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Management and Monitoring Recommendations for the Beehive Bend Subreach
Final Report

1. Introduction

The following document is in partial fulfillment of Cooperative Agreement No.
114210J001 (the "Agreement") between the United States Fish and Wildlife Service
(USFWS) and The Nature Conservancy (TNC) for Subreach/Site-Specific Management
Planning on the Sacramento River (Red Bluff to Colusa) Project (the "Project"). The
Project was approved for Federal funding, through the USFWS, in the CALFED Bay-
Delta Program’s 2000 directed programs process as part of the “Habitat Restoration in
Floodplains and Marshes” category. The Project directly addresses the Stage 1 Action
for the Sacramento River to protect, enhance, and restore the meander belt between Red
Bluff and Colusa.

The overall goal of the Project, as stated in the original proposal, was to “facilitate the
recovery of ecological processes within the floodplain, including the regeneration of
native riparian habitat.”

This report outlines the results of a set of studies that collectively sought to balance large-
scale conservation strategies and other land uses, primarily agriculture, on the Beehive
Bend Subreach of the Sacramento River. This subreach is located between river miles
(RM) 164 and 178 (Figure 1), an area that has been the focus of considerable
conservation focus over the last decade (see Section 1.6 for details on the Beehive Bend
Subreach).

Planning restoration of river systems requires a landscape approach, yet many past
planning efforts have not sufficiently looked beyond the borders of individual
conservation properties. To improve upon this we conducted a set of studies that focused
beyond the parcel scale. Investigations were conducted in the areas of hydrology,
geomorphology, biological response, and socioeconomics. These investigations yielded
not only management recommendations suitable for application to specific sites within
the subreach, but also furthered our understanding of what management actions are
required to advance river restoration at larger scales. Relevant scales for interpreting the
management recommendations brought forth in this report include that of the Beehive
Bend Subreach, and that of the entire Sacramento River Project Area (RM 144-244, see
Figure 1). Placing management actions in the larger context is a central challenge in
developing conservation management plans for river systems. As such it is best achieved
through focused interdisciplinary studies such as those profiled in this report.

We begin this final report by introducing the concept of subreach planning and
explaining why it is necessary to fully consider all of the important human uses of the
aquatic and riparian habitats of the river when planning restoration and protection
activities (Section 1.1 and 1.2). We then provide background on previous conservation
planning activities (Section 1.3) to set the context for those currently underway (Section
1.4). Next, we introduce the Beehive Bend Subreach (Section 1.5), setting the landscape
context for the studies that are profiled in the remainder of the report. The main findings
of these studies are presented in Sections 2 and 3.

In total 10 different studies (listed in Box 1) are profiled. For each we summarize the
background, scope of work, key findings and management implications, grouping the
projects for presentation purposes according to the general categories specified under
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Tasks 1 - 4 of the Agreement. Complete final reports for each study are included as
separate appendix documents and are posted electronically on the Sacramento River
Portal website: www.sacramentoriverportal.org.

Activities conducted to fulfill requirements of the Agreement for Task 3 (Conduct
Outreach of Subreach Planning Activities) are outlined in Section 4, and fully profiled in
Appendix 12.

As this report presents a compilation, distillation and synthesis of all of the studies
funded under the Agreement, it fulfills Task 4 (Identification of Future Conservation
Management Actions for the Beehive Bend Subreach). A final synthesis of the Project is
presented in Section 5. Here we attempt to highlight those findings that are most relevant
for directing future management and monitoring of this important section of the river.
However, because the individual studies profiled in this report focus on a wide range of
topics and each presents a wealth of valuable information, we encourage the reader to
also consult the original reports according to his or her particular area of interest.

Box 1. Component studies that were conducted as part of the Project to inform
conservation planning efforts in the Beehive Bend Subreach of the Sacramento
River, CA. For each study a summary is provided in the main body of this
document, and the full report is included as an Appendix.

Investigator's  Appendix

Component Study Affiliation #
Hydraulic Analysis of Riparian Habitat on the Sacramento Ayres 2
River from Princeton to Beehive Bend (RM 163-176) Associates
Baseline Information for Monitoring of Floodplain TNC 3
Deposition
Further Refining the Recruitment Box Model for Fremont TNC 4

Cottonwoods on the Sacramento River

The Distribution and Composition of Woody Species in CSuC 5
Riparian Forests along the Middle Sacramento
River, California

Pattern of Woody Species Establishment on Point Bars on CSuUC 6
the Middle Sacramento River, California

Contrasting patterns of juvenile Chinook salmon CSuUC 7
(Oncorhynchus tshawytschaw) growth, diet, and
prey densities in off-channel and main stem habitats
on the Sacramento River

Evolution Assessment and Conservation Strategies for UCB 8
Sacramento River Oxbow Habitats*
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Box 1 (continued)
Comparison of Surface-active Beetle (Order: Coleoptera) CSuUC 9
Assemblages in Remnant and Restored Riparian
Forests of Varying Ages on the Middle Sacramento
River, California.
Socioeconomic Assessment of Proposed Habitat Jones and 10
Restoration within the Riparian Corridor of the Stokes
Sacramento River Conservation Area Associates
Advancing Wildlife Restoration and Compatible Farming Kevin Wolf 11a
along the Inner River Zone of the Sacramento River and
Associates
and TNC
Investigation of Methods for Advancing Compatible Cerus 11b
Agriculture in Sacramento River Floodplain Habitats* Consulting
and TNC

*these studies were not funded by the Agreement (funding came from TNC private-source grants),
however, they are included in this final report because they are relevant to the overall focus of the Project.

1.1 Background and Context of Conservation Activities in the Sacramento
River Project Area

Passed by the State Legislature in 1986, Senate Bill 1086 called for a management plan
for the Sacramento River and its tributaries that would protect, restore, and enhance both
fisheries and riparian habitat. The law established an Advisory Council, composed of
representatives of state and federal agencies, county supervisors, and representatives of
landowners, water contractors, commercial and sport fisheries, and general wildlife and
conservation interests. After more than 50 meetings and workshops, the Council and its
action teams developed specific and action-oriented fisheries plans and conceptual
riparian habitat plans. This plan, the Upper Sacramento River Fisheries and Riparian
Habitat Management Plan, was published in 1989. Many of the fisheries action items
have since been, or are being implemented, such as fish bypass structures at diversions on
Sacramento River tributaries and the Shasta Dam temperature control structure.

In 1993 the Advisory Council was reconvened by the Secretary of Resources to
"complete their earlier work concerning riparian habitat protection and management,”
including development of a specific implementation program. Through its Riparian
Habitat Committee, the Council developed a Sacramento River Conservation Area
Handbook (the “Handbook”, California Resources Agency 2000) to guide riparian habitat
management along the river. The Handbook includes a set of principles and guidelines, as
well as recommended actions. A Memorandum of Agreement (MOA) has been signed
by most entities involved in management activities along the river, including the Boards
of Supervisors of all seven counties that border the Sacramento River Conservation Area.
The MOA signatories agree to work within the principles and guidelines in the Handbook
and to support the formation of a non-profit organization called the Sacramento River
Conservation Area Forum (SRCAF), which is composed of landowner and public interest
representatives from each county and agency representatives. The SRCAF coordinates
management activities with guidance from a Technical Advisory Committee utilizing a
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Geographical Information System (GIS) developed by the California Department of
Water Resources (DWR).

The overall goal of the SRCAF is “to preserve remaining riparian habitat and reestablish
a continuous riparian ecosystem along the Sacramento River between Redding and
Chico, and reestablish riparian vegetation along the river from Chico to Verona.” The
Handbook defines guiding principles which participating stakeholders use to formulate
their actions. More specifically, the Handbook identifies the following restoration
priorities, listed in order of their significance to ecosystem management of the
Sacramento River and its floodplain: 1) protect physical process where still intact, 2)
allow riparian forests to reach maturity, 3) restore physical and successional process, and
4) conduct reforestation activities. These strategies have widespread stakeholder support,
yet the challenge remains to identify specific ways to apply them across a large landscape
and with multiple managing entities. This challenge is made greater given that
improvements in ecosystem health are to be achieved while keeping third-party impacts
(to human property and infrastructure) to a minimum.

TNC is an active participant in the SRCAF, and seeks to align its conservation strategies
with the goals articulated in the Handbook. The SRCAF has the support of CALFED, as
is made clear in the 2001 Ecosystem Restoration Program Draft Stage 1 Implementation
Plan. Restoration Priority 1 in this plan for the Sacramento Region is to “Develop and
implement habitat management and restoration actions in collaboration with local groups
such as the Sacramento River Conservation Area [Forum].”

1.2 Subreach Planning

For the past decade, TNC’s Sacramento River Project and its partners have been
acquiring and restoring land along the Sacramento River. And clearly, we have reached
the point where “the whole is greater than the sum of its parts.” What were once small,
isolated parcels of restoration are now coming together in some areas to form a
continuous zone of habitat along the flood-prone banks of the river. To effectively deal
with the increased complexity of managing a larger area on the river TNC has instituted
the subreach planning process.

Subreach planning represents an increase in the scope and scale of floodplain
management for the Sacramento River. It is a shift in planning that steps beyond the
standard parcel-by-parcel method. It considers restoration and protection activities at a
larger scale, by analyzing 15-20 river mile sections of the river, that we call subreaches.

The subreach is a useful scale for planning conservation management activities in large
lowland river systems. Considerations of land use decisions at smaller scales are
typically not sufficient to capture the full range of impacts (especially from hydraulic and
geomorphic standpoints), and integrating information over much larger areas can be
logistically difficult.

The involvement of partners is a hallmark of TNC’s subreach planning process. By its
very nature subreach planning is a cooperative and collaborative effort, one that requires
private landowners, county governments, regulating State and Federal agencies, private
conservation groups, and other interested parties to work together to plan for the future of
land use along the Sacramento River. Subreach planning has, and will continue to devise
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long-term, mutually beneficial solutions to the issues of land use along this important
riverine corridor.

1.3 Including Humans as well as Habitat in the Planning Process

Subreach planning addresses more than just habitat restoration and protection. It seeks to
examine all uses of the floodplain, including important human uses. Among these are
roads and bridges that are essential for travel through the region, farming operations
which provide vital inputs to local economies, and important recreational activities such
as fishing and wildlife viewing.

Humans have always congregated around rivers. Recent findings from a cultural resource
study (White 2003) describe prehistoric cultures occupying many of the same locations of
today’s communities along the Sacramento River. Rivers are central to our cultural
heritage, historically providing transportation and trade corridors for timber and furs, and
fisheries and water resources. Today, rivers continue to provide society with precious
assets—important natural resources such as clean water and wildlife, irrigation for
agriculture, recreation and aesthetic resources for human enjoyment.

Early settlers recognized rivers as inherently dynamic environments and attempted to
tame them to foster economic growth and prosperity. Dredging, clearing large woody
debris, constructing levees, building bank protection, diverting water, and constructing
dams were activities pursued to help managers maximize the benefits of river systems.
Rivers and floodplains were valued as navigable trade routes, as extraction points for
natural resources, and as development sites for urban and agricultural enterprises.

In recent years our understanding of how river systems function has grown—we now
know that the natural processes that humans worked hard to constrain actually play
important roles in maintaining some of the attributes that society values most in their
rivers (e.g., robust fish populations, rich agricultural soils and clean water). Additionally,
society’s values have changed. As natural resources have become degraded, society has
come to realize that it wants it all—the safety and benefits of a “working river” and all
that a healthy riverine ecosystem has to offer. TNC’s approach to conservation planning
along the Sacramento River is designed to accommodate and promote both the
compatible human uses of the river (e.g., safety and recreation) and the natural processes
required for a healthy ecosystem. Specifically TNC’s conservation planning efforts seek
to:

e Assess existing land use, infrastructure, and riparian habitat.

e Coordinate involvement with local landowners, public agencies, existing watershed
groups, local conservancies and other interested parties during the planning process.

e Identify potential restoration and management activities.

e Assess the impact of these activities on third parties and the flood control system.
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1.4 Including the Restoration of River Process as Planning Focus

The restoration of river process represents a complimentary strategy to revegetation-
based conservation strategies, where process-based restoration is a long-term strategy and
revegetation is a short-term strategy.

When John Muir floated the Sacramento River in a driftwood raft from Chico to
Sacramento in 1987 he described the river as, “...very crooked, becoming more and more
so in its lower course, flowing in grand lingering deliberation, now south, now north, east
and west with fine un-American indirectness”. Much has changed along the Sacramento
River since then. Flood control structures, water storage and delivery systems, bank
protection, and changes in land use have created a very different Sacramento River.
Although a degree of river regulation is necessary for meeting human needs, the current
level of alteration to the river is threatening the very processes that create and maintain
the Sacramento River ecosystem.

Restoring the natural processes of a river requires not only changing the way we look at
river flows, but also the way we look at the river. Shifting our focus from the habitat of
individual parcels to the restoration needs of a larger stretch of river is a hallmark of the
process-restoration approach. Natural river processes such as river meander, flooding,
erosion, and deposition take place on a large scale; what happens at one parcel affects
many other parcels along the river. For example, letting the river erode and flood on land
that is part of a conservation system is likely to take the pressure off of other pieces of
land along the river. Proper planning can manage river processes so that flood damage
can be minimized if not eliminated from land where there are roads, bridges, or important
irrigation diversions. In this way process restoration is designed to effectively manage for
multiple uses of the floodplain. Processes such as channel meandering, sediment
transport, sediment deposition, and over-bank flooding are all products of different levels
of streamflow. Variations in streamflow affect the physical characteristics of the river and
create the diverse habitats that become the floodplains, oxbows, sloughs, spawning
gravels, complex channels, cutbanks and point bars that are all critical to riparian species.
Consequently our conservation strategies must include the restoration of physical
processes (such as variations in streamflow) that create and maintain the natural
complexity of the Sacramento River landscape.

In designing our restoration strategies TNC relies upon a growing body of work that
describes how people all around the globe are finding solutions to river management
challenges. A series of case studies provide inspiration for our efforts on the Sacramento
River as they demonstrate that both human needs and ecosystem integrity can be
maintained on modern complex river systems (Postel and Richter 2003). Efforts to
balance human and ecosystem needs in these case studies have focused on the
management of the river’s flow regime, a primary controlling variable of river
ecosystems. Within TNC, conservation strategies of this type are guided by a framework
called Ecologically Sustainable Water Management (Richter et al. 2003). We are in the
process of applying this framework to the Sacramento River and developing a research
program that will provide information to planning efforts for the incorporation of
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ecosystem goals when considering management changes within the Sacramento River
system.

Initial work in this area has focused on an evaluation of factors that influence the
regeneration of cottonwood forests, a keystone riparian community type. Studies of
cottonwood recruitment, and others that similarly are directed at defining ecosystem flow
needs for riverine and riparian species and communities, represents the beginning of a
new phase of process-based river restoration research in which conservation practitioners
and researchers are collaborating to further develop their collective understanding of the
underlying processes governing Sacramento River ecosystem dynamics. Similar work is
being conducted on many other rivers in the United States and abroad (Postel and Richter
2003). Importantly, this work is demonstrating that many benefits accrue when river
streamflow is managed to provide more than simply a minimum in-stream flow.
Definitions of minimum in-stream flows have formed the much of the foundation for
ecosystem management since the 1970’s, following the development and application of
tools like the Instream Flow Incremental Methodology (IFIM) and it’s model sub-
component (PHABSIM).

Healthy rivers and the clean water they provide are fundamental components of our life
support systems. Growing recognition of this fact is reflected by changes in river
management throughout the country that now incorporate natural process into our
“working rivers.” This approach is the best long-term, cost-effective approach to
ecosystem recovery in that it identifies how and where natural processes can be restored
to maximize ecosystem services, public safety and a multitude of other services that
healthy rivers provide.

Restoration through managed flows is a complimentary conservation strategy to
cultivated planting techniques. The two strategies ensure that both the short- and long-
time scale are being considered when managing for biodiversity. Cultivated restoration
will remain an appropriate tool during the next few decades because it addresses the
ecosystem stressors of habitat fragmentation, provides habitat proven to support native
species and communities, and provides options for willing sellers of flood-prone
agriculture land. Fortunately, we are now at a phase in horticultural restoration of the
Sacramento River ecosystem where multiple species and processes are used as indicators
of the success of restoration projects. Beneficial affects of horticultural restoration have
been demonstrated for birds, bats, terrestrial invertebrates, and soil formation processes.
We also have a framework in place that we are using to combine and monitor these and
other ecosystem indicators (see www.sacramentoriverportal.org to download copies of reports
covering the topics above).

Individual studies outlined in this document show progress towards the two
complimentary goals of subreach planning: incorporating human uses more fully into
floodplain conservation strategies, and restoration of the processes that create and
maintain the biodiversity of the Sacramento River. Because a significant focus of
subreach planning is coordination, we first discuss other planning efforts on the
Sacramento River.
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1.5 Integration with Other Planning Efforts

Effective management of conservation lands in river ecosystems is best achieved through
careful coordination of planning actions by all involved parties. We thus sought to
integrate the planning activities conducted under the Agreement with those of others
similarly focusing on the Sacramento River. During the Project four other significant
state and federal agency planning efforts ran concurrent to our own.

The most significant of these is the CALFED Bay-Delta Program whose mission is to
develop and implement a long-term comprehensive plan that will restore ecological
health and improve water management for beneficial uses of the Bay-Delta System. Our
Project’s goal of facilitating the recovery of ecological processes within the floodplain is
directly aligned with the CALFED Primary Objective that seeks to “improve and increase
aquatic and terrestrial habitats and improve ecological function to support sustainable
populations of diverse and valuable plant and animal species.” As such, the successful
completion of this Project takes us one step closer to achieving the overall CALFED
objectives of ecosystem recovery as laid out in the 2000 CALFED Ecosystem Restoration
Program Strategic Plan.

The three other major planning efforts currently underway that also focus within the Red
Bluff to Colusa reach of the Sacramento River (CALFED Ecozones 3.2 and 3.3) are
presented in Box 2 below. Each of these planning efforts has undergone considerable
development in recent years and the activities that were funded under the Agreement
have provided valuable information in each agencies’ plan development process.
Through continued communication and information sharing, the management entities that
collectively manage this stretch of the Sacramento River have made significant progress
in advancing the development of a single blueprint for the conservation, restoration and
management of this important natural resource area.
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Box 2. Additional planning efforts currently underway that are focusing on
areas within or in close proximity to the Beehive Bend Subreach of the
Sacramento River, CA.

1) U. S. Army Corps of Engineers’ Sacramento and San Joaquin River Basins
Comprehensive Study. This study is a joint effort by the State of California
Reclamation Board and the U.S. Army Corps of Engineers (ACE), in
coordination with Federal, State and local agencies, groups, organizations, and
people of the Central Valley of California. Numerous technical analyses were
conducted during the Sacramento and San Joaquin River Basins
Comprehensive Study to inventory resource conditions in the study area and to
analyze problems and opportunities for flood management and ecosystem
restoration. These studies were performed using technical modeling tools
developed by the ACE, Sacramento District and the California Department of
Water Resources (DWR) to simulate the hydrology, hydraulics, ecosystem
function, flood risk and associated economic damages in the Sacramento and
San Joaquin river systems. Extensive data were collected to support these
models and studies, including topography, historic stream flows, sedimentation
and geomorphologic data, environmental conditions, geotechnical data, land
use, and economic data. The ACE, DWR, and others will use the models in
developing future flood management and environmental improvement projects
in the Sacramento and San Joaquin River Basins. For more information on the
Comprehensive Study visit http://www.compstudy.org/index.html. Of particular
relevance to conservation and restoration planning efforts on the main stem
Sacramento River is the current Hamilton City Flood Damage Reduction and
Ecosystem Restoration Feasibility Study. Additional information on this project
of the ACE Comprehensive Study can be found at:

http://www.compstudy.org/hamilton.html.

2) U. S. Fish and Wildlife Service’s Comprehensive Conservation Plan. In
1997, Congress passed the National Wildlife Refuge System Improvement Act
(Act). In addition to identifying a mission for the National Wildlife Refuge
System, the Act directs that all wildlife refuges have a Comprehensive
Conservation Plan (CCP) in place by the year 2012. These CCPs will provide a
15-year guide, using the best available scientific knowledge, to help managers
achieve the purposes for which each refuge was established and to work toward
the mission of the National Wildlife Refuge System. The Act lays out directives
for managing refuges to ensure the long-term conservation of fish, wildlife,
plants and their habitats. Two important principles of the Act are to maintain
biological integrity and diversity of the area and facilitate compatible wildlife
dependent recreation. The CCP development was initiated for the Sacramento
River National Wildlife Refuge (SRNWR) in early 2001 and will be completed in
late 2003. The SRNWR was established in 1989 with the goal of conserving
18,000 acres of floodplain habitats. As of June, 2003, the SRNWR consisted of
22 Units that are under USFWS fee title, totaling 9,060 acres. There are an
additional 1,144 acres that are under USFWS conservation easement along a
77-mile stretch of the river between the cities of Red Bluff and Princeton.

10
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3) California Department of Fish and Game’s Sacramento River Wildlife Area
Management Plan. Department of Fish and Game (DFG) has entered into a
partnership with TNC to develop a Comprehensive Management Plan (the
"Plan") for its 13-unit, 3,624-acre Sacramento River Wildlife Area (Wildife Area).
The planning effort will draw from the substantial scientific, socioeconomic,
cultural and recreation information that TNC has developed as part of its
Sacramento River Project. The Plan will be based on detailed inventory and
scoping of the thirteen units of the Wildlife Area which stretch from RM 215,
near Corning in the North, to RM 145, near Colusa in the South. The Plan will
primarily focus on DFG properties, but it will feature close involvement with the
other agencies that manage conservation properties in the area. A full public
outreach component and ongoing coordination with the Sacramento River
Conservation Area Forum is also planned. In addition to DFG’s traditional focus
on internal management considerations, the Plan will seek to improve the
habitat value for special status species and communities of the Sacramento
River habitat corridor while accommodating substantial appropriate public
recreation use. The plan is expected to be completed by February, 2004.

1.6 General Characteristics of The Beehive Bend Subreach (RM 164-178) (see
Appendix 1 for maps)

The studies of the Project inform the development of an integrated vision for how the
Beehive Bend Subreach can be managed. In this subreach the opportunities and needs
for coordinated planning are great because a large proportion of the land is in
conservation ownership, and there are many different land management entities
(including USFWS, DFG, DWR, State Reclamation Board and TNC, see Map A,
Appendix 1, EWAW [2003] and Appendix 10 for details on lands in conservation
ownership in this area). Moreover, this subreach was selected as a focal area for planning
under the Agreement because it represents an opportunity to plan land management
activities that improve ecosystem health through the restoration of natural river processes.

When the Agreement was written for the Project, the Beehive Bend Subreach was
defined as Sacramento River floodplain lands between RM 165 and 176. However, to
make this planning effort most complementary to other efforts that have recently been
completed (e.g. the Chico Landing Subreach) or initiated (e.g., the Colusa Subreach) the
borders of the Beehive Bend Subreach have been expanded by three river miles to
include floodplain lands along the river between RM 178 in the north and RM 164 in the
south (Figure 1).

The Modesto Formation bounds the west side of the river in a number of places within
the Beehive Bend Subreach. In contrast, on the east side (e.g., in the vicinity of Angel
Slough), the river is more typically bordered by paleochannel deposits of the Sacramento
River system of yesteryear. These deposits separate the modern-day river channel from
the Butte Basin. A prominent feature of this subreach is the gradual development of

11
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natural levees alongside the river. These levees become more well developed with
increasing distance downstream and tend to be highest in elevation adjacent to the
channel. They slope gently away from the channel over hundreds of feet until they meet
basin deposits. The soils of the levees tend to be loamy, in contrast to the basin soils
which have a much larger clay component. Also the texture of sediments in the Beehive
Bend Subreach is finer than is in the upstream sections of the river. The banks are
typically composed of silts and sands with fewer gravels than predominate upstream
(California Resources Agency 2000). The bed of the river also changes in this subreach,
transitioning from gravel-bedded to sand-bedded as the channel moves south.

From an agricultural standpoint, the Beehive Bend Subreach contains a mixture of both
productive and unproductive soils. Unproductive soils are typically associated with
persistently wet or gravely areas, as is shown on Map B, Appendix 1. We drew this map
based on classifications of soil types by the Soil Conservation Service (SCS).
Unproductive soils are those that have a capability class of 3 or higher, and are defined
by the SCS as posing "extreme limitations for most crop types." Although unsupportive
of agricultural enterprises, unproductive soils may support vegetation that provides
valuable habitat for wildlife.

This subreach marks the beginning of the section of the Sacramento River that is
constrained by ACE Flood Control Project levees on both the east and west sides of the
River (Map A, Appendix 1). The west side Sacramento River Flood Control Project
(FCP) levee extends to RM 184 in the vicinity of Ord Bend, while the east side FCP levee
terminates at RM 176, just two river miles south of the northern boundary of the Beehive
Bend Subreach. Unlike the ACE levees that the constrain the river from Colusa (RM
144) southwards, the ACE levees within the Beehive Bend Subreach and the Colusa
Subreach, located just downstream, are for the most part, set back from the river by
varying distances (up to several km). Varying amounts of the land between the levees
becomes submerged during over-bank flooding, with all but 3 areas being wetted in a 4-
year recurrence interval flood (Map C, Appendix 1).

In total there are approximately 3,571 acres of remnant riparian habitat within the
Beehive Bend Subreach (defined as the area bounded by the FCP levees and extending to
the edge of the observed 4-year flood recurrence interval on the north west side, where
SRFCP levees are absent). Of these lands, approximated 59% are owned by public
agencies or private conservation groups. The remainder (1,438 acres) are in private
ownership. Coverages of natural landcover types that comprise the subreach (Map D,
Appendix 1) were determined by the Geographic Information Center at California State
University, Chico through inspection of high-resolution aerial photographs taken in 1999.
Funding for this mapping effort derived in part from the Project. The Beehive Bend
Subreach contains a higher percentage of lands in conservation ownership than does the
larger Sacramento River Project Area (Golet et al. 2003).

The Beehive Bend Subreach contains an almost equal allotment of lands presently in
agriculture (~3,297 acres) as it does lands in natural habitat. Of the agricultural lands,
approximately 57% are owned by public agencies or private conservation groups. The
remainder (1,388 acres) are in private ownership. Slightly over 600 acres of land within
the subreach have been actively restored by horticultural means (Map D, Appendix 1).

12
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The Beehive Bend Subreach differs from the subreaches located immediately north and
south in that it contains no flood relief structures (FRS). The closest upstream FRS is at
Goose Lake (RM 179), while the next one downstream is at Moulton Weir (RM 158).
Also, as the subreach is lined by setback levees along nearly its entire stretch, it contains
no tributaries to contribute water or sediment to the main channel. In total there are less
that 2 miles of revetted bank in the Beehive Bend Subreach, which contains several
prominent meander bends that are expected to migrate southward over the next half-
century (Map E, Appendix 1).

River managers have long been concerned that the FCP levees must be maintained for
flood protection purposes. One of studies in the Project was specifically directed at this
issue as we studied how restoration activities and resultant changes in flows might impact
the functioning of the flood control system. Investigations of this sort have broad
relevance in defining the degree to which natural processes may be restored while
maintaining important human-imposed constraints on the system.

The Chico Landing to Colusa stretch of the river (which includes the Beehive Bend
Subreach) is more sinuous and contains a higher concentration of backwater habitats than
is found further upstream (California Resources Agency 2000). Indeed, some of the best
examples of lowland floodplain oxbows, backwater sloughs and associated vegetated off-
channel riparian uplands on the entire Sacramento River are found in the Beehive Bend
area (Map D, Appendix 1). While it is well recognized that these areas contribute to the
overall habitat complexity of lowland river floodplains, there is a much to be learned
about how these habitats are created and maintained and the degree to which they
contribute to the well-being of native species and communities. The Project sought to
advance our understanding of these issues. Further it asked the difficult question of what
management activities may be pursued to best support the important native species that
associate with these habitats.
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2. Task 1: Survey Model and Evaluate Potential Changes in
Hydrology and Geomorphology

2.1 Hydraulic Modeling of the Beehive Bend Subreach (Appendix 2)

Background

Riparian corridor restoration along the Sacramento River has advanced in both scale and
scope to the point that travel corridors and associated infrastructure such as bridges and
roads, and flood damage reduction infrastructure such as levees and flood release
structures must be considered in any due diligence evaluation. In order to balance
ecosystem restoration with flood damage reduction, we utilized hydraulic modeling as a
key planning tool to develop decision-making information. This information was used to
develop restoration plans on a number of conservation ownership parcels within the
Beehive Bend Subreach in order to minimize impacts to important infrastructure and
ensure flood damage reduction.

HISTORIC CONTEXT

Flood Control Context

The Beehive Bend Subreach is unique because it is located at the furthest upstream
(northern) extension of the Army Corps of Engineers (ACE) Flood Control Project (FCP)
Levees (Figure 1, Appendix 2). Therefore, due diligence evaluation of conservation
strategies occurs in the broader context of the Sacramento River flood control system (the
System). The System was developed over approximately 120 years beginning with the
discovery of gold in 1848, until substantial completion of the System in 1965.

Eleven large floods and a number of significant events in California’s flood control
history occurred during the development of the System. Many of the early floods’ effects
were exacerbated by the amount of gold mining sediment washed out of the mountains
and into valley river bottoms. By 1893, mining sediment had significantly reduced the
natural flood conveyance capacity of the river channel to the extent that valley floor
farming was threatened. The California Debris Commission was created to address the
issue. This early period was also marked by conflict and levee wars. The State
Reclamation Board (the Board) was established in 1911 to regulate the network of
piecemeal private levees constructed throughout the Central Valley.

The Sacramento River flood control project was authorized in 1917 to formalize a more
coordinated flood control effort. This authorization initiated a period of flood control
project construction following recommendations outlined in a document entitled the
“Jackson Report” (calling for weirs, bypass channels, and levee construction), which
continued through the 1930’s. The 1944 Flood Control Act then handed the
responsibilities of flood control and navigation over to the ACE and authorized
construction of the same FCP levees we see bordering the Beehive Bend Subreach today.
In the 1950’s, the ACE designated a water surface profile (flood stage) that would ensure
the integrity of the FCP levees. The ACE provided this water surface profile information
to the Board. The Board has the authority and responsibility to maintain the function of
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the flood control system through their floodplain encroachment permitting process and
other programs.

Construction of multiple purpose dams was a last step in flood control in the Central
Valley. The majority of the multiple purpose dam construction in the region occurred
through the 1940’s to the 1970’s. Shasta Dam was completed for interim war operation
in 1945.

Land Use Context

Significant changes in land use occurred throughout the period of flood control project
development. Riparian forests were cleared for orchards as the flood control system
developed, and Shasta Dam operation began to reduce flood flows and regulate the river
for irrigation. For example, approximately 9,000 acres of riparian forest was cleared
between 1952 and 1972 between Keswick Dam and the town of Colusa (DWR 1987).
Approximately 3,200 acres of riparian vegetation was cleared between the FCP levees in
the Beehive Bend region. The rate of agricultural clearing appeared to decrease after

1972 and additional analysis suggests a slight rebound of riparian forest acreage between
1972 and 1987.

The amount of riparian forest present in the 1950’s, prior to extensive clearing, has direct
bearing on present day activities. Water passes more slowly through riparian forest than
it does through orchard land and as a result the water surface increases. Therefore, the
design water surface provided to the Board in the 1950’s accounted for a greater amount
of riparian forest between the FCP levees than we see there today. All other things being
equal, the design water surface for the same magnitude flood would probably be lower
today than it was is the 1950’s.

Other land use changes occurred within the FCP levees that also have bearing on the
design water surface. These include a continuous change from row crop to orchard land
use between 1952 and 1987 (DWR 1987). Other changes include the construction of a
network of private levees within the FCP levees, and the placement of bank protection by
private landowners who are concerned about exacerbated erosion.

The FCP levees were designed with the additional goal of increasing the river’s sediment
transport capacity. The purpose of increasing this capacity was to move gold mining
debris from the river channel. The FCP levees worked so well in reaching this goal that
in 1960 congress authorized the Sacramento River Bank Protection Project to protect the
Project levees from exacerbated bank erosion (ACE 1999).

All the factors discussed above, gradual clearing of riparian forest, changes from one

crop use to another, construction of bank protection, and perhaps most significantly,
construction of a network of private levees, has altered conditions from the time the
designated water surface was supplied to the Board. Ensuring the function of the flood
control system therefore, becomes a complex issue. A true determination of the affects of
one action is difficult to separate from the many other changes to the system. Perhaps the
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application of a common standard to all actions occurring within the Board’s jurisdiction
is the best course of action for the Board to ensure system function.

PRESENT CONTEXT

Recent Flooding

Despite extensive flood control efforts in the Central Valley, large floods continue to
occur. During the past two decades, the Central Valley of California has experienced
several of the most devastating floods of the past century. Four recent major floods (in
1983, 1986, 1995, and 1997) caused widespread and extensive damage in the Sacramento
and San Joaquin Valleys, requiring substantial repair, replacement, and rehabilitation
efforts throughout the flood management systems (Figures 2a, 2b, 2¢, 2d). In January
1997, Californians experienced one of the largest and most extensive flood disasters in
the State’s history, with flood damages of $524 million in the Central Valley (ACE
1999).

Environmental Costs of Flood Control

In addition, studies now underway are identifying the environmental degradation
resulting from the current flood control system. The current flood control system has
significantly altered river conditions by inhibiting the function of natural fluvial
processes such as channel meandering, sediment erosion transport and deposition,
channel cut-off, and floodplain inundation. Alterations to these processes contribute to
many species’ declines. Levees alter in-channel hydraulic conditions and disconnect
channels from their floodplains, thereby precluding important ecosystem functions such
as floodplain inundation and the re-supply of nutrients and fresh sediment. Levees may
limit Sacramento Splittail from accessing low-lying floodplain areas for spawning.
Levees also serve to concentrate the erosive power of flood flows by decreasing the
floodplain area available for floodwaters to spread out, thereby increasing depth and
sediment transport capacity. Altered sediment conditions may decrease habitat quality
for salmonids and their macroinvertebrate food source. In general, the Sacramento
River’s channel is now narrower, deeper, and less complex (DWR 1998). Many side
channels have filled in, reducing the channel from a very complex series of multiple
threads, as seen in 1938 aerial photography, to a single thread. Many of these ecosystem
components are identified as critical to protect in the CALFED Ecosystem Restoration
Plan.

The placement of bank revetment to protect the FCP levees halts river channel meander.
Channel meander is a critical piece of the ecological puzzle for a suite of important
ecosystem components. River meander creates new floodplain area for new riparian
forest to colonize, creates new cutbanks for Bank Swallow nesting habitat, supplies
approximately 20% of spawning gravel for salmon in the Sacramento River, creates
shaded riverine aquatic habitat for migrating juvenile salmon, and dissipates the erosive
energy of flowing water (See USFWS [2000] for a more complete discussion of impacts
of riprap to ecosystem function).
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Insert fig 2a here.
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Insert fig 2b here.
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Insert fig 2c here.
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Insert fig 2d here.
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Effort to Address Flood Damage Reduction and Ecosystem Health

In response to this overall decline in ecosystem health and recent flooding disasters,

congress directed the ACE to conduct a comprehensive assessment of the flood

management systems in the Central Valley. The study was directed to address both the

failing operations of the current flood control system, and the environmental degradation

resulting from it. Specifically congress directed the ACE’s Comprehensive Study to

include:

(1) preparation of a comprehensive post-flood assessment for the California Central
Valley (Sacramento River Basin and San Joaquin River Basin),

(2) development and formulation of comprehensive plans for flood control and
environmental restoration purposes, and

(3) development of a hydrologic/hydraulic model of the entire system including the
operation of the existing reservoirs for evaluation of the current flood control system.
Not later than 18 months after the date of enactment of this Act the Secretary shall
transmit an interim report describing results of the post-flood assessment and the
assessment of the existing flood control system and its deficiencies.

As a result, the ACE initiated their Sacramento and San Joaquin River Basin

Comprehensive Study (the “Comprehensive Study”). The Post Flood Assessment was

completed in 1999, and the flood control system was newly coined as a flood damage

reduction system. Summary findings of the post-flood assessment for the 1983, 1986,

1995, and 1997 floods are:

« Existing flood management systems functioned, but were clearly overtaxed.

e Combined damages from four recent floods exceed $1.6 billion.

o Another flood like those of 1986 or 1997 would likely result in similar or greater
devastation.

o Storms greater than those of January 1997 are possible, and the resulting flooding
could be catastrophic.

o The flood management system is in desperate need of upgrade and modification.

Clearly, limitations to the existing system and continuing environmental degradation are
obvious. With this context in mind, we utilized hydraulic modeling to develop a multiple
use and multiple benefit management strategy for the Beehive Bend Subreach.

BEEHIVE BEND HYDRAULIC MODELING

Scope of Work

Ayres Associates constructed a one-dimensional hydraulic model to evaluate a number of
scenarios for the Beehive Bend Subreach. Unlike the unleveed Hamilton City area,
Ayres determined that one-dimensional modeling was appropriate for the Beehive Bend
Subreach given the modeling objectives. Three scenarios were analyzed to determine the
potential hydraulic impacts of increased revegetation efforts within the FCP levees due to
restoration.

e Run | simulated existing conditions and was used as a baseline to evaluate the
impacts of the other model runs (Figure 2, Appendix 2). Ayres Associates calibrated
the model using 1997 land use data and the 1998 flood event of 151,000 cfs at the
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Butte City gage. This flood discharge corresponds to a flood stage of 92.5 feet above
mean sea level (msl), and is an approximate 15 year return interval event (Plate 1,
Appendix 2). Ayres Associates used this calibration run to determine floodplain
roughness values for various land uses (Table 1, Appendix 2).

Run 2 was developed as a sensitivity analysis to determine the potential hydraulic
impacts assuming full, voluntary landowner participation in potential conservation
strategies within the SRCAF Inner River Zone (IRZ). The entire area between the
FCP levees is designated as within the SRCAF’s IRZ, and this stakeholder group has
agreed to conservation actions occurring within this IRZ. However, we did not
include land use changes within the entire IRZ for the hydraulic analysis. Other
analyses identified the area inundated during the 2.5 year return interval flood as the
land most likely to be restorable to riparian forest. The IRZ and area inundated by the
2.5 year flood are very similar in extent. However, the IRZ does include higher
elevation areas we deemed less likely to revert to riparian forest. Therefore, this
exercise was designed to test the sensitivity of the flood control system to flood
impacts associated with theoretical filling of riparian forest within the 2.5 year return
interval flood (Figure 3, Appendix 2). Because this was a theoretical sensitivity
analysis, we ignored parcel boundaries. This theoretical run was undertaken to
identify areas within the FCP levees that would experience the most apparent affects
from a theoretical, fully vegetated condition. This model run may be most similar to
land use conditions in the 1950’s, prior to extensive clearing of riparian forest. The
land use configuration within the model exercise does not represent any part of a
management plan and is a theoretical analysis only.

Run 3 was a more informed sensitivity analysis developed in light of Run 2 results.
We applied the same assumption of complete voluntary participation in the SRCAF
program. However, we incorporated land use changes to address sensitive areas
identified by the Run 2 analysis. Because flood damage reduction is a central focus
of this subreach scale planning effort, we evaluated conservation strategies against a
number of criteria. At the time of this modeling exercise, the Board provided no
standard against which to measure conservation impacts to the FCP levee system.
However, the Board actively participated in and was supportive of a previous
modeling exercise in this reach summarized in the Sul Norte Report (JSA 2000). The
Sul Norte exercise evaluated conservation strategies using the California Code of
Regulations (CCR) Title 23, and Federal Emergency Management Agency (FEMA)
guidelines. CCR Title 23 mandates a minimum of three feet of levee freeboard (levee
area extending above the water surface) for any flood control levee, and four feet of
freeboard within 100 feet of a bridge crossing. FEMA guidelines require that the
water surface elevations increase by no more than one foot from the designated
project water surface.

Due to previous acceptance of this process, we again utilized CCR Title 23 and
FEMA guidelines in the current modeling effort. Land use combinations for Run 3
were developed iteratively, with the intent of formulating a theoretical conservation
strategy, which maximized riparian vegetation and minimized hydraulic impacts to
the FCP levees (Figure 4, Appendix 2).
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TNC developed the theoretical conservation strategy based on correlations between
vegetation community and physical characteristics of the floodplain. These
characteristics include soil type, elevation (affecting depth to groundwater), and flood
frequency. The process is outlined in TNC (2003) and explains how physical site
properties (soil type, depth to groundwater, etc.) are utilized to develop community-
level designations for a site’s revegetation efforts. For example, if a former slough
occurs on a site, this geomorphic feature will likely revert to riparian forest over
decades as opposed to grassland. Appropriately designating vegetation communities
therefore minimizes the necessity for future maintenance if a modeled vegetation
community were to evolve to another community through time. Because this was a
theoretical exercise, parcel boundaries were purposely ignored.

Although soil data collection was not funded through the Agreement, we utilized
these general rules of thumb to determine conservation strategies. This cultivated
restoration strategy was provided as input to the model and represents the first
attempt to evaluate cumulative affects of restoration within a subreach bordered by
the FCP levees.

Key Findings
Existing Conditions Calibration Model (Run 1)

Water surface elevations and freeboard information for the calibration run are shown
in Table 3 of Appendix 2. Water surface profiles and freeboard profiles are shown in
Plates 1 and 2 respectively of Appendix 2. The minimum amount of levee freeboard
is 4.98 feet at cross section #437+21.

Levee Sensitivity Model (Run 2)

This model run was developed as a sensitivity analysis and should not be viewed as a
conservation strategy.

The water surface profile for this model run is similar, yet still below, the design
water surface elevation (Plate 1, Appendix 2). This finding supports the hypothesis
that this land use configuration more resembles historic conditions when the flood
control system was designed and constructed. This finding also may support the
hypothesis that the river channel has narrowed and deepened, thereby increasing the
channel’s flood conveyance capacity.

This model run demonstrates that even an unrealistically extensive depiction of
riparian forest does not exceed the CCR Title 23 standard of 3 feet of levee freeboard
and 4 feet within 100 feet of bridge crossings is maintained. The minimum freeboard
created within the model run is 3.71 feet at cross section 241+01 (Plate 2, Appendix
2). However, the FEMA guideline was exceeded in many areas (Table 2, Appendix
2).

This model run identified three areas along the FCP levees, where land use changes
exceeded the FEMA (not CCR Title 23) guidelines. These are the levee constriction
downstream of river mile (RM) 164, the highway 162 bridge at RM 168.5, and the
east side of the floodplain upstream of RM 175, at the beginning of the FCP levees.

Theoretical Maximum Conservation Scenario (Run 3)
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e This model run was developed as a sensitivity analysis and should not be viewed as a
conservation strategy.

e The final land use strategy displayed for Run 3 was iteratively developed by
evaluating different land use combinations within the model. Ayres Associates
evaluated different land use configurations until results indicated that both flood
damage reduction criteria were met (Plate 1, Appendix 2). The largest increase in
water surface elevation compared to the existing conditions run was 0.57 feet at cross
section 17832.

e An important finding of this iterative analysis is that areas of the floodplain are more
appropriate for, and need to be maintained as, more open ground. This open ground
can be either grasslands or some form of agriculture.

e No change in erosion potential is expected.

Summary of Management Implications

This study identifies a theoretical maximum conservation strategy for lands within the
Beehive Bend Subreach. The study demonstrates that, given reasonable guidelines, both
large-scale conservation strategies and agriculture may be maintained within the
designated floodway between the FCP levees. The study also demonstrates that levee
constrictions result in areas sensitive to land use changes. This finding is in line with
results from the Comprehensive Study, identifying shortcomings of the existing flood
damage reduction system. For example, the distance between the FCP levees upstream
of RM 164 is approximately 5000 feet. The distance between the levees immediately
downstream of RM 164 is approximately 2000 feet, resulting in a 60% constriction in
floodplain area between the levees. In addition, the FCP levees have settled over time
and no longer provide their original design capacity (ACE 1999).

In general, flood elevations for the existing conditions run are below the FCP water
surface design level (150,000 cfs) and these finding suggests a number of hypotheses.
The river channel may have scoured and deepened at the subreach scale. This finding is
in agreement with other studies (DWR 1998, ACE 1999) and may lead to increased
erosion experienced by FCP levees when the river channel reaches those levees. This
finding also suggests that the current flood damage system is resulting in a simplified
river channel, which has negative environmental consequences. This finding may also be
a reflection of the greater amount of riparian forest present when the design level water
surface was provided to the Board in the 1950’s.

Some stakeholders perceive that restoration activities are the cause of flooding on the
Sacramento River. This study was the first look at conservation actions on a subreach
scale to evaluate some of these perceptions. An even larger scale is evaluated in the
figures discussing the extent of flooding in 1983, 1986, 1995, and 1997 (Figures 2a, 2b,
2¢, 2d). Restoration completed by the year that each flood occurred was included, to
scale, on these figures. The scale of flooding on these figures compared to the scale of
restoration call into doubt conclusions drawn about restoration posing a threat to the
flood damage reduction system. If the amount of restoration on these figures, relative to
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the amount of area flooded, does in fact pose a threat to the system, then the system may
be in more of a state of disrepair than identified in the 1999 Post Flood Assessment.

Follow up Activities

As stated above, the greatest increase in water surface elevation resulting from
conservation actions is 0.57 feet, providing for a remainder of 5.75 feet of levee
freeboard. The Board voiced concern regarding modeling results and impacts to the FCP
levees. As a result, new guidelines call for “flood neutral” results while conducting due
diligence analysis of conservation actions. Flood damage reduction, in conjunction with
ecosystem restoration, is a goal of the USFWS, TNC, and many other stakeholders
involved in conservation actions on the Sacramento River. In that spirit, TNC and the
USFWS are working cooperatively with the Board towards a solution to their concerns.

It is our hope that a comprehensive solution can be reached that not only for the
Sacramento River but also to serve as a model for conservation strategies on many other
rivers. The Board faces a challenge attempting to ensure public safety with a flood
damage control system failing to the degree that Congress authorized a reevaluation of
the System. In addition, many flood damage reduction actions are the very actions
resulting in the environmental degradation that initiated the CALFED Bay-Delta
Program. As a CALFED implementing agency, the Board must therefore simultaneously
assist in implementing the conservation actions outlined in the CALFED ERP and
included in the Record of Decision, while ensuring the function of a failing flood damage
reduction system. A “Flood Neutral” policy may limit the necessary flexibility in
meeting both goals, given the current failing state of the flood damage reduction system
and the ecosystem degradation it causes.

The ACE Comprehensive Study was viewed by many as the vehicle to integrate these
two seemingly opposed goals. Congress directed the ACE to undertake the
Comprehensive Study and produce the analyses and products identified above.
Specifically, Congress directed the ACE to include “development and formulation of
comprehensive plans for flood control and environmental restoration purposes”. Site
specific efforts are successfully integrating these goals. For example, the Hamilton City
flood damage reduction and ecosystem restoration project integrates numerous goals
within the Comprehensive Study. A key component of this project is the inclusion of a
set-back levee, which will improve local flooding conditions while facilitating ecosystem
restoration strategies..

However, the larger system-wide analysis of the Comprehensive Study was discontinued.
The Comprehensive Study’s initial efforts appropriately focused on technically-based
engineering approaches. Initial stakeholder reactions were negative towards the ACE’s
preliminary proposals. These reactions mirror the adversarial history of flood control
discussions in the Central Valley since the discovery of gold. Many stakeholders were
not yet willing to address these complex problems. The current plan is a more
generalized, policy-based document that does not include the technical analysis reflective
of the effort expended within the ACE to meet their directives from Congress.
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The Board is the current lead agency for the Comprehensive Study and now in the
position to meet these directives. This Beehive Bend Subreach planning exercise
highlights the need for sound information incorporated into a decision-making process
involving many different parties and interests. Perhaps reviving the technical aspects of
the Comprehensive Study would provide the Board with the necessary information to
meet the challenge of implementing projects with multiple goals.

Potential Solutions

A number of actions could be pursued to address the challenges described above, if not

on this project than on others within the Central Valley in the future.

e The technical aspects of the ACE’s Comprehensive Study could be continued. The
large-scale hydraulic and hydrologic models, constructed within the Comprehensive
Study, were never utilized to formulate comprehensive solutions. Approximately $30
million was spent on the system-wide analysis of the flood damage reduction system.
Perhaps the technical information developed within this effort should be used to
formulate multi-objective, regional-scale projects.

¢ Floodplain management approaches outlined in the Comprehensive Study’s October
2000 “In Progress Review” may offer solutions (ACE 2000). The “In Progress
Review” identifies floodplain management solutions as a mixture of the existing
levees and dams in addition to flowage easements and setback levees.

e Reevaluate preliminary ideas posed by the Comprehensive Study. Many of these
initial ideas focused on addressing the widely recognized failings of the existing flood
damage reduction system.

e The Ecosystem Functions model, also constructed within the Comprehensive Study,
was only applied in a number of pilot tests and results were not peer reviewed. With
additional review, the model holds promise as a hypothesis formulation and adaptive
management tool to inform management affects on various ecosystem components.

e 2-dimensional hydraulic modeling may better inform projects implemented within a
“Flood Neutral” policy framework than 1-dimensional modeling is capable of doing.

e Management decisions within the Board’s designated floodways may be better
informed after careful review of land use changes and private, or unpermitted, levee
construction. In this manner, affects specific to conservation actions may be
evaluated and compared to baseline conditions, and in the context of other actions.

e Conduct field studies to determine roughness values for various land uses. This
would provide better information and increase the credibility of all future modeling
efforts.

Other solutions undoubtedly exist and these are offered as examples of lessons learned
during this subreach planning exercise. Developing a balanced approach assists all of the
parties involved to advance beyond the repetition of historic flood control conflict in
California.
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2.2 Baseline Data for Floodplain Accretion Monitoring (Appendix 3)

Background

During the development of the scope of work for the Beehive Bend grant agreement, a
stakeholder perception surfaced regarding restoration revegetation activities and the
function of the Army Corps of Engineer’s (ACE) flood control system (FCS). In
summary, the belief was that re-planting of riparian habitats would decrease water
velocity and result in accelerated sediment deposition on the floodplain. The perception
was that this deposition, or accretion, would reduce the channel and floodplain
conveyance capacity to the extent that the FCS project levees would no longer provide
the design level of protection.

The physical process of floodplain deposition, or accretion, is a significant field of study
within the discipline of fluvial geomorphology. This field of study shows that floodplain
deposition rates are affected by many complex interactions and change over long time
periods. Examples of factors influencing floodplain deposition rates include the
hydrologic regime, land use on the floodplain, tectonics, long term climate trends,
variations in floodplain topography, flood velocity and depth, floodplain roughness, and
anthropogenic factors such as construction of levees and bank protection. The accretion
process also occurs at many different spatial scales, ranging from behind one single tree
trunk to the reach scale. These processes also occur over many temporal scales, ranging
from one single flood event to patterns over geologic time scales. A full discussion,
much less a full analysis, of all of these factors is beyond the scope of this report.
However, stakeholders should approach this topic with the basic understanding that in
general floodplain deposition, continues through time indefinitely but naturally decreases
to a very minor rate of floodplain deposition (Figures 1a and 1b, Appendix 3).

Scope of Work

Investigating the complex physical process of floodplain deposition was beyond the
scope of this grant agreement. However, we referred to recent work conducted under the
ACE Sacramento and San Joaquin River Basins Comprehensive Study (Comp. Study), a
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number of modeling exercises, and field data collection to evaluate the perception that the
ACE Flood control Project’s level of protection is threatened by revegetation efforts. A
brief historical context of flood control measures in the area also informs the discussion.
In addition, our goal was to establish baseline information to form the foundation of a
long-term adaptive management and monitoring program. Establishing baseline
information and continuing long term monitoring will inform stakeholder perceptions and
future floodplain management for multiple goals. Using a rod and level, we surveyed two
partial cross sections near RM 164 (Figures 4 and 5, Appendix 3) as initial steps to form
the foundation of a long-term monitoring program. We selected this area to establish
baseline information because due diligence hydraulic modeling (Appendix 2) identified it
as a sensitive area.

Key Findings

¢ Floodplain development is affected by many complex interactions and deposition
rates change over long time periods. Examples of factors influencing floodplain
deposition rates include the hydrologic regime, land use on the floodplain, tectonics,
long term climate trends, variations in floodplain topography, flood velocity and
depth, floodplain roughness, and anthropogenic factors such as construction of levees
and bank protection. As a result, a true determination of the affects of one action,
including revegetation strategies, is difficult to separate from the impacts of many
other changes to the function of the flood control system.

e The ACE Sacramento and San Joaquin River Basin Comprehensive Study’s 1999
Post Flood Assessment identified many deficiencies within the flood damage
reduction system. According to the Post Flood Assesment, a 15-25% probability of
levee failure exists within the Beehive Bend reach (Figure 2, Appendix 3).
According to due diligence analysis (outlined in Appendix 2 of this document) the
restoration strategy in this reach does not increase this probability of failure and in
some cases reduces this probability of failure.

e Work conducted by Singer and Dunne (2001) characterizes the top end of the
Beehive Bend reach as experiencing net erosion, and characterized the bottom end as
experiencing net deposition (Figure 3, Appendix 3).

e In order to decrease the scientific uncertainty associated with current floodplain
deposition rates on the Sacramento River, we established two partial floodplain cross
sections as the initial step in a long term monitoring program (Figures 4 and 5,
Appendix 3).

Summary of Management Implications

Floodplain deposition rates, and an understanding of sediment transport characteristics of
the Sacramento River in general, are key scientific uncertainties limiting management of
the river’s resources. Singer and Dunne’s work is an excellent first step using suspended
sediment data to understand the complex sediment transport and deposition relationships
on the Sacramento River. This approach needs to be complimented with other avenues of
study such as field data collection (floodplain coring, measuring bedload transport rates).
Additional understanding of these physical processes would not only forward our ability
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to manage for the highest degree of ecological integrity, but also relates to many other

management issues. These include:

e developing a further understanding of limitations of the current flood damage
reduction system,

¢ informing strategies to improve the function of the system to provide for public safety
and other continued human uses of the floodplain,

¢ and management of important infrastructure affected by sediment deposition such as
bridges, irrigation diversions, and river recreation access points.

We suggest a number of monitoring guidelines and research priorities to further inform
perceptions regarding land use changes, floodplain accretion rates, the function of the
Flood damage reduction system, and managing for the highest degree of biological
integrity of the system.

e C(Creation of a sediment budget for the Sacramento River is a research and
management priority.

¢ Floodplain roughness values need to be better determined with field data collection.
Hydraulic variables, such as water depth and velocity, should be measured during
flood events within different land uses.

e Vegetation monitoring should be tailored to attempt to quantify what vegetation
variables affect floodplain roughness. This information could guide conservation
strategies, which accomplish multiple objectives of ecosystem restoration and flood
damage reduction.

e Additional high water mark data should be collected to improve hydraulic modeling
calibration efforts.

e A system of stream reference sites, with permanent benchmarks and full floodplain
cross sections should be established and raw topographic data from these sites made
available to researchers. These sites should be resurveyed every 3-5 years or after
large flood events.

¢ Existing historic topographic data should be evaluated for long term changes in
channel and floodplain dynamics.

e Sediment transport research (such as Singer and Dunne’s) should be further modeled
and field verified.

¢ Channel morphology, sediment particle size distributions, and other in-channel
characteristics should be quantified with respect to multiple taxa’s life history needs.

2.3 A Pilot Investigation of Cottonwood Recruitment on the Sacramento River
(Appendix 4)

Background

Approximately 10% of the historic riparian forest remains on the floodplain of the
Sacramento River between Red Bluff and Colusa, CA. Horticultural restoration
programs have increased the amount of riparian vegetation in this area by approximately
3,300 acres over the last 10 years. This strategy is successfully improving the habitat
value of the Sacramento River floodplain, as is documented by special-status species
(e.g., Yellow-billed Cuckoo, valley elderberry longhorn beetle, Cooper’s Hawk)
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colonizing restored areas. Horticultural programs provide an effective means to increase
critical habitat in the short term. However a long-term approach that includes the
restoration of the physical processes that create and maintain riparian habitats is a
necessary, complimentary strategy to horticultural approaches.

This study builds on a previous pilot investigation and refines some of the initial
technical information that is needed to develop a process restoration strategy for riparian
forest recruitment on the Sacramento River. It uses an established ecological model to
quantify the specific habitat conditions that Fremont cottonwood trees require to
successfully recruit. Its findings have broader relevance, however, as cottonwoods are a
keystone species in riparian systems. Restoring the complex combination of ecosystem
processes that result in the successful recruitment of cottonwoods will promote the
recovery of other important riverine species (e.g., native fishes), that are also strongly
influenced by river flow dynamics. In other words, because cottonwoods are dependent
upon a broad suite of physical processes (flow patterns, channel meander, and the
mobilization, transport, and deposition of sediment) they can be used as an effective
indicator of the ecological integrity (or “health”) of these river processes.

The effects of river regulation on riparian recruitment on the Sacramento River are not
fully quantified. However, river managers elsewhere have used an ecological model to
alter river management towards more “naturalized” river flow patterns. The ecological
model specifies a timing and range of seedbed elevation above mean low water in which
a recession rate of approximately one inch per day facilitates forest regeneration. This
management successfully resulted in regenerating riparian forest on a number of other
rivers. Importantly, application of this ecological model does not mean implementing
catastrophic flooding, or placing large new demands on the scarce water resources of
California as this study will outline.

Scope of Work

We selected two sites at RM 183 and 172, to compliment results from a previous study
evaluating one single site at RM 192, to investigate the hypothesis that recruitment is
limited and that flow regulation is the partial cause of the limitation, and to calibrate the
ecological recruitment model for a larger area of the Sacramento River (Figure 1,
Appendix 4). The previous study can be downloaded at www.sacramentoriverportal.org. We
collected tree core data (Figure 3, Appendix 4), developed stage discharge relationships
(Figure 16, Appendix 4), and surveyed channel cross sections at two additional study
sites on the Sacramento (Figures 4 and 5, Appendix 4) to further refine an ecological
forest recruitment model. In the model, these data are used to characterize what the river
“needs to do” to grow trees.

In order to determine if recruitment is limited on the Sacramento River, we utilized a
digital terrain model (DTM) supplied by Dr. Steve Greco at U. C. Davis. We compared
the planview locations of mapped riparian vegetation communities and the range of
recruitment elevation displayed by the DTM (Figures 10 and 11, Appendix 4).

We also reviewed an analysis of historic stream gage data with respect to the potential
nature of hydrologic limitations to recruitment. Shawn Pike used the Indicators of
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Hydrologic Alteration (IHA) software to identify changes in 33 aspects of pre and post
regulation hydrology (Figure 15, Appendix 4).

We utilized all of the above data to refine calculations of the volume of water needed for
a variety of “recruitment flow application” strategies. We generated a number of
application strategies by manipulating the recession rate, and the beginning elevation of
the recession rate. In order to provide context to the water volumes needed by different
strategies we compared the strategies to different water year types. We used 2000 to
represent average conditions during the seed release period and 1995 to represent a high
water year during the seed release period. (Figure 18, Appendix 4).

We also compared flow strategies to the spring 2003 conditions, which narrowly missed
fulfilling cottonwood recruitment needs according to the ecological model (Figure 19,
Appendix 4).

Key Findings

e Based on analysis of hydrologic data, dendrochronologic data, historic channel
mapping, and aerial photography riparian recruitment appears to occur approximately
once per decade in the post-regulation period. A comparison to stands that recruited
in the pre-regulation period is needed to quantify differences between pre and post
regulation period temporal and spatial characteristics of riparian forest regeneration.

e Recruitment resulted from the recent large flood events of 1983-1986, and 1995-
1997. Some of these floods are characterized as larger than 10-year floods. Although
this recruitment follows a one in ten year frequency, recruitment events may now be
limited to larger, less frequent events.

e Similar to the previous study, bank protection appears to further limit recruitment,
although the specific degree and mechanism are difficult to quantify. Recent
recruitment was limited at the previous study site, which has bank protection and a
levee in close proximity. Although large infrequent floods may be required to
produce it, recent recruitment did occur at the new study sites. These study sites do
not have bank protection or levees in close proximity.

e Recent recruitment appears to favor the downstream ends of point bars and these
locations may best meet ecological model criteria. A complimentary study
(Appendix 6) found that much of this recruitment is dominated by willow species as
opposed to cottonwoods. It is unknown if this is a result of altered hydrology on the
Sacramento River.

e Iflarge, infrequent floods do not occur to produce a forest cohort, a refined
recruitment box model is available to guide a recruitment flow for the Sacramento
River. The range of appropriate elevation for recruitment is now 3 to 6 feet above
mean low water (defined in this study as 8,500 cfs). This new information results in
significantly less water required to implement a managed recruitment flow than
identified in a previous study.

e A decreasing elevation of recruitment through time may indicate channel degradation,
as do other information sources.
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¢ A number of flow management strategies were evaluated, which require a range of
water for implementation. When compared to actual wet year flows at these study
sites, these managed strategies can require up to 37% less water.

e A managed flow strategy that takes advantage of natural conditions similar to
recruitment needs may best meet multiple water use objectives. Spring 2003
conditions narrowly missed recruitment needs. Based on the information from this
study, a change in the timing and recession rate of spring 2003 conditions could have
formed a recruitment flow. This recruitment flow would not have placed any new
water demands on the system. The water management decision-making process
needs to be evaluated for the flexibility to implement this conservation strategy.

Summary of Management Implications

The majority of the studies conducted under this Contract focus on land-based
conservation strategies, however; this study provides a significant contribution to a
complimentary aquatic-based strategy. River managers elsewhere are manipulating river
flow patterns to regenerate riparian forest where this process is limited by river
regulation. This pilot study demonstrates that this strategy is also a viable option on the
Sacramento River and that regeneration patterns of riparian forest may currently be
altered. A comparison to pre-regulation period forests is needed to inform this question.
This study shows how river flows could be managed to also produce riparian habitat as a
complimentary strategy to revegetation efforts.

Water management in California is extremely complex and a number of efforts are
evaluating how to better manage the state’s water resources. This study can inform those
efforts and in fact already is in the case of the North of Delta Offstream Storage (Sites
Reservoir) investigation. Future implementation of strategies such as a cottonwood
recruitment flow is a direct example of how management of the river as a whole can be
conducted with more of an emphasis on the processes that create and maintains these
systems.

Evaluating linkages between cottonwood forest recruitment and river flow patterns is
only a first step in developing a full understanding of the Sacramento River flow regime,
the degree of alteration, and development of potential long-term solutions. Much work is
still needed to investigate other species’ life history needs and fluvial geomorphic
processes with respect to the flow regime. Other research is developing this type of
information all over the world as the science of river management is further refined. This
developing body of knowledge moves beyond traditional minimum in-stream flow
approach and recognizes the need for natural ranges of variation in many important
aspects of the flow regime. Fortunately, this work now provides many examples to
follow in a new attempt to meet the many human demands on the resources of the
Sacramento River, while maintaining the ecological integrity of the system.

2.4 Point Bar Recruitment Study (Appendix 5)

Background

Riparian forest is a dynamic vegetation type that is shaped by a complex interaction
between fluvial and ecological processes (Thompson 1961, Leopold et al. 1964, McBride
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and Strahan 1984, Strahan 1984, Harris 1987, Cepello 1991, Gregory et al. 1991, Griggs
and Small 2001). Channel movement and sediment deposition initiate a succession
sequence that begins with pioneer species on bare surfaces, typically point bars (McBride
and Strahan 1984, Strahan 1984, Cepello 1991). In western North America, this woody
pioneer community is dominated by cottonwoods and willows (Braatne et al. 1996).
Farther from the channel of the Sacramento River, or on landforms that have not been re-
worked by an active channel for many decades, the dominant hypothesis suggests that
riparian forest tends to develop into one dominated by valley oak and elderberry (Strahan
1984, Chapin et al. 2002).

In the past two decades much attention has been devoted to the ecological requirements
of woody riparian pioneers in western North America, for two main reasons: their value
to wildlife (Gaines 1977, Griggs and Small 2001) and because the extent and
regeneration of riparian forests have declined along with the increasing regulation of
many western rivers.

Although several studies and reviews of California riparian vegetation communities have
been published (Thompson 1961, Holstein 1984, Katibah 1984, Strahan 1984, Cepello
1991, Griggs and Small 2001), quantitative studies of cottonwood and willow
colonization and establishment in California in general, and along the Sacramento River
in particular, are generally lacking (exceptions include Strahan 1984, and Roberts et al.
2002). The extent to which studies from elsewhere can be extrapolated to California is
not documented. California has a unique climate and its own complement of riparian tree
species. Caution must therefore be used when extrapolating ecological information across
regions.

Scope of Work
The goals of this study were to:

(1) document the pattern and extent of woody riparian species establishment on point
bars along the middle Sacramento River between Colusa and Red Bluff;

(2) relate pattern of establishment to physical parameters such as substrate type and
elevation above river base flow;

(3) determine whether our current ecological understanding of pioneer riparian species
recruitment applies to the Sacramento River in northern California; and

(4) initiate a long-term permanent-plot study of riparian pioneer species to evaluate the
effects of flooding and deposition on recruitment, growth, and survival.

Six point bars along the middle Sacramento River between river miles 163-245 were
chosen for sampling of woody riparian colonists from June 12, 2002 to July 1, 2002. Sites
were chosen based on criteria of accessibility, size, and to achieve a wide geographic
range. Locations and specifics of these six sites are given in (Table 1, Appendix 5). At
each point bar, permanent belt transects were established at upstream, midstream, and
downstream locations. Transects were 1m wide, perpendicular to the river channel and of
variable length, extending from the water’s edge to the beginning of fully established
riparian forest. Precise spatial locations and elevations of transect endpoints and river
levels were determined with GPS. Relative elevation above water level on the day of
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sampling was determined along the entire transect using a rod and level and the river
height as a zero point. River height at the time of the surveys approximated mean low
water for that year.

Along each transect stem density and heights of all woody species were recorded in
contiguous 1m” quadrats. Presence or absence of herbaceous species was also noted, but
no attempt was made to identify individual herbaceous species. Stem density of woody
species was recorded. One height value for each species in the quadrat was obtained
using a meter stick and visually averaging over all stems in the quadrat. Stems of a
species rarely varied in height more than a few cm within the quadrat. Surface substrate
type was also recorded for each quadrat as silt, sand, gravel, cobble, or their combination.
Substrate was identified using the texture-by-feel method feel for silt and sand, and
visually estimated for gravel and cobble.

Key Findings
A total of 3,412 quadrats were sampled along 18 transects at the six sites. Of those

quadrats, 492 (14.4%) contained woody species, primarily P. fremontii and three willow
species, Salix exigua, S. gooddingii, and S. lasiolepis.

Pattern of colonization differed among sites, species, and position on the point bar
(Tables 3 and 4, Appendix 5). In the site effect, Chico Landing (RM 194) had the highest
percentage of quadrats colonized (32%), followed by RM 172 (23%), Pine Creek (RM
196; 13%), Haleakala (RM 233; 8%), Rio Vista (RM 215; 7%), and Deadman’s Reach
(RM 186; <1%). The most common species encountered overall as measured by
frequency of occurrence in quadrats was S. exigua, followed by S. gooddingii, then P.
fremontii, and S. lasiolepis.

Downstream quadrats had a higher percentage of colonization compared to midstream or
upstream quadrats (23%, 14.2%, and 8.4%, respectively; Table 4, Appendix 5). S.
gooddingii was the most frequent species in upstream transects (55%) whereas S. exigua
was the most frequent in midstream (38%) and downstream (59%). P. fremontii was most
frequent in midstream quadrats (14.2%).

Over all 18 transects the mean density per quadrat was 4.7 stems, but the median was
only 1. Thus, the density data are heavily skewed by a few quadrats containing hundreds
of small stems, and so should be interpreted with caution. The analyses below use the
quadrat, not individual stems, as the relevant ecological unit.

Stem heights varied as a function of both site and position on the point bar. Salix spp. and
P. fremontii both averaged 100cm in height across sites and spatial position, but there is
high variability in stem height among sites (Table 6, Appendix 5). Stems at site RM 172
averaged 2.6m in height, whereas the few stems at site RM 233 averaged 0.3m. Such a
difference may reflect age, growth rate, or recent scouring at RM 233. If one assumes a
mean growth rate of 1m/year (Braatne et al. 1996), this suggests an approximate mean
age for stems in this study of one year (i.e. germinated in 2001).

Colonization occurred primarily in narrow elevation bands on point bars (Figure 1,
Appendix 5). Although there were some differences among upstream, midstream and
downstream locations, the mean elevation of colonization for P. fremontii and Salix spp.

34



Management and Monitoring Recommendations for the Beehive Bend Subreach
Final Report

was always 0 to 1.75m above the benchmark waterline. Only P. fremontii in upstream
locations had a mean elevation of colonization < 1 m.

For downstream quadrats, where most of the colonization occurred, the pattern is even
more dramatic with the mean elevation of colonization for all three species 1.2 to 1.6m
above low water (Figure 1, Appendix 5). Topography of transects differed according to
position on the point bar (Figure 2, Appendix 5), and this may affect colonization rate.
Downstream transects had more area and lower slope angles within the 1.0 to 1.75m
colonization zone than did upstream and midstream transects.

Surface substrate analysis revealed that cobble was by far the most common substrate
type at all three point bar positions, followed by sand, silt, and combinations of sand, silt,
and cobble (Table 7, Figure 3, Appendix 5). No significant difference in substrate type
was detected across spatial position on point bars, but some differences did occur among
sites. Chico Landing, Deadman’s Reach, and RM 172 were the lowest in cobble.

Species in this study strongly preferred sand or silt as a substrate type as opposed to
cobble (Figure 4, Appendix 5). Sand and silt together comprised 31% of the total
substrate over all quadrats but accounted for 64% of the colonized quadrats.

Summary of Management Implications

This study is important because it provides some of the first quantitative documentation
of the pattern of early establishment of woody riparian pioneer species on point bars
along the middle Sacramento River in California. This information is relavant to
conservation efforts on the river as nearly all of the species and communities that are
targets for protection and recovery are dependant upon riparian forest habitats.

Overall, 14.4% of the land area sampled on the six point bars located between river miles
172 and 233 contained colonists. In descending order of importance, Salix exigua, S.
gooddingii, P. fremontii, and S. lasiolepis comprised nearly all of the species
encountered. P. fremontii is the dominant tree of riparian forests <50 years old along the
middle and lower Sacramento River, along with S. gooddingii.

Colonization on point bars occurred within a narrow elevation band above low water. P.
fremontii, S. gooddingii, and S. exigua all had a mean overall elevation of establishment
above low water of 0.2 to 1.75m, and a narrower range of 1.2 to 1.6m on downstream
transects. The existence of this narrow band has been reported widely elsewhere in the
literature for cottonwood species (summaries in Braatne et al. 1996, Mahoney and Rood
1998) and for S. gooddingii in Arizona (Shafroth et al. 1998). However, the precise
elevation interval depends on the river system (Mahoney and Rood 1998). Mahoney and
Rood report a general value of 2 to 5 feet (0.6 to 1.7m). This range reported here of
approximately 4-5 feet above low water thus fits within the recruitment box of (Mahoney
and Rood 1998), but at the top end. However, in this dynamic fluvial system colonization
does not necessarily lead to establishment or maturation. Roberts et al. (2002), used
elevation of initial establishment of mature P. fremontii, to obtain a range of
establishment for the Sacramento River of 1.7 to 2.7m above mean low water, and some
of the colonizing elevations reported in this study fall into that range (Figure 1, Appendix
5). It is certainly plausible that lower elevation recruits observed in the present study
could be removed by future scouring floods, leaving only the higher elevation recruits to
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survive and become mature forest trees. As this study is extended into the future, precise
information on survivorship as a function of elevation should become available.

Results from this study demonstrated that not all point bars are equivalent with respect to
probability of colonization. Some bars are full of colonists (Chico Landing, RM 172) and
others are nearly devoid (Deadman’s Reach). Point bar topography (Figure 2, Appendix
5) appeared to explain some of these differences, as did substrate composition. However,
more thorough investigation of substrate characteristics is needed, including sub-surface
characterization of particle size distributions.

Cottonwoods and willows germinate best on bare, moist surfaces that contain particle
sizes conducive to water retention and root penetration (McBride and Strahan 1984). In
this study, with >50% of the point bar substrate as cobble, there was a significant positive
association between cottonwood and willows occurrence and silt or sand substrates
(Figure 4, Figure 2). Not surprisingly the sites with the highest colonization, RM 172 and
Chico Landing, have relatively high amounts of silt or sand (Table 5, Appendix 5).

In summary, this study documents the occurrence and some of the physical conditions
under which woody riparian species colonize point bars along the middle Sacramento
River. Elevational zones of establishment were calculated for P. fremontii, S. gooddingii
and S. exigua. However, for small-statured individuals growing in exposed sites on an
active floodplain, the future is uncertain and end is always near. The next scouring flood
may wipe away many or even most individuals; conversely, a period of several years
without scouring flows may allow these individuals to resist scouring effects, trap
sediment, and build the floodplain. The fate of these colonists will be ascertained in
future studies of these permanently marked transects to better understand the relationship
between colonization and mature forest.
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2.5 Forest Inventory Survey (Appendix 6)

Background

Riparian forest is a dynamic vegetation type that is shaped by river processes. Channel
movement and sediment deposition initiate a succession sequence that is comprised of
several different types of plant communities (Thompson 1961, Holstein 1984, Katibah
1984, Strahan 1984, Cepello 1991, Chapin et al. 2002). Specifically, plant ecologists
recognize four major forest-types of woody riparian vegetation in habitats in the Central
Valley of California such as along the Sacramento River (Holland 1986, Sawyer and
Keeler-Wolf 1995): willow scrub, on newly created sand and gravel bars; willow-
cottonwood forest; mixed riparian forest, and valley oak-elderberry forest. These four
community types are generally thought to occur along a succession sequence, with the
main driving variable of change being continued floodplain accretion and consequent
elevation increase (Nanson and Beach 1977, Cepello 1991, Peterson 2002). However, it
has not been well documented that Sacramento River riparian vegetation always changes
according to the succession sequence outlined above. It is possible that other pathways
exist (McCune and Allen 1985, Peterson 2002). Even if the hypothesized succession
sequence is correct, the rate of community change is not known. To effectively plan,
conservation managers need to know how much of a given community is being created
under the current management regime and determine whether this differs from what
would take place in an unregulated setting.

Few studies of riparian forest chronosequences along the Sacramento River have used
field-based quantitative sampling (exceptions are Strahan 1984, Cepello 1991). Most
recent work on riparian vegetation along the Sacramento River used remote sensing
techniques such as air photo interpretation (Greco 1999, Nelson 2002). Combining
extensive remote-sensed geographic data and intensive field data has the potential to
significantly advance our understanding of riparian forest community dynamics.
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Scope of Work

This project sought to define the distribution and composition of woody species in
remnant riparian forests on floodplain landforms of varying ages in the Sacramento River
Project Area (Red Bluff to Coulsa), California.

The goals of this study were to:

(1) quantify the distribution of previously mapped plant communities as a function of
river subreach and to determine if there is a difference in plant community
distribution among reaches;

(2) inventory remnant riparian forests of different community types (as mapped by the
GIC) along the middle Sacramento River to document species composition and age;

(3) formulate hypotheses as to the timing of invasion of undesirable species; and

(4) establish a well-documented, baseline set of forest conditions against which to
measure future changes and trends in succession.

A GIS map of riparian vegetation community types along the mainstem Sacramento
River (Nelson, 2002) was used to describe community composition along the four
different river subreaches located between the towns of Red Bluff and Colusa (river miles
163 to 243; Figure 1, Appendix 6). The three most common natural vegetation types, and
those analyzed in this study, are great valley cottonwood riparian forest (hereafter CRF),
great valley mixed riparian forest (hereafter MRF), and valley oak (hereafter VO). Using
ArcView software and the GIS map, the area extent of the three communities was
tabulated as a function of subreach.

The GIS map of riparian vegetation was also used to identify remnant forest study sites
for the forest inventory study. Study sites were selected in areas mapped as CRF, MRF,
and in the immediate vicinity of valley freshwater marsh (VFM). The locations of the
VFM community were used to locate landform features and habitats characteristic of old
oxbow lakes, sloughs, etc.

GPS coordinates of all plots were recorded. A marker tree formed the southwest corner of
each plot, and from it a 20m x 30m rectangular plot was laid out.

Within the plot the diameter of all trees or tree-like shrubs with stems >2.5cm dbh
(diameter at breast height) was recorded. Stem diameters (cm) were converted to basal
area (cm”) using standard formulas for circles. Basal area is typically referred to as
dominance, or ecological influence, by forest ecologists (Kimmins 1997). Importance
values for all tree species in a plot were then calculated as the sum of relative density plus
relative dominance. Shrub and vine cover were recorded using the line intercept method.
Cover values were averaged over the three transects.

Three to four trees from within each plot or the immediate vicinity were selected for age
determination. One tree each of Fremont cottonwood, California black walnut, box elder
(Acer negundo), and Goodding’s black willow (Salix gooddingii) was selected if present
in the immediate vicinity.

In the spring and summer of 2003, after leaf-out, additional data will be collected on all
plots. The cover of all herbaceous species in a plot will be tallied according to the
Daubenmire abundance scale (Barbour et al. 1999). A complete plant species list will be
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compiled and the presence of any large patches of non-native invasive species will be
noted. Canopy cover will be estimated using a densitometer.

Key Findings

Based on the distribution of previously mapped community types by the Geographic
Information Center, CSU, Chico, there is no significant difference in community
composition among the four subreaches of the Sacramento River. Mixed riparian forest
(MRF) was the most common community in all four subreaches, followed by cottonwood
riparian forest (CRF) and valley oak (VO).

No VO was mapped from river mile 163 to 177, and the largest occurrence of this
community type occurred in the Rio Vista Subreach, primarily at Woodson Bridge State
Park (Figure 1, Appendix 6). Figure 2, Appendix 6 expresses the extent of the three
community types in acres per river mile. The Beehive Bend Subreach contains the most
remnant riparian forest per river mile.

In the forest inventory study, there was no difference in either mean tree density or mean
basal area between CRF and MRF community types (Table 1, Appendix 6). The majority
of the line transects had few or no shrubs present. The lack of shrub layer at the time of
sampling could be due to scouring, by shading from overstory trees, or by shrubs and
vines being buried.

Importance values of species in common between CRF and MRF are shown in Figure 3,
Appendix 6. As expected, the pioneer species Fremont cottonwood, Goodding’s black
willow, and narrow-leaved willow (Salix exigua) all have higher importance values in
CRF than in MRF. Species higher in MRF than in CRF are Oregon ash, California black
walnut, valley oak, arroyo willow (Salix lasiolepis), and blue elderberry (Sambucus
mexicana). Boxelder shows no difference between CRF and MRF.

Results of a detrended correspondence analysis ordination using the tree importance
values suggest that there are no natural grouping of CRF or MRF plots (Figure 4,
Appendix 6). If there were, one would expect to see most or all plots of a given
community occurring together in the same graph space.

Regressions of tree size on age for the four species with sufficient sample size are
presented in Figure 6, Appendix 6. The significance of these pilot regressions suggests
that with more data, tree size may be used as a reasonable surrogate for tree age,
eliminating the time-consuming steps of coring and aging. Utilizing above ground cores
assumes that this technique yields an accurate age, however, and other studies have
demonstrated the variability between above and below ground coring samples. Similar
work should occur on the Sacramento River before above ground cores are relied upon
too heavily.

Estimated tree ages at the different sites are given in Table 2, Appendix 6. Perhaps
unexpectedly, cottonwood is not always the oldest tree in a plot—sometimes it is
Goodding’s black willow. This result suggests that early successional communities may
be composed of willows with cottonwood invading later. The age data for black walnut,
box elder, sycamore, and fig all support the concept that these species invade the forest
some years after initial establishment.
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Figure 7, Appendix 6 shows the relationship between mean Fremont cottonwood dbh and
California black walnut dbh in all 18 study plots. The regression line, when back-
extrapolated, does not go through the origin, rather it intercepts the x-axis around 14
years. This suggests that black walnut invasion commences about 10 to 20 years after
cottonwoods are established, presumably well before any transition occurs from CRF to
MREF.

Box elder apparently establishes independently of cottonwood or plot age, as the
regression between cottonwood size and boxelder size is not significantly different from
zero (Figure 8, Appendix 6).

Summary of Management Implications

This study is of value for several reasons: it is one of the first of its kind to be undertaken
on riparian forests in the Central Valley using on-the-ground, replicated, detailed
measurements on actual organisms and not their photographs; it is open-ended (as more
plots are added the statistical power of the analyses will increase, and as more
information is made available on historical trends in river movement and landform age,
interpretations will improve); and it has instituted a procedure for repeated censusing of
plots to better understand riparian succession and the timing and pattern of invasions.

This study reports some basic data on existing riparian forest composition (Table 1,
Figure 3, Appendix 6). These data are useful now, and forthcoming data on elevation and
landform age will add to their current interpretation (S. Greco, personal communication).
In addition, these forest plots will valuable baseline data for future comparisons. Long-
term data are essential for detecting ecological trends and for putting the present in
perspective (Magnuson 1990).

The occurrence of non-native invasive species in riparian forests is of great concern to the
conservation community. Species such as fig (Ficus carica), tree-of-heaven (Ailanthus
altissima), and giant reed (Arundo donax) are widespread in Sacramento River riparian
forests. In addition, California black walnut is regarded by many as an undesirable
species in riparian forests of the middle Sacramento River due to its presumed out-of-
natural-range presence there (Thomsen 1963). TNC does not plant black walnut in its
riparian restoration tracts. Some vegetation managers are even beginning the wholesale
removal of black walnut from large tracts of remnant forest (J. Dempsey, California State
Parks, personal communication). Based on preliminary data on tree ages in permanent
plots obtained from increment coring, and significant regressions relating size to age of
individuals, this study proposes the hypothesis that black walnut invades Fremont
cottonwood/Goodding’s black willow forests (the initial forest type to form on point bars)
after only 10 to 20 years, but that box elder invades any time during or after forest
initiation. Thus, when seeking to control the spread of black walnut into natural riparian
habitats, managers may wish to monitor for invasions and initiate removal measures
relatively early in the successional series.
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2.6 Assessment of Chinook Salmon Rearing Habitats (Appendix 7)

Background

Hydrologic and geomorphic processes are of critical importance in river systems due to
the roles they play in shaping physical habitat characteristics. This is especially true for
species that require specific river conditions to support important stages of their life
cycle. In California’s Central Valley, Chinook Salmon (Oncorhynchus tshawytscha), are
one such species. Central Valley rivers must provide navigable migration corridors,
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suitable sites for spawning and rearing, and safe passage corridors for smolts of adequate
body condition to reach the estuary and ocean.

The alteration of physical riverine processes (especially sediment and flow regimes) due
to human interventions is contributing to the decline of wild salmonid stocks on a
worldwide basis (Moyle 2002). In California subspecies, and/or populations of three
anadromous salmonids (chinook salmon, coho salmon [O. kisutch] and steelhead trout
[O. mykiss]) currently have state or federal protection, and overall chinook salmon
abundance in the Central Valley has decreased by 75% since 1950 (Yoshiyama et al.
2000). Models by Karieva et al. (2000) on Columbia River chinook salmon suggest that
riverine and estuarine survival are key factors influencing cohort success. However, there
is not a good understanding of what the most important factors are for influencing the
survival of salmonids at these key life history stages. In particular, Swales et al. (1986)
suggest a need for more information on habitat requirements of juvenile salmonids in the
freshwater phase.

In addition to rearing in the main channel of rivers, juvenile salmon rearing sites include
innundated floodplains (Sommer et al. 2001), off-channel ponds (Peterson 1982), and
natal and non-natal tributaries (Murray and Rosenau 1989, Johnson et al. 1992). Yetitis
unclear how these different rearing habitats compare with one another. It has been
speculated that refuge from high flows and high sediment loads may improve growth
rates (Crouse et al. 1981) and decrease mortality (Erman 1988). Upon inundation the
increase in off-channel rearing area may reduce competition and lower the chance of
encountering a predator (Sommer et al. 2001). Greater prey densities relative to the main
channel may also improve feeding rates and result in faster growth (Swales and Levings
1989, Sommer et al. 2001). However, the effects of off-channel habitats on juvenile
salmon have rarely been quantified (Simenstad and Cordell 2000).

Scope of Work

This project compared juvenile salmonid growth rates in main channel and off-channel
rearing habitats (off-channel ponds, and non-natal seasonal tributaries) of the Sacramento
River. To understand what factors influenced growth rates data were collected on diet,
prey availability, and physical habitat conditions (methodologies are outlined below).

All sampling was conducted during March-April, 2001, and February-March, 2002. Fish
were collected between 0730h to 1100h (using 10-m and 15-m beach seines) to minimize
differential digestion of prey items. In both years each site was visited three times and
ten fish were collected, for a total of 30 fish site” year”'. The seasonal tributaries were
considered as non-natal based on evidence presented by Maslin et al (1997). Seasonal
tributaries were connected to the main channel by short periods of surface flow (typically
December through May).

Measuring Relative Growth Rates

Otolith microstructure was analyzed to test the hypothesis that off-channel habitats
provide improved rearing conditions for juvenile chinook salmon relative to the main
channel. Otolith daily growth increments have been shown to be positively correlated
with somatic growth rates of salmon (Neilson and Geen 1982, Neilson et al. 1985).
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Diet

Stomach contents were weighted and prey were identified according to techniques
described by Merritt and Cummins (1984) and Borror et al. (1989). Aquatic insect larvae
and pupae were identified to family, while aquatic adult insects, terrestrial insects, and
crustaceans were identified to order. An Index of Relative Importance (IRI) was
calculated for samples from each habitat using the frequency of occurrence, frequency by
number, and percent volume for each prey according to Shreffler et al. (1992). An index
representing stomach fullness (FI) was calculated by dividing the wet weight of stomach
contents (SC) by the wet weight of the juvenile salmon (Miller and Simenstad 1997).

Prey Availability

Invertebrates were collected on every sampling occasion using plankton nets. Ten
plankton net tows were made at different points within the habitat to sample microhabitat
variation including depth and substrate. Samples were combined into a single composite
sample and preserved. Identification followed the same procedures as for stomach
contents.

Physical Conditions

Discharge, turbidity and temperature were measured at all sites. Discharge
measurements in the main channel were obtained from the Hamilton City gauge station
operated by the California Department of Water Resources. Discharge measurements in
the tributaries were made manually according Nielson and Johnson (1983). Discrete
temperature measurements were taken using a thermometer in both years. In 2002,
temperature loggers were placed in all habitats and temperature measurements were made
every hour. Mean daily water temperature was calculated from the 24 measurements on
the day of sampling. Turbidity was measured using a DRT 15-CE Portable Turbidimeter.

Key Findings

Relative Growth Rate

Higher chinook salmon growth rates were documented in off-channel habitats (both oft-
channel pools and non-natal tributaries) than in the main channel of the Sacramento
River. These results using otolith daily increment width are in agreement with previous
growth studies using change-in-length (Swales et al. 1986, Murray and Rosenau 1989)
and mark/recapture techniques (Sommer et al. 2001).

In 2001 there was a significant difference in increment width between habitat types. Off-
channel pond salmon had larger increment width than main channel salmon (Figure 3,
Appendix 7), although both habitats had fish with similar mean lengths. In 2002
increment width again differed between all habitat types. Off-channel pond salmon had
the largest increment width followed by seasonal tributary salmon (Figure 3, Appendix
7). Average salmon length differed between habitats in 2002 (Table 1, Appendix 7), but
the interaction with habitat type from was not significant, suggesting that the difference
in growth was not a function of difference in lengths. Similar habitat types had different
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increment width between years, with higher values seen in 2001 in both off-channel
ponds and the main channel.

Habitat, prey density, and water temperature had significant effects on increment width in
both 2001 and 2002 (Table 2, Appendix 7). Turbidity and stomach contents had
significant effects on increment width in 2001 but not in 2002.

Fish Sampling

Higher numbers of salmon and other fish were captured per seine in off-channel habitats
than in main stem habitats. In addition to juvenile salmon, high numbers of native
species were collected in both off-channel ponds and non-natal tributaries. These
included Sacramento sucker (Catostomus occidentalis), Sacramento pikeminnow
(Ptychochelilus grandis), and roach (Lvinia symmetricus), all of which are known to use
intermittent streams for spawning and rearing (Moyle 2002). No largemouth bass
(Micropterus salmoides), bluegill (Lepomis macrochirus), or green sunfish (Lepomis
cyanellus) were captured in the non-natal tributaries, suggesting that their life history is
either less adapted to invading these habitats or no local sources were close by.
However, all three of these introduced centrachids were present in the off-channel ponds
throughout the year. Also captured in off-channel ponds were Sacramento sucker
(Catostomus occidentalis), Sacramento pikeminnow (Ptychochelilus grandis), prickly
sculpin (Cottus asper), golden shiner (Notemigonus crysoleucas), and inland silverside
(Menidia beryllina).

Diet

Juvenile salmon consumed predominantly aquatic dipterans in all habitats (Figure 4,
Appendix 7). In 2001 off-channel pond salmon fed on chironomidae larvae, pupae,
diptera adults and cladocera (listed in order descending frequency of occurrence). Main
channel salmon diets also consumed predominantly chironomids and adult diptera
followed by aphids. Diets in 2002 were again dominated by chironomidae larvae and
pupae. Copepods were also a significant prey item in off-channel pond salmon stomachs.
Hydropsychidae larve (Trichoptera), baetidae nymphs (Ephemeroptera), and arachnids
were consumed infrequently in both years.

No difference was observed in stomach fullness in 2001 between habitats and sites.
Differences were found between years, however, with higher stomach fullness in both
off-channel pond and main channel salmon in 2001 than in 2002.

Physical Measurements

Precipitation timing and high flow events on the Sacramento River differed between
years. Higher precipitation occurred in 2001 and seasonal high flows occurred in early
March compared to January in 2002. On average, off-channel pond temperatures were
significantly higher than main channel habitats but not different from seasonal tributaries.
Turbidity values were lower in off-channel habitats in both years but the differences were
not significant.

Factors affecting Salmon Growth Rates
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Temperature
Salmon rearing in off-channel habitats experienced warmer water temperatures. Warmer

temperatures can result in higher metabolic rates and faster growth when adequate food is
present. In the laboratory under maximum ration conditions, Central Valley salmon
growth rates increase with increasing water temperature up to 19°C (Rich 1987, Marine
1997, Cech and Myrick 1999). In our study of wild salmon, higher growth rates were
associated with warmer conditions within a year as well as between years. Within years,
salmon growth rates and water temperatures were consistently higher in off-channel
habitats. Between years, we observed higher salmon growth rates and water temperatures
in both off-channel ponds and main channel habitats in 2001. Also, main channel salmon
in 2001 grew at a similar rate to salmon rearing in off-channel ponds in 2002. Based on
these findings we conclude that temperature played a major role in salmon growth rate
differences between habitats.

Prey Availability

Prey availability may have also influenced salmon growth rates. Higher prey densities
were observed in the warmer off-channel habitats in both years, as has been observed in
other studies of floodplains (Gladden and Smock 1990, Sommer et al. 2001) and shallow
habitat interfaces (Welcomme 1979). Stomach fullness data do not, however, suggest that
prey availability strongly influenced growth rates, as stomach fullness did not appear to
be strongly related to water temperatures and prey densities within either year, and
stomach fullness did not have a significant effect on increment width in 2002.

Other Factors

Other factors influencing the growth rate differences between habitats may include
increased habitat area, fewer predators, and lower turbidity. Inundation of seasonal
habitats (including floodplains, off-channel ponds, and tributaries) increases the overall
wetted area available for fish and other aquatic organisms and may act to decrease
competition for resources (Sommer et al. 2001). This same area effect may also act to
dilute the number of predators and therefore lower the direct and indirect effects of
predation. The presence of large predators may force smaller fishes into sub-optimal
feeding areas (Schlosser 1987) and the growth rate differences may reflect different
activity patterns in the different habitats. Large predators were absent from non-natal
seasonal tributaries although large-mouth bass were found in off-channel ponds.

Fine sediments can reduce growth rates in salmonids (Crouse et al. 1981, Suttle et al. in
press). We observed higher turbidity in the main channel in both years although the
differences were not significant. Berg and Northcote (1985) observed reduced feeding
efficiency at 11 NTU, levels similar to main channel values in both 2001 and 2002. In
addition to effects on growth, turbidity may influence selection of off-channel habitat
during high flows (Scrivener et al. 1994).

Postulated Effects of Higher Growth Rates

Higher salmon growth rates in off-channel habitats may ultimately lead to higher
survival. With juvenile salmon being both gape-limited predators and subject to gape-
limited predation, faster growth can improve their ability as predators while decreasing

45



Management and Monitoring Recommendations for the Beehive Bend Subreach
Final Report

their vulnerability to predation (Myrick and Cech 2000). Larger size has also been
shown to improve competitive ability for optimal feeding positions (Fausch 1984).

Summary of Management Implications

Results of this study suggest river regulation and land-use policies may have significant
impacts on juvenile salmon rearing and survival in California. Dams in the Central
Valley watershed have dramatically altered the natural surface hydrology and thermal
regime of the Sacramento River. Winter precipitation and snowmelt runoff are
responsible for the high flows and cooler water temperatures in the winter and spring, and
almost all native species spawn during this time (Moyle 2002). High summer
temperatures are believed to have limited main channel rearing by juvenile salmon to the
winter and spring (Moyle 2002).

The current alteration of the natural hydrograph of the Sacramento River has decreased
the connectivity of off-channel ponds in the spring and increased the flows (for Central
Valley agriculture) in the summer. In this study stranding of juvenile salmon was
observed in the spring of both 2001 and 2002 as off-channel ponds were disconnected
from the main channel. After loosing connection, water temperatures likely increased to
lethal limits (=24°, Rich 1987). If salmon life history strategies are adapted to utilizing
off-channel habitats, the mortality costs associated with stranding may be significant and
exacerbated within existing backwater channels and refugia under the current flow
management regime. A long-term affect of the altered flow regime may be the evolution
towards a narrower and deeper channel, further isolating existing backwater channels. In
addition, an altered flow regime may also impact the rate at which these habitats are
newly formed.

Increased flows and cooler water temperatures in the summer may provide nursery and
rearing habitat for introduced species in connected off-channel ponds. Dettmers et al.
(2001) found large-mouth bass almost exclusively in off-channel areas of the Illinois
River, and it is likely that the current Sacramento River flow regime has improved
rearing conditions for them.

Conditions within seasonal tributaries are particularly sensitive to land-use practices that
alter the riparian vegetation and affect inputs of carbon and surface/ground water.
Because these streams typically have low discharge levels during the summer months,
any land-use practices that reduce the magnitude and/or duration of flows through them
may greatly reduce their ability to function as juvenile salmon rearing environments
(Bradford et al. 2001).

In conclusion, this study suggests that off-channel habitats may play an important role in
supporting Central Valley Chinook salmon populations. Future work should identify
how survival rates vary among rearing environments, and what effects higher rates of
growth have on the probability that smolts successfully reach the saltwater phase of their
life cycle (Simenstad and Cordell 2000). As well, there is a need to quantify the number
of salmon utilizing the various off-channel habitats. To address long-term management
issues of these resources, future studies should also develop a baseline of the amount and
condition of existing backwater and slough habitats. This baseline can be used to
evaluate long-term trends in these habitats, and to better characterize factors that
influence backwater and slough habitat creation.
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2.7 Oxbow Evolution Study (Appendix 8)

Background

Oxbow lakes provide critical wildlife habitat and support rich biodiversity in the
Sacramento River system, making them priority candidates for research and conservation.
As floodplain water bodies that gradually terrestrialize, oxbow lakes are dynamic
elements of the river system, providing different types of habitat as they evolve. Little is
known about the silting-in dynamics of Sacramento River oxbow lakes, however, such
information is necessary to assess and conserve these important ecosystems.

In this study, we address critical gaps of knowledge in oxbow lake and backwater slough
ecology and evolution, particularly the silting in dynamics, and provide information
necessary for conservation decisions specific to the Sacramento River. We include all
types of cut-off channels, including those still connected to the river. We provide an
initial characterization of these geomorphic features by drawing upon studies from other
river systems, the expertise of researchers active on the Sacramento, and field and aerial
photograph data collected for selected oxbows lakes in the system.
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Scope of Work

This project had 6 primary objectives:

1. Determine sedimentation rates and evolution scenarios for three oxbow lakes by
taking sediment cores and analyzing a time series of aerial photos since the time of
cut-off to the present.

2. Survey the longitudinal profile of one cut-off channel, including the upstream alluvial
plug, to ascertain the amount of sediment accumulated in the upstream alluvial plug
and the aquatic area.

3. Assess the ecological implications of aquatic plant distributions from surveys of
twelve oxbow lakes.

4. Make initial water chemistry measurements for comparison among sites.

Consult experts of various ecological and biological sciences on the habitat value of
oxbow lakes and the processes that influence their evolution.

6. Identify conservation measures and future research needs for Sacramento River
oxbow lakes.

We selected three cut-off channels for sediment core collection: “La Barranca” (RM
237), Merrills Landing (RM 213-214), and Jenny Lind Bend (RM 195) (Table 1,
Appendix 8). We sampled aquatic plants in sixteen different cut-off channels, from RM
168 to RM 237 (Table 2, Appendix 8). These cut-off channels also vary in age, form,
and hydrologic connection to the main channel.

A number of factors, both natural and human-influenced, determine oxbow lake
evolution. After reviewing scientific literature on oxbow lake dynamics and
terrestrialization within various river systems, we developed the following set of
parameters to measure in the field and laboratory: sediment accumulation, water
chemistry, water surface elevation, topography and vegetation, flow record s, aerial
photographs, and aquatic plant composition.

Key Findings

Oxbow Lake Sedimentation

The depth of fine sediment to gravel varied in and among each oxbow lake (Tables 3, 4,
and 5, Appendix 8). The composition of the core material at each site included fine silt
and clay particles, some sand, and a substantial amount of organic matter, identified by
its dark brown and black color. The varying composition usually occurred in layers with
the uppermost layer containing mostly organic matter. This pattern suggests that both the
deposition of fine sediment from the main channel during floods and decaying vegetation
within the cut-off channel contribute to the infilling. Sullivan (1982) observed this
infilling pattern at “Little Packer Lake,” an oxbow lake located at RM 168 on the
Sacramento River.

The rates calculated for Sacramento River oxbow lakes are about six to ten times higher
compared to the average sedimentation rates calculated for the Ain (~0.6 cm / year),
Doubs (~0.7 cm / year), and Rhone (0.5 cm / year) Rivers in France where similar
research has been done. The higher sedimentation rates presumably reflect higher
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sediment loads from the catchment, despite sediment trapping by Shasta, Whiskeytown,
and Black Butte dams.

Water Chemistry

Conductivity measurements varied, with greater differences between former and main
channels at Merrills Landing (Table 6, Appendix 8). At La Barranca, a gradient in
specific conductivity was evident, with higher values occurring closer to the downstream
end of the former channel. Values closer to that of the main channel occurred farther up
the aquatic zone. This is opposite of what we would expect but could be explained by
variations in nutrient levels in the aquatic zone. Conductivity can reflect the floodplain
waterbody’s nutrient content. The nutrient content of floodplain waterbodies tends to
increase with greater hydrologic connectivity to the main channel since the river inputs
nutrient-rich water and sediment (Amoros 2001). We observed this pattern among the
study sites. Jenny Lind Bend, the most hydrologically isolated of the sites, had the lowest
average conductivity measurement (120.1 &S/cm).

Water Surface Elevation Measurements and Observations

Water surface elevations were recorded multiple times at the study sites (Figures 19, 20,
Table 7, Appendix 8). These observations, supplanted by further observations in the
future, can be used to develop stage-discharge relations, which can be used with the
historical flow record to estimate frequency and duration of hydrological connection with
the main channel and inundation of various surfaces adjacent to the oxbow.

Topographic Surveys

The upstream plug of La Barranca extends approximately 374 m and was approximately
2.4 m higher than the Sacramento River water surface at flow of approximately 6300 cfs
(Figure 21, Appendix 8). Substrate size decreased from cobbles near the river to sand
downstream, a pattern consistent with those observed in other oxbow plugs (Piégay et al.
2001) reflecting decreased competence with distance downstream from the main channel.

Riparian Vegetation

Along vegetation transects at La Barranca, we found a relatively high incidence of box
elder (Acer negundo) and narrow leaf willow (Salix exigua) saplings among the wetland
understory (Table 9, Appendix 8). The elevation of the cross sections changed only
slightly from the water surface of the aquatic zone, and the soil substrate was consistently
silty sand. The vegetation we observed (Table 8, Appendix 8) corresponded to the
vegetation characterization of Sacramento River oxbow lakes described by Strahan (1984)
and Greco (1999).

Aerial Photograph Measurements

Results demonstrate that oxbow lakes evolve not only on an annual, incremental basis,
but also in pulses, responding to high flows, especially within the first years after cut-off
occurs when higher magnitude flows occurred with greater frequency and/or longer
duration.

While the mean width of the aquatic zone of La Barranca decreased between 1984 and
1999, its length increased, because the main channel migrated away from the cut-off
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channel, forming a backwater between the main and former channels. Thus, La Barranca
has two parts: a meander-shaped bend and a more linear backwater.

The Merrills Landing cut-off channel decreased by the greatest percentage of the study
sites. Between 1984 and 1999, its aquatic zone area diminished to less than one third of
its original area and about two thirds of its original length (Table 12, Appendix 8),
consistent with the relatively high sedimentation rate here.

Between 1947 and 1999, the length of the Jenny Lind Bend aquatic zone decreased by
over 100 m, mean width decreased by about 3 m, and area of the aquatic zone decreased
from 2.2 to 1.8 ha. The relatively little change in area may be due to Jenny Lind Bend
being the most isolated from the main channel.

Aquatic Plant Analysis

While twenty-seven different aquatic plant species were observed in the cut-off channel
sites (see Table 16), the species richness was relatively low for most cut-off channels,
ranging from 0 to 12 species, and averaging 3.9 (Table 17, Figure 23, Appendix 8). The
highest species richness occurred at sites with a perennial hydrologic connection to the
main channel.

Water quality measurements indicated that linear cut-off channels with a high
connectivity to the river are the least anoxic, and have the most diverse aquatic flora
(Table 18, Appendix 8).

Summary of Management Implications

The results of this study provide useful initial information on sedimentation processes,
temporal and spatial landscape changes, and aquatic plants of Sacramento River cut-off
channels:

1. The sediment cores data suggest that cut-off channels of the Sacramento River are
filling in faster than comparable French sites (Citterio and Piegay 2000), and thus the
aquatic zones are disappearing. Meantime, the processes of meander migration
needed to produce new cut-off channels are inhibited by dam-reduced flood
magnitudes, extensive riprap, and other human alterations, resulting in a net decrease
of oxbow lakes.

2. Oxbow lakes fill in not only incrementally, but in pulses during high flows, as
demonstrated at La Barranca. Oxbow lakes both decrease in depth as they fill in with
sediment, and decrease in surface area as sediment accumulates on the former
channel banks and riparian vegetation encroaches.

3. Agquatic plant species diversity was higher in cut-off channels hydrologically
connected to the river than in older, more isolated oxbows, suggesting that both
hydrological connectivity and water quality influence aquatic plant composition of
Sacramento River oxbows. Overall, diversity is lower in Sacramento River oxbows
than in comparable channels of the S6ane, Rhone, and Ain Rivers in France.

4. 1In 6 of 16 cut-off channels sampled in June 2002, the water was anoxic, and there
were no aquatic plants at two oxbows, probably due to poor water quality. Further
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water quality sampling will be needed to better understand water quality influences
on these aquatic ecosystems.

Conservation Strategies

The disappearance of Sacramento River oxbow lakes calls for conservation and
management strategies to protect and restore them. Management of cut-off channels
should be directed at the restoration of the critical physical processes that create and
maintain these habitats. Amoros (2001) suggested that restoring cut-off channels to
maximize habitat diversity must take into account (1) flow velocity and flood
disturbances, (2) hydrological connectivity, and (3) water supply.

From the perspective of the individual oxbow, the value of these habitat types can be
maximized by varying water depth, width, and velocity and the bed substrate (Amoros
2001). However, as restoration activities that involve excavations may be cost
prohibitive, conservation investments should first focus on protecting existing oxbows
and enhancing the quality of surrounding habitats in the short term. In this manner water
quality may be improved, such that existing sites are better able to support native species
and communities.

Restoring riparian forests adjacent to oxbow lakes, especially in the upstream plugs, can
increase habitat diversity and act to decrease oxbow lake sedimentation rates. These
forests filter flood water and run-off from surrounding land, stabilize the banks, and can
increase shade in the aquatic area, decreasing the proliferation of aquatic plants (Henry
and Amoros 1995).

Along the Rhone River, a cut-off channel was successfully restored by dredging a layer
of fine, nutrient-rich sediment (0.15-1.00 m thick) to expose the underlying gravel
substrate to increase the supply of nutrient-poor groundwater to the oxbow and thereby
impede ecological succession toward eutrophication and terrestrialization (Henry et al.
2002). This project demonstrated increasing groundwater supply and effectively diluting
nutrient concentrations could initiate regression from a highly eutrophic state to a
mesotrophic. This approach may be applicable to some cut-off channels along the
Sacramento River.

Another potential short-term action to increase the ecological function of existing oxbows
may be to open the upstream or downstream plugs to that fish can access the cut-off
channels from the main river. Oxbow lakes with relatively short plugs may be candidates
for plug removal. However, improving the downstream connection may actually
accelerate the rate of sedimentation within the oxbow, and an approach like this does not
address the underlying, long-term problem of reduced creation of new oxbow lakes.

The only documented created oxbow lake along the Sacramento River is the Kachituli
Oxbow constructed in 1991 outside the flood control levee as a new, excavated oxbow
lake (not restoration of an existing feature) to mitigate the loss of nearby wetlands. A
fourth-year monitoring report indicated that planted vegetation was growing as
anticipated (Jones & Stokes Associates Inc. 1995). While likely providing some habitat
value, such a static feature is very different from a natural oxbow lake, in that it is
disconnected from the main channel and does not evolve over time, as do natural oxbows.
No studies directly comparing this restored habitat with natural oxbows have been
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conducted, but it is likely that this habitat is less ecologically valuable than natural oxbow
lakes. While a poor substitute for naturally evolving oxbow lakes, such restoration
projects may be needed to compensate for continuing losses of existing natural habitats.

Long-term conservation strategies need to consider the natural flow regime and
identification of the flow related mechanisms that create these diverse habitat features of
the floodplain. Other aspects of the flow regime are under investigation to inform future
management for ecological benefit. Additional information on flow regime
characteristics that create and maintain important backwater habitats may also inform
future management strategies that focus on an ecosystem—wide approach to river
conservation on the Sacramento River.

Future Research Needs

Further sediment coring of Sacramento River cut-off channels is required to assess
sedimentation rates in a more comprehensive manner. Assessing the core sample substrate
for information on organic matter content, sediment stratification, and seed propagules
would provide further information on the temporal dynamics of cut-oft channels.

Our discovery of anoxic water and low aquatic plant diversity in many oxbows suggests
that adverse water quality limits these ecosystems. Further sampling and analysis of water
quality in these cut-off channels is needed to pinpoint problems from nutrients such as
nitrates and phosphate, agriculture chemicals such as herbicides and pesticides, and heavy
metals. Sustainable restoration of these features will probably require understanding the
pathways of agricultural runoff and interception, diversion, or treatment of agricultural
runoff to prevent the pollution of these water bodies.

The role of groundwater in these oxbow lakes needs to be better understood.
Groundwater pumping for irrigation of adjacent lands may lower water tables and reduce
groundwater inflow, concentrating nutrients and other constituents in surface runoff, and
increasing sedimentation rates. Installing observation wells or piezometers around
oxbows and monitoring groundwater levels in relation to river levels can provide basic
information on surface-groundwater interactions.

Literature cited

Amoros, C. 2001. The concept of habitat diversity between and within ecosystems applied to river side-arm
restoration. Environmental Management 28: 805-817.

Citterio, A. and H. Piégay. 2000. Infilling of former channels of the lower Ain river (South-eastern France):
contemporary dynamics and controlling factors. Geomorphologie: relief, processus,
environnement 2: 87-104.

Greco, S.E. 1999. Monitoring Riparian Landscape Change and Modeling Habitat Dynamics of the Yellow-
Bird Cuckoo on the Sacramento River, California. Ph.D. Dissertation. University of California —
Davis, Davis, CA.

Henry, C.P., and C. Amoros. 1995. Restoration ecology of riverine wetlands: 1. A scientific base.
Environmental Management 19: 891-902.

Henry, C.P., C. Amoros, and N. Roset. 2002. Restoration ecology of riverine wetlands: A 5-year post-
operation survey on the Rhone River, France. Ecological Engineering 18: 543-554.

Jones & Stokes Associates, Inc. 1995. Kachituli Oxbow mitigation fourth year monitoring report. July. (JSA
92-225.) Sacramento, CA. Prepared for Lighthouse and Riverbend Development, West Sacramento,
CA.

53



Management and Monitoring Recommendations for the Beehive Bend Subreach
Final Report

Piégay, H., G. Bornette, and P. Grante. 2001. Assessment of silting-up dynamics of eleven cut-off channel
plugs on a free-meandering river (the Ain River, France). Applied Geomorphology, Theories, and
Practice. New York: John Wiley and Sons, Inc.

Strahan, J. 1984. Regeneration of riparian forests of the Central Valley. Pp 58-67 in R. E. Warner and K. M.
Hendrix (eds.). California Riparian Ecosystems: Ecology, Conservation and Productive
Management, pp. 58-67. Berkeley, CA: University of California Press.

Sullivan, D. 1982. Prehistoric Flooding in the Sacramento Valley: Stratigraphic Evidence from Little
Packer Lake, Glenn County, California. Master of Arts Thesis. University of California, Berkeley.

2.8 Terrestrial Invertebrate Project (Appendix 9)

Background

Arthropods represent one of the most diverse components of biodiversity within any
terrestrial ecosystem (Wilson 1992), yet the effects of habitat destruction and alteration
on these taxa have been poorly documented, and historic composition of these
communities is typically unknown. This is especially true in North America, where
botany and (vertebrate) wildlife biology have been the primary disciplines employed in
terrestrial biological monitoring. However, many studies have documented the
usefulness of sampling invertebrate assemblages when management objectives involved
understanding overall community composition (French and Elliot 1997; Oliver and
Beattie 1996b; Refseth 1980; Williams 2000).

Terrestrial invertebrates have many attributes that make them well suited to studies of
ecosystem change in restoration projects. These include their typically high abundance
and species richness, restricted home ranges, and short generation times. Current
technology available in personal computers, in combination with multivariate analytical
methods and appropriate study design, now makes it possible to approach very diverse
taxa, quickly manipulate huge sets of data, and extract meaningful insights from these
data (McCune et al. 2000).

Habitat restoration along the riparian corridor of northern California’s Sacramento River
has now become one of the largest efforts of its kind in the country. These restoration
efforts stem from loss of the historic Sacramento River riparian corridor, which some
estimates place as high as 97% (Warner and Hendrix 1984). Over the last decade and a
half, efforts by organizations such as The Nature Conservancy’s Sacramento River
Project and the River Partners to restore riparian habitat along northern California’s
Sacramento River have resulted in thousands of acres being planted with native woody
species using adaptations of standard orchard planting techniques. Replicated
horticultural restoration sites along the Sacramento River provide a tremendous
opportunity to examine the success of these restoration efforts at site-specific and river-
wide (i.e. ecosystem) scales. To date several investigations have been carried out in the
context of these restoration efforts ranging from detailed modeling analyses of historic
and current hydrologic processes (Larsen et al. 2002) to response of plant and animal
communities to restoration (Small et al. 1999; Whisson and Engilis unpub.; Hubbell
1997; Peterson 2002; Efseaff 1997; Golet et al. 2003).
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With the exception of surveys for the federally threatened valley longhorn elderberry
beetle (Desmocerus californicus dimorphicus), however, we know of no studies focusing
on the Sacramento River that examine the effects of restoration efforts on terrestrial
arthropod communities. As suggested by the CALFED Bay Delta Program,
examinations of arthropod response to restoration have great potential to provide
important insights into the recovery of this important ecosystem (CALFED CMARP
1999).

Scope of Work

Composition of epigeal (surface-active) beetle assemblages (Order: Coleoptera) from
monthly invertebrate sampling within younger riparian restoration sites (1-3 years old),
older riparian restoration sites (6-10 years old), and remnant riparian forests (>25 years
old) were compared to examine effects of forest age and riparian restoration efforts on
beetles along the Sacramento River, California.

Pitfall traps were utilized to sample beetle assemblages along a 19-mile stretch of the
Sacramento River between December 2000 and November 2001.

A morphospecies collection was developed following adaptations of methods used by
Oliver and Beattie (1996a and 1996b) for initial cataloguing of specimens, development
of a specimen database, and as a reference collection for further taxonomic clarification.
All beetles were sorted into a temporary alphanumeric morphospecies reference
collection and database for subsequent identification. Morphospecies were identified to
the lowest taxonomic level practicable.

The following hypotheses were addressed by analyzing differences in sample
assemblages through time and for different forest types at the taxonomic levels of order,
family, and species (where information allowed):

(1) sample assemblages of epigeal beetles differ significantly between forest “types”;

(2) phenology of these sample assemblages differ significantly between forest types
through time (specifically because younger, less developed forests should be less
buffered against seasonal changes in environmental variables and thus they might
fluctuate more in abundance or composition than would older, more developed
forests);

(3) different forest types contain different morphospecies groupings; and
(4) some morphospecies show significant trends in seasonal abundance.

These simple hypotheses served as a starting point for developing foundational
knowledge of the terrestrial invertebrate community of this ecosystem.

We used nonmetric multidimensional scaling, cluster analysis, and multiple response
permutation procedures to examine sample assemblage response to forest type at the
order and family level. For individual morphospecies we used either analysis of variance
or a Kruskal-Wallis nonparametric test of the mean monthly trap catches to determine
whether forest type significantly affected morphospecies abundance. Indicator species
analysis was performed on mean monthly trap catches to calculate individual
morphospecies’ values as “indicators” of different forest types.
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Key Findings

Ordination and cluster analysis at the order level, and for at least three families, showed a
strong response of sample assemblages to forest age. Sample assemblages also showed a
significant effect of categorical forest type. Temporal analyses of sample assemblages at
the order level also showed a significant difference between forest type “trajectories” for
the sample-year.

Analysis of trap data for individual morphospecies indicated a significant response to
forest type by a large number of species. Neither Shannon-Weiner diversity indices nor
species richness were significantly different between forest types; however, these metrics
did not reflect differences in sample assemblage composition between either sites or
forest types (i.e. young restoration, old restoration, and remnant riparian forest sites).

Monthly abundance was significantly higher in remnant riparian habitats, but was related
to species-specific trap abundances. Because of these factors, diversity, species richness,
and trap abundance were not considered reflective of differences in compositional
characteristics of epigeal beetle communities in these forest types.

Results indicate that:

1) samples from forests of different ages contain characteristic species (Figures 3-10,
Appendix 9);

2) epigeal beetle assemblages within remnant riparian sites were most similar to one
another (Figures 3, 5, 6, and 9, Appendix 9);

3) younger restoration sites showed greater differences in composition amongst
themselves and through time than did old restoration and remnant riparian forest sites;

4) response of epigeal beetle assemblages to restoration efforts varied at the family
level;

5) several species which showed significant effect of forest type also had restricted
geographic and/or seasonal distributions within the study area; and

6) a general assemblage trajectory based on forest age was suggested by the data
(Figures 3, 5, 6, and 9, Appendix 9).

These results indicate that riparian restoration efforts are providing habitat for many
species of beetles characteristic of remnant riparian forests.

Summary of Management Implications

The striking similarities in community composition observed among habitats suggest that
beetles are more responsive to the local site conditions where they are sampled than to
the larger landscapes in which these sites are embedded. Thus, from a monitoring
standpoint, beetles offer a different perspective on the ecosystem than many other
taxanomic groups that are typically wider ranging and accordingly more strongly
influenced by the larger landscape setting. As the first detailed investigation of these taxa
in these habitats, the study provides important baseline data. These data have value in
assessing community development patterns at floodplain habitats and for tracking
restoration trajectories. This information complements what has been collected
previously by other researchers studying other taxa (e.g., PRBO’s studies of songbirds).
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3. Task 2: Assessment of Local Third Party Impacts of Large-
scale Conservation Actions

3.1 Socioecononic Study (Appendix 10)

Background

The Nature Conservancy (TNC), through its Sacramento River Project, is an active
participant in the Sacramento River Conservation Area Forum (SRCAF), and in habitat
restoration along the Sacramento River. Through its participation in SRCAF, TNC
recognized that restoration of native habitats along the Sacramento River represents a
modification of the existing Sacramento Valley landscape with potential social and
economic consequences to the region. The actions envisioned in the SRCA Handbook
constitute just one element of a much larger, ongoing effort by federal, state, and local
agencies and organizations to restore native habitats along the Sacramento and San
Joaquin River corridors and in the Sacramento—San Joaquin River Delta. Any such
landscape-level land use modification will have various effects on the social and
economic well being of diverse individuals and agencies, resulting in a number of
measurable social and economic benefits and costs.

Two previous studies conducted to examine the economic effects of land conversion to
habitat had focused on looking at one county, Glenn County (Adams and Gallo 1999,
2001). In 2000, TNC sought and received a grant from CALFED ecosystem restoration
program to conduct a socioeconomic assessment of the riparian habitat restoration efforts
underway along the Sacramento River between Red Bluff and Colusa. TNC’s goal was
to provide information that generally defines and broadly communicates the social and
economic consequences that could result from the conversion of agricultural land along
the river to develop a riparian corridor, as generally envisioned within the goals of the
SRCAF. This analysis was not intended to predict the results of habitat restoration;
rather, to describe possible future conditions on the basis of a number of broad
assumptions, and to serve as a decision-making tool for those entities involved in habitat
restoration programs along the Sacramento River.

Scope of Work

The Socioeconomic Assessment was conducted to examine potential third-party impacts-
-both costs and benefits--to counties, landowners, and the general public that may result
from acquiring and restoring lands along the Sacramento River riparian corridor. It
provides information to better understand how socioeconomic conditions could change in
30 years as riparian protection and restoration programs are implemented. The
information has been developed as a tool to support the ongoing planning and subsequent
decisions regarding riparian habitat—related projects.

The study area includes a stretch of the Sacramento River between Red Bluff and Colusa,
an area of focus for habitat restoration programs. The approximately 100-mile reach of
the river being analyzed is located within Glenn, Colusa, Butte, and Tehama Counties,
California. The study area boundaries are based on existing flood control levees and
flood boundaries of the 2.5-year return frequency flood event on the Sacramento River.
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The estimated 42,543 acres of land within this study area include both public and
privately held lands, with agriculture (mostly orchards) being the primary human use of
the private lands. For the purposes of this analysis, the term riparian corridor defines an
anticipated 30,000 acres of riparian habitat within the study area established by
preserving remaining habitat and continuing riparian restoration programs.

To conduct the analysis, it was necessary to develop a set of assumptions regarding future
conditions, following habitat restoration activities. The assumptions were developed and
reviewed with SRCAF stakeholders prior to conducting the technical analyses. The
future conditions assume that riparian vegetation would expand to 30,000 acres within
the study area by 2030. This acreage would include 20,610 acres of existing public and
private habitat and 4,496 acres of land already acquired for conversion to habitat. An
additional 4,894 acres of privately owned agricultural land would be purchased for
conversion to complete the 30,000 acre riparian corridor. A total of 9,390 acres of land
currently in agricultural production would be converted to habitat. Future acquisitions
would be made from willing sellers and all private land to be restored would be
transferred to state or federal agency ownership. At the end of the habitat restoration
process, 29% of the study area would remain in agriculture or other uses while 71% of
the area would provide a corridor of riparian vegetation extending from Red Bluff to
Colusa. Use of public funds to protect agricultural lands from flooding and bank erosion
may be reduced in places where the protection is no longer needed for private agricultural
land or public safety.

This economic analysis focuses on evaluating two kinds of effects associated with
establishing a riparian corridor along the Sacramento River: changes in regional
economic activity and fiscal conditions, and changes in resource costs and benefits.
Regional economic activity examines change in the local economies of the four counties
within the study area that stem from changes in production of goods and services and
focuses on changes in employment and personal income. The regional economic effects
have been estimated using IMPLAN, a regional economic software model that describes
flows from producers to intermediate and final consumers using a series of economic
multipliers. This model of county level economic interactions is used to predict, using
input-output multipliers, total regional activity based on changes in expenditures. For
this analysis, changes in spending were input for agriculture, recreation and habitat
restoration.

Analysis of resource costs and benefits measures the change in economic welfare or
value to the producers and consumers that would be affected by establishment of a
riparian corridor. Key resource cost and benefit topics for this assessment include the loss
in net profits to farmers, the avoided flood control costs to farmers and government
agencies, and the gain in benefits to persons involved in recreation activities.

This report does not include a formal benefit-cost analysis. Important components of
costs and benefits could not be estimated reliably on the basis of existing data and
available resources. Moreover, the level of uncertainty regarding certain effects—such as
the benefits of restoration to persons involved in recreation—is believed to be high.
Accordingly, a hybrid analysis that includes assessing changes in some of the key
economic measures has been conducted. This analysis is intended to give decision-
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makers some insight into the relative magnitude and tradeoffs of economic changes
associated with habitat restoration along the Sacramento River.

Key Findings
The key findings are summarized from the assessment conducted by Jones and Stokes
Associates:

The 42,543-acre area includes land in four counties: Butte, Colusa, Glenn, and Tehama.
The area currently comprises a mix of agricultural lands, patches of native and restored
riparian vegetation, sand bars and river surface. Approximately 40% of the land
produces agricultural crops, including a variety of fruits and nuts, as well as field crops.
Nearly 49% of the land is covered with riparian vegetation; the remainder supports small
areas of urban and vacant land. Ownership of the riparian and agricultural areas is split
between private individuals and public agencies, with the majority held in private
ownership (approximately 60%).

Agricultural Resources Effects: The principal effect of establishing a riparian corridor
along the river would be a reduction in agricultural production and associated reductions
in farmer income and agricultural jobs. The economic losses to the agricultural sector
would increase gradually as land is taken out of production over a 30-year period. By
2030, the annual loss in agricultural production could be as much as $11.5 million. While
this loss is substantial, it is relatively small when taken in the context of the 4-county
economy. The estimated losses in agricultural production are approximately 1% of the
combined annual value of agricultural production reported by the four counties in 2000.

Recreation Spending Effects: The increase in riparian habitats along the river would
improve conditions for fish and wildlife resources. The enhanced quality of these
resources would stimulate increases in recreation activity in the study area, resulting in
increased recreation-related spending. However, a general lack of information linking
habitat restoration activities to all types of recreation has limited the ability of this study
to quantify the positive effects of recreation increases. Fishing associated with increased
fish populations in the Sacramento River is the only recreation activity that can be readily
predicted. It is estimated that, with a doubling of fish populations by the end of the 30-
year time frame of the analysis, recreation-related spending would increase by $948,400
annually in the 4-county area. Additional significant increases could occur from other
recreation activities (wildlife observation, hunting), but these have not been predicted due
to the lack of available data to quantify the relationship between habitat restoration and
such activities.

Local, state and federal governments could significantly improve the likelihood of
positive changes in the local recreation-based economy by improving access to the
riparian corridor and updating, expanding and constructing infrastructure and facilities
that support recreation along the river. Several current planning efforts are underway
offering opportunities to improve access and facilities, including comprehensive planning
by the U.S. Fish and Wildlife Service and the California Department of Fish and Game
regarding their land holdings along the river.

Site Monitoring Effects: At the end of the 30-year time frame, an annual riparian habitat
site monitoring program would be in effect. Each year the riparian vegetation would be
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surveyed to determine its general condition. This effort would stimulate local spending
for salaries and equipment. It is estimated that the ongoing annual spending for this
program would be approximately $187,800.

Regional Economic Effects: The regional economic effects describe flows from
producers to intermediate and final consumers using a series of economic multipliers. For
this analysis, changes in spending were input for agriculture, recreation and habitat
restoration. The changes in agricultural production (and therefore agricultural
expenditures) anticipated by 2030 would have direct, indirect, and induced effects on the
economy; these effects would derive from the loss of jobs and reductions in personal
income in the 4-county area. As agricultural acreage is reduced, the number of
agricultural jobs available would be reduced and the income these individuals would
accumulate would be eliminated (direct losses). These reductions in personal income
would lead to less spending in other sectors of the economy, including the retail and
services sectors (indirect and induced losses). For the 4-county area, the total losses are
estimated to be 228 jobs and $7.5 million in personal income. The loss in jobs represents
less than 0.15% of the 4-county 2000 total employment base and the reduction in
personal income is 0.09% of the 2000 personal income in the four counties.

Fiscal Effects: The analysis of riparian restoration effects on county revenues (fiscal
effects) indicates that there would be little effect. One of the four counties would
experience a minor increase in revenues as property taxes were replaced by in lieu
payments (PILT) from the state and revenue sharing from the federal government. Butte
County’s revenues would increase by $5,700 annually. Tehama County would experience
a decrease in revenue of $23,100 annually as a result of the restoration. This represents
less than 0.3% of Tehama County’s 2000-2001 countywide revenues for the revenue
sources affected by restoration. Colusa County would experience a small decline in
revenues, estimated at $2,400 annually, and Glenn County’s revenues would decrease by
$6,600 annually.

Summary of Management Implications

The analysis and key findings of the “Socioeconomic Assessment of Proposed Habitat
Restoration within the Riparian Corridor of the Sacramento River Conservation Area”
are based on a set of assumptions about the future ownership and land use patterns of the
Sacramento River riparian corridor. The intent of this report is not to assume that we can
predict the future 30 years out, but rather to describe the potential changes and the
magnitude of those changes so that decisions can be informed about possible outcomes.
This assessment is a tool to help develop strategies that can minimize impacts and
maximize benefits associated with the establishment of a riparian corridor along the
Sacramento River.

The information was developed as a tool for those agencies and individuals involved with
agricultural land conversion and habitat restoration along the river from Red Bluff to
Colusa. Changes in the assumptions would certainly change the results of the study, and
although the assumptions used are reasonable, interpreting the results must be considered
in this light. With that in mind, there are some management implications and possible
actions to consider.
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Increased recreational opportunity:

The greatest potential to offset agricultural production losses is the increase of recreation-
related spending. The key to realizing substantial recreation-related benefits would be
the expansion of public access and recreation-related facilities along the Sacramento
River. Local, state and federal agencies could significantly improve the likelihood of
positive changes in the local recreation-based economy by increasing access to the
riparian corridor and updating and expanding existing facilities and infrastructure that
support recreation along the river. Similarly, programs to support private entrepreneurs
may help encourage the development of private recreation-related businesses along the
river.

Several actions have already been initiated in this direction. Current efforts include:
recommendations in the Sacramento River Public Recreation Access Report, developed
by EDAW; management plans underway for the Department of Fish and Game and U.S.
Fish and Wildlife Service for their public lands; and development of the DWR Website
proposed to better communicate access points along the river. Continuing with and
building on these efforts that are already underway is important to the success and local
acceptance of a riparian corridor.

Additional studies can also help to define future needs for recreation along the river.
Updated, comprehensive surveys of recreationists along the river would be very valuable
as a future effort to improve our understanding of the importance of existing and future
recreation activity to the local economies within the 4-county region.

Private Lands Habitat:

There is currently 10,000 acres of riparian habitat in private ownership, over half the
native habitat along the river. A program that encourages and supports private
stewardship of these natural areas could be initiated by the SRCAF. This program would
be completely voluntary in nature, but would recognize the private owner’s efforts in
supporting the riparian corridor and possibly create a source of funding to support private
stewardship actions. This 10,000 acres is a substantial contribution to the riparian
corridor and the protection of these lands would lessen the need for future conversion of
agricultural lands.

Impacts Associated with Annual Appropriations:

When examined, the impacts on county taxes from the PILT and Refuge Revenue
Sharing Funds did not make a significant impact on the local county budgets. This
analysis assumed that full payments would be made to the counties. Payments to the
counties are dependent on state and federal budgetary appropriations. Support for full
payments through the budget process is an important step in assuring that there will not
be fiscal impacts to the counties. These are issues currently being looked at through the
SRCAF Economic PILT committee, and will need to be tracked over time.

Another appropriations issue was raised by Butte County. Grants to help offset law
enforcement along the river comes from California Department of Boating and
Waterways. These funds are subject to annual appropriations through the state
legislature. As recreation increases along the river there is no guarantee that these
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monies will keep pace with local expenditures for law enforcement and this may result in
fiscal impacts to the county.

Management Coordination:

Some of the comment letters received from the draft report pointed out the importance of
ensuring that the county staff is kept updated regarding management activities and
recreation opportunities along the river. The Management Coordination Committee, as
recommended within the EDAW Recreation Access Study, could serve as a vehicle to
ensure this coordination between land managers and county staff.

Additional Studies:

An assessment of the individual county and regional agricultural economies could be a
valuable planning tool for local governments. This study did not attempt to estimate
cumulative economic effects that may occur in the study area as a result of other actions
in the counties. The counties commented that the conservation activities along the river
are just one component of the activities within their counties. A county-wide study could
include a broader array of effects on the local agricultural industry, including agricultural
land conversion due to urbanization and other wildlife habitat restoration programs. The
data developed for this assessment could be used as a start for the counties to expand this
assessment for a broader look at county considerations. A broader study could assess the
cumulative economic effects from a number of actions, including: agricultural land
conversion for habitat and urban development; the expansion of irrigated agriculture into
areas historically supporting grazing; increased competition from out-of-state and foreign
agricultural producers; and the fallowing of agricultural land due to sale of agricultural
water to entities outside of the region.

The information available to estimate effects on agricultural production, county tax base,
and the regional economy is extensive. The data provided was recent and extensive to
support the analysis. Conversely, there is limited information available to quantify the
effects of restoration on recreation activity, flood and bank protection programs, and
flood damage repair. Additional studies may be considered to better describe the
economic changes associated with these issues and the economic value placed on
protecting, restoring, and maintaining wildlife habitat. A full cost-benefit analysis would
be another option to consider for future study.

3.2 Advancing Compatible Agriculture (Appendices 11a & 11b)

Background

A goal of the Project was to develop information that would assist in managing for
multiple benefits of floodplain habitats including both ecosystem restoration and
agricultural production. This information was sought through direct involvement with
agriculturalists working on the floodplain. Through direct communication TNC
ascertained a more complete understanding of the problems and challenges growers in the
region face, and became better positioned to assist in the development of solutions.
Moreover, because TNC manages a suite of agricultural properties we are able to lead by
example in instituting these solutions. Below we describe some of the advancements that
we and our partners have made in advancing compatible agriculture practices to further
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ecosystem restoration goals and improve the economic sustainability of farming on
floodplain habitats of the Sacramento River.

As of August 2002, TNC managed 30 properties between the cities of Red Bluff and
Colusa (see Figure 3), totaling 4,245 acres, with over 3,000 acres of orchard and ~1,000
acres of row and field crops (see the pie chart figure in Appendix 11b for a breakdown of
acreage by crop type).

These properties are in a transitional stage, ultimately to be restored to riparian habitat.
During the transitional period TNC leases out the orchards and fields to local farmers to
raise income for the future restoration of the properties. Former owners may benefit by
leasing back the properties while they expand their agricultural operations outside the
flood plain.

Most of the orchards that TNC acquires are approaching the end of their economic life
cycle. Once acquired, the properties are leased for an average of five years. Healthier
orchards may be leased out for as long as ten years, although such orchards represent
small percentage of the total properties managed.

Walnuts, almonds, and prunes comprise the three main orchard commodities raised on
the banks of the Sacramento River. Each commodity has its own environmental and
economic issues. Orchard commodities are challenged by global competition, water
quality regulations, and for those orchards that are low on the floodplain, high
maintenance costs due to persistent flooding, sedimentation and erosion.

Scope of Work

This project supported a variety of efforts aimed at furthering compatible agriculture in
floodplain farming habitats on the Sacramento River. Key project components included
identifying ways to reduce pesticide/herbicide application and making farms more
wildlife friendly. The project also contained a significant outreach and community
relations component which sought to communicate findings and solicit input from a wide
variety of stakeholders with interests in agricultural land management. A report, entitled
Advancing Wildlife Restoration and Compatible Farming along the Inner River Zone of
the Sacramento River (Appendix 11a), was developed based upon input received during a
set of outreach meetings that were funded jointly by the Contract and a grant from the
Great Valley Center’s LEGACI project. An additional related report, Investigation of
Methods for Advancing Compatible Agriculture in Sacramento River Floodplain
Habitats (Appendix 11b), is also profiled here, although its completion was not supported
by Project funds. This second report provides an overview of the wildlife-compatible
farming practices that TNC is developing and implementing in its farming operations.
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Insert figure 3 here.
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Key Findings
The Stakeholder meetings accomplished a number of important things (further detailed in
Appendix 11a), including:

1. Development of a Conceptual Model (Good Neighbor Management Tool). TNC
constructed conceptual models that focus upon each of eight different subject areas
that pertain to the interface of agricultural and wild lands on the Sacramento River
floodplain. Goal statements for each subject area have identified and clarified by
incorporating stakeholders’ suggestions into the final drafts.

2. Research specific stakeholder-identified management issues. Significant work
(primarily a literature review) was conducted in the subject areas of Vertebrate Pests,
Weeds, Endangered Species, and Invertebrate Pests.

3. Develop focus of future efforts needed to address stakeholder concerns. Participants
at the February meeting supported the expansion of TNC’s computer modeling work
to understand flooding impacts of multiple land uses in the Beehive Bend Subreach of
the Sacramento River. TNC is incorporating this advice in the development of
additional grants to perform this new modeling work and has included local
stakeholders in the process. Areas of research were also identified on the subject of
farming next to restored sites.

4. Developing Additional Outreach. TNC has added additional approaches to its
outreach efforts. A new website provides public access to key information. Outreach
to individual farmers and farm-related organizations is providing individualized
education identified as important by the stakeholders.

5. Improving Consensus. TNC clarified its land management goals in eight major
categories. Based on overwhelming responses from reviewers, these goals are
supported by neighbors and other stakeholders. TNC will work to gain stakeholder
consensus by improving its management plans as well.

Below is an outline of the major initiatives that TNC and its partners are pursuing to
advance compatible agriculture. These are detailed more fully in Appendix 11b.
Advancements are introduced below as they pertain to each of the five crop types that
TNC farms. In addition, we briefly outline the activities of two integrative compatible
agriculture implementation projects to provide case studies of these approaches for
extrapolation elsewhere: the Phalen Island Sustainable Farming Project and the
Biological Prune Systems Project.

Walnuts: TNC has eliminated the applications of Guthion®, Lorsban®, Imidan®,
Sevin®, Diazinon®, and Asana® in the walnut farm properties. Since 1998 TNC has
helped farm lessees switch from broad-spectrum organophosphates and pyrethroids to the
insect growth regulator Confirm®. During the 2002 season TNC started large-scale
treatment for the primary pest Codling Moth with a pheromone disruption system on one
third of the acres managed by TNC. TNC is a member of the California Walnut
Commission’s Pest Management Alliance and reported their results of the largest field-
testing of this new sustainable method of pest control.

Prunes: Two TNC prune farms recently acquired will become part of large-scale trials of
the California Dried Plum Board’s (CDPB) Integrated Prune Farming Practices program.
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Monitoring will be conducted at these sites to determine the effectiveness of managing
prune orchards with chemical applications reduced, using only oil and a fungicide. TNC
was instrumental in starting the Biological Prune Systems (BPS) project in 1995 to bring
sustainable farming, pesticide reduction, and bird-friendly farming to area farmers. With
both a Department of Pesticide Regulation and a EPA 319h grant, TNC enlisted ten
farmers to eliminate Diazinon®. A series of 20 educational meetings were held, a
newsletter was created, and the program offered assistance to our industry partner, the
California Dried Plumb Board (CDPB), in initiating a statewide program. TNC partnered
with PRBO Conservation Science to implement bird surveys as a means of monitoring
the effectiveness of these alternative farming practices. In addition, TNC has supported
research by Scientific Methods, Inc. to develop a pheromone disruption program for
Plum Aphids, a primary obstacle statewide to pesticide elimination in prune production.

Almonds: In 2002 newly acquired properties north of Hamilton City were monitored as
part of the Water Steward Research and Demonstration project in Glenn County. TNC is
a participant in the Almond Pest Management Alliance and is following this groups pest
monitoring protocols.

Wheat: TNC is studying the use of wheat farming as a step in the conversion of orchards
to riparian habitats. The sequence of orchard removal, wheat, cover crop, and restoration
is followed on most of the properties. Wheat farming is compatible with wildlife and
helps prepare sites for the planting of native vegetation. Wheat provides cover until
summer and a supply of food for many species. Many of the former orchards that are
removed have thick undesirable weed understories dominated by noxious weeds such as
Johnson grass and Bermuda grass. Deep disking followed by wheat cultivation can help
reduce the prevalence of these species. We are experimenting with the use of registered
broadleaf herbicides on the wheat crop followed by disking to remove perennial grass
weeds. Preliminary results suggest that this leads to a much cleaner and successful native
grass establishment.

Cover crops: TNC has supported the use of cover crops through the Biological Prune
Systems and as a partner with Natural Resources Conservation Service, the UC
Conservation Tillage Workgroup and California State University Chico (CSUC). Cover
crops are used on the restoration properties during farming and during the restoration
phase to suppress introduced weeds. We are experimenting with planting cover crops
one to two years before restoring native grasses. At the appropriate time, native
understory grasses are no-till planted into the cover crop mulch. Preliminary results
suggest that this method is effective in reducing the need for herbicides. Cover crops
provide valuable wildlife habitat.

Phalen Island Sustainable Farming Project: Collectively TNC, CSUC and USFWS have
directed and managed the farming and restoration activities at Phalen Island since 1994
with the primary objectives of: 1) restoring native riparian habitat, 2) implementing best
management practices on the walnut and prune orchards (see above), and 3) creating a
local outreach program.

Thus far over 800 acres have been restored, 12 area farmers have eliminated the use of
Organophosphate (OP) pesticides. These farmers formed the core of both the BPS and
the California Prune Board’s (CPB) Integrated Prune Farming Practices (IPFP) program.
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During the past two years the IPFP project has expanded to 33 sites statewide, including
10 sites that are supervised by Pest Control Advisors (PCA).

Two other key local outreach partnerships that have developed as a result of the Phelan
Island Project are the Natural Resources Conservation Service (NRCS) and the Glenn
County Surface Water Stewardship (GCSWS) program. The focus of efforts in this
partnership has been to develop and showcase techniques that reduce surface water
contamination by OPs, establish cover crops and filter strips, feature new monitoring
methods for PCA and farmers, and optimize irrigation water and nitrogen efficiency.

Biological Prune Systems (BPS) Program: The BPS is a cooperative program for prune
growers to refine and adopt farming practices that remain economically viable while
striving to protect environmental quality. An Advisory Team (AT) of two progressive
prune farmers, a Pest Control Advisor (PCA), a representative of the California Prune
Board, a cover crop specialist, a filter strip researcher, a prune processing representative,
and the University of California Cooperative Extension Service (UCCE) assisted in the
recruitment of the BPS growers.

The program placed a set of 15- to 25-acre blocks of prune orchards into a reduced
chemical program, and paired these blocks for effectiveness monitoring with similar-
sized conventionally-managed blocks. Growers pilot tested methodologies suggested by
the AT, including the removal of Diazinon® and other Organophosphate sprays.
Alternative methods included using Bacillus thuringinensis (BT), oil sprays, cover crops,
grassed roadways, habitat and shrub plantings, and monitoring to reduce farm inputs and
control pests.

Recently, the UCCE Farm Advisors left the AT and started a similar project called
Environmentally Sound Prune Systems (ESPS). The primary focus of ESPS is on
developing monitoring protocols for pest control and to test the effects of management
decisions made by the farmers.

Summary of Management Implications

Advancements in compatible agriculture are taking place in a variety of different crops
types and with a diverse group of partners. This project has led to methodological
advancements along a number of lines, from pesticide reduction and to advancements in
biological controls (e.g., pheromone disruption), to wider implementation of cover crops
and buffer strips. Importantly this project has also led to increased awareness of
alternative farming practices in the farming community at large.

Utilizing farm lands in conservation ownership yields a new level of flexibility for initial
implementation of compatible agricultural techniques. Under this framework techniques
can be tested and refined without private landowners having to assume the risk of new
technique application. There is much promise for further integrating environmentally-
sustainable agricultural practices into widespread use in floodplain habitats on the
Sacramento River, and the future is promising as projects such as BPS have the support
of the Environmental Protection Agency and the State Water Quality Control Board, key
agencies offering grants to implement important water quality improvement projects.
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4. Task 3: Outreach Activities for Beehive Bend Subreach
Planning (Appendix 12)

An important requirement of the Agreement was to conduct outreach for planning
information generated under the Project. Outreach efforts conducted represent activities
undertaken to educate and involve stakeholders in the planning process, a foundational
element of subreach planning (see Section 1.3). This overview and the attached
documentation (Appendix 12) constitute the Agreement's Task 3 deliverable and includes
notices and updates provided to stakeholders, meeting announcements, lists of
participants, meeting summaries and minutes, and additional documentations of outreach
activities.

Stakeholder and landowner involvement is an important component of the Beehive Bend
Subreach Plan. Throughout the subreach planning process, TNC conducted both formal
and informal outreach activities to public and private stakeholders, including the
Sacramento River Conservation Area Forum (SRCAF), local landowners, counties,
public agencies, professional societies and local organizations. Some of the outreach was
general in nature, while some was done to inform and receive input on specific task
activities. The outreach conducted under the Agreement can generally be broken into five
categories: general outreach, outreach for task 1, outreach for task 2, outreach for task 4,
and other outreach to the scientific community.

It was originally thought that an outside guidance committee, composed of both local
interests and individuals with agricultural expertise, would provide input and review of
the activities under the Beehive Bend Subreach plan. However, once outreach for this
project commenced, it was felt that the close involvement of SRCAF and its stakeholders
was a more appropriate choice for outreach, input and review. As a consequence the
SRCAF involvement was used in lieu of a “guidance committee.”

General Outreach

We used newsletters as one method of general outreach. Two Beehive Bend Newsletters
were sent to a broad audience of local landowners, county governments, and local, state
and federal agencies involved with land, water and resource management issues
throughout the Beehive Bend Subreach planning area. Local landowner’s addresses were
obtained using assessor parcel numbers bordering the Sacramento River between river
miles 165-176. The newsletters were mailed to 231 stakeholders and handed out to
additional interested persons. The newsletters covered topics including: What is Subreach
Planning, Overview of Beehive Bend Subreach Planning Activities, Updates on Socio-
Economic and Hydraulic Modeling Studies, Meeting Notices, Ways to Get Involved in
Subreach Planning, and included a contact phone number and website address for more
information and updates on meeting announcements.

All subreach planning activities, including creation and distribution of the newsletters,
were announced through the SRCAF. This was done through announcements at their
meetings and in SRCAF monthly notes. Written updates were provided in the July,
August, and December 2001, and May 2002 SRCAF notes.

Additional general outreach activities, funded through other sources, were conducted
through the Good Neighbor meetings and discussions with individual farmers. The Good
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Neighbor meetings were designed to create an arena whereby land owners and managers
concerned with potential impacts of restoration to their lands could voice concerns and
work together to find solutions to some of these problems. Landowner's concerns
included endangered species issues, weeds, flooding, erosion, pests, trespassing and
vandalism (see section 3.2 and Appendix 11a for further details).

Although not limited to the Beehive Bend subreach, approximately 10-15 float trips per
year were conducted with various audiences. The development and implementation of
subreach planning concepts was a common focus of discussion on these trips. A series of
brief topic summaries were drafted for these float trips and other outreach opportunities.
In these summaries, project personnel conveyed important elements of subreach planning
including the need to increase the scale and scope of planning and management actions,
and an increase in focus on restoring natural river processes (see sections 1.3 and 1.4,
respectively, for further information on these topics). Several of these outreach
summaries are included in Appendix 12.

Outreach for Task 1—Hydraulic Modeling

The results of the hydraulic modeling were presented to numerous stakeholder groups,
including to the landowners and land managers who attended the January 30™ 2002
Good Neighbor meeting. Due to the technical nature of the study and the results, it was
important to create a presentation and interpretation of the work that was understandable
to the general public. The second newsletter also included a full-page interpretation of the
study and its findings with easily interpretable graphics.

Outreach for Task 2—Socioeconomic Assessment

Stakeholder involvement was an important component to the development of the
Socioeconomic Assessment of Proposed Habitat Restoration within the Riparian Corridor
of the Sacramento River Conservation Area (hereafter referred to as “the Study™).
Stakeholder participation was used as a tool for helping define the parameters and to
review the data analysis and results. Early discussions within the Riparian Habitat
Committee of SB1086 (precursor to SRCAF) led to the initiation of the Study. The
participating agencies and landowners of the SRCAF and the counties included in the
Study area (Tehama, Glenn, Butte, and Colusa) were used as the primary stakeholder
base for the Study.

The stakeholder involvement and outreach activities for the Study occurred in four areas:
1. developing baseline assumptions,
2. contributing data for analyses,
3. reviewing and commenting on the analyses and draft report, and
4. furthering general outreach activities.

Communication to stakeholders occurred through several avenues, including: letters to
interested individuals; notification to SRCAF Board members, agency and county staff;
announcements in meetings and newsletters; and formal meetings and presentations.
Three stakeholder meetings were conducted, two during the baseline assessment phase
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and one for review of the data analysis. Additionally, the Beehive Bend newsletters
shared information on planning efforts and provided background on the Study.

Outreach in Category 1-Developing Baseline Assumptions:

The first phase of the Study was to develop a set of assumptions to describe the “post-
restoration conditions and assumptions.” The assumptions describe how the riparian
corridor would most likely look in 30 years, including potential land ownership and land
use patterns. Stakeholder input was considered an important part of the development of
these assumptions, since the goal was to define future conditions that reflect the most
plausible land configuration scenario to all. Stakeholder input was solicited through two
stakeholder meetings. These meetings provided stakeholders with a project overview and
were used to gather input for the post-restoration assumptions.

Broad stakeholder participation was solicited for this first meeting on February 22, 2001.
Meeting announcements were sent to over 100 individuals, including those people listed
in the SRCAF database of the Technical Advisory Committee. SRCAF Board Members
received an announcement for the meeting along with a three-page outline describing the
Study. Approximately 20 stakeholders attended the public workshop. During the meeting,
the consultants used a PowerPoint presentation to describe the Study and proposed
assumptions; they then facilitated a discussion to solicit feedback.

A second stakeholder meeting focused on ensuring participation that included a subset of
SRCAF Board Members, at least one representative from each county, and individuals
with background and experience in agriculture. This meeting included 10 participants
and was held on March 22, 2001 following the same format as the first meeting.

Following each meeting, participants (and individuals that responded to the
announcement but could not attend the meetings) received a copy of the PowerPoint
presentation. During April and May, the consultants distributed a revised list of
assumptions that were modified based on stakeholder input received during the meetings
in February and March, and again solicited feedback. The revised assumptions were sent
to all meeting participants and SRCAF Board Members.

Outreach in Category 2—Collection of Data Analysis:

The second phase of the Study involved data collection for the analysis. County officials
and staff were contacted to request relevant county data. The consultants also surveyed

landowners and other individuals familiar with agriculture and conditions along the river.
State and federal agencies provided data layers used for land use and ownership analysis.

Outreach in Category 3—Review and Comment on Data Analysis and the Draft Report:
Following the data analysis, the third and final phase of the Study included receipt of
input from both stakeholders and those agencies and individuals that had contributed
data. Review of the study occurred in two stages. The first stage was a review of the
data analysis. For this review, a stakeholder meeting was held June 20, 2002 following
the Technical Advisory Committee (TAC) meeting. The meeting was announced in the
SRCAF notes, and meeting announcements were sent SRCAF Board members,
participants and interested parties from the previous meetings, and to county staff,
agencies, and individuals who had contributed data for the analysis.
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At the June 2001 public meeting, the SRCAF facilitated a presentation and discussion by
Jones & Stokes of the draft findings for the socioeconomic assessment. Approximately
45 people were in attendance. The purpose of this meeting was for the consultants to
gather comments and suggestions on the data analysis to be considered for inclusion in
the first draft report. Based on input from this meeting, Jones & Stokes revised portions
of the analysis before preparing the draft report.

In late September 2002, the draft report was sent (68 copies) to county staff, agencies and
individuals who contributed data, SRCAF Board members and the members of the
SRCAF Economic/PILT committee. The report was also been posted on this date at
www.sacramentoriverportal.org. Recipients of the report and other interested stakeholders
were asked to provide any comments in writing. The SRCAF Economic/PILT committee
also conducted several discussions and reviews during its meetings.

Eight comment letters were received and reviewed by the consultants. Jones & Stokes
prepared a response to the comments; their response is included in an appendix to the
final report, along with the comment letters. Two additional letters were received after
Jones & Stokes developed its responses, so are not addressed in Jones & Stokes' letter to
The Nature Conservancy, but are included in the final report.

The final report is now posted on the website www.sacramentoriverportal.org, and hard copies
were sent to everyone who commented on the draft. In addition, announcements for the
final report went out to all 68 individuals who received draft reports and hard copies were
sent to those who requested them.

Outreach in Category 4—General Outreach Activities:

Updates on the status of the report and meeting announcements were provided at SRCAF
meetings and in the SRCAF notes (January, May, June and July of 2002). Periodic
updates were also provided at both SRCAF TAC and Economic/PILT committee
meetings. A description of the project was included in several newsletters, including the
SRCAF newsletter, Beehive Bend newsletter, and the Sacramento Valley Landowners
Association newsletter. A press release was distributed to newspapers and media to
announce the release of the draft report, and an article appeared in the Chico Enterprise-
Record. A brief presentation was requested and delivered to the Butte County
Supervisors describing the study.

Outreach for Task 4—Future Conservation and Management Actions

A presentation summarizing all of the management and monitoring information generated
in the Project was given at the August 5,2003, SRCAF TAC meeting in Willows, CA.
Following the presentation there was a discussion of the role that the SRCAF will play in
the recently initiated Colusa Subreach Planning project.

Other Outreach to Scientific Community

Results of the fisheries research as well as the study design and findings of the hydraulic
modeling were presented to different scientific audiences including the American
Fisheries Society, graduate seminars at UC Berkeley and Chico State University, and
classes at UC Berkeley and Butte College. A manuscript with the results of the fisheries
work will be submitted to Canadian Journal of Fisheries and Aquatic Sciences.
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5. Task 4: Informing Conservation and Management Actions

The restoration of the Sacramento River Project Area is an integral component of the
larger effort to improve ecosystem health in the CALFED Bay-Delta Region. The
Sacramento River is the largest riverine ecosystem in all of California, and many of the
species and communities that are the focus of CALFED’s Ecosystem Restoration
Program (ERP) are inextricably linked to the river. For example, the river provides
essential spawning, rearing, and migratory habitat for anadromous fish populations,
including four distinct runs of Chinook salmon. The fate of many terrestrial species is
similarly linked to that of the river, as riparian floodplain habitats are hotspots of
biodiversity that are vastly reduced relative to their historical abundance.

One of the most noteworthy aspects of the Sacramento River (particularly in the Red
Bluff to Colusa stretch) is its tremendous restoration potential. There is growing
recognition that inclusion of some land uses may be inappropriate (and unaffordable) in
highly flood-prone habitats. The California Floodplain Management Task Force recently
completed a Final Recommendations Report (DWR 2002) which provides evidence for
this. The report identified floodplain enterprises that have sustained “repetitive losses” in
past decades based on data collected by and the Federal Emergency Management Agency
(FEMA). FEMA defines repetitive losses as two or more losses that occur to the same
property within a 10-year period (which equates to the floodplain area inundated during a
4-5 year recurrence interval flood). Interestingly, GIS analysis has shown that the vast
majority (~80%) of past willing sellers on the Sacramento River also occur in this area
(TNC unpublished data). Approximately 40% of all FEMA’s National Flood Insurance
Policy claims nationally result from repetitive losses, signifying the prevalence of
damages resulting from development of these areas.

The retirement of repetitive loss enterprises (including, in some instances, agriculture)
from low-lying floodplain areas, and the subsequent restoration of these lands presents a
great opportunity to simultaneously improve the ecological, social and economic health
of local communities. Based upon an approach introduced in a previous subreach
planning exercise (TNC 2003a) we divided the floodplain up into distinct areas (Figure 4)
to represent a balance of multiple uses including ecosystem restoration (through
horticultural restoration and the revitalization of natural processes), compatible
agriculture, and the enhancement of important human services (e.g., flood protection,
water quality, recreation) that the river provides to the growing human populations of the
Central Valley. Similar to the map that was introduced previously for the Chico Landing
Subreach, this map may be used to guide integrated floodplain management activities in
the Beehive Bend Subreach area.

Yet identifying appropriate management actions for floodplain areas composed of a
matrix of conservation lands owned by a suite of different agencies remains challenging.
For example, priority #4 of the CALFED Ecosystem Restoration Program (ERP) is to
“restore geomorphic processes in stream and riparian corridors” (CALFED 2001a). This
goal is highly appropriate as geomorphic forces have a strong influence on the ecological
factors that are of greatest importance for ERP target species. It is well recognized, for
example, that the health of anadromous fish populations is affected by streamflow, coarse
sediment supply, stream channel dynamics, large woody debris inputs, and shaded
riverine aquatic habitat (Yoshiyama et al. 1998). The principle challenge we face in
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Insert figure 4 here.
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actualizing this aspect of ERP, however, is determining when, where and how these
guidelines can be followed. The Project takes direct action to tackle just this for the
Beehive Bend Subreach of the Sacramento River.

The Project adopted a multidisciplinary approach in attempting to answer the questions of
1) how to best inform long-term management and monitoring, and 2) how to develop
management scenarios that balance large-scale conservation strategies with other land
uses. Individual topics investigated to inform planning included socioeconomics,
compatible agriculture, riparian forest regeneration, hydraulic modeling, and assessments
of important terrestrial and aquatic habitat communities. Although these topics appear
somewhat disparate, they fill important gaps in knowledge and help answer questions that
have direct bearing on land management decisions, at small and large scales.

The Project also relates to CALFED’s ERP Strategic Goal SR-4, “Natural floodplains
and flood processes” which called for the development of “floodplain management plan
including feasibility studies...to restore and improve opportunities for rivers to inundate
their floodplains on a seasonal basis...[and to] study the ecological implications of these
actions” (p.28. CALFED 2001b). However, in addition to studying the ecological
consequences of proposed and implemented restoration activities, we also conducted
investigations of the societal impacts of such actions (a fundamental component of
TNC’s subreach planning approach (see Sections 1.1 and 1.2).

The studies conducted under the Project collectively demonstrate that ecosystem
restoration can be effectively achieved on the Sacramento River through a combination of
natural process restoration, active horticultural restoration and advancements in
compatible agriculture (see Sections 3.2 and Appendices 11a and 11b), without causing
significant financial impacts to local economies (see Sections 3.1 and Appendix 10).

Highlights from the individual studies of the Project are briefly described below,
however, for additional details we refer the reader to the summary sections provided
above (Sections 2 and 3), and ultimately to the original reports, provided as appendices to
this report.

A technical study, Hydraulic Analysis of Riparian Habitat on the Sacramento River from
Princeton to Beehive Bend (Section 2.1 and Appendix 2), was conducted for due
diligence evaluation of how conservation strategies interact with the flood control
infrastructure. The study also included a sensitivity analysis of that infrastructure.
Results of the study indicated that restoration of a significant portion of the area between
the project levees with natural vegetation is not expected to significantly compromise the
flood conveyance capacity for this section of the river. The study further suggested that
modern large-scale conservation strategies may be implemented most effectively when
balanced with other land uses such as agriculture.

The study also demonstrated that locations where there are levee constrictions may
present problems for flood conveyance, irrespective of land use patterns between the
levees. This finding is consistent with that of the ACE Comprehensive Study which
identified shortcomings of the existing flood damage reduction system. Although
proposed restoration activities are expected to have little effect in this area, future
management activities will continue to be evaluated by stakeholders.

75



Management and Monitoring Recommendations for the Beehive Bend Subreach
Final Report

One important way to assess the effects of current and future management activities is to
study sedimentation patterns. The topographic survey (Section 2.2 and Appendix 3) took
a small but significant step in this direction by generating baseline data for cross sections
established perpendicular to the river. By resurveying these cross sections in the future
patterns of erosion and/or accretion may be established, thereby advancing our
understanding of how different management activities affect important geomorphic
processes on the river.

While many short-term research and monitoring objectives and needs are being addressed
there is a critical need to implement a long-term systematic evaluation of ecosystem
response that looks broadly at the Sacramento River. The task of setting up a framework
that can accomplish this has been a stumbling block in past efforts to establish
programmatic evaluations of ecosystem dynamics. Recently we introduced a framework
(TNC 2003Db) that represents a rigorous mechanism for monitoring how the Sacramento
River Ecosystem responds to management activities. This Project took several
significant steps to populate the framework with appropriate indicators. Specifically
Sections 4-9 investigated how a variety of taxa (including vegetation, terrestrial
invertebrates and fishes) and habitats (e.g., point bars, riparian forests and oxbow lakes)
are influenced by natural processes and landscape features, as well as past restoration
activities.

Project studies that furthered our understanding of the natural processes in the context of
the restoration of ecological communities on the Sacramento River included the
cottonwood recruitment study, the point bar recruitment study, the forest inventory
survey, the Chinook salmon rearing habitat study, and the oxbow evolution study. Each
of these investigations provided important information on how the occurrence and/or
wellbeing of different species and communities is influenced by local habitat
characteristics that are molded by natural physical processes.

The cottonwood recruitment study (Section 2.3 and Appendix 4) furthered our
understanding of the specific conditions that cottonwood trees require to naturally
colonize point bar habitats on the Sacramento River. By identifying the flow conditions
that cottonwood trees require to successfully recruit, this study effectively expands the
ability of river managers to predict how different flow scenarios are expected to impact
the ecosystem. As such it advances the development of aquatic-based restoration
strategies. We recommend that the well-defined ecological requirements of cottonwood
trees be considered in all discussions of flow regime modification for the Sacramento
River. Furthermore we suggest that patterns of cottonwood recruitment (a fundamental
aspect of native forest regeneration) be included in future monitoring programs focusing
on the river.

As an initial step in this direction, the point bar recruitment study (Section 2.4, Appendix
5) generated valuable data on riparian tree recruitment patterns at a several locations
within the project area. This project is noteworthy in that it provided some of the first
detailed information derived from field collected data (as opposed to remote sensing
information) to characterize how local topographic conditions and point bar position
influence initial recruitment of early successional riparian tree species such as
cottonwoods and willows.
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The above two vegetation studies are complemented by the forest inventory survey
(Section 2.5, Appendix 6), a project that established long-term plots on floodplain sites of
varying ages and geomorphic origins, and that gathered initial information on how local
and landscape-scale factors affect vegetation community development and succession
patterns. We recommend that these long-term plots be revisited in future years and that
data be collected according to the rigorous protocols established in this study.

The Chinook salmon rearing habitat study (Section 2.6, Appendix 7) made detailed
evaluations of different rearing habitats, and provided some of the first quantitative data
on how physical conditions and prey densities influence juvenile salmon growth rates in a
variety of habitats (including main channel, backwater, and non-natal tributary habitats).
This information should be used in discussions of river management whenever there are
expectations that management activities may affect off-channel habitats.

The oxbow evolution study (Section 2.7, Appendix 8) advanced our understanding of the
origin, evolution, and importance of backwater oxbow lake habitats on the Sacramento
River. In addition to the study providing useful information on the importance of these
habitats to the ecosystem, it presented valuable information on how present patterns of
river regulation affect the creation and maintenance of these unique floodplain features.
Careful attention should be paid to how river management activities relate to the long-
term persistence of these important habitat features which serve valuable ecological
functions (e.g., as salmonid rearing sites, see Section 2.6).

The terrestrial invertebrate study (Section 2.8, Appendix 9) adds to an increasing body of
information which reports that past efforts to restore the ecosystem through horticultural
restoration methodologies have a high degree of effectiveness. This study demonstrated
that ground-dwelling beetles are excellent indicators of local environmental conditions.
Furthermore it suggested that invertebrate taxa may provide a valuable to complement to
wide-ranging species (e.g., birds and bats) in terrestrial monitoring programs. This study
and others suggest that invertebrate taxa be included in both terrestrial and aquatic
monitoring programs for the Sacramento River.

Balancing Horticultural and Natural Process Restoration Strategies

The project furthered our understanding of the ecological requirements of aquatic and
riparian species of the Sacramento River ecosystem. It also increased our knowledge of
the interplay between important physical riverine processes and biological responses.
Collectively this information has great value in helping to develop natural process
restoration strategies such as the implementation of a more naturalized flow regime (Poff
et al. 1997, Richter and Richter 2000).

Despite these advancements, there are many additional uncertainties that need to be
resolved before we can fully understand what aspects of the natural flow regime need to
be restored to meet the complex life history requirements of the many important native
species and communities of the Sacramento River. Studies to address these questions
should be planned within an adaptive management framework. This framework needs to
quantify the degree of scientific uncertainty in relationships between flow alteration and
ecological goals, and capture developing information into a decision making-tool. In this
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way, progress may occur based on existing information, and flow alteration strategies can
improve as new information is developed.

In tandem with efforts to increase our understanding along these lines, efforts should be
directed toward learning to what degree there is operational flexibility, given societal
constraints, to reregulate flows through the water storage and delivery system of the
Sacramento Valley. We recognize that all ecosystem needs will never be met, as
important human requirements, such as protection from high-magnitude floods, will
necessarily take precedence over the benefits such events may confer to the ecosystem.
However, we expect that much can be done to make water management policies in the
Sacramento River watershed more ecologically sustainable (sensu Richter et al. 2003), as
has been achieved on other river systems in the United States and abroad (see case
studies presented in Postel and Richter 2003).

It may well take considerable time, however, to fully institute natural process restoration
in this system. Important initial steps, such as the setting back of levees (e.g., the
Hamilton City J levee), are being made, but these projects are typically slow to proceed.
And larger-scale efforts to restore natural processes, such as the implementation of
ecological flows, will likely take many years to institute. As a consequence it is
important that we continue to pursue complementary restoration strategies that have
proven to be productive in the short term. Horticultural restoration is one such strategy.

Recent scientific studies have demonstrated that projects involving direct planting of
native vegetation on floodplain sites are successful in providing critical habitat for a wide
array of native wildlife in just a few years. We have seen, for example, that 12-year old
horticultural restoration sites on the Sacramento River provide critical foraging and
breeding habitat for many important species including special-status birds (e.g., Yellow-
billed Cuckoo, Cooper’s hawk), mammals (e.g., red bat), and insects (e.g.; valley
elderberry long-horned beetle). Further information on wildlife (and vegetation)
response to horticultural restoration is available at: www.sacramentoriverportal.org.

That horticultural restoration is an effective means of creating productive habitat is good
news, especially as efforts to restore terrestrial floodplain habitats through other means
can be difficult in large highly regulated lowland rivers like the Sacramento. Natural
process restoration through river flow manipulation is only effective in promoting the
establishment of terrestrial habitats (e.g., riparian forest) on relatively low lying areas of
the floodplain where there are appropriate hydrogeomorphologic conditions (see Section
2.3 and Appendix 4 for details), and such sites are limited on the Sacramento River.
Much of the habitat that needs to be restored to create large blocks of contiguous habitat
in this system is at elevations above those which are conducive to fostering natural
recruitment events through alteration of flows. Although implementing high flows may
accomplish other ecosystem goals, it may not be an appropriate duplication of natural
process for forest establishment. In addition, it may adversely impact important human
infrastructure such as roads and bridges.

Presenting a further complication to natural process restoration is the fact that the higher
floodplain lands are typically infested with non-native invasive species (e.g., starthistle,
Johnson grass, Bermuda grass, orchard trees) that inhibit the colonization and
proliferation of native vegetation. Even when these sites are artificially flooded
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coincident with the dispersal of native propagules, exotic species may come to dominate,
as was determined experimentally on the Sacramento River by Peterson (2002) in a
collaborative study between USFWS and TNC.

Waiting for the river to meander across the floodplain to create new terrestrial habitat is
also not a viable alternative for advancing restoration goals in the short term, as it takes
decades, if not centuries for floodplain lands to be reworked on the Sacramento River
(Larsen and Greco 2002). Also a significant portion of the floodplain that needs to be
restored is adjacent to a river that is constrained by bank revetment and/or levees.

Active horticultural restoration is an important component of ecosystem restoration
where natural regeneration is slow to occur or NIS vegetation threatens to dominate a site
(Whisenant 1999). The approach has proven successful in aiding the rehabilitation of
riparian communities where natural recruitment of riparian vegetation is impeded by
diminished erosional and depositional processes (Friedman et al. 1995), and other
alterations to the natural hydrograph (Mahoney and Rood 1998, Andersson et al. 2000,
Tu 2000).

While our knowledge of how vegetation communities respond to horticultural restoration
efforts is incomplete, there has been sufficient demonstration that these techniques are
effective (Griggs and Peterson 1997, Alpert et al. 1999, Griggs and Golet 2002) to merit
their application to new tracts on the Sacramento River. Much has been learned over the
past decade to advance these methodologies and currently funded project promise
additional insights in the near future (see Box 3 for details on past areas of
experimentation and for a brief outline of TNC’s current approach to horticultural
restoration).

We therefore suggest that restoration of the Sacramento River ecosystem can best be
achieved by a combination of complementary approaches. Horticultural restoration
projects should continue to be implemented as they are proven successful in providing
critical habitat to meet the needs of wildlife in the short term. Yet these efforts must be
accompanied by projects that are directed at restoring natural riverine processes. Without
the latter, the habitats we create today will not be maintained and rejuvenated as is
required for them to meet the myriad needs of the many valuable species that evolved
within them.
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Box 3. TNC’s Experience and Approach to Horticultural Restoration in California.

The Nature Conservancy has a long history of adapting and improving its horticultural
restoration techniques. We are continually refining our restoration planning methodologies
by incorporating information from our earlier projects and a variety of other perspectives.
Our riparian restoration methodologies were initially developed almost two decades ago at
the Kern River preserve. Since 1989, we have refined and tailored these methodologies to
the conditions of the Central Valley rivers at the Cosumnes River Preserve, the Dye Creek
Preserve, and on the Sacramento River where we have adapted local agricultural practices
to the restoration process. The Nature Conservancy contracts with local farmers who have
a long history and knowledge of the individual restoration properties and who know how to
successfully propagate plants on these sites, this not only ensures highly successful and
low cost restoration techniques but also provides economic input into local communities.

Although the learning process that we have pursued has not always been as formalized as
that which academics typically prescribe, with strict adherence to experimental design and
rigorous hypothesis testing, we nonetheless have learned a tremendous amount by virtue
of our unwavering commitment to experiment with new approaches and provide the
greatest habitat benefit for each restoration dollar spent.

For example, we have evaluated numerous methods for site preparation (burning, mowing,
spraying, disking), vegetation propagation (direct seeding, cuttings, nursery propagation,
artificial flooding), planting (direct seeding, planting at depth, adjusting timing, planting in
patches and in straight and curved lines), weed control (weed mats, mulch, spraying,
mowing, cover crops, intercropping, grazing, weeding by hand), and irrigation (flood
irrigation, drip line, hand lines, water trucks, rainfall). Lessons learned from these efforts
are summarized along with current implementation techniques in a TNC restoration
planting manual.

In recent years our monitoring and evaluation of restoration projects has become
increasingly rigorous. Since 1993 we have worked with the Point Reyes Bird Observatory
to better understand avian species requirements on Sacramento River floodplain habitats.
Many modifications to our restoration designs (e.g., planting in patches, restoring a diverse
understory) have come as a direct result of this longstanding partnership. Important
recommendations that have come from these monitoring efforts have been summarized in
the Riparian Bird Conservation Plan (RHJV 2000), a document that is of great utility to
restoration practitioners and agriculturists alike (Golet 2001).

Ouir riparian restoration methodologies are now highly refined and represent one of the
best examples of how wildlife habitat can be created at a low cost per acre. Current
projects focus on the restoration of both woody and herbaceous species, and provide
structurally complex (vertically and horizontally) and spatially diverse habitats. As part of
our restoration planning, each site goes through a comprehensive assessment process
(Luster et al. in prep.) to identify the mix of native species and planting strategy that is best
suited to local site conditions. The diversity of our plantings has increased dramatically in
recent years as more species have been added to the planting palette; we now actively
propagate local ecotypes of 22 tree and shrub and 15 herbaceous species.
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Conclusions

In conclusion, the Project clearly demonstrates that effective management and monitoring
of lowland floodplain river systems can only be achieved by adopting a landscape-scale
perspective. Careful thought must be given to evaluating the effects of all proposed
activities from geomorphic, hydraulic, biological, and societal perspectives. The Project
also demonstrates that improvements in how the river is managed and monitored can only
be achieved when there are high levels of coordination among management entities,
adequate opportunities for public involvement in the decision making process, and sound
science forms a foundation for management and monitoring strategies. By incorporating
multiple perspectives and bringing the best available science to the planning realm,
TNC’s subreach planning process has proven itself to be an effective catalytic tool for
advancing landscape-scale conservation on the Sacramento River. Collectively this and
other subreach planning projects have done much to “improve and increase aquatic and
terrestrial habitats and improve ecological function to support sustainable populations of
diverse and valuable plant and animal species,” a primary objective of the CALFED
Ecosystem Restoration Program (CALFED 2001a).
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