pollination — to survive.” The Central Valley Joint
Venture has preserved approximately 110,000 acres of riparian habitat, with 10,000 acres to be
added over the next five years, said Cohen. “Yet we don’t even have a map of total riparian habitat
4
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“We have no time to lose.
The 21st century challenge
is going to be managing
these systems for flood
control and ecosystem
functions.”

or a common definition of floodplain.” The potential exists for preserving 800,000 more acres of riparian habitat, said Cohen, acres that could
sequester carbon, which would help fight the effects of climate change,
and, if restored, could help increase biodiversity.

The Department of Water Resources’ Lester Snow told the crowd
that multiple objective resource management is the way of the future,
as reflected in the new Bulletin 160 — and that includes riparian
corridors. “We’ve messed up some of our watersheds, but we need to
— Ellie Cohen,
look at riparian communities as part of the larger system. If you’re not
PRBO Conservation Science
taking care of the upper watershed, you’re not taking care of the riparian corridor.” With climate change and more precipitation falling as rain than snow, said Snow, a
100-year flow event is actually going to become more of a 60-year flow event. “So when you think
you’ve contained an event, you probably haven’t.” The answer, said Snow, is to focus on increasing
floodplain storage. Snow cited the Yolo Bypass as an example of an
impressive way to preserve farming and offer a relief valve for large
“If you’re not taking care of
flows. “We need to look at more of these opportunities where land is
the upper watershed,
still available,” said Snow. “Preserving ag land can help facilitate flows
you’re not taking care of
for riparian corridors.” Snow said the state is working on a master
plan for flood control, and that Assembly Bill 5 requires land use
the riparian corridor.”
plans to start accounting for flood risk in their safety elements.
— Lester Snow,
DWR
But “flood control” is an oxymoron, said Brigadier General, Commander John McMahon
of the U.S. Army Corps of Engineers. “Flood risk management is how the Corps is looking at it,”
said McMahon. “Our other goal is to improve public safety in the context of flood protection and
risk management of levees. How can we make the current situation better? Once you’re in a flood,
you’re out of control.” After Hurricane Katrina, said McMahon, the Corps realized it cannot provide absolute protection. “The 100-year flood project may now be a 70-year project due to climate
change,” said McMahon. “There’s always a residual risk.” The past attitude on the part of the public
that “the government will protect us” needs to change to fellow citizens
assuming part of the risk, said McMahon. “Then we can engage in a
“Tolerable risk is a good
collaborative process to achieve ‘tolerable risk.’ It’s a good question
question for the citizens
for the citizens of California to deliberate right now.” McMahon said
comparisons between New Orleans and the Delta are “almost scary,
of California to
both with populations behind levees.” But here we have the “privilege
deliberate right now.”
of hindsight without a national tragedy.” In working with California on
— Brigadier General,
its levees, said McMahon, “the Corps will continue to evolve, contribCommander John McMahon,
ute, and listen. What we should be doing is leveraging federal resources
U.S. Army Corps of Engineers
to support the state’s plans.”
The Sacramento Area Flood Control Agency’s Stein Buer echoed the previous speakers, commenting that agriculture and environmental restoration and flood protection go hand in hand.
“Why are the conditions right for this to happen now?” asked Buer. “There are huge problems
from a flood protection perspective: We can no longer trust a levee because it’s there. It has to be
proven effective.” To that end, said Buer, the Corps and the state will need a well-financed and
well-thought-out plan for levee standards. Buer’s agency got an 82% approval rating to establish a
local flood control assessment district: “People are paying attention, they care, they were awakened
by Katrina, they remember the floods of ’86 and ’97,” said Buer. “We have the agencies, the funding, and local support; the moment is here.”
5
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Donald Gray, the keynote speaker, wrapped up the Plenary Session. Gray gave a history of the
vegetation-on-levees issue going back to the 1970s, when, he said, research on the effects of clearcutting hillsides unequivocally showed that tree roots stabilize slopes: When trees were removed,
the frequency and extent of slope failures increased. In the 1980s, a research study initiated and
funded by the U.S. Army Waterways Station on the influence of woody vegetation on earthen
levees, focusing on the Sacramento River, found that roots “significantly increased the stability
and integrity of the levee. We found no evidence of root penetration across or through the levee.”
Then Hurricane Katrina happened, prompting two major independent investigations by the Interagency Performance Evaluation Team
“Blaming the poor
(IPET) and the Independent Levee Investigation Team. “Blaming the
performance of the levees in
poor performance of the levees in Katrina on woody vegetation was
Katrina on woody vegetation
not justified or supported by either report,” said Gray. “Nonetheless,
the Army Corps issued a draft whitepaper directing the clear-cutting
was not justified or
of all vegetation over two inches tall from the levees themselves, and a
supported by either report.”
mandatory 15-foot buffer zone at the inboard and outboard toes.”
In California, a mandate like this could mean deforesting “hundreds of miles of levees,” said
Gray, levees that are “the main source of remnant riparian forests.” And the controversy has
spread to other states. Gray walked the crowd through the alleged disadvantages and limitations
of woody vegetation, but said there are ways of getting around problems that may be attributed
to vegetation on levees. “There is a false association of vegetation with failures,” said Gray. “It’s
like saying the rooster crowing causes the sun to rise.” Gray then described some of the damage
mechanisms—such as a break or breach in the levee—that can cause a levee to fail. An important
failure mechanism, said Gray, is foundation under-seepage, which can
heaving or a blowout on the landward side of a levee. If you have
“There is a false association cause
upward flow and a critical gradient, “watch out,” said Gray. “You lose
of vegetation with
shear strength, and the soil becomes ‘quick’ when you reach a critical
failures. It’s like saying the gradient. If you have a ‘quick’ condition on the landward side of the
rooster crowing causes levee, it doesn’t matter whether there is a tree there or not. The tree
topples when the levee fails, not vice versa. Many different damage/
the sun to rise.”
failure mechanisms were in play in New Orleans, in which the presence of trees played little if any role.”
Most woody vegetation appears to have a beneficial influence on the structural integrity and
stability of levees, said Gray. The roots of woody vegetation growing on a levee reinforce the soil
mantle and can significantly increase resistance to shallow, sloughing failures. Vegetation also
improves resistance to scour and erosion that can occur during overtopping, and can armor and
protect a levee against lateral or tangential surface erosion during high flows. The main adverse
effect occurs in the case of tall, isolated trees growing on a levee that are prone to wind throw or
that promote turbulence and erosion around their base, said Gray.

“Willows and cottonwoods
Levees can be managed for both access and habitat, said Gray, by
choosing appropriate plant species, by locating them properly, and by
are quite supple and
using certain pruning techniques. Gray has found that willows and
flexible, and in a flood tend
cottonwoods are “quite supple and flexible,” and in a flood tend to “bend
to bend over and
over and protect the bank.” Roots of trees or woody vegetation generally
protect the bank.”
provide the greatest soil reinforcement and slope stability. In contrast,
grass cover provides only “intermediate stability,” and levees with only
multiple, residual dead roots (as a result of clear-cutting) are the least stable. Residual, dead roots
will eventually decay, cause weakness, and create potential seepage conduits.
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“If tree toppling or windthrowing is an issue, alternatives to
removing the tree completely can include pruning techniques
such as stub cutting, pollarding, and coppicing,” said Gray.
These techniques lower the tree crown and reduce overturning moments. He also cited the need for more research to
determine appropriate levee vegetation management policies
and practices. The foremost need he listed was to determine
the threat hierarchy from all levee damage and failure
mechanisms and to establish procedures for ranking these
threats for a particular levee system. m
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CONCURRENT SESSIONS
CLIM ATE CHANGE
California State University Chico’s Nobel Laureate Jeff Price began this session by proclaiming
that climate change is either a “coming disaster or a great opportunity depending on how it is
embraced, mitigated for, and adapted to.” What seems inevitable at this point, however, said
Price, is at least a 1°C increase in global temperatures, and more likely an increase of 2-3°C above
pre-industrial times. The bottom line, said Price, is that a 2°C increase — or more — per decade is
non-sustainable from an ecosystem point of view. At this point, said Price, “We are well past any
possible adaptation for ecosystems. Unless someone invents a giant carbon vacuum cleaner, we are
committed to this level of warning.” In the western states, said Price, temperature has increased
2-5°F; the number of days above 90°F has increased; and precipitation (while generally increasing)
has decreased in the Central Valley. Snow season has decreased by more than 16 days, said Price,
with snowmelt occurring earlier. One possible impact on riparian systems everywhere: In areas
that will receive less rainfall due to climate change, more water will need to be diverted from
natural systems to grow crops. That means less water for riparian habitat, said Price. If we do not
seriously reduce carbon dioxide emissions within 15 years, said Price, it will be very difficult to
hold global warming to 2°C (where the European Union has drawn the line), which is already bad
from an ecosystem perspective. Price concluded on a pessimistic note. “I question the ability of
humans to look beyond our own lifetimes. No one wants to think about things that take decades
to fix.”
But California State Parks and Recreation Commission’s Caryl Hart said her agency is definitely
thinking about — and trying to plan for — climate change. “It’s the most pressing environmental
issue of our day,” said Hart. Parks are “fixed” protected areas, and while you can set aside land for
a particular species, said Hart, if conditions become less inhabitable, that species will just move
right out. “We are focusing on species that can’t move out, planning for northward and upslope
movement.” State Parks is coordinating with other public land agencies, land trusts and private
landowners, said Hart, to try to create bigger reserves with more varied topography, and to create a
matrix of habitats using conservation easements so that species can “move from reserve to reserve.”
Other efforts including removing barriers to dispersion, creating
dispersal bridges, and acquiring new conservation areas. State Parks
“Think outside the box:
is also restoring wetlands and acquiring riparian corridors with the
What is going to happen to
Department of Fish and Game and U.S. Fish & Wildlife Service, and
has begun a “cool parks” initiative in which it tries to reduce its annual
these birds, these trees?
emissions. “We are switching to solar and renewable energy in our
We have an obligation to
parks,” said Hart, adding that they plan to sell “green tags” to visitors
think about things in
that will help support renewable energy. Educational and interpretive
a different way.”
efforts about climate change will be ramped up too, said Hart. Her
— Caryl Hart, take home message? “Think outside the box: What is going to happen
California State Parks and
to these birds, these trees? We have an obligation to think about things
Recreation Commission
in a different way.”
“We need to think inside the watershed,” recommended Brock Dolman of the Occidental Arts
and Ecology Center. “Watersheds are our life boats. How do we batten down the hatches?
Watershed by watershed.” Dolman said that riparian systems are inherently set up to be resilient if
we allow them to function. Where they are damaged, we can restore them, said Dolman, using soil
8
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bioengineering to plant and stabilize and make them more resilient to larger, more violent storms.
Another recommendation: creating “mini riparian vignettes” in our landscapes adjacent to development to help absorb stormwater and recharge groundwater. “We need to be local and catch rain
where it falls. We need to decentralize — every house should have a water tank, for example.”
International Rivers Network’s Patrick McCully concurred with the ideas of decentralization and
resiliency. “We need rainwater harvesting in poor areas and cities. And removing structures like
dams and in some cases levees that fragment systems will increase their resiliency.” Such structures
are “maladaptations” to climate change, said McCully. “Dams are designed for a static climate.
None of the world’s largest dams are designed to withstand change in hydrology.” In the face of
more floods due to climate change, said McCully, “hard path flood control will be counterproductive.”
The Department of Water Resources’ Ted Frink concluded the session with another dam-related
warning. “We are going to see a perfect storm with climate change, growing population, and more
intense storms. We are going to be pushed to the edge,
“We are going to see a perfect storm
as are anadromous fish that rely on releases from dams.”
Frink suggested that Californians need get involved powith climate change, growing
litically to push for getting fish past dams, especially with
population, and more intense storms.
all the support for new infrastructure (which will likely
We are going to be pushed to the
include new dams and storage facilities) passed in bond
edge, as are anadromous fish that
measures by voters recently. “If we don’t start looking at
that, all the billions of dollars we’ve spent to restore lower
rely on releases from dams.”
reaches for fish will be for naught. Even those pristine upper
— Ted Frink,
habitats will be on the edge of being able to support fish.”
DWR

L E V E E S : M A I N T E N A N C E A N D V E G E TAT I O N M A N A G E M E N T
With riparian resilience in mind, levee maintenance was among the hotter topics of the conference. The California Department of Water Resources’ David Showers began this session by
proposing that, since so many levee districts have a scorched earth policy, one solution is to go
offsite and do large-scale restoration as mitigation for lost riparian habitat on levees. Showers
described some impressive restoration work done in the Delta, on Decker Island. Thirty-five acres
on the north tip of the island were restored to emergent marsh, riparian forest and scrub, oak savannah, upland grassland, and shallow water habitat. Despite a setback when a large portion of the
restoration project burned in a fire on July 4, 2005, many of the natives came back, Bermuda grass
is being controlled, and there is now a mosaic of habitat where there was previously only weeds.
The site is being monitored for fish use. “Non-native fish use it all year,” said Showers. “Native fish
do use it in the spring. We hope to find a way to enhance the site for Delta smelt and splittail, but
no one really knows what ideal Delta smelt habitat is.”
Scorched earth is not the policy for levees at the San Joaquin River National Wildlife Refuge
complex, even though “it’s a highly altered landscape that’s been leveled and leveed,” said the
Refuge’s Kim Forrest. As part of the second largest riparian restoration project in the state, altered
features (the levees) were used to mimic natural features. During floods, the riparian brush rabbit
uses the 23,000 linear feet of vegetated levees, plus 35 mounds scattered throughout the site, said
Forrest. “We want to build bunny freeways across the levees, with dense shrubby vegetation on
the slopes and a clear area across the road surface. At the toe, we have different vegetation that is
mowable to one foot.” Over the next 10 years, refuge managers will continuing restoring 36,000
additional lineal feet of levees, said Forrest. “It’s crucial that we use those areas as refugia for rabbits and other wildlife.”
9
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The Army Corps’ Les Tong took the traditional approach to levees, describing how they are still
the number one measure used by the Corps to reduce flood risk, followed by evacuation plans,
outreach to communities, and zoning measures. Tong stressed that no matter what measures are
put in place, there is always a residual flood risk.
River Partners’ Daniel Efsaeff showed how, instead of being viewed as an
“Tree roots act almost like
obstacle, levee vegetation can actually further flood control goals. It can
rebar in reinforced
increase soil shear strength, reduce water velocity, armor banks, attenuate
concrete.”
wind and boat wake, trap sediment, slow river meanders, anchor and rein- 			
force the soil, improve soil quality and infiltration capacity, and reduce many types
–Daniel Efsaeff,
River Partners
of erosion. “Tree roots act almost like rebar in reinforced concrete,” said Efsaeff.
U.C. Davis’s M.L. Kavvas presented the results of his flume studies of sandbar willows, in which
he found that willows decrease water velocity toward the bottom of the flume and increase it at
the top. Contary to decades of flood control engineering thought, “Willows increase flood flows,
not reduce them,” said Kavvas. He also found that willows decrease erosion from the bed and that
roughness increased with bare soil.
Stillwater Science’s Noah Hume and the Army Corps’ Michael Dietl inventoried levees along the
Sacramento River that could be affected by potential Corps policies restricting levee vegetation,
and found that out of 785 levee miles, 118 or more would be at risk of being clear-cut, possibly
impacting hawks and other raptors while creating more habitat for unwanted burrowing animals.
“We need to look at the risks versus the benefits and figure out if there is a better use for the
money,” said Hume.
URS’s E.J. Koford thinks he has a better way to spend the money. Good levee repair projects can
and should be implemented in less than a year, said Koford, and should protect the public, mitigate for impacts on-site, maintain or improve biological diversity, and improve fish habitat. Over
the past several years, with its federal and state agency partners, URS has designed and repaired levees using a stable 3:1 slope design, and a mix of native vegetation, trees, instream woody structure,
and substrate designed to optimize conditions for wildlife and resident and anadromous fishes.
SAFCA’s Peter Buck said his agency thinks vegetated berms are “critical.” Citing past floods on
the Sacramento and American Rivers, Buck suggested that vegetated levees prevented catastrophic
failures. “Vegetating levees is a proactive approach rather than reacting to failures after they occur,”
said Buck, who cited Jeff Hart’s use of brush boxes and posts on rivers as especially effective
techniques.

LEVEE SETBACKS
Levees were the focus of another concurrent session, this time on meeting multiple objectives with
setback levees.
One effective way to create or preserve habitat while helping control floods is through the use
of setback levees. The new setback levee at the confluence of the Bear and Feather rivers was the
focus of the first session. EDAW’s Anne King explained how $3 billion from Proposition 1E was
used to remove the old levee (and create the new setback levee) in order to restore ecological processes to the floodplain. On the engineering side, said King, the setback levee provides “a levee of
known integrity, with reduced repair and maintenance” while habitat advantages included a larger
floodplain, restored habitat, and targeted species recovery. A key design consideration was to avoid
fish stranding, said King.
10
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PWA’s Eric Ginney discussed the importance of floodplain activation flows — defined as flows
that inundate the floodplain long enough to feed fish, and frequent enough to significantly benefit
the ecosystem — in designing setback levees. “It provides a more
ecologically-based target for floodplain grading depths than other
“The floodplain activation
benchmarks such as the two-year flood elevation.” The floodplain acflow is a useful tool to
tivation flow is a useful tool to evaluate and compare potential project
sites and design enhancements, said Ginney. He concluded by telling
evaluate and compare
the audience that there are huge opportunities in the Central Valley
potential project sites
for reducing flood hazards while restoring habitat through the use of
and design enhancements.” setback levees, including more areas on the Bear and Feather rivers.
— Eric Ginney, “If you have physical processes covered [in your design], you probably
PWA
have it all,” said Ginney, summing up.
EDAW’s Debra Bishop discussed the reasons why setback levees have not been used more often
to date. Obstacles include the costs of acquiring land, relocating infrastructure, and avoiding
impacting archeological resources; loss of farmland and local revenues, politics, and fish strandings.
In some cases, developers have paid for setback levees, said Bishop. To improve the process, Bishop
suggested using safe harbor agreements, working groups, cost-sharing, and streamlined permits,
and planting in rows for cost-effectiveness.
Her colleague from EDAW, Chris Fitzer, explained that the Bear River setback levees are part of
a multi-phase plan for the Yuba, Feather, and Bear Rivers. The new floodplain created by virtue
of the setback levee creates a refuge for fish during peak high flows, said Fitzer, while the shallow
water and shaded riverine habitat offer native fish productive rearing areas and protection from
predatory fish such as striped bass. Setback levees offer both the opportunity to achieve improved
flood protection while restoring important floodplain and riparian habitat for a variety of sensitive
fish species in Central Valley rivers, concluded Fitzer.
Returning to the Feather River, Michelle Ng of the Department of Water Resources described
how an interagency collaborative process handled an impasse that was blocking the Department
of Fish and Game’s O’Connor Lakes Ecological Reserve program. Multiple agencies with disparate agendas had their own interests — including the U.S. Fish & Wildlife Service, mandated to
protect the endangered valley elderberry longhorn beetle and its host plant, blue elderberry. But
managing for beetle habitat was seen as conflicting with floodway maintenance. “To anyone trying
to do a project, it’s a nightmare,” Ng said. She recounted how local stakeholders were won over by
a Fish & Wildlife Service Biological Opinion that created the equivalent of a safe harbor agreement, potentially setting a precedent for future collaboration.
“Floodways are the only places river processes are happening anymore
“Riparian revegetation can
in the Central Valley,” said River Partners’ Tom Griggs. He summarized restoration work at O’Connor Lakes, informed by models that
provide quality wildlife
were calibrated for the 1997 flood event. Planting trees would have
habitat and facilitate flow
altered the velocity of Feather River flows, violating the criterion of
conveyance and sediment
flood neutrality. “Flexible shrubs instead of trees gave a flood-neutral
transport.”
result,” Griggs said. And shrubby planting created good quail and
pheasant habitat in an area heavily used by upland bird hunters. Most of
— Tom Griggs,
River Partners
the planted vegetation survived the floods of 2005-2006, and the designed
high-velocity stream corridor did its job of moving sediment. “Riparian revegetation
can provide quality wildlife habitat and facilitate flow conveyance and sediment transport,”
Griggs summed up.
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Restoration efforts on lower Deer Creek, a tributary of the Sacramento, must address the legacy of
a 1949 flood control project. “The local congressman brought home the project in the late 1940s,”
said U.C. Berkeley’s Matt Kondolf, the final speaker of the session. “What was on the floodplain
to protect? A few orchards and lots of cows. What a great place it used to be before he dragged
that piece of pork home.” The project was questionably effective; there is still significant flooding
with levee failures. Deer Creek’s channels were simplified by flood control, but it’s still in better
shape than the Feather and is vital for spring Chinook salmon runs. Restoring channel complexity would increase hyporheic exchange, benefiting the salmon. The issue now is whether levees
can be set back far enough to allow floodplain reconnection. Houses on the floodplain present a
constraint, but Kondolf said he has seen constraints change: “Restoration is really a social question,
not a technical question.” He said alternatives are being presented to landowners, and “things are
moving along.”
In a closing panel discussion, session chair Michael Perrone commented that levee setbacks
appeared to meet environmental protection and flood management objectives at the same time
and place. He noted that the state has promised to develop a new flood plan based on multipleobjective management, with a series of workshops pending — a valuable opportunity for input.
Setbacks may be only one component of such a plan. “Setbacks only provide local flood protection,” Perrone continued. “We need another set of solutions to handle
extra water and that can have major habitat benefits themselves”—
“It’s possible to have
such as new bypasses in the Sacramento and San Joaquin basins,
agriculture and habitat
providing habitat for waterfowl and fish. “Three of yesterday’s speakand better flood protection.” ers said they wanted more water back into the floodplain. A system
like that will preserve agriculture and I don’t see another way to keep
— Michael Perrone,
DWR agriculture in the Valley. It’s possible to have agriculture and habitat
and better flood protection.”

R E STO R ATI O N O N AG R I CU LTU R A L L A N D S
The presenters at the Restoration on Agricultural and Rangelands sessions obviously agreed with
Perrone. The NRCS’s Jack Alderson began the first one with a poetic description of how manmade boundaries between agricultural and other lands are arbitrary from a wildlife or physical
processes perspective. “Gravity creates connectivity, organizes the landscape,” said Alderson. But,
he added, some man-made features, such as diversion canals and fences, can also act as barriers to
wildlife passage and natural processes.

“There are 17,000 miles of
Removing barriers to restoration is what Hedgerow Farms’
irrigation canals and ditches
John Anderson is hoping to do, leading by example. “There
are 17,000 miles of irrigation canals and ditches in the Central
in the Central Valley.
Valley,” said Anderson. “If we restored just 10% of them to
If we restored just 10% of
riparian corridors, we could dramatically increase the amount of
them to riparian corridors,
riparian acreage in the state.” Using natural streams as templates
and working cooperatively with landowners, Anderson has begun
we could dramatically increase
restoring stream bank functions along a 2.5 mile stretch of a mathe amount of riparian
jor irrigation distribution canal in Yolo County, planting it with
acreage in the state.”
native grasses, sedges, and rushes, and trees in some spots.

— John Anderson
On lower Putah Creek, a rich riparian corridor supports almost all of the
focal species of the Riparian Habitat Joint Venture, said the Lower Putah Creek Coordinating
Committee’s Rich Marovich. However, in large part due to Monticello Dam and the way it has
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altered hydrology on the creek, bank erosion and invasive species are a problem. Seventy-two percent of the riparian land on the lower creek and its tributaries is privately owned, so cooperating
with landowners is critical, said Marovich. “Regulation prevents the worst outcomes, but collaboration produces the best.” Other lessons learned are that agencies and regulators need to accept
landowner concerns at face value. Often, their concerns and values
are the same as those of agencies and regulators, said Marovich.

“Restoration of riparian
habitat and floodplain
ecosystems on private lands
is benefiting many bird
species, including special
status species.”

PRBO Conservation Science’s Ryan DiGaudio monitored bird
abundance, diversity, and species richness on private lands in the
Central Valley, focusing on managed wetlands, post-harvest flooded
croplands, restored native grasslands, and restored riparian areas.
DiGaudio found that restoration sites older than five years support
more avian diversity, and that private lands harbored many noteworthy species and species of concern. “Restoration of riparian habitat
— Ryan DiGaudio and floodplain ecosystems on private lands is benefiting many bird
species, including special status species,” said DiGaudio.

Bruce Rominger is one of those private landowners who is looking for opportunities to offer
habitat for wildlife and improve water quality. Rominger says just about everyone has some ground
they are not farming that can be used for restoring habitat. “It may not be the classic riparian
habitat, but similar species of animals and birds are using it,” said Rominger. Even narrow strips
can help attract birds like quail and beneficial insects. “I like to believe that we’re going in the right
direction by increasing biodiversity. Every little bit helps.”
Another landowner doing good works — on 7,000 acres — is Scott Stone of the Yolo Land
& Cattle Company. Stone re-uses water from a nearby tomato-canning factory in an area that
receives less than 24 inches of rain per year. He uses rotational grazing,
and put his land in a conversation easement. “If we hadn’t done that,
“We do these projects because
in 10 years, there would be houses and lights all over this mountain.”
we want to. Farmers and
Stone has fenced off ponds, and planted native perennial grasses, trees,
ranchers want to see
and shrubs. He also works with high school students on planting projects, and has seen the return of western pond turtles on his property.
clean air, clean water,
Stone’s motivation? “We do these projects because we want to. Farmers
a healthy environment.”
and ranchers want to see clean air, clean water, a healthy environment.”
— Scott Stone,
But partnerships and funding are critical, said Stone. “Everything costs
Yolo Land & Cattle Company
more than you expect.”
NRCS’s Thomas Moore described technical and cost-sharing assistance available through his
agency and showed an example of an impressive project funded through the Wetland Reserve
Program, called Chorro Flats. A 63-acre agricultural field was enrolled in a conservation easement
program, and a channel was reconnected with its floodplain, capturing 150,000 tons of sediment that otherwise would have flowed into Morrow Bay, said Moore. Project partners were the
landowner, the Coastal Conservancy, the Coastal San Luis RCD, and the NRCS. These riparian
restoration activities have benefited listed steelhead and red-legged frogs as well as all the marine
species in Morrow Bay, said Moore.
U.C. Davis’s Michael Lennox shared the results of his studies of riparian restoration projects
on North Coast ranches. Lennox studied 89 sites on ranches where riparian restoration funded
through NRCS’ EQUIP program has taken place over the last 20 years, comparing active
restoration—where planting and soil bioengineering were used—with passive restoration sites
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that excluded cattle and deer from riparian areas. “Passive restoration brought in native trees,” said
Lennox, “but there was greater species richness with planting.”
A panel discussion included some down-to-earth advice about the future of restoration on private
agricultural land. “Ag is the best thing we have going right now instead of little ranchettes,”
said Bruce Rominger. “But we need to be able to produce and stay competitive economically.
Environmental groups need to know that a carrot works better than a stick.” Rominger added
that he is willing to work — and is in fact working with — regulators who come onto his land
with an open mind, “not trying to shut someone down.” Scott Stone thinks urban dwellers need
to learn more about what goes on on working landscapes. “Farmers and ranchers have to be able
to make a living. There has to be enough of a financial incentive so you can spend time and energy
and money doing restoration. But wildlife and farming and ranching can be mutually beneficial.”
And, said Anderson, “It takes a farmer to talk to other farmers. We still don’t have enough farmers
doing it.” Anderson’s work revegetating irrigation canals inspired several other farmers, including
Rominger and Stone.
In the final session on agricultural and rangeland restoration, non-profit and agency folks
described their partnerships and projects with private landowners. Audubon California’s Chris
Rose described projects he has implemented with private landowners, including Hedgerow
Farms, along with the Center for Land-Based Learning,
NRCS, and RCDs in Colusa and Yolo counties. “We’re
“The number one issue is space.
trying to enhance economic conditions for the farmers, to
Every time we work with a
do restoration that doesn’t negatively impact them,” said
landowner, they are always
Rose. “The number one issue is space. Every time we work
with a landowner, they are always talking about room. But
talking about room. But in order
in order to do a viable wildlife project, we need as much
to do a viable wildlife project,
room as possible.” There also tends to be a certain “culture
we need as much room as possible… that comes along with irrigation ditches and how they are
These are the places that were once organized,” said Rose. Many landowners are afraid of their
canals looking like a jungle. To tackle the problem, Rose
grand riparian jungles.”
says he often widens the canals by grading back the banks
— Chris Rose,
and creating a small floodplain. “These are the places that
Audubon California
were once grand riparian jungles,” he said.
Ducks Unlimited’s Marc Kenyon talked about his agency’s landowner incentive programs. Ducks
Unlimited partners with the Department of Fish and Game to create riparian habitat on marginal lands, said Kenyon, to try to reverse the declines of endangered species. “We’ve had positive
results.” Ducks Unlimited/DFG have signed three-year management agreements with landowners for restoration on 15 properties, during which time the agencies will help control weeds, offer
technical, financial, and irrigation assistance, and supplemental planting. To qualify for its new
“agricultural buffers initiative” program, land must be privately owned within the Central Valley
and adjacent to the San Joaquin or Sacramento rivers or their tributaries. The property must be
grazed on or planted (in crops) during three of the last five years, said Kenyon, and the landowner
must be willing to provide a 50-200-foot buffer and to exclude cattle or conduct prescribed grazing. A non-profit needs to implement the project, and “we like to see some level of interest from
the landowner.” Projects that adjoin land owned by DFG or DWR are desirable, too, said Kenyon.
“We’re trying to create connections.”
For 20 years, Audubon California’s Reed Tollefson has been working to preserve habitat connections on one of California’s largest contiguous willow-alder riparian forests at Audubon’s Kern
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River Preserve. A big problem is invasives — salt cedar, pepperweed, and purple loosestrife — and
while the state has acquired lots of land in the watershed, controlling invasives means working
with private landowners, too, said Tollefson. “Ironically, the weeds smoothed the way for better
land protection easements.”
In contrast, in the upper Klamath Basin, much of the land is privately owned, said U.S. Fish &
Wildlife’s Heather Ray. This makes riparian conservation and management complex, said Ray. She
offered some lessons learned partnering with private landowners, particularly after one restoration project was cancelled mid-way through. “We should have better considered the landowner’s
original goal and his ties to the land,” said Ray (it turns out that one of his children had died
years earlier when the stream flooded). “We should not have tried to
convince him to adapt to Fish & Wildlife Service goals vs. the other
“Restoration needs to be
way around.” Another project on the Sprague River was more succommunity-based vs.
cessful after land ownership changed. Although the initial owner had
consultant-initiated.”
refused to exclude cattle, the new landowner had heard about cattle
exclusion through the local watershed council and had done a few such
— Heather Ray,
U.S. Fish & Wildlife Service
projects on his own and watched the land recover, said Ray. Her bottom
line? “Restoration needs to be community-based vs. consultant-initiated.”
On the lower Mokelumne River, Kent Reeves, for 10 years a biologist with East Bay Municipal
Utilities District, now with Yolo County, worked with private landowners to set up a watershed
stewardship program, including a safe harbor agreement that allows landowners to plant elderberries (habitat for the valley elderberry longhorn beetle) but not be punished if they need to remove
some of the shrubs later on. Seventy-two percent of the lower watershed consists of agricultural,
working landscapes, said Reeves; of that 72%, 40% is planted in wine grapes. “The key thing was to
work with private landowners,” said Reeves. “I did a lot of listening.” But much of the stewardship
plan has been led “ground up,” said Reeves, with many landowners initiating restoration projects
on their own, some using their own money.

OTHER PARTNERSHIPS
Of course not all riparian restoration projects are with farmers. River Partners’ Tad Alexander
explained how at the Turtle Bay Bird Sanctuary on the Sacramento River, before restoration could
proceed, his agency partnered with goats — and a shepherd — to tackle Himalayan blackberry,
Arundo donax, and tree-of-heaven on 47 acres. The grazing goats cleared the way for other eradication methods, including hand-removal and the use of some herbicides. After the invasives were
removed, native woody species were planted. This approach prepared the site to pre-planting
conditions in only six weeks, said Alexander, with minimal damage to existing riparian habitat.
Matthew Grabau of Geosystems Analysis described his partnership with the University of
Arizona and the U.S. Department of the Interior to study the feasibility of large-scale riparian
restoration on the lower Colorado River using direct broadcast of native seed. Benefits of native
seed application include maximizing genetic diversity, potentially high plant densities, improved
native species habitat, and competitive advantage over saltcedar and other undesirable species.
Challenges include the fact that fluffy native seeds are very difficult to keep in place, and that sheet
flow from irrigation can move seed around. And because the seed is applied early to mid-summer,
it must be kept moist.
In an urban setting, the Santa Clara Valley Water District found out the hard way that partnering
with citizens is critical, said the District’s Kristin O’Kane. An initial plan to implement a gabion
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flood control project on a stretch of Adobe Creek ran into trouble when a local agency refused to
grant the necessary right-of-way after outcry from concerned residents. The District had to rebuild
trust with the community before it could come up with an acceptable design, said O’Kane. What
works instead, she told the crowd, is establishing mutual objectives, allowing the community to
take the lead, and adjusting the collaborative process as you go along.
Also in Santa Clara Valley, the Santa Clara County Creeks Coalition’s Richard McMurtry
described his group’s success in generating a broader base of community support and advocacy for
streams. Tactics included phone surveys, videos to present to neighborhood organizations, working with local flood control districts to get friendlier creek policies adopted, and working with the
regional water board to evalute permit applications.

“Restoration is expensive.
Public participation is key.”

— Sheri Emerson,

Santa Rosa Public Works Department

Moving to the northern part of the Bay Area, Santa Rosa Public
Works Department’s Sheri Emerson said citizens advocated for the
city to develop a creek-friendly master plan. A highly visible downtown restoration project has promoted field trips to the creek and
the construction of creekside trails. Otters and Chinook salmon are
using the creek, said Emerson. “Restoration is expensive,” she added.
“Public participation is key.”

MIG’s Dave Dickson explained how, in nearby Napa, citizens rejected four Army Corps flood
control proposals for the Napa River. In 1998, a half-cent sales tax was approved by voters, and
almost $500 million raised at the non-federal level for a collaborative, “living river” plan for the
river. Hay fields at the river’s mouth were converted to tidal wetlands, giving the river back some
floodplain, while eight bridges were replaced, and railroad tracks and buildings in the floodplain
relocated. The result is a vibrant urban riverfront, said Dickson, that has inspired restoration efforts
upstream as well.
In Napa, Marin, and Sonoma counties, The Bay Institute has been working with teachers, students, restorationists, and the community to implement riparian restoration projects. To date, the
STRAW (Students and Teachers Restoring a Watershed) program has restored over 32 acres, by
planting natives and removing invasives on ranches and public land. The Institute’s Emily Allen
told the audience that in 15 years, there has not been one student injury. One famous project that
appeared on the cover of California Farmer magazine began when some students wanted to do
something to help the federally endangered California freshwater shrimp on Stemple Creek. With
help from the STRAW program, they worked with landowner Paul Martin to build a bridge for
cows, and revegetated the creek with willows. PRBO Conservation Science monitors bird diversity
on the restored sites.
And sometimes partnerships involve regulatory agencies. Yolo County’s Kent Reeves described the
programmatic safe harbor agreement put in place on the lower Mokelumne (see Restoration on
Agricultural Lands section), while Fish & Wildlife’s Ken Sanchez described his agency’s use of
conservation or mitigation banks, of which there are now an estimated 56,000 acres in the state
(compared to 13,000 acres in all other states combined). On the plus side, conservation banks are
a free-market enterprise that offers private landowners economic incentives to protect natural
resources, said Sanchez. They save developers time and money by providing them with the certainty of pre-approved compensation lands, provide for permanent protection and management of
important habitats, and are generally large enough to be ecologically self sustaining and/or part of
a larger conservation strategy. On the downside, mitigation is controversial, and questions remain
as to how well the banks’ ecosystem functions can be assessed.
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The Army Corps’ Matthew Vandersande examined hardscape bank stabilization projects throughout the Los Angeles area, finding that most such projects are put in when developments are placed
too close to the edge of a bank and on the outside bends of meanders. To preserve riparian areas,
development along eroding banks should be minimized, said Vandersande. He suggested that in
the future, the Corps will be more interested in setbacks and soil bioengineering to protect banks.
And the Corps’ Jae Chung pointed out that factors outside of the riparian corridor —
how developed a landscape is — can affect wildlife populations as well.

FLOOD CONTROL AND TERRESTRIAL WILDLIFE
Wildlife was the focus of two sessions. The Thursday session on Flood Control and Terrestrial
Wildlife ranged from the Sacramento and San Joaquin and their tributaries to the coastal watersheds of southern California and the creeks feeding Mono Lake, east of the Sierra Nevada. Most
of the speakers presented studies of riparian birds like the bank swallow and least Bell’s vireo,
but rabbits, toads, and turtles had their own moments. If there was an overall message, it was the
dynamism of riparian ecosystems and the need to preserve or replicate the natural processes—
including floods and channel migration—that sustain wildlife populations.
Leading off, U.C. Davis’s Steven Greco discussed how flood control systems in the Sacramento
Valley could be redesigned to conserve floodplain ecosystems and wildlife. The goal would be
an ecological network of core areas, buffer zones, and corridors to allow wildlife to survive in a
human-dominated landscape: “We try to find patches of suitable habitat and connect them by
corridors.” Properly done, this could reduce the need for species listings.
“Believe it or not, Florida is way ahead of us in terms of a statewide ecological network,” said
Greco. For the Sacramento River, the issue is defining the minimum dynamic area: how far levees
should be set back to allow river channel migration to create a mosaic of floodplain plant communities. The current flood control system was designed in 1915, without hydrologic data to guide the
design. Greco contended that the system now “needs a new vision incorporating more contemporary societal values.”
USGS’s Barbara Kus reported the impact of flood control measures on the San Luis Rey River
in Orange County on a federally endangered songbird, the least Bell’s vireo. Devastated by
cowbird nest parasitism and habitat loss, the species had rebounded to a high of 120 nesting
pairs along this managed river: “one of the highest density sites I’ve seen,” said Kus. But plans for
channel maintenance call for mowing vegetation, potentially affecting half the vireo population.
Emergency clearing in the winter of 2005-2006 appears to have had no consistent effect, positive
or negative, on nest success. Vireo numbers at the site declined, but this reflected a regional trend
and could not be attributed to vegetation treatment. Kus stressed the need to continue monitoring
as the full channel maintenance program is implemented.

“It’s a grand experiment,
huge biodiversity on top
of 4 or 5 million people
in the watershed.”

— Richard Zembal,

Orange County Water District

Also in Orange County, the Santa Ana River watershed has the largest drainage in coastal southern California. Richard Zembal of the
Orange County Water District reported that Santa Ana’s Prado Basin
has the largest least Bell’s vireo population in existence, protected
by the trapping and removal of parasitic brown-headed cowbirds.
Other endangered species in the watershed range from the Santa
Ana River wooly star, a plant, in the upper reaches to the light-footed
clapper rail at the river’s mouth. Zembal described successful efforts
to control Arundo donax (giant reed): “A lot of people said it couldn’t
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be done.” But some formerly nightmarish locations are now Arundo-free, and about 1,800 acres
have been restored to native willow and cottonwood. Watershed stewards are also battling invasive
crayfish and African clawed frogs. “It’s a grand experiment,” concluded Zembal, “huge biodiversity
on top of 4 or 5 million people in the watershed. You can’t just fence it off and walk away from it.”
Shifting the focus to the Sacramento Valley, Joe Silveira of the U.S. Fish & Wildlife Service gave a
status report on Riparia riparia, the bank swallow. State-listed as threatened, the colonially nesting
swallow is a Riparian Habitat Joint Venture focal species. Over 70% of its California population
nests on the Sacramento and Feather Rivers, burrowing into their
banks. Population size has fluctuated from a low of 4,400 pairs
“[Bank swallow] habitat is
in 1998 to a current estimate of 8,010 pairs at 38 colonies. “Its
ephemeral — lost and created
habitat is ephemeral,” said Silveira, “lost and created continually as
the river reworks the floodplain.” Almost half the suitable habitat
continually as the river
between Red Bluff and Colusa has been lost to bank armoring.
reworks the floodplain.”
Silveira emphasized the need for future flood control projects to
— Joe Silveira,
consider the bank swallow’s nesting habitat requirements, even if this
U.S. Fish & Wildlife Service
involves removing riprap.
River Partners’ Stacy Small described efforts to reestablish the endangered riparian brush rabbit
along the Stanislaus River at the San Joaquin River National Wildlife Refuge. The range of this
small, secretive rabbit has always been limited, and most of its habitat is gone, leaving scattered
populations vulnerable to flood, fire, and disease. Aided by captive breeding, the restoration
program met a setback in 2006 when extended spring flooding led to near-total mortality of the
rabbits that had been released on the refuge. Released rabbits also experienced heavy losses to
predators. Small described an adaptive-management response that includes constructing mounds
and berms as high-water refugia for the rabbits and planting more of the native shrubs they need
for cover. Current plans also call for revegetating natural high ground and levees and providing
densely vegetated corridors between low ground and high ground sites.
No less than birds and mammals, reptiles and amphibians are key components of riparian fauna,
and many California taxa are state or federally listed as threatened or endangered. Returning
to southern California, USGS’s Robert Fisher assessed the status of three imperiled species,
the arroyo toad, California red-legged frog, and western pond turtle, each with its own habitat
requirements. Arroyo toads, which need low-gradient streams with sandy substrates, have suffered
from changes in hydrologic regimes and the introduction of non-native predators. Almost extinct
in southern California, the red-legged frog requires deep pools in
permanent streams and is vulnerable to fire effects, disease, and inva“As soon as you have human sives. The San Francisquito Canyon population may be lost because
access, people start
of fire-related debris flows. The western pond turtle, California’s only
dropping off their pets.” native aquatic turtle, is losing ground to non-native turtles. “Exotic
— Robert Fisher, red-eared sliders are showing up faster than we can remove them,”
Fisher said. “As soon as you have human access, people start dropping
USGS
off their pets.”
PRBO Conservation Science’s Chris McCreedy, lead author of the Desert Bird Conservation
Plan, recounted the mixed fortunes of a riparian-obligate bird in a recovering ecosystem. Absent
from the Mono Basin for over 50 years, willow flycatchers were found nesting along Rush Creek,
a tributary of Mono Lake, in 2000. Following litigation over diversions, Rush Creek has been
flowing continuously since 1986, and riparian vegetation has returned. The flycatchers, the only
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known population in the Eastern Sierra, nest not in willow but in
“If we weren’t doing
Woods’ rose. “If we weren’t doing monitoring, we wouldn’t know
monitoring, we wouldn’t
the rose was important,” said McCreedy. But the flycatchers remain
vulnerable to cowbird nest parasitism, and the Rush Creek population
know the rose
has declined since its peak in 2004. McCreedy also reported that Rush
was important.”
Creek now has California’s densest population of yellow warblers, another
— Chris McCreedy,
riparian specialist.
PRBO Conservation Science

Wearing her PRBO Conservation Science hat, Stacy Small returned to describe
her dissertation research at the University of Missouri-Columbia on the survival of black-headed
grosbeak nests in restored riparian habitat on the Sacramento River. The grosbeak is a neotropical
migrant and canopy nester. Small identified nest predation as the most important cause of nest
failure, and looked at a number of variables including timing of floods, proximity to farmland, and
whether the nest site was in restored or mature habitat. “Flood timing was the only variable that
showed any effect on nest survival and predation,” she concluded. “Floods close to the breeding season may depress nest predator populations, particularly rodents, resulting in higher nest
survival.” This underscores the importance of naturalizing the flow regime for riparian floodplain
restoration.
Nadav Nur, also with PRBO Conservation Science, had another take on the relationship between
flood events and riparian songbird populations, based on an 11-year study at the Cosumnes River
Preserve. Presenting data mainly on song sparrows, he showed that spring flooding had a negative
effect on recruitment the following year. But winter floods had a different, beneficial impact: “The
greater the winter flooding, the greater the recruitment the year after the flood — but only for
restored sites.” Similar trends were documented for common yellowthroats and spotted towhees,
although these showed no difference between restored and mature sites. Winter flooding appears
to improve breeding conditions for these birds, perhaps via vegetation growth or increased insect
populations. But with the variations among site, species, and hydrography, “there’s no one single
prescription,” Nur cautioned.

“If you build it, who will come?” was the question posed by California State University Fresno
graduate student Karl Kraft, presenting his thesis research on landbird response to riparian
restoration at the San Joaquin River National Wildlife Refuge. Studying fallow fields planted with
native species in 2002, he tried to determine if revegetation — a process complicated by the 2006
flood — created suitable habitat for a functional bird community. Kraft found 51 of a potential 88
riparian bird species in the early-successional restored sites, which had a more diverse bird community than remaining fallow fields. Ground-foraging seed-eaters — habitat generalists — led
other guilds in species diversity and abundance in these sites. Except for black-headed grosbeaks,
riparian-dependent species remained uncommon. Ultimately, Kraft said, restoring a full riparian
bird community would require breaching levees to bring back the natural flooding regime.

“There’s no one variable
or combination of variables
that will benefit all birds.
Birds need a mosaic.”

— Julian Wood,

PRBO Conservation Science

PRBO Conservation Science’s Julian Wood looked at habitat
relationships of breeding birds along the San Joaquin River upstream
from the refuge. His goal was to identify key habitat features for
Riparian Habitat Joint Venture focal species (song sparrow, tree swallow, common yellowthroat) and others. The most important habitat
variables for common yellowthroat were shrub cover, water cover, and
cattails, suggesting that this warbler would benefit from floodplain
restoration. Song sparrows showed positive associations with water
cover and cattails, negative associations with tree richness and low
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herbaceous cover. For tree swallows, snags for nesting were critical. Some features, Wood pointed
out, were important for multiple species. His conclusion: “There’s no one variable or combination
of variables that will benefit all birds. Birds need a mosaic.”
Every restoration project is unique in some ways. Ryan Burnett, also with PRBO Conservation
Science, has worked on lower Clear Creek, a tributary of the Sacramento River, where riparian
habitat was badly degraded by mining. He found that some focal bird species, notably song sparrows, have higher nesting success on restored sites than remnant sites. However, species richness
is consistently lower in restored sites: “We’re not recruiting all the species back onto these plots.”
Spotted towhee and yellow-breasted chat densities remain higher on remnant sites, which have
more low structure for nesting. Lessons from this effort include the need to retain the remnant
habitat patches that some birds require, and to allow flood flows to regenerate early-successional
habitat that other species prefer. Clear Creek is a natural candidate for horticultural restoration:
“You’d better build it, plant it, and hope.”
The final speaker of the session, PRBO Conservation Science’s Christine Howell, looked at the
relative values of endangered, sensitive, and focal bird species as indicators of the success of riparian restoration projects in the Central Valley. Although the nesting of a pair of least Bell’s vireos
at the San Joaquin River National Wildlife Refuge in 2005 and 2006 was a significant event, this
represents only one data point in 39 “project years” of detection opportunities. Adding in other
federal- and state-listed and special concern species covers only 5% of potential detections. But by
combining rare species with riparian focal species like song sparrow and spotted towhee, ecologists
are “able to say a lot more about what is happening” on restoration sites. The expanded metric
shows a doubling of bird species diversity since restoration, and increasing reproductive success as
restored plots mature.
A panel discussion explored the challenge of maintaining riparian
“I’d like to offer a plug
bird species that need early successional habitat. “That’s the biggest
for actually having the
challenge of riparian restoration today: how to keep succession moving in the absence of the natural factors that promote it,” said Barbara
natural processes instead
Kus. Cattle grazing and Native American extractive access have been
of having to simulate them.”
proposed as surrogates for natural disturbance processes. Nadav Nur
— Nadav Nur,
offered “a plug for actually having the natural processes instead of having
PRBO Conservation Science
to simulate them.”

FLOOD CONTROL AND FISH
Natural processes — particularly those of rivers overtopping their banks into floodplains — is at
the core of some new studies about fish. Ted Sommer, with a decade of research under his belt on
fish, floods, and food in the Yolo Bypass, presented some new science about salmon on floodplains.
“The old assumptions were that the bypass and floodplains were
bad for fish,” said Sommer. “But the floodplain is a food source, not
“In channelized rivers,
a death trap for salmon.” Some fish spend up to one to two-and-a
it’s easy for fish to get picked
half months in floodplains, said Sommer, while others flow through.
off by predators.
Sommer has found that when the floodplains drain, there are some
isolated ponds left behind, but that most salmon get off of the
They seem to thrive
floodplains successfully. Compared to the Sacramento River, said
in flooded rice fields.”
Sommer, the bypass has a rich diversity of bugs, and when overbank
— Ted Sommer,
flows occur on the river, the fish fare better in the bypass. “In chanDWR
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nelized rivers, it’s easy for fish to get picked off by predators,” he concluded. “They seem to thrive
in flooded rice fields.”
U.C. Davis’s Dennis Cocherell presented more new science about fish in floodplains. On the heels
of Sommer’s research and M.L. Kavvas’s work on willows in a flume (see Levee Maintenance
section above), DWR’s Stefan Lorenzato thought it might be interesting to see how young fish
reacted with the willows in the flume. Working with U.C. Davis’s Kavvas, Joseph Cech, and
Dennis Cocherell, and River Partners, Lorenzato studied the energetics of juvenile Chinook salmon added to the flume with the willows,
“Young salmon preferred
calibrating their tail beats with water velocity and oxygen consumpto be down amongst
tion. The findings, explained Cocherell, were that the young salmon
preferred to be down amongst the stems, where velocities were slower.
the stems, where velocities
Cech explained that it may be that the young fish can hold their
were slower.”
station better there, staying at approximately the same place within the
— Dennis Cocherell,
flume without using much energy. That could give them more energy for
U.C. Davis
growth or moving or reproduction.
Other studies on fish in floodplains are underway too. With funding from the Army Corps, Jones
and Stokes’ Bill Mitchell is developing a floodplain habitat assessment model based on the life
history and habitat relationships of Chinook salmon. The results will inform a potential setback
levee project on the lower Feather River, said Mitchell.
Meanwhile, the Army Corps’ Michael Dietl has studied 130 miles of rock revetments placed
along the Sacramento River banks over the past nine years as part of the the Sacramento River
Bank Protection Project (another 100,000 linear feet are identified as in need of repair), and found
that those revetments caused loss of fluvial functioning, habitat quality (even with mitigation),
and direct impacts on eight endangered species, among them the Delta smelt, Sacramento River
winter-run Chinook salmon, Central Valley spring-run Chinook salmon, Central Valley steelhead,
and the green sturgeon. During 2006 and 2007 the Sacramento District of the Corps of Engineers
repaired 28 sites using new, less damaging bank protection methods, including wetland trenches,
instream woody material, and floodplain benches.
Coho salmon are the focus of the non-profit group SPAWN in the San Geronimo Valley’s
Lagunitas Creek watershed. Paola Bouley and Todd Steiner described SPAWN’s toolkit of efforts
to save the largest remaining wild runs of coho along the California’s central coast. Although
much of the upper watershed land falls within a 100-foot stream conservation area, said Bouley,
there are infringements upon the conservation area, including development in the floodplain and
pollutants like nutrients, pathogens, fire retardants, and paint in the creek. With Prop 13 and
50 grants, SPAWN is working with private landers to soil-bioengineer eroding banks, and with
the county to repair eroding unpaved roads, with the goal of reducing sediment in the stream.
SPAWN occasionally uses strategic lawsuits to enforce the conservation area, but more often
outreach efforts including billboards that ask people to avoid grading and dumping in the creek
during spawning season.
“We want to focus on creating riparian habitat as well as stabilizing the banks,” said Bouley. “Coho
rely on that riparian habitat. We are trying to do model projects to show people that you don’t just
have to dump rock on the banks.”

21

RHJV

EXECUTIVE SUMMARY

FLOODPLAINS
Fish need floodplains, but so do rivers themselves and entire ecosystems. Yet, said Chris Bowles,
formerly with Phil Williams Associates, “There’s very little floodplain management going on at
the moment.” Through landscape modifications, hydrologic, hydraulic, and geomorphic changes,
floodplains (“the sponges of our ecosystems”) have become disconnected from their rivers. Bowles
stressed the need to prioritize which floodplains to preserve from development with levee setbacks and other tools. This will mean incorporating non-traditional
objectives, such as the rearing needs of anadromous fish. Exemplary
“There’s very little floodplain
successes so far include the Yolo Bypass (being managed by the
management going on at
Department of Fish and Game for multiple objectives) and levee
setbacks on the Bear and Feather Rivers. “Traditional hydraulic/
the moment.”
hydrological approaches may have been perceived to have worked from a
— Chris Bowles
single objective, flood control perspective, but now we are entering a new era of
floodplain management and we need to include multiple functions.”
“As a geomorphologist I get really excited about sediment and stream dynamics, but I’ve learned
quite a bit about vegetation,” said Ken Schwartz of Jones & Stokes, kicking off his presentation on
in-channel vegetation management in Sonoma County. He deals with watersheds in an intermediate state of alteration (“not the Los Angeles Basin, but not the Bear and Feather Rivers either”)
inhabited by sensitive species like freshwater shrimp. Sonoma County Water Agency channel
maintenance has a large vegetation management component: pruning, thinning, mowing, planting. Both native plants like arroyo willow and invasives like ludwigia can choke stream channels.
“Thinning for impact [on flood conveyance] is not the whole story,” Schwartz said. “If you’re
managing for impact, you’re putting things back in” — for example, planting white alders to shade
the channel and limit cattail growth.
A postdoctoral student at UC Davis, Theresa S. Talley concentrated on a significant floodplain
plant species, the blue elderberry, host for the federally threatened valley elderberry longhorn
beetle. Blue elderberry is a common shrub, but its habitat requirements are not fully understood,
and its survival rates in restoration sites are variable. Talley studied elderberry distribution on
Cache Creek, Putah Creek, and the Cosumnes and American Rivers. Hydrologic processes
accounted for the presence or absence of elderberry, but variations in local density were only
partially explained and may result from stochastic processes such as seed dispersal by birds. She
said her research can inform planting plans for the shrub. Whether the beetle will show up is
another matter; only one in 20 elderberry restoration sites ends up being colonized by the insect.
Floodplains are expected to flood, but exceptional flood events pose a special challenge for restoration projects. Lauren Singleton works with River Partners, which replanted 800 acres of the San
Joaquin River National Wildlife Refuge in 2002 with 13 native tree and shrub species. In April
2006 the San Joaquin flooded nearly all the refuge’s restoration sites, which remained submerged
until August. Post-flood surveys showed variations in survival rates among plants. Singleton
reported that coyote brush and blue elderberry did not tolerate flooding at all; California rose and
California blackberry had low survival rates; cottonwood, buttonbush (button willow), Oregon ash,
and black willow were highly flood-tolerant. Adaptive management strategies for the restoration
area include using species that performed well in 2006 in sites with long-duration flood potential,
reserving flood-intolerant species for high ground, and improving drainage for elderberry. Plant
species performance will also be studied in a laboratory setting.
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Closing the first floodplain session, Dan Efseaff, also with River Partners, described multiobjective floodplain management on the Sacramento River. The mix of stakeholders includes
the Princeton, Codora, Glenn, and Provident Irrigation Districts and the U.S. Fish & Wildlife
Service, which manages an adjacent riparian sanctuary as part of the Sacramento River National
Wildlife Refuge. Outreach, Efseaff said, was critical: “It started with a public meeting attended
by 70 people; in Glenn County that’s quite an event.” Protection for
the irrigation districts’ pumping plant and its fish screen had to be
“We have beautiful silt;
addressed. As for restoring the weed-grown sanctuary site, “we wanted
we can grow anything.” a flood-neutral design allowing for habitat and conveyance. We have
— Dan Efsaeff, beautiful silt; we can grow anything.” So far the project’s Phase I, a
River Partners
feasibility study, has been completed; some difficult issues, including
bank swallow habitat, will be tackled in the next round.
U.S. Fish & Wildlife’s Kenneth Griggs began the second half of the floodplain session with an
evaluation of wildlife response to a large-scale riparian restoration project at the San Joaquin
River National Wildlife Refuge: fallow agricultural land was restored to 1,430 acres of riparian
forest and 700 acres of wetlands (see summaries above). Often in restoration projects, monitoring
gets overlooked or is underfunded, said Griggs, but in this case, 10 studies — of small mammals
including the riparian brush rabbit, songbirds, invertebrates, and plants — have been conducted
since 2002 by Fish & Wildlife and its partners. Nine attributes of
restoration success outlined by the Society for Ecological Restoration
“Long-term studies are
are being monitored, said Griggs. Results so far show that restored
the key. Simply put, project
habitat is being colonized or supporting many wildlife taxa or is
on a trajectory to do so; however, species like the valley elderberry
success can’t be judged
longhorn beetle and riparian brush rabbit will optimally need more
without monitoring.”
mature habitat. “Long-term studies are the key,” concluded Griggs.
— Kenneth Griggs,
“Simply put, project success can’t be judged without monitoring.”
U.S. Fish & Wildlife
Future monitoring, said Griggs, will incude reptiles, bats, large mammals, and fish.
On the Tuolumne River, said the Tuolumne River Trust’s Patrick Koepele, restoration work has
succesfully increased floodplain inundation. “We’ve had dramatic success with the 5 to 10-year
flood frequency.” In terms of plant success, cottonwood has done well, while California rose and
blackberry struggled a bit due to frequent inundation. “Other than the recruitment of cottonwoods due to the increase in floodplain inundation, we have had to be active in our restoration
approach,” said Koepele, adding that fish have already used the new floodplains. “This shows that
flood corridors and restoration sites can be compatible,” said Koepele, adding that the restoration
approach heavily depended on groundwater depth. Plants that tolerate saturated soils, such as
cottonwoods and willows, do well with shallow groundwater, while those that are less tolerant of
perennially saturated soils, such as oaks, need to be planted on higher terraces where groundwater
depths are greater.
Even in urban areas, rivers can be reconnected with their floodplains, Petaluma’s Pamela Tuft
and Dean Eckerson told the crowd. In the 1990s, Petaluma (which prefers to call itself a “river
town” rather than a “tidally influenced slough town”, quipped Tuft) restored 7.5 miles of the river,
reconnecting floodplain with floods. “We are a national flood insurance project city, so we use that
designation as an opportunity: It reduces land values and developability.” Still, said Tuft, some of
their zoning dated back to 1958. “You could put parking lots in the floodplain.” And even though
the city’s new general plan prohibits floodplain development, a great deal of the community had
already been built within the 100-year floodplain.
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The city worked closely with environmentalists, bureacrats, and politicians on the project, which
was funded by a California Department of Water Resources Urban Streams Restoration Program
grant. “Get the political will behind you,” advised Tuft. Eckerson’s advice was to “save that first
step and not hire a consultant not in touch with your reality. Or do the first [design] sketch
yourselves.” The first consultant the city hired was more of a “tried
and true hydraulic engineer who wanted to straighten and widen
“Save that first step and
the river,” said Eckerson. “We abandoned that consultant. We knew
not hire a consultant not
what we wanted to see out there. We wanted to restore a floodplain
in touch with your reality.
in a balanced river settting and to lower flood elevations.” Other
Or do the first [design] sketch goals included little or no maintenance, a low-flow channel, and improvements in water quality. The results so far? Said Tuft, “It’s doing
yourselves.”
very well; the terrace performs perfectly, particular for the smaller
— Dean Eckerson, storm events. As it is only phase 1 of many, the real results for larger
City of Petaluma
events won’t be seen until the future phases are completed.”

MAPPING AND MODELING
And last but not least, California’s riparian areas need to be mapped — to date, there is no
map of total riparian areas, as PRBO Conservation Science’s Ellie Cohen pointed out in the
plenary session. Leading off the mapping and modeling session, EBMUD’s James Jones described
a vegetation mapping effort on the lower Mokelumne River, part of the EBMUD Water Quality
and Resources Management Program, that has been used to inform riparian restoration efforts.
The mappers devised their own vegetation classification system, used aerial photos to assign habitat classes, then ground-truthed the mapped area. Despite urban incursions, 452 hectares of native
riparian forest remained in the mapped river corridor. The project allows planners to connect
the fragments of better habitat. “We have enough islands,” said Jones. Cooperating stakeholders
include the Lodi-Woodbridge Winegrape Commission, whose “Lodi Rules” require retention
of riparian vegetation on vineyard property. Jones also discussed the nuances of goat grazing in
controlling invasive blackberry: “It’s important that you work with someone who understands the
nature of a goat.”
Another mapping effort, of the Upper Sacramento between Colusa and Red Bluff, is still a work
in progress. Chuck Nelson, of Chico State University’s Geographic Information Center, explained
that it was a component of two CALFED programs and will update a 1999 riparian map. Unlike
the Mokelumne project, the Sacramento mappers will use the California Native Plant Society’s
rapid assessment protocol and its riparian classification system. Aerial photography has been
completed, to be followed in May 2008 by ground surveys from GPS points. Data on plant cover,
geology, and soil will be added to a database for each site.
Moving to computer modeling, Ryan Luster of The Nature
Conservancy introduced the recently developed Sacramento River
“We ultimately want to
Ecological Flows Tool (SacEFT). This decision analysis tool can
compare species and water
“define how flow characteristics and associated management actions
flow in different water years
would influence the creation and maintenance of habitats for native
to develop a flow regime
species that occur on the river,” said Luster. The model uses six
focal species: Chinook salmon, steelhead, green sturgeon, western
that will benefit
pond turtle, bank swallow, and Fremont cottonwood. Multiple relationmultiple species.”
ships between the species’ life history stages and different driving variables,
— Ryan Luster,
including gravel augmentation and bank armoring, can be identified on a daily
or multi-year basis. SacEFT incorporates scenarios for a higher Shasta Dam and the
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proposed Sites Dam. “We ultimately want to compare species and water flow in different water
years to develop a flow regime that will benefit multiple species,” Luster concluded.
Another ambitious effort is being organized: the statewide mapping of California’s riparian areas,
filling in what Joshua Collins, with the San Francisco Estuary Institute, called “the big hole in the
map of wetlands of California.” Since the state has no formal standard definition of “riparian area,”
the Riparian Habitat Joint Venture adopted the National Research Council’s definition, which
does not require vegetation or natural conditions. In the mapping process, first-order channels will
be delineated, coded for width, and assigned a vegetation type; hillside riparian zones will need
to be adjusted for slope. Pilot projects are planned for the San Francisco Bay Area and the South
Coast. The results “can provide a detailed comparison of current and historic conditions, recreating
the environment at the time of European contact,” said Collins.
Larry Rodriguez of Robertson-Bryan, Inc. explained how FLO-2D, a two-dimensional software package, was used in planning floodplain restoration on the lower Cosumnes River, the last
undammed river on the west slope of the Sierra Nevada. The recent history of the Cosumnes River
Preserve includes the unplanned growth of the “Accidental Forest” after a 1985 levee breach. The
preserve’s partners are now looking at intentional breaching farther
upriver as part of the Twin Cities Road Floodplain Restoration
“We’re fairly confident
Program. “The objective,” Rodriguez said, “is to reconnect the river to
we can make this floodplain the floodplain to get the kind of inundation frequencies that support
flood and it can be an
floodplain functions in a way that doesn’t have to be constantly managed.” Floodplain values would include seasonal habitat for Chinook
appropriate place to do
and Sacramento splittail. Hydraulic modeling with FLO-2D
restoration.” salmon
has been used to evaluate alternative breach sites. Rodriguez was
— Larry Rodriguez, optimistic: “We’re fairly confident we can make this floodplain flood
Robertson-Bryan
and it can be an appropriate place to do restoration.”
Closing out the Mapping and Modeling session, Thomas Smith of Ayres Associates described
how another two-dimensional hydraulic modeling package, RMA2D, can be used to assist
riparian restoration. Two-dimensional modeling allows comparison of velocity and water surface
elevation differences among revegetation scenarios. He sees it as “a lot more user friendly in
dealing with folks who don’t understand modeling. It’s a great communication tool, especially to
anti-vegetation types. Believe it or not, there are people who don’t like vegetation on the levee
or in the floodway.” Such tools will be needed when California’s levees feel the impact of more
stringent Federal Emergency Management Administration documentation requirements, and a
pending Department of Water Resources flood plan revision. But the changes will allow “time to
incorporate environmental features we didn’t do when we built the system.” m
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“Flood corridors and restoration can be compatible.”
— Patrick Koepele, Tuolumne River Trust
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THE IMPORTANCE OF FLOODPLAINS
TO RIVERINE ECOSYSTEMS AND

FLOOD MANAGEMENT
Functional floodplains are essential to
riverine ecosystem health. They provide
the spatially- and temporally-variable
structure that supports diversity of
species. Most of the formerly extensive
floodplains of the Central Valley of
California are now isolated from the
river system due to levee construction
and reduction in flood peak stages due
to regulation, diversions, and channel
bed lowering. Traditional river engineering approaches have also resulted
in unsustainable infrastructure for
flood management over the long-term.
Traditional, single-focus approaches
to floodplain management must be
developed into holistic, multi-objective
approaches in order to maximize the
potential, not only for our ecosystems,
but also for more sustainable flood management and planning. Decisionmakers
must understand the extent of functional,
as opposed to relict, floodplains within
the system, as well as the importance of
ecosystem processes, such as spawning
and rearing of native fish, that occur only
on lands that are flooded frequently and
for relatively long durations. They must
also understand the symbiotic benefit of
levee setbacks and attenuation of flows
for flood management. Relevant recent
advances in geomorphic and hydrologic
science include:
• Methodologies for assessing “streamway” widths and for quantifying the
extent of functional floodplain on
lowland rivers and streams that have
been leveed, regulated, and whose
channels have been modified, known as

the “floodplain activation flow” or FAF,
with examples of where these methodologies have been applied.
• Decision support tools being developed
to identify and prioritize ecologically
and hydraulically beneficial floodplains.
The Yolo and Sutter bypasses were huge
feats of engineering, but they were part
of a system designed for static hydrology. We now need to identify which of
our floodplains are most important for
attenuation, setbacks, and preservation
for multiobjective management.
MORE
INFO? chrisbowles@mac.com
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CBEC
ANDREW COLLISON, JOHN STOFLETH,
ERIC GINNEY, AND ELIZABETH ANDREWS
PWA, LTD.

TAKE HOME POINTS
• We need system-wide, holistic, multiobjective approaches to floodplain
management.
• We need to develop traditional
hydraulic and hydrologic approaches
to include agricultural and ecosystem
functions, and water supply considerations.
• The cumulative benefit of multiple
attenuation/setback sites should not be
underestimated.
• We need a rigorous decision system for
the identification and prioritization of
sites. Let’s get the biggest bang for the
buck.
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FLOOD CONTROL, IRRIGATION DISTRICT FACILITIES
PROTECTION, AND RIPARIAN RESTORATION
ON THE SACRAMENTO RIVER
In 2004, River Partners and an interdisciplinary team began studies to explore
measures to protect the Princeton,
Codora, Glenn, and Provident Irrigation
Districts’ (PCGID-PID) pumping
plant and fish screen facility and develop
restoration options for the Riparian
Sanctuary, a component of the
Sacramento River National Wildlife
Refuge. This project represents many of
the issues that face floodplain managers:
balancing multiple objectives, addressing
public concerns, and grasping complex
river processes. This CALFED-funded
project employs an open, science-based,
interactive process in order to educate
stakeholders and foster consensus
on sound solutions. The project uses
sophisticated computer models to gain

a better understanding of river meander
and the interaction of restored vegetation
on flood flows. More importantly, the
project team has used modeling, site data,
and ecological information in an interactive manner to reach viable solutions and
bring together divergent interest groups.
Divergent objectives in flood control,
channel migration and bank protection,
and habitat restoration often create conflicting solutions. Although significant
challenges lie ahead, the project process
appears to have generated viable options
and support for a joint project that meets
multiple objectives. For example, one of
the leading alternatives would improve
bank protection, allow river meander, and
restore riparian forest.
MORE
INFO? defseaff@riverpartners.org
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TAKE HOME POINTS
• The restoration site once supported a
complex mosaic of riparian forests but
is now dominated by non-native plants.
• Active restoration is appropriate on
500 acres of the site.
• The restoration project has a strong
science foundation and strong partners.
• The project promotes inclusive, persistent, appropriate outreach.
• The project sincerely evaluates
options and is responsive to changes
and comments.

FLOODPLAINS

FLOOD CORRIDOR AND RIPARIAN RESTORATION
ON THE TUOLUMNE RIVER

The January 1997 flooding in California
set a new benchmark by which floods on
Central Valley rivers are judged locally,
prompting flood managers to consider
new approaches to reducing flood damages. In 2000, California voters approved
Proposition 13, which established the
Flood Protection Corridor Program
managed by the Department of Water
Resources (DWR). This new program
was designed to reduce flood damages
while improving habitat. In 2002, at
the Big Bend Floodplain and Riparian
Restoration Project, the Tuolumne
River Trust and its partners, including
DWR, the USDA-Natural Resources
Conservation Service (NRCS), the
East Stanislaus Resource Conservation
District, NOAA Fisheries, the California
Wildlife Conservation Board, and the
FishAmerica Foundation, purchased
permanent floodplain easements (held
by the NRCS) and restored 240 acres of
floodplain and riparian habitat.

The project was designed to improve
channel-floodplain connectivity, and to
improve habitat conditions for native
riparian vegetation, Sacramento splittail,
and salmonids, while removing invasive
vegetation and preserving flood conveyance capacity to reduce the risk of flood
damage. Earth work consisted of notching private farmer-levees to improve
channel-floodplain connectivity. Planting
of trees and shrubs was undertaken
over three seasons and completed in
the spring of 2007. Planting of herbaceous vegetation took place in the fall
of 2007-winter of 2008. Through this
project, we have seen several successes,
including improvement in floodplain
inundation frequency. Increased inundation frequency has allowed for increased
utilization of the floodplain by migrating
salmonids while also contributing to the
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TUOLUMNE RIVER TRUST

revegetation efforts at the site. Lowelevation fields have exhibited significant
natural recruitment of cottonwoods,
while planted fields have required little to
no irrigation during the first two summer
seasons. This floodplain project is
important because it has created the
foundation for a flood corridor along the
lower Tuolumne River with significantly
enhanced riparian habitat.
MORE
INFO? patrick@tuolumne.org
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EFFECTS OF LONG-DURATION FLOODING
ON A SAN JOAQUIN VALLEY
RIPARIAN RESTORATION SITE
In 2002, River Partners planted approximately 800 acres of fallow field
with native riparian vegetation on the
West Unit of the San Joaquin River
National Wildlife Refuge (Refuge). At
the completion of this restoration project
in 2005, River Partners had achieved an
overall woody species survival of 77%.
Heavy, extended spring rainfall in 2006,
combined with melting of a large snowpack in the Sierra Nevada mountains,
increased the mean daily flow of the
San Joaquin River to near-record levels
through the spring and summer of 2006.
As a result, areas of the Refuge were subject to flooding at depths of 1 to nearly 3
meters for 3 to 5 months. The plantings
were submerged for the majority of the
growing season. In the fall of 2006 we
surveyed 20 permanent monitoring plots
to determine plant species survival and
response to long-duration flooding. We
recorded whether plants were dead, alive,
or regenerating, counted new shoots and
roots, and recorded physical indications
of flood depth. In 18 plots that flooded,
coyote brush, Mexican (blue) elderberry,
California rose, and California black-

LAUREN A. SINGLETON, STACY L. SMALL,
AND THOMAS GRIGGS
RIVER PARTNERS

TAKE HOME POINTS
• Coyote brush and Mexican (blue) elderberry are intolerant of flooding.
• Fremont cottonwood, buttonbush, Oregon ash, and black willow are tolerant of longduration flooding.
• Arroyo willow, sandbar willow, box elder, and valley oak are moderately tolerant.
• Rose and blackberry are less tolerant and recover more slowly.
• Restoration efforts should use plant species that have performed well under flood
conditions in sites that have long-duration flood potential.
• High ground should be used for flood-intolerant elderberry and coyote brush.
• Better drainage is needed to insure long-term survival of flood-intolerant species such
as elderberry.

berry fared poorly, with survival rates
of 0%, 1%, 16%, and 21%, respectively.
In two plots that underwent little to no
flooding, rates for the above-mentioned
species ranged from 62 to 100%. In an
effort to study species-specific adaptive
responses to a long-duration flood event,
all plants on the study plots in were
censused in 2007 to confirm death and
monitor long-term vigor of individuals that initially survived. A decrease
in survival from 2006 to 2007 may be
attributable to low water availability. The
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effects of depth and duration on plant
survival are also being addressed. Further
study is in preparation to 1) assess the
potential of altered flood regimes to
shift natural and restored riparian plant
community composition, and 2) explore
within-species genetic variation that allows riparian plant populations to survive
extreme flood conditions.
MORE
INFO? lsingleton@riverpartners.org

FLOODPLAINS

WILDLIFE RESPONSE TO A LARGE SCALE RIPARIAN
RESTORATION PROJECT AT SAN JOAQUIN RIVER
KENNETH M. GRIGGS AND
DENNIS W. WOOLINGTON
NATIONAL WILDLIFE REFUGE
U.S. FISH & WILDLIFE SERVICE
The goal of many ecological restoration
projects is to return degraded lands to
functioning habitats with ecosystem
processes similar to natural or reference
conditions. A key assumption is that
restoration will provide favorable conditions for the native wildlife community.
This assumption should be tested; and
monitoring of the effects of restoration
on wildlife should be an integral
component of restoration design and
implementation. However, evaluating
wildlife response to restoration is often
neglected due to project time constraints,
lack of funding, and the availability of
species experts. The recent and ongoing
riparian restoration project on San
Joaquin River National Wildlife Refuge
has provided the opportunity to develop
comprehensive wildlife and habitat
monitoring components early on. This
ongoing project, which is one of the
largest contiguous riparian restoration
efforts in the state of California, has
restored fallow agricultural land along
the San Joaquin River to 1,430 acres of
riparian forest and 700 acres of wetland
habitat. Fish & Wildlife Service biologists and project partners — including
the Endangered Species Recovery
Program, River Partners, Point Reyes
Bird Observatory, CSU Stanislaus, CSU
Fresno, and UC Berkeley — have studied
numerous species of mammals, birds,
herptofauna, and invertebrates, as well as
the restoration plantings.

characteristics of newly restored sites,
and make comparisons with native
riparian habitat. Many have documented
a trend of increased use by a variety
of species (e.g. neotropical migrants
[including the endangered least Bell’s
Vireo], and native small mammals),
while others have indicated that further
vegetation development is needed in
order to be optimal for some species
(e.g. riparian brush rabbit, and valley
elderberry longhorn beetle). The wide
breadth of taxa studied, scientifically
rigorous designs employed, and expertise
of partner organizations, have provided
the necessary data to adaptively plan
and implement riparian restorations and
accurately evaluate restoration progress
and success.
MORE
INFO? kenneth_griggs@fws.gov

Since 2002, over 10 research projects
have been initiated prior to or near the
commencement of restoration activities
to describe wildlife use and vegetation
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TAKE HOME POINTS
• Restored habitat is being colonized by
and/or supporting many wildlife taxa
or is on a trajectory to do so.
• Habitat needs to mature to be of maximum benefit to some species, including
the riparian brush rabbit and the valley
elderberry longhorn beetle.
• Nine attributes of restoration success
are being monitored.

FLOODPLAINS

PREDICTING BIRD ABUNDANCE
ASSOCIATED WITH
TRINITY RIVER RESTORATION
Riparian birds are one component of
monitoring the response of wildlife following implementation of the restoration
program. Riparian bird abundance is
expected to increase or be maintained
in the 40-mile treatment reach as the
complexity of riparian habitat from the
water’s edge to the upland boundary
of the floodplain increases. A set of
target riparian birds have been selected
for monitoring because they are good
indicators of riparian habitat conditions,
are of some management concern, and
can respond rapidly (in 1 to 2 years) to
changes in habitat. From point count
surveys conducted from 2002 to 2006,
we have developed statistical models to
predict abundance of target species from
a set of riparian habitat characteristics
including spatial arrangement, structural
complexity, vegetative characteristics,
and species composition. By monitoring
changes in habitat conditions and bird
abundance we can validate the predictive
models, identify trends, and estimate
population size for the set of target riparian bird species.
The yellow-breasted chat is one riparian
nesting species of concern that has been
selected for monitoring. We have found
chat abundance as high as 4 birds within
150 meters of a station with higher
numbers tending to be downstream of
Steiner Flat. About half of our stations
had chat detections. Our predictive
model suggests that higher abundance
of chats is associated with larger riparian habitat patches, presence of wet soil
plants, and Himalayan blackberry within

SHERRI L. MILLER, C. JOHN RALPH, PABLO
HERRERA, AND BILL HOGOBOOM
U.S. FOREST SERVICE

Several methods were used to select the best statistical models associated with target riparian
bird species abundances. Model results for the yellow-breasted chat showed several vegetative characteristics that were positively associated with abundance, while three geomorphic
variables were negatively associated with abundance. Yellow warbler abundance was
positively associated with several vegetation characteristics and habitat types. In addition,
yellow warblers were more abundant closer to the dam.
100 meters of the count station. Lower
abundance is associated with higher
percentages of tree cover, more bedrock
and medial bars within 100 meters of the
station, and arroyo willow at the count
station. In general, chats require larger
patches of habitat with a mix of riparian
plant species and structural complexity.
We will be able to use the parameter
estimates from the models to predict
the number of chats that will be present
at the station, reach, or 40-mile scale as
restoration and alluvial processes change
the riparian habitat over time.
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MORE
INFO? smiller02@fs.fed.us

FLOODPLAINS

MULTISCALE CONTROLS ON THE
DISTRIBUTION OF BLUE ELDERBERRY
IN THE CENTRAL VALLEY
Restoration efforts often focus on restoring vegetation states by manipulating
fine-scale, within-site processes, such
as plant establishment and moisture
regimes, or alternatively by manipulating
broad, landscape-scale processes, such as
river flow regimes, with little integration
of the two. The degree to which each of
these approaches is required for system
rehabilitation is often uncertain. We used
nested analyses to test hypotheses about
spatial patterns and the role of broadand fine-scale processes in structuring
populations of a facultative riparian
shrub, Sambucus mexicanus (blue
elderberry), in both dammed and
undammed rivers in California’s Central
Valley. The shrub has variable survival
rates and its habitat requirements are
not fully understood. Landscape gradi-

ent and local patch hierarchy analyses
revealed similar elderberry distribution
patterns among study sites on four rivers,
with similar controlling processes over
landscape but not local scales. Elderberry
presence across the floodplains was
primarily driven by hydrologic processes.
Elderberry abundance and size/age
structure within occupied floodplain
areas was driven by a diversity of forces
across rivers, including a fair bit of
uncertainty. Our findings revealed that
restoration of elderberry communities
should proceed within the window of
broad-scale upland riparian gradients
to ensure elderberry establishment. The
variability and uncertainty over fine
scales, however, necessitates an adaptive
restoration approach over these scales
and the use of multiple nearby reference

THERESA S. TALLEY AND ALEXANDER K. FREMIER
UNIVERSITY OF CALIFORNIA, DAVIS

sites, when possible, for assessing restoration success. Stochasticity (e.g., seed
dispersal by birds) may be an important
structural force.
MORE
INFO? tstalley@ucdavis.edu

TAKE HOME POINTS
• River hydrology can structure the upper
riparian zone, both through flooding
and water limitation.
• Basic habitat requirements (controls
of presence) may differ from habitat
quality (controls of abundance).
• Similar patterns do not necessarily
equate to similar processes.
• Stochasticity may be an important
structural force, especially at fine
scales.
• Broad-scale forces (hydrology and geomorphology) may delineate the extent
of restoration and reference areas.
• Multivariate, multi-scale studies inform
placement of plants along the gradient
and management tasks needed (irrigation, soil amendment).
• Spatial analyses reveal expected
patterns of growth with natural
recruitment.
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IN-CHANNEL VEGETATION MANAGEMENT
KENNETH SCHWARZ
IN SONOMA COUNTY
HORIZON WATER & ENVIRONMENT, LLC
JON NIEHAUS
SONOMA COUNTY WATER AGENCY

The Sonoma County Water Agency
(SCWA) manages over 80 miles of
flood control channels and several
miles of natural channels throughout
southern Sonoma County. SCWA
seeks to provide flood protection
while also protecting natural resources
in their channels. Rapid in-channel
vegetation growth (primarily willows,
cattails, and blackberries) constricts
flows and increases hydraulic roughness, thereby increasing water levels
and flooding potential. Additionally,
in-channel vegetation (particularly
downed trees along banks) can often
redirect flows into the opposite bank,
destabilizing the bank or causing
erosion. These channels also host
several non-native invasive plant species. SCWA has undertaken an active
Stream Maintenance Program including vegetation management, sediment
management, and bank stabilization
activities. For in-channel vegetation
management this has involved detailed
mapping and seasonal reconnaissance
of vegetation conditions. Based on
the type of channel, type of vegetation, degree of flood hazard, and the
sensitivity of natural resources, an appropriate vegetation removal, thinning,
or pruning technique is selected. For
willows, an effective approach has been
to thin and prune (particularly in their

lower heights) to reduce their channel
blockage and lessen hydraulic roughness. Where willows are supporting
more sensitive habitats or providing
functions such as shading the low-flow
channel or providing bank stability,
they are maintained and monitored.
Dense cattails are seasonally cut or
removed from channel beds to reduce
channel blockage. A longer-term approach to cattail management involves
increasing tree plantings along banks
where cattails grow to provide a more
shaded channel less favorable to cattail
growth.
MORE
INFO? ken@horizonh2o.com
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KATHRYN GAFFNEY
JONES & STOKES
JIM ROBINS
ALNUS ECOLOGICAL

TAKE HOME POINTS
• In-channel vegetation management
needs to avoid or minimize impacts
on sensitive species and high-value
downstream ecosystems.
• Willows, blackberries, and cattails can
reduce conveyance capacity.
• White alder can be planted to shade
the stream channel, discouraging cattail
growth.

FLOODPLAINS

RECONNECTING HABITATS AND
FLOODS IN AN URBAN AREA
The successful implementation of a
localized flood elevation reduction and
habitat protection project is a tribute
to our city’s goal of preserving and
enhancing riparian habitat, increasing
public access and stewardship, and
reducing localized flooding events, and
our desire to allow the river to exist in a
natural manner within an urban setting.
The diligence of two city departments
(Water Resources and Conservation
and the General Plan Administration
teams) persisted through negotiations
with property owners (partnering with

PAMELA TUFT AND
DEAN ECKERSON
CITY OF PETALUMA

TAKE HOME POINTS/LESSONS LEARNED
• Start with local conceptual plan.
• Take conceptual plan to regulatory agencies — touch base, get input.
• Design, analyze flood reduction benefit, redesign, reanalyze flood reduction benefit.
• Double-check your line of communication with consultant before they design.
• Consult with regulatory agencies during construction.
• Publicize progress throughout construction.
• Get community ownership/stewardship in restoration (actual planting).
• Watch for invasive weed species and react aggressively as soon as you see any
(we ended up hand pulling weeds using the California Conservation Corps).

Artistic
interpretive
signs were
installed as
part of the
project.

storm events with the preliminary grading; and design and build the project, all
with habitat preservation and enhancement in mind. Public education and
involvement were included to increase
understanding of the multi-phase project
starting with one small 1,000-foot length
of terrace and paths (Phase 2 is in the
planning stage).
MORE
INFO? ptuftaicp@comcast.net

Low Flow and Mid-Range Benches
the Trust for Public Land), consultant
selection and reselection, regulatory
permits, construction season deadlines
and constraints, and a flood event the day
after acceptance of the project. Funding
secured through the Department of
Water Resources’s Urban Streams
Restoration Program allowed the city to
purchase four riverfront parcels; prepare
preliminary grading sketches to create
mid-line flood terraces while maintaining
in-channel low flows; model the various
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LEVEES

LEVEE VEGETATION

“Cherish the berm.
Preservation of vegetated berms is a form
of flood risk reduction.”
— Peter Buck, SAFCA

LEVEES

LEVEE VEGETATION

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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NOAH HUME
STILLWATER SCIENCES
MICHAEL DIETL
U.S. ARMY CORPS OF ENGINEERS
GLEN LEVERICH
STILLWATER SCIENCES

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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LEVEE VEGETATION

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

DANIEL EFSEAFF AND
HELEN SWAGERTY
RIVER PARTNERS

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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MORE
INFO? defseaff@riverpartners.org

LEVEES

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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M.L. KAVVAS, Z.Q. CHEN,
H. BANDEH, M. CAYAR, N. OHARA,
D. COCHERELL, JOSEPH CECH, JR.
UNIVERSITY OF CALIFORNIA, DAVIS
STEPHAN LORENZATO, TED FRINK
DEPARTMENT OF WATER RESOURCES
JOHN CARLON AND TOM GRIGGS
RIVER PARTNERS

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.

LEVEES

LEVEE VEGETATION

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
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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

LEVEE VEGETATION

PETER E.F. BUCK
SACRAMENTO AREA FLOOD CONTROL AGENCY

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

LEVEE VEGETATION

KIM FORREST
U.S. FISH & WILDLIFE SERVICE

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

LEVEE VEGETATION

DAVID SHOWERS, ED SCHMIT, AND MARK PHILIPP
CALIFORNIA DEPARTMENT OF WATER RESOURCES

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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LEVEES

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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LEVEE VEGETATION

BONIFACE BIGORNIA
U.S. ARMY CORPS OF ENGINEERS

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

47

RHJV

THOMAS GRIGGS
RIVER PARTNERS
DON TRIEU
MBK ENGINEERS

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

G. MATT KONDOLF
UNIVERSITY OF CALIFORNIA, BERKELEY
MARK TOMPKINS
CH2M
SCOTT MCBAIN
MCBAIN AND TRUSH

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
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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

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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MICHELE NG
CALIFORNIA DEPARTMENT OF WATER RESOURCES

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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ROBERTA CHILDERS
EDAW

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

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

53

RHJV

CHRIS FITZER
EDAW

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,
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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
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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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PRBO CONSERVATION SCIENCE
JEFF SOUZA AND GREG TREBER
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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CHRISTINE A. HOWELL
PRBO CONSERVATION SCIENCE

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

PARTNERSHIPS

RESTOR ATION ON AGRICULTUR AL L ANDS

“If we hadn’t done [a conservation easement], in 10 years there would be
houses and lights all over this mountain.”
— Scott Stone, Yolo Land & Cattle Company

“Ag is the best thing we have going right now instead of little ranchettes.”
— Bruce Rominger, Rominger Brothers Farms

RESTOR ATION ON AGRICULTUR AL L ANDS

RESTORING RIPARIAN FUNCTION
TO IRRIGATION CANALS
AND DRAINAGES
A vast array of irrigation canals,
drainages, and sloughs wind through
the landscapes of California’s agricultural
valleys. If just 10% of these waterways
— totalling almost 17,000 miles — were
restored to riparian corridors, we could
dramatically increase riparian acreage
in the Sacramento Valley. However, the
standard management practice used to
maintain canal banks and levee berms is
to keep them free of vegetation. Since
1990 Hedgerow Farms has been establishing and evaluating various native
streamside plants (grasses, sedges, rushes,
and forb species) on approximately 2.5
miles of a major irrigation distribution
canal operated by the Yolo County Flood
Control and Water Conservation District
for their use in reconstructing a perennial-dominated edge similar to a natural
stream or riverbank. Establishment techniques include directly seeding native
grasses and forbs and transplanting plugs
of native grasses, sedges, rushes, and
perennial forbs. After two to five years
of spot weed control, native perennials
prevail. The beneficial outcomes include:
domination of perennial plants, which
prevents invasion of weeds thus eliminating blanket herbicide applications,
greater stabilization of canal banks and
resistance to erosion provided by foliage
and massive root systems, bioremediation
of non-point source pollutants by plant
root systems, and restored native biodiversity with the provision of food and
cover for a variety of wildlife species. The
most successful species include: creeping
wildrye (Leymus triticoides), deergrass
(Muhlenbergia rigens), purple needlegrass

JOHN ANDERSON
HEDGEROW FARMS
CHRIS ROSE
AUDUBON CALIFORNIA
TIM O’HALLORAN
YOLO COUNTY FLOOD CONTROL AND
WATER CONSERVATION DISTRICT

Potential Revegetation Scheme for Irrigation Canal

This cross-section shows how a typical irrigation canal in the Central Valley, usually maintained devoid of vegetation, could be revegetated. In general, there are three vegetation zones
that can support native grassland and stream bank vegetation, and a zone for riparian trees
and shrubs that may or may not be appropriate depending on the site and degree of habitat
and/or channel stabilization desired.
Zone 1: Low Moist Zone at water’s edge. Short sedges and rushes. Zone 2: High Moist
Zone above high water line. Sedges, rushes, grasses, and forbs. Zone 3: Dry Zones. Road
edge on higher berms and slopes on field side berms. Perennial grasses and forbs.

Tree Zone: Willows, cottonwoods, oaks, shrubs, etc. placed far enough from canal to allow
equipment to travel and maintain canal. Red willow roots in this zone will infiltrate below
water canal surface to help stabilize erosion.
(Nassella pulchra), baltic rush ( Juncus
balticus), barbar’s sedge (Carex barbarae),
common rush (Scirpus americanus),
slender sedge (Carex praegracilis), and
torrent sedge (Carex nudata). Useful
forbs include goldenrod (Euthamia
occidentalis), gumplant (Grindelia camporum), perennial aster (Aster chalensis),
mugwort (Artemesia douglasiana), and
evening primrose (Oeneothera hookeri).
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Where appropriate, native riparian trees
and shrubs have been incorporated into
the system. Critical to success of this
program is a working partnership with
local agencies, conservation organizations, and the landowners whose
property the canals and drainages pass
through.
MORE
INFO? hedgefarm@aol.com

RESTOR ATION ON AGRICULTUR AL L ANDS

RESTORATION ON PRIVATE
AGRICULTURAL LAND:
A LANDOWNER’S PERSPECTIVE
We manage land — 2,500 acres of
conventional and organic row crops and
wine grapes — in the upper portion of
a watershed in Yolo County, and have
implemented several projects to restore
native habitat while reducing erosion and
increasing the flood capacity of the land
we farm. In these upland areas we have
placed farmed land under the NRCS
Conservation Reserve Program and created artificial wetlands, as well as restored
oak woodland riparian areas on land
that was formerly dryland farmed. These
restoration projects have successfully

met our goal of reducing erosion and
flood flows on our property and downstream. In addition, by creating tailwater
ponds, vegetating non-crop areas, using
minimum tillage practices, planting cover
crops, and planting vegetated buffers
adjacent to agricultural fields, we have
further reduced erosion on this land and
reduced the degree of erosion within
riparian corridors.
There is plenty of potential for restoring
riparian habitat on irrigated agricultural
lands. Just about everyone has some land

BRUCE ROMINGER
ROMINGER BROTHERS FARMS

they are not farming that could be used
for creating habitat and planting hedgerows. These areas may not be classic
riparian habitat, but similar species can
be planted that attract similar species
of animals and birds. Even narrow areas
work; a 10-foot-wide strip we planted
attracted quail. By planting species that
attract beneficial insects and native
pollinators, we are increasing biodiversity,
and I like to believe we are going in the
right direction. Every little bit helps.
If landowners could make money doing
restoration, they would do a lot more of
it. Right now farmers do it because they
want to do it and because of the unpaid
benefits: groundwater recharge, nutrient
removal, erosion control, and habitat.
I like to see the animals and birds on
my land.
MORE
INFO? rombros@pacbell.net

A 10-year old, created tailwater pond on Rominger’s property
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RANGELAND RESTORATION IN
WESTERN YOLO COUNTY
installed sediment catch basins above our
ponds, and have come up with a vegetation management plan. With the help of
high school students, we have installed
bird boxes and planted trees. We also
installed a solar panel pump that pulls
water out of the pond for our livestock
watering system.
Yolo Land & Cattle Company has
completed several rangeland and riparian
habitat projects on 7,445 acres of our
family cattle ranch in western Yolo
County. We placed our ranch in a permanent conservation easement so it will
always be a working cattle ranch. Our
philosophy is that if you take care of the
land, it will take care of you. We started
doing projects 10 years ago, influenced
by John Anderson and Bruce Rominger.
Having people doing good projects
around you is contagious.

MORE
INFO? sastone4@sbcglobal.net.

Our projects include the fencing of
ponds, installing solar pumping plants,
planting native perennial grasses, trees,
and shrubs, installing drip irrigation, and
working with high school students to
install the improvements. In one pond
we fenced off, we now see up to a dozen
western pond turtles instead of just a
few. We put our cattle together in larger
groups and rotate them around the ranch
instead of having small groups all over
the land.
Without partners and funding, we
cannot do the work that we do; it always
costs more and takes longer than you
expect. In 2000, Audubon California
worked with us to burn, disk, and plant
30 acres with perennial grasses. After
some larger spring burns, native wildflowers and grasses were enhanced. We
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SCOTT STONE
YOLO LAND & CATTLE COMPANY

TAKE HOME POINTS
• Farmers and ranchers want to see
clean air, clean water, and a healthy
environment.
• We need funding and partners, both
for projects and easements.
• The more successes we have, the more
people want to partner with us.

RESTOR ATION ON AGRICULTUR AL L ANDS

LARGE-SCALE
CONNECTIVITY AND
SMALL-SCALE
RESTORATION

RIPARIAN RESTORATION
ON LOWER
RICH MAROVICH
PUTAH CREEK
LOWER PUTAH CREEK COORDINATING COMMITTEE

There is connectivity between the
mountains and the delta. Along the
way, there is connectivity between the
hills and the valleys, the fields and
the forest, the towns and the country.
Connectivity in the landscape is
broader than adjacency. It is expressed
in the asymmetrical transfer of mass,
energy, and information. Our landscape
is shaped by the transfer of mass,
animated by the transfer of energy,
and brought to life by the transfer of
information. In the Sacramento River
watershed floods and sediment deposits
clearly express connectivity through
mass transport, and they illustrate
the processes that define a watershed.
Spawning runs of anadromous fishes
are a striking contrast to water and
sediment. Their contribution to mass
transport is negligible, but they transfer
biological information that rejuvenates
the upper watershed. The biological
information that has allowed invasive
species such as tamarisk and yellow star
thistle to establish themselves widely
has moved up-gradient too, assisted
by large mammals. Oak cordwood was
used in the past to transfer energy for
transportation and heating, and more
recently for amenity. Oak woodlands
have been diminished by these transfers. A wetland restoration project alters
the flow of water and sediment, a fish
screen stops the flow of salmon into
a field, an herbicide stems the flow of
tamarisk down a creek, an easement
stops the flow of firewood from a ranch.
What are the effects downstream?

The greatest challenges and opportunities for riparian restoration on Putah
Creek are related to the biggest feature
on the creek, Monticello Dam. The dam
dramatically altered the hydrology of the
watershed, inverting the ratio of flows on
the main channel to those of the tributaries and causing the tributaries to erode
to the extent of 10 times their crosssectional area before the dam. Arundo
donax was introduced to control erosion
of the tributaries in the early 1960s,
spread throughout the watershed, and
is now contributing to erosion. Bridges,
roads and buildings have been damaged
and threatened by unstable banks. The
security of municipal water supplies is
at risk. Water interests, transportation
interests, and private property owners are
participating in riparian restoration in
our watershed to address these problems.
The dam also provides perennial flows
to lower Putah Creek that have brought
salmon back to the creek in numbers

JACK ALDERSON
USDA NATURAL RESOURCES
CONSERVATION SERVICE

MORE
INFO? Jack.Alderson@ca.usda.gov
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TAKE HOME POINTS
• Regulation deters the worst outcomes;
collaboration produces the best.
• Landowner concerns should be accepted at face value.
• Project agreement by neighbors is more
important than property boundaries.
• Long-term relationships outweigh shortterm gains.
• Landowner cooperation results from
shared values.

not seen in living memory. Lower Putah
Creek now supports almost all focal
species of the Riparian Habitat Joint
Venture. Seventy-two percent of the
riparian land on lower Putah Creek and
tributaries is privately owned, and the
success of riparian restoration depends
vitally on the participation of private
landowners.
MORE
INFO? RMarovich@scwa2.com
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RIPARIAN SONGBIRD RESPONSE TO
CONSERVATION ACTIONS

RYAN DIGAUDIO, JULIAN WOOD,
LEAH CULP, CHRIS TONRA,
GEOFFREY R. GEUPEL, CATHERINE HICKEY
PRBO CONSERVATION SCIENCE

TAKE HOME POINTS
• Managing for multiple species of birds
is important.
• Every habitat feature has an effect on
different bird species.

In the Central Valley of California,
approximately 80% of riparian habitat
is under private ownership. Because the
habitat needs of most declining and
endangered riparian dependent species
cannot be met solely on public lands,
public agencies, conservation groups,
and landowners are investing significant
resources in restoring and enhancing
habitat on private lands through easement, restoration, enhancement, and
incentive programs, including the U.S.
Fish and Wildlife Service’s Partners
for Fish and Wildlife, California
Department of Fish and Game’s Land
Owner’s Incentive Program, and the

U.S. Department of Agriculture-Natural
Resources Conservation Service’s
Wetlands Reserve Program. To assess
avian response to riparian restoration and
enhancement projects on private lands,
we examined avian presence/absence,
diversity, and abundance using variable
circular plot point count surveys at 27
sites throughout the Central Valley. Birds
are excellent indicators for evaluating
restoration because they respond quickly
to habitat change and are relatively easy
to monitor. Furthermore, standardized
survey protocols provide data on multiple
species and allow for censusing large areas
in a short period of time, thus making
birds cost-effective to monitor. We
focused on four different habitat
types: managed wetlands, postharvest flooded croplands — which
provide “surrogate” habitat for tens of
thousands of shorebirds — restored
native grasslands, and restored
riparian habitat; the results from the
riparian habitat are presented here.
Each of the sites we monitored was
enrolled in at least one of the private
lands habitat programs mentioned
above. Surveys were conducted from
April through June of 2004-2006,
and vegetation characteristics at each
point count station were assessed
using a relevé method. We detected
a total of 117 bird species, including
8 special status species. Bird species
diversity was dependant on age of
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• Riparian birds need a habitat mosiac of
early to late successional stages.
• Restoration of riparian habitat and
floodplain ecosystems on private lands
in the Central Valley is benefiting many
bird species, including special status
species.
• Species diversity is increasing with
restoration age.

restoration, with restoration sites 5 years
old supporting significantly higher bird
species diversity than sites <5 years old.
Predictive linear models showed that
many riparian bird species appeared to
respond to general habitat features such
as shrub cover and tree species richness as
well as specific plant species such as the
amount of mugwort (Artemisia douglasiana), Fremont’s cottonwood (Populus
fremontii), valley oak (Quercus lobata),
and willow species (Salix sp.). However,
different bird species were associated with
different vegetation characteristics at the
local scale. These results show that private
lands habitat programs are benefiting
many riparian bird species, including
special status species. Furthermore, the
results provide important insights into
management practices and conservation
actions that benefit multiple species and
ensure healthy riparian systems in the
Central Valley.
MORE
INFO? rdigaudio@prbo.org
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RIPARIAN REVEGETATION
OUTCOMES ON
NORTH COAST RANCHES
We conducted a retrospective, crosssectional survey of riparian revegetation
projects on north coastal California
ranches. Our goal was to determine the
efficacy of riparian restoration within the
working landscape of California’s rangelands. We documented plant community
and aquatic habitat response to restoration over time by surveying 89 riparian
restoration sites and 13 non-restored
sites in Marin, Mendocino, and Sonoma
Counties from 2002 to 2005. We were
able to survey sites ranging from 4 to
39 years since project implementation
because of the considerable amount of
riparian revegetation work completed by
private landowners, restoration practitioners, and technical assistance agencies
since the 1970s. Site selection focused
on revegetation projects in mixed oak
woodland tributaries with alluvial, gravel
substrate reaches of minimal tree and
shrub cover prior to project installation.
Restoration methods at surveyed project
sites included woody species planting,
bank stabilization bioengineering, and
large herbivore management.

MICHAEL LENNOX, DAVID LEWIS,
STEPHANIE LARSON, JOHN HARPER
UNIVERSITY OF CALIFORNIA
COOPERATIVE EXTENSION

Concepts such as relative bank height
or elevation above the stream channel,
stream flow regime, presence of relict
seed sources, and percent clay soil are
factors that restoration practitioners and
funders should consider when adapting
project designs to site-specific conditions
and species-specific objectives. Lastly, we
developed practical guidelines for setting
objectives and monitoring riparian
revegetation projects.

We documented riparian vegetation
and instream habitat available at
temporal stages over a 30-year period
since restoration. We compared the
relative influences of active and passive
revegetation methods on the abundance
of common native tree populations.
We utilized a trajectory analysis to
correlate tree density to restoration
method, site conditions, and time since
project installation. We identified critical
elements to guide site-specific potential
for establishing native tree populations
through passive restoration methods.
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KEN TATE
UNIVERSITY OF CALIFORNIA, DAVIS
RANDY JACKSON
UNIVERSITY OF WISCONSIN-MADISON

In comparing non-restored to young
and old restored sites, we found that
numerous riparian and aquatic habitat
attributes measurably improved over
time since revegetation occurred. Our
full report of all results and future journal
manuscripts will be available on-line at
(http://cesonoma.ucdavis.edu/
Watershed_Management923/Riparian_
Revegetation_Evaluation.htm).
MORE
INFO? mlennox@ucdavis.edu
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INCENTIVES FOR RESTORING AND MANAGING
RIPARIAN AREAS ON PRIVATE LANDS IN
CALIFORNIA AGRICULTURAL LANDSCAPES
The USDA Natural Resources
Conservation Service (NRCS) in
partnership with the local Resource
Conservation Districts (RCDs) continues to work with farmers and ranchers
to implement conservation practices
in riparian areas on private lands for
the benefit of terrestrial and aquatic
species dependent on healthy riparian
areas. Historically, efforts to address
riparian areas concerns through habitat
improvements have been hampered by
high costs, securing permits, and private
landowners’ concerns about regulatory
oversight. Many of the NRCS programs

provide incentives for private landowners
to implement and manage riparian areas
for the benefit of ecosystem processes,
wildlife, and native fish. Technical and
cost sharing assistance, funded primarily
through the Farm Bill, is available
through NRCS programs to address
resource concerns in riparian areas and
their associated streams, rivers and
wetlands. Technical assistance includes
planning, design, and implementation of
conservation practices. Permit coordination facilitates implementation, and cost
sharing provides incentives to install
practices and manage the site.

THOMAS MOORE
USDA NRCS

MORE
INFO? thomas.moore@ca.usda.gov

www.ca.usda.gov
www.carcd.org

CHORRO FLATS: RESTORATION AND MANAGEMENT OF RARE AND DECLINING HABITAT

This 63-acre field in San Luis Obispo, previously farmed to annual crops such as broccoli, was enrolled into a permanent WRP easement in
1996. The project consisted of a partnership between the landowner, the Coastal Conservancy, the Coastal San Luis RCD, and NRCS. A
levee located along right side of right photo was removed and the stream restored into its historic streambed. The trees came in on their own,
and sediment that had been flowing into the Morrow Bay National Marine Sanctuary — an estimated 150,000 tons — is being captured
in the floodplain. These riparian restoration activities have benefited the listed steelhead and red-legged frog as well as all the marine species
in Morrow Bay.
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SLOUGH RESTORATION IN
AGRICULTURAL AREAS IN
THE CENTRAL VALLEY
Most sloughs and drainages in the
Central Valley where agriculture is
prevalent are managed to promote water
conveyance for summer irrigation and
high winter flows and to maximize
agricultural output. The result of the past
and current management of sloughs and
drainages has created denuded, straightened, and levied channels with little
or no habitat value and with increased
high energy flow events during the
winter. Since 1999, Audubon California’s
Landowner Stewardship Program has
been working with private landowners
to implement and manage slough and
drainage ditch projects throughout Yolo
County. By re-shaping channels and
establishing native grasses, sedges, rushes,
and riparian tree species, these channels
become excellent wildlife habitat, are less
erosive and have an increased capacity for

CHRIS ROSE
AUDUBON CALIFORNIA LANDOWNER
STEWARDSHIP PROGRAM

high winter flows. While our goal is to
provide economic incentives that encourage farmers to implement restoration in a
way that doesn’t negatively impact them,
obstacles or constraints to implementing
miles of slough corridor restoration in
Yolo County are formidable. Much of
our work has been executed on class I
and II soils, which are considered to be
prime farmland. Due to the high value
of agricultural land in Yolo County, space
and affordability along with the cultural
norms in agriculture become the three
main constraints in implementing miles
of riparian corridor throughout Yolo
County on private land. The number one
issue for farmers is giving up space, and
to do wildlife projects we need as much
room as possible.
MORE
INFO? crose@audubon.org
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TWENTY YEARS OF RIPARIAN
RESTORATION ON THE
SOUTH FORK KERN RIVER
Since 1981, the Kern River Preserve,
under the management of The Nature
Conservancy and subsequently the
National Audubon Society, has implemented over 400 acres of active planting
of native riparian vegetation on the
Preserve, which contains one of the
state’s largest contiguous willow-alder
forests. Our goals is to create a culture
of conservation by working with private
and public partners to support land
acquisitions and conservation easements
to protect a continuous and naturally
functioning riparian and wetland corridor, surrounded by compatible land
uses throughout the South Fork Kern
River Valley.

REED TOLLEFSON
AUDUBON CALIFORNIA

Roughly half of the land treated for invasive weeds has been on private ranches.
We have had excellent results controlling saltcedar, russian-olive, giant cane,
and yellow starthistle. However, purple
loosestrife and perennial pepperweed are
threatening to become naturalized. It is
only with communication, information,
and common interests that riparian
restoration and especially invasive weed
control can be accomplished on a meaningful scale in the South Fork Valley.
MORE
INFO? rtollefson@lightspeed.net

Much of the watershed is publicly owned
or wild and supports rare species like
willow flycatchers, the yellow-billed
cuckoo, and western pond turtles. Our
restoration sites are used by many species
of riparian obligates and generalists
including bobcats and blue grosbeaks.
We have also done restoration on one
private ranch and on lands owned by
California Department of Fish and
Game. Livestock season of use, duration and intensity has also been altered
to encourage natural establishment of
riparian vegetation on many more acres
of the Preserve and Fish and Game
Lands. We have worked collaboratively
with Fish and Game, Mojave Desert and
Mountain Resource Conservation and
Development District, and other partner
agencies to inform and then work with
private landowners on over 10,000 acres
of floodplain to control invasive weeds.
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RIPARIAN HABITAT RESTORATION AND
CONSERVATION ON PRIVATE LANDS
IN THE UPPER KLAMATH RIVER BASIN

HEATHER L. RAY, SUE MATTENBERGER,
ROBES PARRISH, AKIMI KING
U.S. FISH & WILDLIFE SERVICE

LESSONS LEARNED:
• Listen to landowner’s concerns and consider his/her ties to the land.
• Adapt to landowners’ goals, not vice-versa.
• Engage in community-based restoration rather than consultant-initiated restoration.
• Recognize constraints.
• Use a peer-review science team where possible.
• Work through watershed councils.

Riparian conservation and management
in the Klamath River watershed is complex. The Klamath River is over 350 miles
long, and flows directly into the Pacific
Ocean. Its watershed covers 12,000
square miles of northern California and
southwestern Oregon. The Upper Basin
extends north and east from the Iron
Gate Dam, and the Lower Basin extends
south and west to the Pacific Ocean. The
Upper Klamath Basin is controlled by
volcanic geology, faulting, and the relatively dry, high desert climate east of the
Cascade Mountains. The Upper Klamath
River is habitat for several endemic and
ESA-listed aquatic species including the
Lost River sucker, shortnose sucker, bull
trout, and Oregon spotted frog. Humans
have significantly altered the Klamath
River watershed through logging, grazing,
agriculture, hydropower, and fishery activities. Diversity of natural features, land

management practices, economics, and
cultural, political, and social values along
with ESA listed species, hydropower
re-licensing issues, and droughts present
challenges for land managers involved in
aquatic restoration activities. Specifically,
management for irrigation has altered
flowing waters, distribution and extent of
wetlands, and original lake characteristics.
The lack of conservation easement options, water supplies without adjudicated
status, and changing landowner base have
constrained the ability of government
programs to offer complete solutions to

USFWS
Partnership
Projects in
Upper Klamath
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landowners. In spite of these challenges,
a considerable number of restoration
projects have been implemented and
completed on public and private lands
with many different cooperators. In one
successful project, a landowner who was
familiar with cattle exclusion projects
through his work with the local watershed council had tried projects on his
own, which made him more amenable to
working with federal partners.
MORE
INFO? Heather_Ray@fws.gov
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BUILDING PARTNERSHIPS FOR
RESTORATION IN A WORKING
LANDSCAPE ON THE
LOWER MOKELUMNE RIVER
Stakeholder cooperation is essential for
the development and implementation of
restoration within a watershed comprised
primarily of agriculture. In order to
enhance watershed health, a large and
diverse group of local stakeholders in
the lower Mokelumne River Watershed,
central California, effectively collaborated to complete the Lower Mokelumne
River Watershed Stewardship Plan
(Plan) in 2002. Ten elements are addressed in the Plan, including restoration.
The Restoration Element emphasizes
the protection, enhancement, and/or
restoration of riparian habitat that will
simultaneously serve to reduce stream
bank erosion, stabilize levees, provide
a buffer or transition zone between the
river and agricultural operations, reduce
the occurrence of non-native invasive
plant species, and increase habitat values
for anadromous fish, riparian birds, and
terrestrial wildlife. The Plan is now in
the planning, prioritization, and implementation phase with 50 landowners
within the watershed demonstrating a
commitment to protecting, restoring,
and/or enhancing approximately 800
acres of riparian habitat. Commitments
range from evaluating and planning
restoration/enhancement opportunities
to implementing funded projects. We
are monitoring wildlife on 17 sites, and
trying to see whether there is a relationship between riparian restoration and
beneficial insects.
MORE
INFO? kentreeves@yolocounty.org
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KENT A. REEVES
EAST BAY MUNICIPAL UTILITY DISTRICT
YOLO COUNTY DEPARTMENT OF PARKS & NATURAL RESOURCES
JOHN BRODIE
SAN JOAQUIN COUNTY RESOURCE CONSERVATION DISTRICT
BROOK EDWARDS
RESTORATION RESOURCES
CHRIS STORM
VINO FARMS, LOWER MOKELUMNE RIVER WATERSHED
STEWARDSHIP STEERING COMMITTEE

OTHER PARTNERSHIPS

“Establish mutual objectives, allow the community to take the lead,
and adjust the collaborative process as you go along.”
— Kristen O’Kane, Santa Clara Valley Water District

OTHER PARTNERSHIPS

HIMALAYAN BLACKBERRY CONTROL:
A FOUR STEP APPROACH
Enhancement and restoration projects
within existing riparian habitats are complex, especially if Himalayan blackberry
is present. Himalayan blackberry, due to
its intense desire for light, moisture, and
resources, can create a dense understory
that precludes the establishment of other
native woody species. Therefore, it is
necessary to use all available tools for
removal. At Turtle Bay Bird Sanctuary,
a combination of summer grazing by
a herd of goats, mastication, herbicide
application, and planting native plants
was utilized. Biological control, by means
of goat grazing, was used as a preliminary
step to clear the way for other methods.

Goats have the ability to cover a large
area, traverse hostile ground, and work
24 hours a day; we used 1,000 goats on
47 acres over 6 weeks on the Sacramento
River, at a cost of $300 per acre for the
goats and their shepherd. The goats are
very good in rough topography and
also attacked Arundo donax and tree-ofheaven. Grazing revealed hidden dangers
(choker cables, barbed wire fence, and
boulders) so that the masticator operator
was able to efficiently move through
the project area. The masticator was
brought in to break down the Himalayan
blackberry architecture (we used the
shredded blackberry as mulch). Once the

TAD ALEXANDER
RIVER PARTNERS

canes were cleared, it was possible for
hand crews to safely and easily remove
blackberry from the base of native trees.
The next treatment was a chemical application to further suppress any resprouts.
With each application of chemicals, the
Himalayan blackberry resprouts were
weakened, making them more susceptible to future herbicide applications.
The final step was to plant native woody
species in the freshly cleared areas. This
four step approach, which was implemented across 70 acres, prepared the site
to pre-planting conditions in less than
three months with minimal damage to
existing riparian habitat.
MORE
INFO? talexander@riverpartners.org
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OTHER PARTNERSHIPS

PROFESSIONAL RESTORATION
WITH SCHOOL CHILDREN
To ameliorate the lack of healthy riparian
habitat in the San Francisco Bay Area,
STRAW — Students and Teachers
Restoring a Watershed — implements
professional quality riparian restoration
projects and watershed studies with a
network of teachers, students, restoration
specialists, NRCS, RCDs, landowners,
and other community members. Part of
The Bay Institute’s efforts to preserve the
Bay Area ecosystem, STRAW continues
the work of the famed Shrimp Club,
begun in 1992, working with students to
restore eroding creek banks throughout
Marin, Sonoma and Napa counties.
Altogether, more than 32 acres of land

EMILY ALLEN, JOHN PARODI, AND LAURETTE ROGERS
THE BAY INSTITUTE

have been restored by STRAW, either
through planting native vegetation or removing invasive plants on ranches or on
public land. STRAW has worked with
over 10,000 school children to plant over
18,000 native plants and to do biotechnical work such as willow walls and wattles.
The sites are maintained — weeded and
watered — for three years after planting
by students, sometimes their parents, and
teachers. In 15 years, there have been no
injuries to participants.
PRBO Conservation Science monitors
the restoration sites, finding that the
number of bird species increases with age
of the site, with up to 37 species found

w w w. b ay.o r g

88

RHJV

at sites 10 years or older. The federally
endangered California freshwater shrimp
has migrated down Stemple Creek to the
now 11 year-old Shrimp Project restoration site. A monitoring program provides
more adaptability as we build a database
of information to better understand
the needs of future projects. Through
Watershed Week and other events,
STRAW continues to improve and refine
their programs and find new ways to
reach out. STRAW hopes to provide a
model of restoration experts collaborating with others to provide professional
quality restoration using students and
other community members.
MORE
INFO? allen@bay.org

OTHER PARTNERSHIPS

FINANCING AQUATIC AND RIPARIAN HABITAT
IN FLOOD PROJECTS ON THE NAPA
AND TRUCKEE RIVERS

DAVID G. DICKSON
MIG

The Napa River “Living River” Flood
TAKE HOME POINTS
Protection Project is an internationally
KEY ELEMENTS TO SUCCESS IN BUILDING CONSENSUS
known, multi-objective, watershed-wide
• Having an emerging mission – a crisis or mandate
initiative financed by a 1/2 cent sales tax
passed by a super majority in 1998. The
• Common knowledge=shared meaning
project involves “layered funding” from
• Champion willing to take risks
over 20 sources to achieve enviromental
restoraton while protecting the urban ar• Develop a community of place
eas of Napa Valley from devasting floods.
• No better deals elsewhere
The projects on the Napa River are in
• Primary parties participate in good faith
their ninth year of construction. Over
1,000 acreas of tidal marsh and wetlands
• Multiple issues for tradeoff; multiple community benefits
have been reestablished in the city of
• Adequate resources
Napa to improve flood attenuation and
aquatic and riparian habitat, and the river
has been strategically widenened to return seven miles of the lower Napa River same “Living River” appoach and
from the Nature Conservancy, the Reno
to a more geomorphically based, natural
have planned and are implementing
Sparks Wastewater Authority, Corps
channel. Overall, funding for the projects property acquisition and environmental
of Engineers, FEMA, and the the local
total over $500 million that came from
restoration projects, which are all part
community through a sales tax and
local sales tax, FEMA Grants, Corps
of a major flood protection effort, from
property based assessment.
of Engineers, water quality grants, low
upstream of Reno to Pyramid Lake.
MORE
interest loans, River Parkway program
These projects include major investments INFO? david.d@comcast.net
grants, Department of Water
Resources Urban Stream
Restoration program
Napa Urban Riverfront Vision
funding, transportation
funding, oil company
responsible party funding,
and private investments.
The Truckee River
Community Coalition in
Washoe County, Nevada,
and the cities of Reno and
Sparks have adopted the
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OTHER PARTNERSHIPS

CHALLENGES AND OPPORTUNITIES
IN RESTORING CREEKS
IN URBAN AREAS
Creek restoration in urban areas presents
a set of unique challenges. Physical and
biological constraints may limit the scope
of a particular project or the potential for
restoration success. Political climate must
be considered, as well as outreach to the
public and generation of support for a
particular project. Urban projects are
often expensive and require precise planning, careful construction, and adequate
funding for ongoing maintenance needs.
In Santa Rosa, the most urbanized area
in the Laguna de Santa Rosa watershed,
there are also unique opportunities. One
of the unintended effects of previous
creek channelization projects was that
large portions of many local creeks
are now under public ownership and
management. In recent years the local community has expressed a strong
desire to protect and restore riparian and
aquatic habitat and improve the existing
creekside trail system in these areas. A
combination of donated and competitive grant funds have allowed the city
to construct the award-winning Prince
Memorial Greenway project in the heart
of downtown Santa Rosa, kick-starting
urban revitalization efforts for the region
and garnering national attention for

SHERI J. EMERSON
SANTA ROSA PUBLIC WORKS DEPARTMENT

the rest of the city’s creek restoration
program. The Citywide Creek Master
Plan, covering nearly 90 miles of creeks
that flow through Santa Rosa’s urban
boundary and representing the results of
an intensive public participation process,
includes prioritized recommendations
for habitat restoration and trail system
improvements. Implementation of this
vision will involve citizens, other local
and state and federal agencies, and
several non-governmental organizations.
MORE
INFO? sjemerson@srcity.org

High school students created this mural next to a newly-restored stretch of creek to symbolize
the breakthrough the restoration project represents.
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OTHER PARTNERSHIPS

FEASIBILITY STUDIES
USING NATIVE SEED
IN RESTORATION
Environmental and biotic stressors
and clearing for agricultural use have
resulted in vast reduction of riparian
forest communities in the southwestern
United States. To increase habitat for
endangered faunal species, extensive
riparian forest revegetation is planned
along several southwestern rivers.
Historic agricultural fields present
cost-effective locations for revegetation
due to existing irrigation infrastructure.
Additionally, relatively high-quality soils
allow establishment and growth of saltintolerant species. Current methods of
cottonwood and willow revegetation rely
on vegetative propagation techniques in
controlled environments and subsequent
planting on site. Direct seeding might
dramatically reduce restoration costs
while maintaining or increasing genetic
diversity. In addition, seeding might
result in native plant density capable
of excluding invasive plant species (i.e.
Tamarix spp.). Revegetation from seed
has been observed in natural and managed riparian ecosystems where moist,
bare soil was available during seed dispersal. However, large-scale restoration
with native cottonwood/willow seeds has
yet to be effective due to limited seed
viability and uncontrolled seed transport.
To develop successful direct seeding
revegetation methods for agricultural
lands, a study is being conducted for the
U.S. Bureau of Reclamation to assess the

MATTHEW R. GRABAU AND MICHAEL MILCZAREK
GEOSYSTEMS ANALYSIS, INC.
MARTIN KARPISCAK
UNIVERSITY OF ARIZONA OFFICE OF ARID LANDS STUDIES
BARBARA RAULSTON
U.S. DEPARTMENT OF THE INTERIOR

POTENTIAL BENEFITS OF NATIVE SEED APPLICATION
• Maximizing genetic diversity and preservation of local genomes
• Potential for high plant densities
• Improved native species habitat
• Increased competitive advantage over saltcedar and other undesirable species
• Easy application of multiple species together to create mosaic effect
• Economic efficiency — very high seed production
CHALLENGES OF NATIVE SEED
• Seed ecology: periods of viability for Fremont cottonwood, Goodding willow, and
coyote willow seed unknown (literature suggests one week to one month).
• Seed placement: fluffy seeds are very difficult to keep in place.
• Minimizing unwanted seed transport by irrigation water: the seed must be broadcast-applied, so any sheet flow will move the seed around or off the site.
• Keeping the surface soil wet during germination and seedling stages, particularly
because the seed is applied in early to mid-summer.

feasibility of using native seed in restoration efforts along the lower Colorado
River. Riparian habitat restoration
objectives on the lower Colorado River
include increasing stands of native plant
species and habitat for the southwestern
willow flycatcher, yellow-billed cuckoo,
and various other fauna; creating a dense
mosaic of cottonwood, willows, mesquite,
and native shrubs; and reducing capital
and long-term maintenance costs.
The investigation consists of a phased,
three year, germination, greenhouse, and
field study. Initial results indicate that:
1) viability of cottonwood and willow
seed can be extended to longer than one

91

RHJV

year using simple preservation methods;
2) removing seed hairs greatly increases
germination rates; and 3) seeding allows
dense cottonwood and willow establishment and survival. Other soil conditions
(compaction, texture, and fertility) and
seeding rates also significantly affect
plant establishment, growth, and species
diversity, and should be considered for
site selection and preparation. Current
field studies are focused on determining
optimum seeding and irrigation methods. Future field studies will determine
optimum seeding rates and species
proportions.
MORE
INFO? matt@gsanalysis.com

OTHER PARTNERSHIPS

LANDOWNER INCENTIVE PROGRAM
RIPARIAN HABITATS: PERSPECTIVES FROM
POST-RESTORATION MANAGEMENT
Ninety-four percent of the land in the
Central Valley is privately owned, and
99% of riparian habitat has been lost.
With those facts in mind, the California
Landowner Incentive Program assists
private landowners throughout the
Central Valley to successfully manage
newly restored riparian habitats. These
efforts include irrigating, excluding
livestock, curtailing weed growth, and
instituting management practices to
increase the vigor of riparian vegetation.
Currently, we have management agreements on 15 properties, the majority
of which occur on Wetland Reserve
Program locations within the riparian
area component, with a few remaining
sites in the Valley foothills. Common
requests from the landowners we work
with are the need for effective restoration agency partnerships with smooth
transitions between phases of project
completion, not to mention financial and
technical assistance following any type
of restoration, especially riparian. From a
biological and management standpoint,
vegetation diversity and complexity provide better wildlife habitat, but
require more intensive management
and therefore incur greater costs. With
recent added funding from the U.S. Fish

and Wildlife Service, we are developing an extended Landowner Incentive
Program that will restore and manage
riparian habitats along the Sacramento
and San Joaquin Rivers and their major
tributaries in an effort to relieve declines
of endangered species. To qualify for
the program, the land must be privately
owned adjacent to the San Joaquin and/
or Sacramento Rivers or their tributaries.
It must have been grazed on or planted
during three of the last five years, and the
landowner must be able to provide a 50to 200-foot buffer zone and be willing to
exclude cattle or use prescribed grazing.
MORE
INFO? mkenyon@dfg.ca.gov
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MARC KENYON
DUCKS UNLIMITED
DEAN KWASNY
CALIFORNIA DEPARTMENT OF FISH AND GAME

OTHER PARTNERSHIPS

UPPING THE PERFORMANCE BAR
FOR FLOOD CONTROL PROJECTS:
POTENTIAL NEW REGULATORY TOOLS
The Regional Water Quality Control
Boards’ focus on chemical pollution has
historically undervalued the importance
of addressing physical stressors on the
ecological health of our streams. Yet
there is a growing body of science that
indicates that in many streams these
physical stressors (e.g. erosion, sedimentation, gravel depletion, barriers to
migration) are among the factors most
limiting the biological productivity of
our streams. Similarly, permitting of
individual flood control projects focuses
on the flood control reach and mitigating
impacts in the flood control reach rather
than looking at the needs of the watershed as a whole.

RICHARD MCMURTRY
SANTA CLARA COUNTY CREEKS COALITION

There are several potential new tools
for the Regional Board’s regulatory tool
kit that could have positive impacts on
the efforts to integrate riparian habitat
restoration and flood control planning:

Opportunities exist for creeks advocates
to work in coordination with each other
and with their local Regional Board
and the State Water Resources Control
Board to develop these tools.

1. Watershed Permits/Riparian Corridor
Orders under Water Code Section
13225 that address “any technical
factor affecting water quality control”
(rather than just “waste discharge”);

MORE
INFO? rmcmurtry@baymoon.com

2. Instream erosion standards for flood
control projects based on stream stability (rather than on whether the project
makes erosion/incision worse);
3. Analyses of limiting factors to species
sustainability to guide mitigation
programs’ focus and location (rather
than just the “tree-for-tree,” “acre for
acre” approach to mitigation).
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OTHER PARTNERSHIPS

FLOOD PROTECTION AND HABITAT
ENHANCEMENT BY COLLABORATION
The Santa Clara Valley Water District’s
(District) 1999 Adobe Creek Watershed
Planning Study identified improvements
to 7.5 miles (16 reaches) of Adobe Creek
in the city of Los Altos and town of
Los Altos Hills in Santa Clara County,
California. The objectives of the project
were to provide flood protection while
reducing erosion and sedimentation. The
design for Reach 5 would have provided
protection from the 1% flood (the flood
flow that has a 1% probability of occurrence in any given year and equates to
the 100-year flood event) by widening
the channel and stabilizing the banks
with rock gabions. After much dissension
from creekside property owners and concerned citizens, a local agency declined
to grant the District the right of way
needed for construction and mitigation.
Without the right of way, the District
ceased work on the Project.
In 2003, we realized that to make the
project a success we needed to include
other stakeholders such as the local agencies, regulatory agencies, and any other
stakeholder who wanted to be a part
of the project. The project then became
a collaborative project, rather than a
District project, with each collaborative
member having an equal voice in the
project. Collaborative members include
the District, Adobe Creek Watershed
Group, creekside property owners,
citizens, local agencies, and regulatory
agencies. Members of the collaborative
are involved in and provide input on all
stages of the project, including planning,
design, implementation, and maintenance.
One of the first things we did as a
collaborative was ask the Adobe Creek

KRISTEN O’KANE
SANTA CLARA VALLEY WATER DISTRICT

PROJECT OBJECTIVES:
• Restore the creek through repair of the eroded channel.
• Stabilize the creek banks.
• Remove accumulated sediment under W. Edith Avenue Bridge.
• Improve the channel conveyance capacity.
• Allow for overland flow during flood events.
• Achieve the above objectives, while minimizing/avoiding environmental and
right-of-way impacts to the greatest extent practical.

Watershed Group what they didn’t like
about the old project design. We did this
by having them mark up large poster
board design plans. During this process,
and throughout the collaborative process
we captured over 200 concerns. These are
documented and tracked in a matrix that
is revisited periodically to ensure that all
concerns are being addressed. Another
step we completed before we even began
to design the project, was to develop
a document called the Collaborative
Principles that identifies the roles,
responsibilities, and expectations for each
of the collaborative members by group.
The Principles includes guidelines to
assist the collaborative with decisionmaking and deliberating comments,
including what steps to take when we
cannot reach consensus on something so
we can continue to move forward in a
positive way.
Throughout the course of conceptual
design development, the collaborative
reviewed several “alternatives” that were
variations of the same concept. These
“alternatives” had minor differences in
the project footprint, placement of rock
slope protection, and placement of grade
control structures. The collaborative, as
a group, decided on a modified geomor94
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phic design that will provide increased
flood protection by allowing a certain
amount of overland flow on private
property, restore the degraded creek, and
comply with right of way limitations
set forth by the property owners. The
new consensus-based design proposes a
modified natural geomorphic design with
a limited channel top width for the first
500 feet and a geomorphic design for the
following 200 feet. Bank stabilization
and erosion repairs will be constructed in
the remaining 400 feet downstream. The
project is designed to convey a minimum
flow of 1,100 cubic feet per second (cfs)
in the initial floodplain portion, increasing to the 100-year capacity where the
channel deepens as it exits the floodplain.
The project will improve riparian and
instream habitat by replacing the existing, failing hardscape that lines much of
the creek banks and the concrete channel
bottom with a bio-engineered channel
design that incorporates earthen banks
wherever possible, boulders, and appropriate vegetation. It will also remove two
drop structures that are a barrier to the
movement of native fish species.
MORE
INFO? kokane@valleywater.org.

REGUL ATORY SOLUTIONS

“Conservation banks are a free-market enterprise that offers private
landowners economic incentives to protect natural resources.”
— Ken Sanchez, U.S. Fish & Wildlife Service

REGUL ATORY SOLUTIONS

CONSERVATION BANKING —
AN ECONOMIC TOOL FOR
THE PRIVATE LANDOWNER
Conservation banking is defined as
the practice of preserving threatened,
endangered, and candidate species and
their habitats, in advance of habitat loss
from development actions, and subsequently allowing the use of this preserved
land to be sold as credits for compensation in compliance with federal, state,
and local laws. Privately (sometimes
publicly) owned land is managed for its
natural resource values. In exchange for
permanently protecting the land, the
bank operator is authorized to sell credits
(acres of habitat) to entities that need to
satisfy legal requirements for compensating for the environmental impacts of
projects that result in impacts to natural
resources under the federal Endangered
Species Act (mitigation).
This strategy is an important and
emerging tool that provides a market
driven economic incentive for the
private landowner to preserve important
habitats. In some cases, fee title is held
by a private landowner (rancher/farmer
historical owner) with an easement held

KENNETH SANCHEZ
U.S. FISH & WILDLIFE SERVICE

CONSERVATION BANK ACRES
(APPROXIMATE)

CONSERVATION BANK SPECIES
Number of federally listed species
protected on bank lands (approximate)

TOTAL ACRES

70,000

California

56,000

Mammals

6

Other states

13,000

Birds

5

Reptiles

4

Amphibians

2

Fish

4

Invertebrates

18

Plants

15

Saipan

814

by a land trust; in others, the fee title is
held by a land trust and an easement by
a second land trust. In all cases, Fish &
Wildlife is a third-party beneficiary on
the easement.
Elements of a successful conservation
bank include “banking” property of high
conservation value that fits into regional
conservation strategies, having a willing
landowner and/or conservation banker,
a conservation easement, a bank agreement, and a management plan and
endowment. Types of banks include
those in which high quality habitat for
rare species or habitat identified in
conservation strategies, state wildlife
action plans, or other regional plans is
preserved; restoration banks, in
which remnant or
degraded habitat is
restored with a net
increase in habitat
quality or quantity
and benefits to a
species; and banks
where wetlands
or other habitat is
created where it
did not previously
exist (including
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(Many more non-listed species are
protected on conservation bank lands.)

wetland mitigation projects). Activities
allowed on the banked property must
not impact or degrade the site but can
sometimes include public access, education, hunting, or agriculture as long
as the activity is secondary to species
conservation considerations.
In addition to the economic incentives to
private landowners to conserve habitat,
conservation banks have other benefits,
including meeting federal, state, and
local requirements for mitigation; saving
developers time and money by providing
them with the certainty of pre-approved
compensation lands; providing for
permanent protection and management
of important habitats; and being large
enough to be ecologically self-sustaining
or part of a larger conservation strategy.
MORE
INFO? kenneth_sanchez@fws.gov

REGUL ATORY SOLUTIONS

REGULATION OF NON-WETLAND RIPARIAN AREAS
IN THE ARID AND SEMI-ARID SOUTHWEST:
MATTHEW VANDERSANDE,
U.S. ARMY CORPS OF ENGINEERS,
SECTION 404 OF THE CLEAN WATER ACT
REGULATORY DIVISION
RICHARD
AMBROSE
AND
LINWOOD PENDLETON,
AND BANK STABILIZATION
UNIVERSITY OF CALIFORNIA, LOS ANGELES
As part of my dissertation at UCLA
in the Environmental Science and
Engineering Program and while working
for the Corps of Engineers, I conducted
an original research project that investigated factors associated with permitting
bank stabilization under Section 404
of the Clean Water Act in the arid and
semi-arid southwest. Bank stabilization
was used to assess impacts in riparian
areas because it has both a direct negative
impact to riparian areas located in jurisdictional waters of the U.S. and indicates
where development has encroached into
riparian corridors located outside of
waters of the U.S. My research included
examining the occurrence and distribution of bank stabilization structures
across the Los Angeles District (southern California and Arizona) and a case
study of the Calleguas Creek watershed.
Bank stabilization occurs throughout
the southwest, but is concentrated in the
most populous counties located in coastal
southern California. A positive linear relationship was found with the permitting
of bank stabilization in this semi-arid
region and annual rainfall totals (in particular extreme rainfall events). The data
showed that bank stabilization occurs
significantly more often when development is placed close to the edge of bank
and on the outside bend of a meander.
The construction of bank stabilization
also appears to lead to the construction
of additional bank stabilization and a
progressive channelization of the region’s

TAKE HOME POINTS
My studies found a pattern of:
– Encroachment of development into the riparian corridor
– Bank erosion
– Construction of bank stabilization structures
– Additional adjacent encroachment
– Progressive channel hardening
– An overall reduction in riparian vegetation

waterways. Significantly more vegetation
occurred along the toe of bank and on
the bank at non-stabilized control sites
than at stabilized sites. Therefore, to preserve the integrity of the region’s riparian
resources and better meet the objective of
the Clean Water Act, it is imperative to
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avoid and minimize development along
the banks of the region’s erosive waterways to prevent the need for future bank
stabilization structures.
MORE
INFO? matthew.w.vandersande@		

usace.army.mil

REGUL ATORY SOLUTIONS

SECTION 404 OF
THE CLEAN WATER ACT AND
PROTECTION OF RIPARIAN HABITAT
Under Section 404 of the Clean Water
Act, the Corps of Engineers regulates
the discharge of dredged or fill materials into waters of the United States,
including jurisdictional streams and
adjacent wetlands. Although viewed as
important semi-aquatic habitat, riparian
habitat is not always jurisdictional under
Corps regulations. Many riparian habitat
features are not within the ordinary
high water mark or lack all three
attributes (hydrology, soils, and vegetation) to qualify as adjacent wetlands.
Even with jurisdictional limits, Corps
regulations have important contributions
towards protection of riparian habitat
in several ways. First, Corps regulations
have immediate relevance for willow
and cottonwood habitat within stream
channels and in adjacent wetlands.

Discharge of dredged or fill materials in these habitats requires permit
review that considers riparian habitat
values. Second, Corps regulations have
incidental benefits to non-jurisdictional
riparian habitat. Avoidance of streams
and adjacent wetlands often results
in additional avoidance of associated
riparian habitat. Corps regulations give
credit for avoidance of riparian buffers to
offset compensatory mitigation requirements. Third, Corps mitigation policies
are evolving towards consideration of
restoration on a watershed basis. For
unavoidable impacts to waters of the
United States, restoration would be
directed to strategic locations within a
watershed to promote ecosystem functions and values while considering
landscape issues such as buffers, corri-
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JAE CHUNG
U.S. ARMY CORPS OF ENGINEERS

dors, and connectivity. Fourth, the Corps
works cooperatively with other agencies
interested in riparian protection. Corps
staff regularly coordinates with staff from
the California Department of Fish and
Game and the U.S. Fish and Wildlife
Service. Lastly, the Corps can implement Special Area Management Plans
(SAMPs) which balance aquatic resource
protection with reasonable economic
development. SAMPs are based on the
assessment of watersheds and other large
geographic units and allow for creative
and proactive development of policies
and standards that enhance protection
of important habitat elements within a
watershed.
MORE
INFO? yong.j.chung@usace.army.mil

REGUL ATORY SOLUTIONS

A SAFE HARBOR AGREEMENT FOR WILDLIFE
HABITAT RESTORATION IN
KENT REEVES
EAST BAY MUNICIPAL UTILITY DISTRICT
YOLO COUNTY DEPARTMENT OF
THE LOWER MOKELUMNE
PARKS & NATURAL RESOURCES
MICHAEL BEAN AND TERRY YOUNG
RIVER WATERSHED
ENVIRONMENTAL DEFENSE
Safe Harbor Agreements (SHAs)
were developed under the Endangered
Species Act to provide protection and
incentives for private or non-federal
landowners who voluntarily restore
habitat for federally listed threatened
and endangered species. The lower
Mokelumne River SHA for the valley
elderberry longhorn beetle is the first
in California that is “programmatic” —
that covers a large area with multiple
landowners. Landowners along the
entire lower Mokelumne River corridor,
from the base of Camanche Dam to
the confluence of the Cosumnes River,
are eligible to enroll. This programmatic
SHA was developed within the context
of a regional stewardship plan to enhance

overall watershed health and water
quality in a working landscape along the
lower Mokelumne River. The programmatic SHA supports the Agriculture,
Biological Resources, and Restoration
elements in the watershed plan. The
Mokelumne River SHA is intended
to: 1) Promote ecosystem restoration
through the voluntary restoration,
enhancement, and management of
native riparian habitat in the watershed;
2) provide regulatory assurances to
landowners who participate in habitat
restoration; and 3) accomplish habitat
restoration without negatively affecting
farming activities.
MORE
INFO? kent.reeves@yolocounty.org
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SUSAN MOORE
U.S. FISH & WILDLIFE SERVICE
CLIFF OHMART
LODI-WOODBRIDGE
WINEGRAPE COMMISSION

REGUL ATORY SOLUTIONS

A COMMUNITY ORGANIZING STRATEGY
FOR INTEGRATING STREAM RESTORATION
AND FLOOD CONTROL
The Santa Clara County Creeks
Coalition was resurrected in 2005 from
the ashes of an organization of the
same name that disbanded in 1997 after
having successfully completed a campaign to secure municipal adoption of a
riparian corridor setback policy. The new
group believed that movement towards
integrating flood control and stream
restoration planning required environmental groups to work together more
strategically and to develop a broader
base of community support and advocacy
for streams. The previous and familiar
pattern of commenting on EIRs and
trying to influence project incorporation
of environmental elements had had only
minor successes. Something new was
needed. Our current strategy includes the
following:
1. Using random phone surveys of voters,
determine the degree to which the
community sees stream restoration as
important compared to flood control.
2. Presenting a persuasive video to
community and neighborhood organizations to impress the value of creeks
to ecology and to the community quality of life and to get voters to advocate
for stream restoration through letter,
email, or phone communication with
elected officials.

3. Working at the Flood Control/Water
District Board level to get creek
friendly policies adopted.
4. Working at the Flood Control/Water
District staff level to get an independent audit of the design process in
order to focus attention on the need
for a systematic change in how stream
restoration is integrated into flood
control design.
5. Working at the Regional and State
Water Board levels to evaluate
“Watershed Permits” (using underutilized sections of the water code) as
a means of (1) focusing attention on
limiting factors to ecological health/
beneficial uses of streams, especially
to shift priorities towards addressing
physical stressors to watersheds as
opposed to chemical stressors; and
(2) taking a watershed approach to
stream restoration (as an end in itself )
and as a way of doing flood control.
Our initial efforts show that there is a
high degree of public support for stream
restoration and a higher level of support for stream restoration than flood
control. A video shot 10 years ago called
“Cement Banks or Green Banks” still
packs a powerful persuasive message
and is being updated as a community
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RICHARD MCMURTRY
SANTA CLARA COUNTY CREEKS COALITION

organizing tool. There is general recognition of the need for more explicit
environmental “ends” policies at the
Flood Control/Water District level (the
adoption of which could have significant
impacts on the design process and the
integration of stream restoration and
flood control. Steps are being taken to
integrate more creek-friendly design
approaches into flood control design,
but it remains unclear as to the degree
to which the design process custodians
are willing to move toward a more robust
integration of habitat goals/geomorphic
design and flood control. There is some
interest at the Regional Board level in
finding ways to better prioritize staff
resource investments, and requirements
of the regulated community.
MORE
INFO? rmcmurtry@baymoon.com.

“A 2° Celsius increase — or more — per decade is non-sustainable
from an ecosystem point of view.”
— Jeff Price, Nobel Laureate

CLIMATE CHANGE

“We need to think inside the watershed.”
— Brock Dolman, Occidental Arts and Ecology Center

“Think outside the box. We have an obligation
to think about things in a different way.”
— Caryl Hart, California State Parks and Recreation Commission

CLIM ATE CHANGE

ADAPTING TO
CLIMATE CHANGE
The global average temperature has
increased by approximately 0.7°C since
pre-industrial times. The United Nations
Intergovernmental Panel on Climate
Change (IPCC) projects a further
increase in global mean temperatures
of 1.1° - 6.4° C by the year 2100. The
balance of evidence obtained from
meta-analyses of published studies suggests that a significant impact from this
amount of climatic warming is already
discernible in the form of long-term,
large-scale alteration of animal and
plant populations. Thus, the question is
not whether climate change will impact
biodiversity as many of these impacts
have already been observed. Rather the
real question is one of how great the
impacts might be and how can conservation managers adapt? Models of changes
in breeding distributions of North
American birds predict that most species
will undergo some shift in their ranges.
A comprehensive analysis of the literature indicates that impacts to ecosystems
will accelerate once the global average
temperature increases by more than 2°
C. While projections of precipitation
changes vary between models, there are
some consistent model results suggesting
that climate change will lead to increasing impacts on riparian areas in the
state. While precipitation has increased
generally in the state, it has decreased
in the Central Valley. The snow season
has decreased by 16 days, and snowmelt
is occurring earlier. And in water-scarce
areas around the world, more water will
be diverted to grow crops, impacting
riparian areas.

JEFF PRICE
CALIFORNIA STATE UNIVERSITY, CHICO

CONSERVATION PLANNING – ADAPTATION STRATEGIES
• Develop individual adaptation strategies to help vulnerable areas/species adapt to
climate change.
• Remain flexible to take advantage of conservation opportunities regardless of
vulnerability.
• Adaptation must be considered at multiple scales — how do protected areas fit
within an overall protection matrix?
• Maintain healthy, connected, genetically diverse populations.
• Consider climate variability in management and restoration plans.
• The better one can manage under unusual conditions (e.g. El Niño), the better
prepared you will be for climate change.
• Drawing from a suite of adaptation options make a plan for each area/species,
and start implementing the plan.
• Measure success.
• Develop and implement monitoring protocols.
• Measure impacts on areas/species.
• Measure how accurately vulnerability was assessed.
• Determine how well adaptation measures are working.

MORE
INFO? JTPrice@csuchico.edu
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DAMS AND LEVEES:
MALADAPTED TO CLIMATE CHANGE
Climate change is expected to dramatically increase the size and frequency of
floods. “Hard path” structural flood
control based on levees and dams is a
“maladaptation” to climate change because
it is based on the assumption of a static
climate. In this fictitious static climate,
engineers decide what “design flood” a
particular dam or levee should withstand.
When this “design flood” is exceeded, the
dam will almost certainly fail.
The inflexibility of hard flood control is
a major weakness, not only because the
climate is changing, but also because the
timing and magnitude of floods changes
over time due to urbanization and other
land-use alterations as well as natural
geomorphological processes.
In contrast, the “soft path” of flood risk
management is flexible, in that it seeks
to reduce damage from any size of flood,
and adaptive in that it can respond to
hydrological changes. Flood risk management assumes that floods will happen
and that we need to learn to live with
them as best we can, by reducing their
speed, size, and duration where possible, and doing our best to protect our
most valuable assets and get out of their
destructive path. It assumes that all flood
protection infrastructure can fail and that

PATRICK MCCULLY
INTERNATIONAL RIVERS NETWORK

TAKE HOME POINTS
• Dams are designed for a static climate.
• None of the world’s large dams are designed to withstand the predicted changes in
hydrology that will occur with climate change.
• As the climate changes, the life span of dams will decrease as sedimentation from
more frequent, more intense storms occurs.
• We must adapt and mitigate for climate change.
• We must remove structures that fragment natural systems, which will help increase
their resiliency.
• We need to begin to capture rainwater in our cities and poor areas.

this failure must be planned for. It is also
based on an understanding that all floods
are not inherently bad — and indeed
that floods are essential for the health of
riverine ecosystems.
MORE
INFO? jamie@irn.org

RISING FLOODS
Number of worldwide floods
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CLIMATE CHANGE AND
THE ROLE OF PUBLIC LANDS
The California Department of Parks and
Recreation has several initiatives that
address climate change in riparian
ecosystems. As the owner and manager
of 278 park units, including over 280
miles of coastline and 250 miles of rivers,
many with coastal lagoons and estuaries,
California State Parks holds a critical
role in the protection, restoration, and
interpretation of the state’s wetlands.
In addition to being included in DPR’s
primary mission, wetlands preservation
is also a mandated responsibility under
the Keene-Nejedly California Wetlands
Preservation Act of 1976. The Act directs
DPR, along with the Department of Fish
and Game, to recognize opportunities
for protecting wetlands that lie within
or adjacent to state park system units,
and to consider acquisition of wetlands
in proximity of state parks. Since a
primary role for DPR is the preservation
of the state’s biodiversity and protection
of its valued natural resources, adaptation strategies in response to climate
change are increasingly important.
Wetland adapation strategies include
restoring existing and establishing new
marshland vegetation as sea level rise

CARYL HART
CALIFORNIA STATE PARKS

inundates coastal land; establishing other
marshland vegetation where freshwater
lake levels fall; reducing human water
withdrawals to restore natural hydrologic
regimens; and reforesting riparian areas.
Other, broader adaptation strategies
include acquiring large reserves with
varied topography, with room for northward and upslope movement; managing
for high species and functional group
diversity; and trying to ensure habitat
types across environmental gradients.
State Parks also hopes to coordinate with
other public land agencies, land trusts,
and private owners on conservation
goals. Outside of park boundaries, State
Parks hopes to establish and maintain
wildlife corridors, acquire new conservation areas in climate change refugia,
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eliminate dispersal barriers and create
dispersal bridges. State Parks’ additional
efforts to combat climate change include
its Cool Parks Initiative, which entails
measuring the ecological footprint of
our parks and taking action to reduce it;
switching to solar and renewable energy
in parks; monitoring emission reductions; and working with the California
Air Resources Board to develop forestry
protocols on public lands. We also plan
to bolster our public education and
outreach efforts to teach people about
the impacts of climate change on parks.
We are considering selling “cool parks”
stickers to visitors to help fund the
switch to renewables in parks.
MORE
INFO? carylo@mac.com
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CLIMATE CHANGE AND RIPARIAN CORRIDORS:
RESTORING RESILIENCY AS AN ADAPTIVE
BROCK DOLMAN
WATERSHED RESPONSE
OCCIDENTAL ARTS AND ECOLOGY CENTER
California-focused climate change
studies generally forecast significant
hydro-modifications to the behavior of
the state’s water cycle. Potential dramatic
reductions in annual snow pack, increases
in extreme runoff events, exacerbated
flooding, rising sea levels, amplified
drought events, warmer and reduced
instream flows, decreasing ground water
recharge, and affected available water
quality and quantity are but a few of the
challenges that humans and non-humans
alike will face in the near future.
This “watershed moment” should encourage Californians to ponder for a moment
how to think more like a watershed.
From ridgeline to river mouth we will
have to adeptly and astutely adapt to
climate change, and re-pattern our
settlements to be ecologically literate and
climate responsive. Making our watersheds more resilient amidst changing
climatic regimes will depend on how
we enhance the integrity of our riparian
floodplain corridors. We need to clearly
define, conserve, and regenerate the
environmental services of these keystone
riparian ecosystems, originating with the
incipient start of the smallest headwaters
springs and seasonal creeks to the grand
convergence of the mighty Delta.

Drawing by Jim Coleman
California’s water security critically
depends on riparian health. From biodiversity protection, waterway channel
stability, sediment transport, and groundwater recharge to flood attenuation,
water quality enhancement, property
value protection, recreational opportunities, and future economic viability,
riparian corridors weave together a
multiplicity of functional threads vital
to the tapestry of our shared future in
uncertain times. Will we collectively rise
to the challenge? With increased flows
and sediment transport in our streams,
fish passage and breeding will be
affected, yet we can help stabilize our
riparian systems using soil bioengineer-
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ing. We can also integrate “mini riparian
areas” into our landscape by creating
green stormwater systems that will
allow stormwater to slowly infiltrate
and be taken up by vegetation instead of
running off rapidly into our streams. In
doing so, we recharge groundwater and
improve water quality.
As has been wisely noted by many, “planning is best in advance.” Riparian areas
are intrinsically set up to be resilient, and
will be, if we allow them to be. We need
to tackle climate change watershed by
watershed.
MORE
INFO? brock@oaec.org
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CLIMATE CHANGE
CHALLENGES AND OPPORTUNITIES
California is at a crossroads — or more
likely a large multi-freeway interchange.
We face population increase, more
pressure on land development, loss of
farm lands, and aging infrastructure in
transportation networks, water supply
and wastewater systems, flood control
systems, and energy supply lines, all in
the face of a rapidly changing climate.
What is also at that crossroads is the loss
to the state’s economy of ecosystem services that have previously been ignored
or at least unrecognized. Without a
comprehensive approach that recognizes
the value of these ecosystem services to
the economy, we are facing an economic
and environmental train wreck.
The most recent bond funds approved by
the voters and legislature emphasize the
need for more comprehensive integrated
approaches to dealing with our water
supply, energy supply, land use development, and flood protection demands
while protecting and improving our
ecosystems. Integrated approaches to
these complex issues will require strong
commitments from all local, regional,

state, federal, private, research, and
non-profit organizations to develop longterm, adaptable and sustainable solutions
for the future needs of California. The
history of water and flood management
in California has set a direction that has
led to human prosperity with a great
cost to environmental and ecosystem
sustainability (and ultimately even the
detriment of human systems sustainability). This can be observed in the decline
of the many aquatic and terrestrial
species that rely on natural systems and
functions of our watersheds, rivers, and
delta estuaries, and that now face us
head-on as a result of our previous
management decisions. These species and
ecosystems at risk should be our sentinels
or canaries in the coalmine, our intersection warning signs.
In order to adapt to the observed and
predicted environmental changes
advancing with global climate change, we
need to come together to address what
has been lost in order to improve our
common future. It is time to think about
changing our human systems to be more
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TED R. FRINK
CALIFORNIA DEPARTMENT OF WATER RESOURCES

compatible with our environmental and
ecosystem needs, and to acknowledge
and understand the physical and economic benefits that we get from these
natural services. We can make decisions
that look very different than what history
has left us, and it is this bold, out-of-the
box thinking that will require a common
commitment to integrated management
and collaboration. Global climate change
will demand that we bring back lost
functions of our ecosystems so that we
can better cope with more extreme floods
and more severe droughts and still
sustain human systems while protecting
and restoring our natural history and
native species. We can avoid the same
old routes, put our environment back in
the front seat as our navigator, and take
a new offramp, but we will all need to be
carpooling in our electric vehicles into
the future on this.
MORE
INFO? tfrink@water.ca.gov

The statewide mapping of California’s riparian areas
will fill in “the big hole in the map of California wetlands.”
— Josh Collins

MAPPING
AND
MODELING

MAPPING AND MODELING

A PRACTICAL METHOD
TO MAP RIPARIAN AREAS
IN CALIFORNIA
The California Riparian Habitat Joint
Venture (RHJV) sponsored a study
of riparian mapping as a step toward
recommending a statewide riparian
inventory. The RHJV adopted the riparian definition provided by the National
Research Council (NRC), which indicates that all boundaries between uplands
and aquatic environments or wetlands
have some riparian functions. At issue is
the width of the areas that lack obvious
topographic or vegetation boundaries.
The mapping method is based on the
concept, derived from the literature
on riparian ecology and the functional
relationships between riparian areas and
adjacent waterbodies, that riparian width
varies with function, while function varies with plant community structure and
topographic slope.
Based on the literature, default widths
for maximum functional capacity were
identified for ranges of site potential
vegetation height as modified by slope.
Based on costs and accuracy, the optimal
mapping method involves (1) mapping
the drainage network including the
boundaries of all lentic and wetland
features; (2) applying default functional
widths to the channel banks, shorelines,
and wetland edges based on the site
potential vegetation height; (3) increasing the widths as a function of side slope;

JOSHUA N. COLLINS
SAN FRANCISCO ESTUARY INSTITUTE
MARTHA SUTULA AND ERIC D. STEIN
SOUTHERN CALIFORNIA COASTAL WATER RESEARCH PROJECT
ANN CHRISNEY
PRBO CONSERVATION SCIENCE

and (4) revising the map to include
recognizable riparian conditions that are
outside the areas resulting from step 3.
The method is consistent with the NRC
definition, not biased for or against any
particular physiographic or climatic setting, can be used to upgrade the National
Wetlands Inventory and the National
Hydrography Dataset, is applicable
throughout California, can be distributed
among many work centers, and seems to
be adequately accurate to serve the needs
of local agencies. The method was tested
in the Napa River and Ventura River watersheds, and is being piloted for about
15,000 square miles of coastal watersheds
in northern and southern California.

TAKE HOME POINTS
• California does not have a formal
standard definition of riparian area.
• Adopting the NRC definition increases
overall riparian extent.
• Mapping can help recreate California’s
environment at the time of European
contact.

MORE
INFO? josh@sfei.org

Historical Change in Riparian Extent
Napa Watershed
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SACRAMENTO RIVER
2007 RIPARIAN MAP
Since the early 1990s, over 5,600 acres
of the upper Sacramento River between
the cities of Colusa and Red Bluff have
either been purchased or have come
under state and federal resource agency
easements with the intent of restoring
them to their natural state. One simple
performance measure of the effectiveness
of these programs is to spatially measure
change through a comprehensive mapping program.

CHUCK NELSON
CALIFORNIA STATE UNIVERSITY, CHICO

crosswalks to the 1999 map for analysis
purposes, and making files available
via our Sacramentoriver.org website.
Included deliverables will be GIS .SHP
spatial files of the 2007 and 1999 vegetation layers, metadata files, and a 2007
Sacramento River riparian map saved in
PDF format.
MORE
INFO? cwnelson@csuchico.edu

In spring of 2007, the Geographical
Information Center (GIC), an auxiliary
of the California State University, Chico
Research Foundation, began a project
to update the 1999 riparian map of the
upper Sacramento River. The project
area includes the 223-mile section of the
river extending from the confluence of
the Feather River at Verona (RM 79) to
Keswick Dam just north of the city of
Redding (RM 302). This project is a part
of two CALFED efforts, which include
the Sacramento River Monitoring and
Assessment and Working Landscapes
Projects. Aerial color photography was
completed in June of 2007, film negatives
were scanned, ortho-rectified, and made
available as geo-referenced TIFF files.
Unlike the 1999 effort, the GIC will be
using CNPS Rapid Assessment mapping
protocol. Digitized riparian maps will be
entered into a Sacramento River database
and made available to project researchers.
Our project includes building a revised
vegetation layer that is compatible and

Riparian map overlay for River Mile 210 to
220 near Woodson Bridge, Tehama County.
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TAKE HOME POINTS
• The project will support habitat conservation incentive programs and establish
a baseline for future monitoring efforts.
• Special attention will be given to
restored areas.
• Ground surveys are recording geology,
soil characteristics, and riparian
vegetation categories.

MAPPING AND MODELING

THE SACRAMENTO RIVER
ECOLOGICAL FLOWS TOOL
In the summer of 1999, The Nature
Conservancy initiated a study to
investigate whether regulation of the
Sacramento River’s flow regime by
dams, diversions, levees, and other
infrastructure was resulting in limitations
on natural cottonwood tree recruitment.
This study provided TNC with a better
understanding of when and how cottonwoods regenerate along the river,
including how much river flow would be
required to “mimic” the flow patterns
needed to regenerate streamside forests.
TNC also began to study the
Sacramento River’s flow regime as it
relates to the numerous large-scale water
management and planning efforts with
the potential to affect riparian ecosystems. These efforts include the proposed
Sites Reservoir, raising Shasta Dam,
and new diversions and water transfers.
Water use planning for the river system
currently attempts to balance the social
and economic needs of agricultural
production, flood protection, municipal
and industrial water supply and power
generation. A full understanding of the
operational impacts of these projects is
currently limited by a lack of ecosystem
information that could help inform a
multiple benefit project design — ideally,
one that meets human water demands
while providing ecological benefits.

RYAN LUSTER AND MIKE ROBERTS
THE NATURE CONSERVANCY

TAKE HOME POINTS
• Better ecological information is needed to ensure the best possible development of
future water projects.
• The six “focal” species act as a lens through which to evaluate flow regimes and
provide an alternative to the current primary focus on salmon.
• SacEFT data can provide daily assessments of performance measures or multi-year
rollups.

To better inform these management
decision processes, TNC has developed a
water management and riparian system
ecological trade-offs analysis tool. The
Sacramento River Ecological Flows Tool
(SacEFT) is a computer tool developed
as one component of TNC’s Sacramento
River Ecological Flows Study. The purpose of the SacEFT is to improve water
use decisions on the Sacramento River,
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incorporating physical models of the
river (historical and simulation scenarios
of discharge, temperature and gravel
augmentation) with biophysical habitat
models of six “focal” species: Chinook
salmon, steelhead, green sturgeon,
bank swallow, western pond turtle, and
Fremont cottonwood.
MORE
INFO? rluster@tnc.org

MAPPING AND MODELING

USE OF 2-DIMENSIONAL HYDRAULIC MODELING IN
THE PLANNING OF RIPARIAN RESTORATION WITHIN
THOMAS W. SMITH
DESIGNATED FLOODWAYS AND FLOODPLAINS
AYRES ASSOCIATES
The Sacramento River Flood Control
System has received considerable attention of late with regard to its ability to
protect the adjacent lands and population
from a 100-year flood event. At the same
time progress is being made in converting marginal farming operations within
the levees to native habitat. Gaining support for these projects with local boards
and some state regulatory agencies has
not been easy. The greatest perceived
impact to the flood control system is
seen to be a reduction in flow capacity
by dense growth created by restoration.
Some success in gaining local support
has been achieved through the use of
two-dimensional hydraulic modeling of
the existing and proposed restoration,
showing the effect of different revegetation scenarios on velocity and water
surface elevation.

TAKE HOME POINTS
• We have new opportunities to incorporate environmental features into the Central
Valley’s flood control features.
• Two-dimensional modeling allows both greater accuracy and better communciation
with the public.

This type of modeling can be done to
a level of detail that will capture even
relatively small changes (several acres),
but one of the strongest points is being
able to present the result in color graphic
format that works well to demonstrate
results for both the planners and the
general public. Output in a plan view
format has received a much higher level
of understanding of the overall changes
than the more traditional engineering
output of charts and graphs.
MORE
INFO? smitht@AyresAssociates.com
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FLOODPLAIN RESTORATION
ON THE LOWER COSUMNES RIVER
Recent floodplain management planning on the lower Cosumnes River
has focused on integrating the river’s
natural flow regime with restoration of
its historic floodplain. The Cosumnes
River, which is largely unimpaired,
provides a unique opportunity to reestablish connection between the river
and its historical floodplain to improve
fisheries and riparian habitat conditions. The evaluation and planning of
potential floodplain restoration actions
has been completed as a component
of the Cosumnes and Mokelumne
River Floodplain Integrated Resources
Management Plan and the Cosumnes
River Preserve Management Plan.
Floodplain modeling performed using
FLO-2D, a two-dimensional software
package, evaluated alternative floodplain
configurations and levee removal over
five miles of river channel and ten
square miles of floodplain. Evaluation of
alternative configurations was guided by
the goals and objectives set forth by the
Cosumnes River Preserve and focused
on restoration of riparian oak woodlands,
which historically dominated the area.
This historic environment supported
both terrestrial and aquatic species, and
has recently been shown to provide the
same benefits in nearby restoration sites.
Hydrologic analyses and floodplain
modeling indicate that the project can be
successful in meeting annual inundation
frequencies and flood durations that
support riparian regeneration, flood and
drainage patterns that minimize fish
stranding, and no-net-impact criteria
for adjacent landowners. The design
of the restoration project incorporates
sustainable land features and scientific
evaluation protocols for monitoring

LARRY RODRIGUEZ AND SATYA GALA
ROBERTSON-BRYAN, INC.

TAKE HOME POINTS
• Floodplain restoration via levee breaching has been very successful on the lower
Cosumnes.
• The creation of the “Accidental Forest” via an unintentional levee breach provides a
model for future restoration projects.
• The need for water retention on the floodplain must be balanced against the risk of fish
stranding.

riverine and riparian processes and
surface water-groundwater interaction in
the floodplain.
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MORE
INFO? larry@robertson-bryan.co
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TERRESTRIAL VEGETATION COMMUNITIES
ALONG THE LOWER MOKELUMNE RIVER
EBMUD, in collaboration with the
U.S. Fish & Wildlife Service, and the
California Department of Fish and
Game, is working to provide habitat
quality and availability to maintain
biological resources in good condition
through a Water Quality and Resource
Management Program. This vegetation
community assessment has provided
valuable baseline information on present
conditions of the riparian community.
This information has been used to plan

JAMES S. JONES AND JAMES R. SMITH
EBMUD
KENT A. REEVES
BROOK R. EDWARDS

TAKE HOME POINTS
• Understanding patterns of vegetation change is essential to wildlife and fisheries
conservation.
• In contrast to other mapping systems, nonvegetative features such as riprap and roads
were documented.
• Vegetation mapping will help us connect the best habitat. We have enough islands.

hectares of riparian lands, were mapped
and quantified. Community composition was analyzed based on reaches and

over time. The 16 terrestrial vegetation
communities and 4 non-vegetated
classes are visually depicted, with the
amount of land each community and
class encompasses. A description for each
community with cross-references to the
California Native Plant Society vegetation community classification system,
and the California Terrestrial Natural
Communities, California Natural
Diversity Database vegetation classification system is provided.
MORE
INFO? jjones@ebmud.com

and prioritize restoration projects
along the river. Terrestrial vegetation
communities adjacent to the lower
Mokelumne River from Camanche Dam
downstream to the confluence of the
San Joaquin River were classified and
mapped between 2001 and 2003 using
aerial photographs taken in 2000 and
2002. A special vegetation classification
system was created for the mapping
exercise. Sixteen terrestrial vegetation
communities and four non-vegetated
classes, comprising approximately 2,500
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EDITOR’S NOTE
This report includes a mixture of original
unpublished and published research presented
at the December 2007 Riparian Habitat
Conservation and Flood Management conference.

It includes abstracts for all presenters who attended
the conference. A few original abstract titles have
been slightly modified. Information from all posters
and presentations can still be found in the original
conference abstract book.
Our thanks to those presenters who provided
additional information and graphics in response
to our requests.

In addition we would like to thank the American
River Natural History Association for various
illustrations borrowed from “The Outdoor World
of the Sacramento Region: A Local Field Guide,”
which can be ordered online at www.arnha.org.

