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Purpose
The Sacramento-San Joaquin Delta Reform Act of 2009 (Delta Reform Act) set out two
coequal goals for the Delta: 1) protecting, restoring, and enhancing the SacramentoSan Joaquin Delta and Suisun Marsh as the heart of a healthy estuary and wetland
ecosystem; and 2) providing a more reliable water supply for California. 1 The Delta
Reform Act requires that these coequal goals be achieved in a manner that protects and
enhances the unique cultural, recreational, natural resource, and agricultural values of
the Delta as an evolving place (California Water Code section 85054).
Pursuant to the Delta Reform Act, the Delta Stewardship Council (Council) adopted the
Delta Plan, a legally enforceable management framework for the Delta for achieving the
coequal goals. The purpose of this appendix is to highlight key considerations and best
available science for protecting, restoring, and enhancing the Delta ecosystem.
The Delta Reform Act requires the Delta Plan to include measures that promote all of
the following characteristics of a healthy Delta ecosystem (California Water Code
section 85302(c)):
1. Viable populations of native resident and migratory species;
2. Functional corridors for migratory species;
3. Diverse and biologically appropriate habitats and ecosystem processes;
4. Reduced threats and stresses on the Delta ecosystem; and
5. Conditions conducive to meeting or exceeding the goals in the existing species
recovery plans and state and federal goals with respect to doubling salmon
populations.
The Delta Reform Act also requires the Delta Plan to include the following subgoals and
strategies for restoring a healthy ecosystem (California Water Code section 85302(e)):
1. Restore large areas of interconnected habitats within the Delta and its watershed
by 2100;
2. Establish migratory corridors for fish, birds, and other animals along selected
Delta river channels;
3. Promote self-sustaining, diverse populations of native and valued species by
reducing the risk of take and harm by invasive species;
4. Restore Delta flows and channels to support a healthy estuary and other
ecosystems;

The Sacramento-San Joaquin Delta and Suisun Marsh are referred to throughout the Delta Plan
collectively as “the Delta,” unless otherwise specified.
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5. Improve water quality to meet drinking water, agriculture, and ecosystem longterm goals; and
6. Restore habitat necessary to avoid a net loss of migratory bird habitat and, where
feasible, increase migratory bird habitat to promote viable populations of
migratory birds.
The use of best available science is essential to ensuring that actions to protect,
restore, and enhance the Delta ecosystem contribute to the subgoals and strategies for
restoring a healthy Delta ecosystem, as defined by the Delta Reform Act. Delta Plan
Policy G P1(b)(3) (23 CCR section 5002(b)(3)) requires covered actions to document
use of best available science as relevant to the purpose and nature of the project.
Criteria for best available science include relevance, inclusiveness, objectivity,
transparency and openness, timeliness, and peer review. The regulatory definition of
best available science is set forth in 23 CCR 5001(f) and can also be found in Appendix
1A of the Delta Plan.
This Appendix Q2 summarizes best available science as it relates to protecting,
restoring, and enhancing the ecosystem, consistent with the policies and
recommendations in Chapter 4 of the Delta Plan. It draws on the literature synthesized
in the Council’s paper Towards the Protection, Restoration, and Enhancement of the
Delta Ecosystem (2018a) which was subject to review and input by the Delta
Independent Science Board (Delta ISB) and the public. The information contained in
this appendix does not replace or supersede the documented use of best available
science relevant to the purpose and nature of the project as required for all covered
actions by policy GP 1(b)(3) (23 CCR section 5002(b)(3)).

Appropriate Elevation, Sea Level Rise,
and Subsidence
Land elevation in the Delta and other tidal systems is a strong determinant of ecological
patterns and outcomes because it affects how frequently and deeply an area may be
inundated by river or tidal flows, and it is often defined in relation to tidal elevations
(SFEI-ASC 2016). For example, tidal wetland vegetation occurs in the upper range of
the tides; channels in tidal wetlands occur in the lower range of the tides; and riparian
vegetation communities occur within river floodplains, above the regular reach of the
tides. Terrestrial ecosystems generally do not exist below the lower range of tides
unless they are not hydrologically connected (such is the case in Death Valley, which is
more than 200 feet below sea level).
Land elevations are often, though not always, defined in relation to local tidal datums,
which are standard reference elevations defined by a certain phase of the tide. Tidal
water elevations are highly variable, fluctuating from low tide to high tide twice within a
day, and also varying across days, months, and years depending on the gravitational
pull of the moon and sun, and weather (NOAA 2000). For this reason, tidal reference
Q2-2
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elevations are generally characterized as an average of specific tidal heights over a
period of time that accounts for natural variability. Common tidal datums used in this
appendix are mean lower low water (MLLW), mean higher high water (MHHW), and
mean tide level (MTL). MLLW is the average of the lower low water height of each tidal
day; MHHW is the average of the higher high water height of each tidal day; MTL is the
average of all observed water heights.
Human modifications to tidal wetland ecosystems, including levee construction and land
reclamation, have caused a widespread decrease in land elevations to levels below
MLLW. A decrease in land elevations relative to a starting condition is known as
subsidence. Land reclamation exposes peat soils to air, causing oxidation and
decomposition of the organic matter, and consequently, subsidence (Deverel et al.
2016). Levees prevent hydrologic connections and tidal inundation, which promotes
further land subsidence. Exposing these subsided areas to tidal inundation, whether
intentionally or via a levee breach, would result in open water habitat—as the land
elevations have subsided too far below the tidal range to function as tidal wetland
(Durand 2017).
The dominant farming practices on subsided islands in the Delta continue to expose
peat soils to oxidation, causing ongoing subsidence. Subsidence can be halted by
activities that saturate the soil, reducing the exposure of the soil to oxygen, and
resulting in less decomposition of organic matter. Rice cultivation is an agricultural
practice that halts subsidence, as it maintains land elevations at or near their starting
condition. Some practices can also reverse subsidence, by creating or promoting
accumulation of new soil layers. Examples of such practices include, but are not limited
to, managed wetlands, placement of fill, and levee breaching to reestablish hydrological
connections. Subsidence and subsidence reversal are both processes that change the
elevation of land relative to tidal datums, and are therefore important considerations for
actions to protect, restore, and enhance Delta ecosystems.
Another process that will change land elevations, relative to water levels and tidal
datums, is sea level rise. Sea level rise is a change in average global sea level caused
by a change in ocean volume. Local sea level rise can be greater or lesser than global
sea level rise, because local sea levels are also affected by local land changes, ocean
circulation, and changes to the earth’s gravitational field due to melting ice sheets. The
California Ocean Protection Council recommends preparing for 2.4 to 10.2 feet of sea
level rise at the Golden Gate Bridge by 2100 (OPC 2018). These guidelines are
probabilistic projections from an average of relative sea level over the period of 19912009, and include recommendations tailored to several levels of risk aversion. Local sea
level rise will increase levels of MLLW, MTL, and MHHW within Suisun Marsh and much
of the Delta.
The Council’s synthesis paper Climate Change and the Delta: A Synthesis identified the
expected impacts of sea level rise to tidal wetland ecosystems (Council 2018b). The
locations, types and extents of tidal wetland patches in the Delta and Suisun Marsh will
shift in response to increase in MHHW (Kirwin and Megonigal 2013, Goals Project
Update 2015, Dettinger et al. 2016, SFEI-ASC 2016, CDFW 2017a as cited in Council
2018b). If tidal wetlands can accrete new material at pace with the rate of sea level rise,
DELTA PLAN, AMENDED – JUNE 2022
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those patches may persist. If sea level rise accelerates beyond local accretion rates,
wetland patches will lose elevation, and over time, may be permanently inundated and
converted to aquatic ecosystems. The land that was previously at elevations within the
tidal range will be submerged below it due to sea level rise.
Where upland space is available adjacent to tidal wetland patches, wetland vegetation
can migrate to higher elevations in concert with, and in response to the increased mean
tidal levels (Orr and Sheehan 2012, Dettinger et al. 2016). The band of unimpeded
upland space that is expected to be within the future tidal range is called sea level rise
accommodation space because it can accommodate processes like tidal wetland
migration in response to sea level rise.
Sea level rise, like subsidence and subsidence reversal, therefore changes the existing
relationship between land elevation and tidal elevations, and thus, the extent and
distribution of ecosystem types. Because land elevation is a primary determinant of
ecological outcomes, understanding and planning for changes to land elevation—
relative to tidal elevations—should be factored into actions that protect, restore, and
enhance Delta ecosystems.
In order to inform and support this understanding, the Council commissioned a detailed
spatial analysis of future land and tidal elevations, accounting for current land
elevations, local sea level rise projections, and variation in the tidal range within the
Delta. Detailed methods used in this analysis are provided in Appendix Q1. The
resulting elevation guidance map (Figure 1) illustrates five elevation bands that
correspond to the dynamic relationship between land elevation, subsidence, and sea
level rise:

Q2-4

•

Deep Subtidal Elevation Band: in the Delta, land area that is located more than
8 feet below MLLW. In Suisun Marsh, land area that is located more than 4.5 feet
below MLLW. Land in this elevation band is not capable of being restored to MTL
without the addition of substantial fill given its existing subsided condition and
projected local sea level rise.

•

Shallow Subtidal Elevation Band: in the Delta, land area that is located
between MLLW and 8 feet below MLLW. In Suisun Marsh, land area that is
located between MLLW and 4.5 feet below MLLW. Land in this elevation band
has an existing subsided condition that could potentially be restored to MTL
through subsidence reversal activities.

•

Intertidal Elevation Band: land area that is located between MLLW and MHHW.
Land in this elevation band could potentially keep pace with local sea level rise,
where it is hydrologically connected to tidal inundation.

•

Sea Level Rise Accommodation Band: land area that is located between
MHHW and 10 feet above MHHW. With sea level rise, land in this elevation band
could fall within the future tidal range by 2100.
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•

Upland Elevation Band: 2 land area that is located at elevations higher than 10
feet above MHHW, and not within the Floodplain Elevation Band. Land in this
elevation band is not expected to be impacted by sea level rise over the next
century.

•

Floodplain Elevation Band: lands above the Sea Level Rise Accommodation
Band within the Yolo Bypass and the Lower Mokelumne-Cosumnes Rivers and
lower San Joaquin River corridors.

These six elevation bands correspond to those specified in Appendix 4A. The elevation
band illustrative map in Figure 1 is provided as a resource to inform the general
locations of these elevation bands.
Successful actions to protect, restore, or enhance the Delta ecosystem will be
implemented at elevations that can support project goals and where the benefits of the
project will be sustainable; considering current elevations, anticipated sea level rise, and
the potential for subsidence reversal. As discussed above, tidal wetland protection,
restoration, and enhancement can only be successful long-term if implemented in areas
that are within the tidal range, or likely to be within the tidal range in the future (such as
the Intertidal Elevation Band and Sea Level Rise Accommodation Band).
Tidal wetland protection, restoration, and enhancement is not appropriate at elevations
that are too far below MLLW to be capable of reaching the tidal range in the future;
however, managed wetlands that are designed to promote subsidence reversal and
carbon sequestration would be appropriate for lands at these elevations. Conversely,
present-day elevations that are capable of reaching the tidal range in the future are not
appropriate for activities that continue to cause subsidence because those activities
could foreclose on the potential to reach MTL.
Other actions to protect, restore, or enhance the ecosystem are appropriate at
elevations far below MLLW and well-above MHHW. For example, the Deep Subtidal
Elevation Band is appropriate for agricultural practices that leave crop residues as feed
that can contribute to the protection and recovery of certain special-status native
resident and migratory birds. The Upland Elevation Band is appropriate for actions that
protect, restore, or enhance oak woodland, grassland, and seasonal wetlands. The
Floodplain Elevation Band is appropriate for actions that protect, restore, or enhance
upland and lowland river floodplain ecosystems.

Upland areas are not specified on the map, but they consist of land at elevations above the sea level
rise accommodation band and outside of floodplain areas.
2

DELTA PLAN, AMENDED – JUNE 2022

Q2-5

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Figure 1. Elevation Band Illustrative Map
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Figure 1. Elevation Band Illustrative Map (contd.)
Figure 1 is a map that illustrates Elevation Bands within the Delta.
The Floodplain Elevation Band is the least extensive among those shown in the map. Land areas within
the Floodplain Elevation Band are concentrated as follows: on the western side of the Yolo Bypass; two
small areas west of the City of Galt along the Cosumnes and Mokelumne Rivers; and a conical shaped
area at the southeastern tip of the Delta, along the San Joaquin River, south of the City of Lathrop.
The Sea Level Rise Accommodation Band includes: a narrow strip of land at the northern boundary of
Suisun Marsh, small patches of land at the eastern edge of Suisun Marsh; a wide swath of land at the
western edge of Cache Slough that continues into much of Yolo Bypass; waterside levee area along the
Sacramento River and adjacent channels and sloughs; a strip of land at the eastern boundary of the Delta
along Highway 5, between Stockton and Sacramento; a wide swath of land north of Tracy and Lathrop at
the base of the San Joaquin River floodplain; and a narrow strip of land extending from Tracy west to
Clifton Court Forebay, and northwest to Oakley.
Existing tidal wetlands in Suisun Marsh and western Delta islands near Pittsburg are located in the
Intertidal Elevation Band. Other concentrated land areas located within the Intertidal Elevation Band are
within Cache Slough and in the south Delta. There are narrow strips of land located in the Intertidal
Elevation Band at the edges of the Sea Level Rise Accommodation Band, extending along Highway 5
between Stockton and Sacramento, and from Tracy to Oakley. Scattered patches of land in the Intertidal
Elevation Band are also present on Decker Island, Prospect Island, Merritt Island, Pearson District,
McCormack Williamson Tract, and New Hope Tract.
The Shallow Subtidal and Deep Subtidal Elevation Bands are the most extensive. The Shallow Subtidal
Elevation Band consists of: the majority of Suisun Marsh; the southeastern corner of Cache Slough; land
between the Sacramento River Deep Water Ship Channel and the Sacramento River in the north Delta;
the majority of the Pearson District; a strip of land along the eastern edge of the Delta, adjacent to and
west of the Intertidal Elevation Band; land south of Highway 4 and adjacent to the Intertidal Elevation
Band, in the south Delta; and a narrow strip of land running north from Clifton Court Forebay to Oakley.
The Deep Subtidal Elevation Band consists primarily of land areas on islands in the central and western
Delta, from Sherman Island in the west to Rindge Tract in the east, and from Victoria Island in the south
to Liberty and Grand Islands in the north.
Alternative formats of this map are available upon request.
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Ecosystem Function
The Council’s synthesis paper Towards the Protection, Restoration, and Enhancement
of the Delta Ecosystem provides a review of approaches to ecosystem restoration, and
it identifies key ecosystem properties that promote resilience (Council 2018a). Given
that Delta ecosystems are expected to be further stressed by a rapidly changing
climate, reestablishing ecological resilience is an important restoration target (Ibid, p.
19). Delta Plan Chapter 4, Protect, Restore, and Enhance the Delta Ecosystem,
translates these ecosystem properties into priority attributes for actions that include
protection, restoration, and enhancement of the Delta ecosystem, to ensure that actions
contribute to restoring ecosystem function. These priority attributes are:
1. Restore Hydrological, Geomorphic, and Biological Processes
2. Be Large-Scale
3. Improve Connectivity
4. Increase Native Vegetation Cover
5. Contribute to the Recovery of Special-Status Species

Hydrological, Geomorphic, and Biological Processes
The Council’s synthesis paper Towards the Protection, Restoration, and Enhancement
of the Delta Ecosystem identified the reestablishment of hydrological, geomorphic, and
biological processes—also termed process-based restoration—as key to improving
vegetation community composition and structure, and habitat conditions for sensitive
specialist species (Council 2018a, p. 13). Process-based restoration is also essential to
creating dynamic and variable conditions like those of the pre-Columbian Delta (see
Delta Plan Chapter 4, section “The Delta’s Historical Ecology," pp. 4-5).
Hydrological processes are physical flows and cycles exhibited by water, including
streamflow, flooding, tidal action, percolation, and subsurface flow. Geomorphic
processes are the physical forces that shape and form the surface of the earth including
sediment erosion and deposition, river meander migration, and channel formation.
Biological processes are processes exhibited by the living components of an ecosystem
such as nutrient cycling, primary production, vegetation and wildlife recruitment and
growth, predation, and evolution. Process-based restoration is restoration that aims to
reestablish the rates and magnitudes of these processes that can sustain dynamic
ecosystems (Beechie et al. 2010, Greco 2013, Wiens et al. 2016).
The hydrological, geomorphic, and/or biological processes that a project could restore,
vary based on the ecosystem type. For example, within willow thicket, willow riparian
scrub or shrub, and valley foothill riparian ecosystems, the creation of unrestrained
(natural) stream channels may reestablish hydrological processes that allow cut-bank
and point-bar formation, meander migration, and the development of shaded riverine
aquatic habitats (DeHaven 1998). To restore seasonal wetlands, water input from
Q2-8
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precipitation, runoff, groundwater, or subsurface flow can reestablish hydrological
processes that support temporary or seasonal wetting (Calhoun et al. 2014).
Reestablishment of geomorphic processes such as sediment delivery, scour, and
accretion can restore tidal wetlands or willow thicket in upland and lowland river
floodplains. Additionally, reestablishing biological processes, such as native vegetation
recruitment, growth, and succession can restore a variety of habitats, including wet
meadow, alkali seasonal wetland complex, vernal pool complex, upland and lowland
river floodplain, and emergent wetland.
Restoring hydrological, geomorphic, and biological processes addresses the root
causes of ecosystem degradation and promotes self-sustaining ecosystems that require
less active management or corrective action (Beechie et al. 2010). Process-based
restoration also promotes resilience to changing conditions, such as sea level rise and
changes in precipitation due to climate change. A process-based approach to
restoration will lead to the development of a healthy Delta ecosystem, which includes
diverse and biologically appropriate habitats and ecosystem processes (California
Water Code section 85302(c)(3)).

Scale
The Council’s synthesis paper Towards the Protection, Restoration, and Enhancement
of the Delta Ecosystem identified spatial and temporal scales as essential properties
that affect ecosystem resilience and the attainment of subgoals of the Delta Reform Act
(Council 2018a, p. 22). Critical biotic interactions and physical processes depend on
appropriate levels of diversity (Larkin et al. 2016) made possible by large-scale projects.
Large intact core areas of habitat are important for reducing human disturbance and
facilitating the ecological interactions that are important to species persistence (Soule
and Terborgh 1999).
The hydrological, geomorphic, and biological processes described above operate at
various spatial scales across different ecosystem types, requiring consideration in siting
and design of covered actions (Palmer et al. 2016b, SFEI-ASC 2016). For example,
emergent wetlands—which include tidal and nontidal wetlands with nonwoody
vegetation—require a patch size equal to, or greater than, 200 hectares (500 acres) to
support the formation of long, multiorder channel networks (Whipple et al. 2012, SFEIASC 2016). The physical complexity and length of these channel networks create
hydrologic conditions that support chemical and biological processes, including variation
in environmental water quality, vegetation, and food-web dynamics (Whipple et al. 2012,
SFEI-ASC 2016, Cloern et. al. 2016). The branching channel networks provide physical
habitat and food resources required by aquatic species, including many special-status
fish species, for refuge, reproduction, foraging, and feeding. These conditions also
influence the prevalence of nonnative invasive species which have deleterious effects
on native aquatic species (Nobriga et al. 2005). Therefore, restoration of large emergent
wetlands with high ecological function must occur in order to fulfill the subgoals of the
Delta Reform Act, to reduce the risk of harm from invasive species (California Water
Code section 85302(e)(3)), and to restore channels to support a healthy estuary
(California Water Code section 85302(e)(4)), among other subgoals and strategies.
DELTA PLAN, AMENDED – JUNE 2022
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In contrast, river geomorphic processes operate at the site (erosion), reach
(meander/braiding), and watershed (watershed zone) scale (Schumm 1977). For upland
and lowland river floodplains—including willow thicket, willow riparian scrub or shrub,
and valley foothill riparian—river corridor restoration that reestablishes floodplain
inundation and stream channel dynamics over a distance orthogonal to the channel
(i.e., floodplain width) that is equal to, or greater than, the mean of six reach-specific
bankfull channel widths is required to support riverine hydrological, geomorphic, and
biological functions (Larsen et al. 2006). In some regions, topographic features such as
the presence of natural levees may constrain this width interval (SFEI-ASC 2014).
Seasonal wetlands (including vernal pool complexes, alkali seasonal wetland
complexes, and wet meadows) require patch sizes of at least 40 to 100 acres to
optimally support the life history needs of sensitive species (ICF 2013, Johnson et al.
2010). Riparian vegetation in upland and lowland river floodplains—including willow
thicket, willow riparian scrub or shrub, and valley foothill riparian—need to be greater
than 200 acres (Laymon and Halterman 1989, SFEI-ASC 2014), and contiguous oak
woodlands and grasslands need to be greater than 40 to 100 acres (ICF 2013, Johnson
et al. 2010). To stabilize interior dune vegetation, sand mound features need to be
greater than 1.5 acres—the smallest size that occurred in the historic Delta (Whipple et
al. 2012).
Actions that restore the ecosystem at large spatial scales will increase the likelihood of
creating and supporting natural systems capable of sustaining desired functions through
uncertain future environmental conditions (Peterson et al. 1998, SFEI-ASC 2016).

Connectivity
The Delta Reform Act specifies that the Delta Plan must include subgoals and
strategies to restore large areas of interconnected [emphasis added] habitats within the
Delta and its watershed by 2100 (California Water Code section 85302(e)(1)). The
Council’s synthesis paper Towards the Protection, Restoration, and Enhancement of
the Delta Ecosystem identified connectivity as essential for ecosystem resilience
(Council 2018a, p. 20).
Reestablishing connectivity is essential for the long-term persistence of native species
in the Delta. Issues of connectivity include restoration of physical (e.g., hydrology and
sediment transport) and biological (e.g., movement of vegetation that propagates, fish,
and wildlife) connections. This section provides descriptions for different aspects of
connectivity that should be considered in restoration actions.
Since watersheds are three-dimensional hydrological systems, restoring hydrological
connectivity requires consideration of longitudinal (between upper watersheds to the
San Francisco Bay), lateral (between channels and floodplains), and vertical (between
surface and groundwater) connections. Reestablishing longitudinal connectivity from the
upper watersheds throughout the Delta to the Bay is critical to many species that reside
or migrate through the Delta. Remediation of fish passage barriers—including dams,
diversions and other impediments, and improvements of poor habitat conditions—can
improve connectivity for fish movement. Fish passage improvement actions would
Q2-10
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reduce stress and mortality in lower parts of the system, reconnecting fish with cold
water habitats above dams, thus reducing the need to manage spawning conditions
with flows on specific watersheds (Moyle et al. 2008).
In the Delta, restoration of lateral connections between channels and floodplains, and
vertical connections between surface and groundwater, are other facets of connectivity
that are essential to ecosystem function and resilience. Such connections are
necessary for tidal wetland and floodplain inundation; sediment and nutrient delivery
and export; disturbance processes; trophic processes; and the establishment, growth,
and succession of native vegetation communities. It has been well studied that
increased lateral connections improve access to food resources for fish, nutrient and
carbon cycling, vegetation community patch dynamics, and species-habitat interactions
(Vannote et al. 1980, Naiman et al. 1988, Ward 1989, Junk et al. 1989, Poff et al. 1997,
Naiman and Decamps 1997, West and Zedler 2000).
Another critical aspect of connectivity is the distribution, extent, and proximity of
different ecosystem and habitat types. The distance between patches of similar
ecosystems determines the degree of animal movement, energy flow, and gene flow,
and varies within and across ecosystem types. The distance between individual vernal
pools is measured in meters, while the distance between pool complexes may be in
kilometers. The maximum distance between patches should incorporate species’
movement capabilities, resource needs, population dynamics, and gene flow (e.g.,
distance between tidal wetlands should be less than 15 km for salmon rearing, and
between 0.2-5 km for wetland wildlife movement). Many species need different
ecosystem types in their life histories. Minimizing distances between patches of different
ecosystem types can increase survival. For example, Chinook salmon require a
sequence of hydrologically connected habitats to migrate, spawn, rear, and mature;
including rivers, seasonal floodplains and tidal marsh habitat.
Improved connectivity will also increase ecosystem resilience and adaptive potential in
the face of a rapidly changing climate (Naiman et al. 1993, Seavy et al. 2009, SFEI-ASC
2016). Connections between tidally inundated habitats and adjacent uplands with
suitable elevations can support landward wetland migration as sea level rises. Wetland
migration within the Delta and Suisun Marsh was historically common, but is currently
limited by the presence of levees, roads, railways, and other obstacles.
In the long-term, restoring connections between aquatic and wetland habitats, such as
between channels and marsh plains, and connectivity to spawning habitats are of the
utmost importance for species’ viability and genetic resilience. The various aspects of
connectivity are crucial to the ability of riparian and wetland systems to support
biodiversity.

Native Vegetation Cover
The Council’s synthesis paper Towards the Protection, Restoration, and Enhancement
of the Delta Ecosystem identified the positive effects that native vegetation communities
have on ecosystem processes (Council 2018a, p. 31, 39). Increasing the extent and
variety of native vegetation cover can promote ecological resilience and enhance native
DELTA PLAN, AMENDED – JUNE 2022
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biodiversity by providing a range of habitat options for species, thus expanding the
types and numbers of species that a landscape can support. This section identifies the
characteristics of different Delta ecosystems and their associated native vegetation
communities.
The classification of ecosystems and vegetation communities draws primarily from the
San Francisco Estuary Institute-Aquatic Science Center’s (SFEI-ASC) habitat types
(2014) and the Vegetation Classification and Mapping Program (VegCAMP). VegCAMP
is the California component of the National Vegetation Classification system, maintained
by the California Department of Fish and Wildlife in collaboration with other agencies
and organizations. Delta Plan Chapter 4, Protect, Restore, and Enhance the Delta
Ecosystem, and its appendices, utilize the 2018 Delta Fine Scale VegCAMP Vegetation
Map and 2015 Suisun Marsh Fine Scale VegCAMP Vegetation Map to characterize
native vegetation communities in different Delta ecosystem types.
Freshwater emergent wetlands in the Delta include tidal and nontidal wetland
ecosystems. Tidal freshwater wetlands are wetted or inundated by spring tides at low
river stages or by lower tidal levels at higher river stages. These ecosystems are
characterized as being permanently saturated, having a high water table, and are
typically dominated by emergent vegetation. Woody vegetation (e.g., willows) may be a
significant component for some areas, particularly the western-central Delta. Non-tidal
wetland ecosystems in the Delta occupy upstream floodplain positions above tidal
influence. These ecosystems are temporarily to permanently flooded, permanently
saturated, and are dominated by emergent vegetation (SFEI-ASC 2014).
Upland and lowland river floodplain habitats in the Delta include willow thicket, willow
scrub or shrub, and valley foothill riparian. Willow thicket are characterized as
perennially wet, dominated by woody vegetation, and generally located at the sinks of
major creeks or rivers as they exit alluvial fans into the valley floor. Emergent vegetation
may also be a significant vegetation component in these habitats (SFEI-ASC 2014).
Willow scrub or shrub habitats are riparian vegetation habitats dominated by scrubs or
shrubs with few or no tall trees. This ecosystem type generally occupies long, relatively
narrow corridors of lower natural levees along rivers and streams. Valley foothill riparian
habitats are mature forests that are usually associated with a dense understory and
mixed canopy, including sycamore, oaks, willows, and other trees. Historically, this
ecosystem type occupied the supratidal natural levees of large rivers that were
occasionally flooded (SFEI-ASC 2014).
Seasonal wetlands in the Delta include wet meadows, vernal pool complexes, and alkali
seasonal wetland complexes. These three ecosystems often comprise the upland edge
of perennial wetlands (SFEI-ASC 2014) and they are seasonally or temporally flooded.
While all three occur on poorly drained soils, they differ by soil conditions. Wet meadow
ecosystems are characterized by clay-rich soils and associated with herbaceous plant
communities. Vernal pool complexes are characterized by a relatively impermeable
subsurface soil layer and distinctive vernal pool flora. Alkali seasonal wetland
complexes are characterized by clay-rich soils with a high residual salt content and
associated with herbaceous or scrub communities.
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Upland ecosystems in the Delta include stabilized interior dune vegetation, grassland,
and oak woodland. Stabilized interior dune vegetation is dominated by shrub species,
with some locations also supporting live oaks on the more stabilized dunes with more
well-developed soil profiles. Grasslands are low herbaceous communities occupying
well-drained soils and are composed of native forbs and annual and perennial grasses,
usually devoid of trees. Oak woodlands are oak-dominated communities with sparse to
dense cover (10-65 percent) and an herbaceous understory (SFEI-ASC 2014).
Restoration of the Delta ecosystem will require increasing the native vegetation cover,
and restoring the underlying processes that support recruitment, disturbance regimes,
and community succession (as described under the Hydrological, Geomorphic, and
Biological Processes sections of this document). As previously discussed in the Scale
section, these underlying processes operate at various spatial scales across different
ecosystem types. Therefore, the extent of native vegetation cover should align with the
scale at which ecosystem processes can support the vegetation communities to be selfsustaining. Accounting for the site access, infrastructure, and facilities that are often
needed for monitoring and maintenance of restoration projects, it is reasonable to
expect that native vegetation should cover at least 75 percent of the area over which
ecosystem processes are restored.

Special-Status Species
The Delta Reform Act is clear that protecting, restoring, and enhancing the Delta
ecosystem means protecting and recovering special-status species. The Delta Reform
Act requires the Delta Plan to include measures that promote viable populations of
native resident and migratory species; conditions conducive to meeting or exceeding
the goals in the existing species recovery plans (California Water Code section
85302(c)(1) and (5)); and to promote self-sustaining, diverse populations of native and
valued species by reducing the risk of take and harm from invasive species, among
other subgoals and strategies (California Water Code section 85302(e)).
Special-status species are a species or subspecies of animal or plant, or a variety of a
particular plant, that is endangered, rare, or threatened as defined by Title 14 of the
California Code of Regulations sec. 15380, or that is designated as a Species of Special
Concern by the California Department of Fish and Wildlife. At least 35 native plant
species, and 86 fish and wildlife species in the Delta are imperiled by human activities
(Appendix Q4) and are at varying risks of either local or outright extinction. Habitat loss
and degradation, and the resulting impacts on food-web dynamics, have been a major
cause of the statuses and listings of these species. Recovering these species is
essential to preventing the loss of the unique biodiversity in the Delta.
Different species and communities are supported by different ecosystem types. For
example, managed wetlands can protect and support the recovery of native migratory
bird species, such as sandhill cranes (Appendix Q4). In contrast, the California black rail
requires emergent wetland with gently grading slopes and upland refugia (see
Appendix Q4), and is not supported by managed wetland projects. Therefore, actions
that protect, restore, or enhance ecosystems can contribute to the recovery of different
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special-status species and ecological function, depending on the type and scale of the
action (Suding 2011, Palmer et al. 2016).

Human Context for Protecting,
Restoring, and Enhancing the
Ecosystem
The Delta Reform Act requires that the coequal goals be achieved, “in a manner that
protects and enhances the unique cultural, recreational, natural resource, and
agricultural values of the Delta as an evolving place” (California Water Code section
85054). The Delta is not a blank canvas, but rather a region with existing agricultural
and urban land uses, diverse cultural values, and human needs. Literature on
ecosystem restoration increasingly affirms the need to consider human needs and
benefits from restored lands (Council 2018a, Suding et al. 2015). Covered actions must
leverage best available science to successfully integrate into this existing human
context.

Existing Land Uses
Chapter 5 of the Delta Plan, “Protect and Enhance the Unique Cultural, Recreational,
Natural Resource, and Agricultural Values of the California Delta as an Evolving Place,”
describes the vision for the Delta as an evolving place and identifies regulatory policies
and recommendations to achieve that vision. Delta Plan Policy DP P2 (23 CCR section
5011) requires that ecosystem restoration (and other types of projects and
improvements) avoid or reduce conflicts with existing or planned future land uses, when
feasible, among other requirements.
The Delta Reform Act’s requirement to achieve the coequal goals in a manner that
protects and enhances the unique values of the Delta as a Place recognizes the
potential conflicts between certain covered actions and existing land uses.
Consequently, it is important that covered actions that include protection, enhancement,
or restoration of the ecosystem are implemented in a manner that reduces such
conflicts. One way to avoid or reduce conflicts with existing land uses is through
proactive engagement and coordination with adjacent and nearby landowners and
users, starting early in the planning stages of a project. Coordination with neighboring
landowners and local communities helps covered actions avoid unintended
consequences like trespassing, property damage, crop damage, wildlife hazards to
aircraft, or damage to the ecosystem. Consequently, the Delta Plan recommends that
restoration projects use the Good Neighbor Checklist to avoid or reduce conflicts with
existing uses.
The Good Neighbor Checklist provides a framework for covered actions to avoid or
reduce conflicts with existing uses. All covered actions are unique, and not all of the
checklist questions and strategies will apply in all cases.
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Good Neighbor Checklist
Habitat restoration projects have many benefits, but can also affect neighboring
properties, agriculture, infrastructure and water resources. Inclusion of Good Neighbor
considerations into habitat restoration project planning can support agricultural
communities, reinforce the benefits of conservation partnerships, reduce conflict and
project delays, and help achieve sustainable conservation. Habitat restoration project
planners and managers can use the following checklist to help ensure that restoration
projects are planned and designed to avoid or reduce conflicts with existing neighboring
land uses.
Some of the checklist items are also considered in California Environmental Quality Act
(CEQA) and regulatory review processes. The purpose of the checklist is to encourage
early conversations and coordination with neighboring interests, and it does not
substitute for any other process.
Good Neighbor Restoration Projects:
Siting and Planning
•
•
•
•
•
•
•
•
•

•

Is the project sited on public or conservation-entity owned lands, or where private
property is required, has there been engagement to find willing sellers?
If there are existing agricultural or conservation easements, has thought been
given to how to incorporate or avoid conflicts with them?
Is the project sited to avoid fragmenting existing farms?
Have neighbors and stakeholders been included in the early planning stage?
Will the project potentially disturb utilities, roads, bridges, or other infrastructure
that serve local uses? If so, are those uses taken into account during project
planning?
Is the project designed to avoid interfering with other beneficial water uses (e.g.,
existing water diversions, boating, fishing, and recreation)?
Will the project design avoid or reduce damage to nearby drainage, irrigation,
and flood control facilities (e.g., levees) during construction and operation and
avoid conflicting management practices?
Has the project considered buffers where restoration lands could potentially
interfere with surrounding agricultural lands or where agricultural lands could
potentially interfere with restoration lands?
As a result of the project, are special status species on the project site expected
to increase markedly in abundance, and potentially move from the site to
neighboring lands or waterways? If so, has coordination on safe harbor or other
protections for neighboring land and water uses been considered?
Is the project designed so that any new public access is compatible with, would
benefit, and would avoid or reduce conflict with, local businesses, landowners
and residents?

Construction, Operation and Maintenance
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•
•
•

•

•
•

Is the project designed to avoid or reduce project dust, traffic, vibration, noise,
and lighting impacts?
Is the project designed to minimize project traffic during commute and harvest
periods?
Has the project considered utilizing invasive species protection plans, including
potential long-term commitments or funding to:
o Protect against proliferation of mosquitos to protect against arboviruses,
which can lead to injury and mortality of wildlife and humans?
o Monitor and treat terrestrial and aquatic weeds and set specific triggers for
action?
Has the project considered monitoring and mitigating project-related changes to
local water quality and quantity to:
o Protect beneficial water uses from harmful algal blooms, nitrates,
phosphorous, and methylmercury?
o Avoid drainage, seepage or changes in the water table that impair
neighboring agricultural or other activities?
Does the project consider, as applicable, mitigation for conversion of productive
agricultural land in the form of conservation easements, or other measures to
enhance local agricultural productivity?
Does the project have an operation and maintenance plan that includes, as
applicable, the ability to maintain site security, prevent trespass, manage any
publicly accessible areas, and control flooding and weeds?

Accessible Community Interface
•

Does the project provide for an Ombudsman Office or other means to:
o Facilitate stakeholders and affected landowners and local agency
discussions regarding offsite impacts and options to address them?
o Provide a way to discuss resolution of disputes prior to resorting to the
Government Claims Act or other legal claims processes?
o Provide regular project updates to the affected public?

Background and References for Good Neighbor Checklist
In 2020, a small group of Delta stakeholders representing reclamation districts,
landowners and Delta counties approached the Department of Water Resources (DWR)
to request that DWR work with them to update the Good Neighbor Checklist prepared in
2014 as part of the Agriculture and Land Stewardship Framework. Over the course of a
few meetings, this updated draft checklist was created and later submitted to the Delta
Stewardship Council for inclusion as an exhibit to ER Recommendation “B” in the
Ecosystem Amendment. Representatives from Solano and Yolo Counties, the Delta
Protection Commission, Delta Conservancy and DWR commented on the updated
checklist, which built on the work of the key references listed below.
Delta Conservancy. 2019. Delta Public Lands Strategy: A Guide for Conservation and
Sustainability Across the West, Central, and Northeast Delta. Available at:
http://deltaconservancy.ca.gov/wpcontent/uploads/2019/01/Delta_Public_Lands_Strateg
y_Final_1-22-19.pdf
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Delta Stewardship Council. 2020. Delta Plan Chapter 4 - Protect, Restore, and Enhance
the Delta Ecosystem – May 2020 Draft Ecosystem Amendment. Available at:
https://deltacouncil.ca.gov/pdf/delta-plan/2020-04-15-draft-ch-04.pdf
Department of Fish and Wildlife (CDFW). 2018. Delta Conservation Framework – A
Delta in Common. Available at:
https://www.wildlife.ca.gov/Conservation/Watersheds/DCF
Department of Water Resources (DWR). 2019. Agricultural and Land Stewardship
Framework and Strategies. Available at: https://water.ca.gov/-/media/DWRWebsite/Web-Pages/Programs/California-WaterPlan/Docs/Update2013/Other/Agriculture-and-Land-Stewarship-Framework-andStrategies.pdf

Social Benefits
Proper planning, implementation and management of covered actions that include
protection, restoration, and enhancement of the ecosystem, can ensure that actions do
more than simply avoid conflict or harm. Actions can also provide social benefits that
enhance the cultural, recreational, natural resource, and agricultural values of the Delta
as an evolving place.
Social benefits are positive values that are derived by individuals, communities, or
society at-large. The Council’s synthesis paper Towards the Protection, Restoration,
and Enhancement of the Delta Ecosystem identified a variety of social benefits that can
be derived from actions to protect, restore, and enhance the ecosystem
(Council 2018a). The synthesis paper also identified methods to assess and value those
benefits. In the context of Chapter 4 of the Delta Plan (Protect, Restore, and Enhance
the Ecosystem), social benefits are indirect cultural, recreational, natural resource, and
agricultural benefits that individuals or groups of people derive from the protection,
restoration, or enhancement of the ecosystem. These categories were identified to
correspond to the cultural, recreational, natural resource, and agricultural values of the
Delta as identified in the Delta Reform Act (California Water Code section 85054).
The benefits described within each category are not a comprehensive list. The specific
benefits discussed in this section have a well-established scientific basis, and a direct
connection to restoring, enhancing, and protecting the Delta ecosystem. However,
actions that restore, enhance, and protect the Delta ecosystem could result in social
benefits beyond those discussed here.

Cultural Benefits
The Delta and its resources have immense cultural value to California Native American
tribes with connections to the Delta 3. These tribes are referred to as traditionally and
culturally affiliated tribes. In addition, tribes in the Extended Planning Area may have
interests in the Delta due to their connections to indigenous lifeways and cultural
The Delta is the Sacramento-San Joaquin Delta as defined in Section 12220 and the Suisun Marsh, as defined in
Section 29101 of the Public Resources Code.

3

DELTA PLAN, AMENDED – JUNE 2022

Q2-17

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

resources. As partners involved in individual restoration projects, tribes can provide
traditional knowledge (TK) that can improve restoration outcomes, while respecting and
enhancing cultural values and properties.
TK input provided by California Native American tribes traditionally and culturally
affiliated with the Delta may improve restoration outcomes, while respecting and
enhancing cultural values and properties. In addition, tribes in the Extended Planning
Area may have interests in the Delta due to their connection to indigenous lifeways and
cultural resources. This input should be obtained and incorporated early in the design
process and throughout the timeframe of individual projects, ideally as part of a
coordinated and collaborative effort to integrate tribal input into core design decisions.
Cultural benefits are a type of social benefit derived by individuals and/or communities
with distinct cultural ties to the ecosystems, plants, fish, and wildlife of the Delta.
Cultural benefits may include, but are not limited to, support of ecocultural resources,
human health and well-being, and environmental justice. These types of cultural
benefits were identified in the Council’s synthesis paper Towards the Protection,
Restoration, and Enhancement of the Delta Ecosystem as social benefits that can be
derived from actions to protect, restore, and enhance the ecosystem (Council 2018a, p.
10).
Ecocultural resources are resources needed to maintain the nature-dependent
components of culture (Pretty 2011), such as plants, fish, and wildlife that hold special
cultural and/or spiritual value to American Indian tribes. For example, salmon are
“integral to the customs, religion, culture, and economy of the Hoopa Valley Tribe and
its members” (Hoopa Valley Tribal Council 2012). Tribal engagement during project
planning and management can help proponents identify, assess, and protect resources
of eco-cultural importance (Hankins 2018). For example, the Miwok have identified
specific species of eco-cultural importance in the Delta, including Delta smelt, longfin
smelt, winter-run Chinook salmon, spring-run Chinook salmon, steelhead, Sacramento
splittail, green sturgeon, white sturgeon, Pacific lamprey, river lamprey, riparian brush
rabbit, San Joaquin kit fox, Ridgway’s Rail, California Black Rail, California Clapper Rail,
Greater Sandhill Crane, Swainson’s Hawk, Western Burrowing Owl, Yellow-breasted
Chat, western pond turtle, California red-legged frog, California tiger salamander,
California linderiella, conservancy fairy shrimp, longhorn fairy shrimp, vernal pool fairy
shrimp, vernal pool tadpole shrimp, brittlescale, and San Joaquin spearscale (Hankins
2018). Traditional ecological knowledge (TEK) and local ecological knowledge (LEK)
may also provide a basis for designing, operating, and managing projects to provide
natural resource and cultural benefits (Charnley et al. 2017). TEK and LEK refer to the
knowledge, practice, and belief concerning living beings (human and non-human) and
the relationships between them, and is gained through multigenerational observation of
and interaction with a specific place (Kimmerer 2012; Charnley et al. 2017).
Human health and well-being is a condition of bodily comfort and happiness that is free
from sickness or suffering (King et al. 2009, Roche and Rolley 2011). The Delta Reform
Act finds that, “to promote the public safety, health, and welfare… it is necessary to
protect and enhance the ecosystem of the Delta” (California Water Code section
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85022(c)) and identifies a fundamental goal for land-use management in the Delta to
“improve water quality to protect human health” (California Water Code section
85022((d)). These findings are supported by scientific literature. Human health and wellbeing have been linked to environmental quality and access to natural systems (Bowler
et al. 2010, MacKerron and Mourato 2013). Exposure to nature has been demonstrated
to improve wellness (Roche and Rolley 2011), and health outcomes have been tied to
environmental quality (King et al. 2009). Covered actions that improve environmental
quality (e.g., air quality, water quality) can improve health (Schwarzenbach et al. 2010,
WHO 2013).
Research on multiple restoration projects in the United States suggests that restoration
can also help communities alleviate environmental injustices (Pastor 2007). Warlenius
et al. (2015) argue that significant environmental degradation harms communities and
therefore produces an ecological debt. Ecological debt is the concept that the
exploitation or degradation of a natural resource creates a responsibility to repay that
“debt” to human communities harmed by the degradation. Ecosystem restoration is one
method for achieving environmental justice through repaying that ecological debt. One
way to address environmental justice concerns is for proponents of covered actions to
engage and co-plan with disadvantaged communities, provide access for safe
subsistence fishing, and to improve environmental conditions for at-risk groups (Shilling
et al. 2009, Sze et al. 2009).

Recreational Benefits
Recreation benefits are a category of social benefits that are derived by individuals that
recreate in the Delta, and the business operations and communities that such recreation
supports. These types of recreational benefits were identified in the Council’s synthesis
paper Towards the Protection, Restoration, and Enhancement of the Delta Ecosystem
(Council 2018a, p. 8).
The Delta Reform Act identifies the goal to maximize public access to Delta resources
and maximize public recreational opportunities in the Delta (California Water Code
section 85022(d)). However, at present, much of the restoration land in the Delta is hard
to access and/or off-limits to the public (Milligan and Kraus-Polk 2016). Covered actions
can address this need by planning for human use, such as including features that
encourage and provide access to land for exercise and relaxation.
Covered actions can provide amenities that support the long-term operations and
maintenance of the asset, in addition to recreational uses. Boat ramps can be jointly
used by monitoring staff and contractors, as well as by recreational boaters and those
who fish. Parking and restroom facilities can be jointly used by land-management staff
as well as individuals who recreate in the Delta. Anticipating and planning for human
uses, including unsanctioned uses, of restoration sites will improve project outcomes
(Milligan and Kraus-Polk 2016).
Not all covered actions will be appropriate for public access and recreation; hence the
Delta Plan does not require that access be provided. Indeed, the Delta Reform Act
notes that public access and recreational opportunities should be “consistent with sound
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resources conservation principles and constitutionally protected rights of private
property owners” (California Water Code section 85022(d)).
Covered actions that contribute to the recovery of salmon and sturgeon populations,
and that support viable populations of native resident and migratory birds, will promote a
healthy Delta ecosystem (California Water Code section 85302(c)), while also indirectly
benefitting recreational fishing, bird-watching, and wildlife observation. Delta community
members identify water, waterways, wildlife, bird-watching, and exploring as among the
best qualities of the Delta (AugustineIdeas 2015). These results indicate the centrality of
the Delta ecosystem to attracting tourists into the region and meeting their expectations.
Protecting, restoring, and enhancing the Delta ecosystem can help improve conditions
for recreation in the Delta. Past research on recreation confirms that including tourism
as part of restoration planning can help drive restoration on the landscape and benefit
the tourism industry (Blangy and Mehta 2006).

Natural Resource Benefits
Natural resource benefits are a category of social benefits that are derived from
ecosystem processes, goods, and services. Ecosystem services are the economic
benefits that society derives from ecosystem processes, such as soil formation, water
storage and regulation, climate regulation, and others (Constanza et al. 1997, Turner
and Daily 2008, Postel and Carpenter 1997). These types of natural resource benefits
were identified in the Delta Stewardship Council’s synthesis paper Towards the
Protection, Restoration, and Enhancement of the Delta Ecosystem (Council 2018, pp. 69).
Cooperative ecosystem and resource management can maximize these benefits
(Madani and Lund 2011). For example, maximizing natural resource benefits could
mean managing Delta fisheries in a way that reduces risks to human health (Shilling et
al. 2010), or restoring wetlands to provide flood control benefits and improve water
quality (Mitsche and Gosselink 2000). Many ecosystem processes include services
upon which all humans depend, and it behooves resource managers to find ways to
incorporate these natural resource benefits into projects, where possible.

Agricultural Benefits
Agricultural benefits are a category of social benefits that are derived from agricultural
operations in the Delta, and the individuals and communities that those operations
support. Covered actions can support agricultural food production (Gonthier et al. 2014,
Phalan et al. 2011). For example, protection, restoration, or enhancement of natural
communities that support invertebrates and birds can provide pollination and/or natural
pest control for surrounding agriculture (Tscharntke et al. 2005, Potts et al. 2010,
Garibaldi et al. 2014).
A variety of covered actions can reduce flood risk for agricultural businesses and
landowners. Tidal wetlands absorb tidal energy, so protecting or restoring tidal wetlands
can attenuate tides further inland (Mitsche and Gosselink 2000). Setback levees can
create more space in river and stream channels, reducing pressure on levees,
increasing flood system capacity, and reducing velocity and erosion (Smith et al. 2017).
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The Yolo Bypass is an example of a restoration project, which is managed for flood
control, agriculture, and ecosystems (Sommer et al. 2001).
Subsidence reversal is another opportunity to reduce flood risk for agricultural
operations in the Delta. Subsidence in the Delta is driven by the oxidation of the peat
soils on reclaimed islands, increasing systemic risk of levee failure (Mount and Twiss
2005). Subsidence reversal is a process that halts soil oxidation and accumulates new
soil material, in order to increase land elevations relative to a starting condition in which
land elevations are below mean sea level. Over time, subsidence reversal can raise
land elevations and reduce the risk of levee failure (Bates and Lund 2013).

References
Agyeman, J. and T. Evans. 2003. Toward just sustainability in urban communities:
building equity rights with sustainable solutions. The Annals of the American
Academy of Political and Social Science 590(1): pp. 35-53.
AugustineIdeas. 2015. Delta Marketing Research. Presentation to the Delta Protection
Commission. May 2016.
Bates, M.E. and J.R. Lund. 2013. Delta subsidence reversal, levee failure, and aquatic
habitat—A cautionary tale. San Francisco Estuary and Watershed Science 11(1).
Available at: https://escholarship.org/uc/item/9pp3n639
Beechie, T.J., D.A. Sear, J.D. Olden, G.R. Pess, J.M. Buffington, H. Moir, P. Roni, and
M.M. Pollock. 2010. Process-based Principles for Restoring Ecosystems.
BioScience 60(3): pp. 209-222
Blangy, S. and H. Mehta. 2006. Ecotourism and ecological restoration. Journal for
Nature Conservation 14(3-4): pp. 233-236.
Block, W.M., A.B. Franklin, J.P. Ward Jr., J.L. Ganey, and G.C. White. 2001. Design
and implementation of monitoring studies to evaluate the success of ecological
restoration on wildlife. Restoration Ecology 9: pp. 293–303.
Bowler, D.E., L.M. Buyung-Ali, T.M. Knight, and A.S. Pullin. 2010. A systematic review
of evidence for the added benefits to health of exposure to natural environments.
BMC public health 10(1): p. 456.
Bullard, R.D. 1996. Unequal Protection: Environmental Justice and Communities of
Color. San Francisco: Sierra Club Press.
Calhoun, A.J.K., J. Arrigoni, R.P. Brooks, and M.L. Hunter. 2014. Creating successful
vernal pools: A literature review and advice for practitioners. Wetlands 34: pp.
1027-1038.

DELTA PLAN, AMENDED – JUNE 2022

Q2-21

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

California Department of Fish and Wildlife (CDFW). 2017. 2017 Central Valley Flood
Protection Plan (CVFPP) Update – Climate Change Analysis Technical
Memorandum. State of California, The Natural Resources Agency, Department
of Water Resources.
Charnley, S., C. Carothers, T. Satterfield, A. Levine, M. Poe, K. Norman, J. Donatuto, et
al. 2017. Evaluating the best available social science for natural resource
management decision-making. Environmental Science & Policy 73: 80-88.
Cloern, J.E., A. Robinson, A. Richey, L. Grenier, R. Grossinger, K.E. Boyer, J. Burau,
E.A. Canuel, J.F. DeGeorge, J.Z. Drexter, C. Enright, E.R. Howe, R. Kneib, A.
Mueller-Solger, R.J. Naiman, J.L. Pinckney, S.M. Safran, D. Schoellhamer, and
C. Simenstad. 2016. Primary production in the Delta: then and now. San
Francisco Estuary and Watershed Science 14(3). Available at:
http://escholarship.org/uc/item/8fq0n5gx
Constanza, R. and H.E. Daly. 1992. Natural capital and sustainable development.
Conservation Biology 6(1): pp. 37-46.
Constanza, R., R. d’Arge, R. deGroot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S.
Naeem, R.V. O’Neill, J. Paruelo, R.G. Raskin, P. Sutton, and M. van de Belt.
1997. The value of the world’s ecosystem services and natural capital. Nature
387: 253-260.
DeGroot, R.S., J. Blignaut and S. Van Der Ploeg. 2013. Benefits of investing in
ecosystem restoration. Conservation Biology 27(6): pp. 1286-93.
DeHaven, R.W. 1989. Distribution, Extent, Replaceability and Relative Values to Fish
and Wildlife of Shaded Riverine Aquatic Cover of the Lower Sacramento River,
California. U.S. Fish and Wildlife Service Report, Sacramento Field Office. April
1989.
Delta Protection Commission (DPC). 2012. Economic Sustainability Plan.
Delta Stewardship Council (Council). 2018a. Towards the Protection, Restoration, and
Enhancement of the Delta Ecosystem: A Synthesis – Public Draft.
_____. 2018b. Climate Change and the Delta: A Synthesis – Public Draft
Department of Water Resources (DWR). 2017. Seamless DEM. Updated 20171016 by
Karen Tolentino, DWR DFM Delta Levees Branch.
Dettinger, M., J. Anderson, M. Anderson, L.R. Brown, D. Cayan, and E. Maurer. 2016.
Climate change and the Delta. San Francisco Estuary and Watershed Science
14(3): pp. 1-26. Available at: https://escholarship.org/uc/item/2r71j15r

Q2-22

DELTA PLAN, AMENDED –JUNE 2022

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Deverel, S., P. Jacobs, C. Lucero, S. Dore, and T. Kelsey. 2017. Implications for
Greenhouse Gas Emission Reductions and Economics of a Changing
Agricultural Mosaic in the Sacramento-San Joaquin Delta. San Francisco Estuary
and Watershed Science, 15(3). Available at:
https://escholarship.org/uc/item/99z2z7hb
Deverel, S.J., T. Ingrum and D. Leighton. 2016. Present-day oxidative subsidence of
organic soils and mitigation in the Sacramento-San Joaquin Delta, California,
USA. Hydrogeology Journal vol. 24 (2016): pp. 569-586.
Durand, J.R. 2017. Evaluating the Aquatic Habitat Potential of Flooded Polders in the
Sacramento-San Joaquin Delta. San Francisco Estuary and Watershed Science,
15(4). Available at: https://escholarship.org/uc/item/6xg3s6v0
Elphick, C.S. 2000. Functional equivalency between rice fields and seminatural wetland
habitats. Conservation Biology 14(1): pp. 181-191.
Fisher, B., K. Turner, M. Zylstra, R. Brouwer, R. deGroot, S. Farber, and P. Ferraro.
2008. Ecosystem services and economic theory: integration for policy‐relevant
research. Ecological applications 18(8): pp. 2050-2067.
Garibaldi, L.A., L.G. Carvalheiro, S.D. Leonhardt, M.A. Aizen, B.R. Blaauw, R. Isaacs,
M. Kuhlmann, D. Kleijn, A.M. Klein, C. Kremen, and L. Morandin. 2014. From
research to action: enhancing crop yield through wild pollinators. Frontiers in
Ecology and the Environment, 12(8), pp. 439-447.
Goals Project. 2015. The Baylands and Climate Change: What We Can Do. Baylands
Ecosystem Habitat Goals Science Update 2015. Prepared by the San Francisco
Bay Area Wetlands Ecosystem Goals Project. California State Coastal
Conservancy (CSCC), Oakland, CA.
Gonthier D.J., K.K. Ennis, S. Farinas, H. Hsieh, A.L. Iverson, P. Batáry, J. Rudolphi, T.
Tscharntke, B.J. Cardinale, and I. Perfecto. 2014. Biodiversity conservation in
agriculture requires a multi-scale approach. Proceedings of the Royal Society B,
281: 20141358.
Greco, S.E. 2013. Patch change and the shifting mosaic of an endangered bird’s habitat
on a large meandering river. River Research and Applications 29(6): pp. 707717. Available at: https://escholarship.org/uc/item/14g4w54k
Hankins, D.L. 2018. Ecocultural Equality in the Miwkoʔ Waaliʔ. San Francisco Estuary
and Watershed Science, 16(3). Available at:
https://escholarship.org/uc/item/7bz4v4cs
Holden, E., K. Linnerud and D. Banister. 2017. The imperatives of sustainable
development. Sustainable Development 25(3): pp. 213-226.
ICF International. 2013. Bay Delta Conservation Plan: Appendix 2.A. Species Accounts.

DELTA PLAN, AMENDED – JUNE 2022

Q2-23

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Johnson, R.R., D.A. Granfors, N.D. Niemuth, M.E. Estey, and R.E. Reynolds. 2010.
Delineating Grassland Bird Conservation Areas in the U.S. Prairie Pothole
Region. Journal of Fish and Wildlife Management. 1(1): pp. 38-42.
Junk, W.J., P.B. Bayley, R.E. Sparks, and D.P. Dodge (ed). 1989. The flood pulse
concept in river-floodplain systems. Proceedings of the International Large River
Symposium. Canadian Special Publication of Fisheries and Aquatic Sciences
106. pp. 110-127.
Kimmerer, R.W. 2002. Weaving traditional ecological knowledge into biological
education: A call to action. BioScience 52: 432. doi:10.1641/00063568(2002)052[0432:wtekib]2.0.co;2
King, M., A. Smith and M. Gracey. 2009. Indigenous health part 2: the underlying
causes of the health gap. The Lancet 374(9683): pp. 76-85
Kirwin, M.L. and J.P. Megonigal. 2013. Tidal wetland stability in the face of human
impacts and sea-level rise. Nature 504: pp. 53-60. doi:10.1038/nature12856.
Larkin, D.J., G.L. Bruland and J.B. Zedler. 2016. Heterogeneity theory and ecological
restoration. In Foundations of restoration ecology. Island Press, Washington, DC.
pp. 271-300.
Larsen, E.W., E.H. Girvetz and A.K. Fremier. 2006. Assessing the Effects of Alternative
Setback Channel Constraint Scenarios Employing a River Meander Migration
Model. Journal of the American Water Resources Association. 42: pp. 1063-1075
Laymon, S.A. and M.D. Halterman. 1989. A proposed habitat management plan for
yellow-billed cuckoos in California. Forest Service General Technical Report
PSW-110: pp. 272-277.
Longcore, T. 2003. Terrestrial arthropods as indicators of ecological restoration success
in coastal sage scrub (California, USA). Restoration Ecology 11: natural
environments. Global Environmental Change 23(5): pp. 992-1000.
Madani, K. and J.R. Lund. 2011. California’s Sacramento-San Joaquin Delta conflict:
from cooperation to chicken. Journal of Water Resources Planning and
Management 138(2): pp. 90-99.
Marzluff, J.M. and K. Ewing. 2001. Restoration of fragmented landscapes for the
conservation of birds: a general framework and specific recommendations for
urbanizing landscapes. Restoration Ecology 9: pp. 280–292.
Milligan, B. and A. Kraus-Polk. 2016. Human Use of Restored and Naturalized Delta
Landscapes. University of California, Davis. Available at:
https://watershed.ucdavis.edu/files/biblio/Human%20Use%20Report_for%20scre
en%20viewing%20%28spreads%29.compressed.pdf

Q2-24

DELTA PLAN, AMENDED –JUNE 2022

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Mitsche, W.J. and J.G. Gosselink. 2000. The value of wetlands: importance of scale and
landscape setting. Ecological economics 35(1): pp. 25-33.
Moyle, P.B. and W.A. Bennett. 2008. The Future of the Delta Ecosystem and Its Fish.
Technical Appendix D. Comparing Futures for the Sacramento-San Joaquin
Delta. San Francisco: Public Policy Institute of California.
Naiman, R.J. and H. Decamps. 1997. The ecology of interfaces: Riparian zones. Annual
Review of Ecology and Systematics 28: pp. 621-658.
Naiman, R.J., H. Decamps, and M. Pollock. 1993. The role of riparian corridors in
maintaining regional biodiversity. Ecological Applications 3(2): pp. 209-212.
Naiman, R.J., H. Decamps, J. Pastor, and C.A. Johnston. 1988. The potential
importance of boundaries of fluvial ecosystems. Journal of the North American
Benthological Society 7(4): pp. 289-306.
National Oceanic and Atmospheric Agency (NOAA) 2000. Tidal Datums and Their
Applications. NOAA Special Publication NOS CO-OPS 1. Silver Spring,
Maryland. June 2000. Available at:
https://tidesandcurrents.noaa.gov/publications/tidal_datums_and_their_applicatio
ns.pdf
Nobriga, M.L., F. Feyrer, R.D. Baxter, and M. Chotkowski. 2005. Fish Community
Ecology in an Altered River Delta: Spatial Patterns in Species Composition, Life
History, Strategies, and Biomass. Estuaries 28: pp. 776-785.
Ocean Protection Council. 2018. State of California Sea-Level Rise Guidance 2018
Update. Available at:
http://www.opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/Item3_ExhibitA_OPC_SLR_Guidance-rd3.pdf
Orr, M.K. and L. Sheehan. 2012. Memo to Laura King Moon, BDCP Program Manager.
BDCP Tidal Habitat Evolution Assessment. August 27, 2012.
Palmer, M.A., D.A. Falk, M.A. Palmer (ed), J.B. Zedler (ed), and D.A. Falk (ed). 2016.
Ecological theory and restoration ecology. Foundations of Restoration Ecology.
Island Press, Washington D.C. pp. 1-10
Palmer, M.A. and S. Filoso. 2009. Restoration of ecosystem services for environmental
markets. Science 325: pp. 575-576.
Pastor, M. 2007. Environmental justice: reflections for the United States. Reclaiming
Nature: Environmental Justice and Ecological Restoration 1: p. 351.
Peterson, G., C.R. Allen and C.S. Holling. 1998. Ecological resilience, biodiversity, and
scale. Ecosystems 1: pp. 6-18.

DELTA PLAN, AMENDED – JUNE 2022

Q2-25

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Phalan, B., M. Onial, A. Balmford, and R.E. Green. 2011. Reconciling food production
and biodiversity conservation: Land sharing and land sparing compared. Science
333(6407): pp. 1289-1291.
Poff, N.L., J.D. Allan, M.B. Bain, J.R. Karr, K.L. Prestegaard, B.D. Richter, R.E. Sparks,
J.C. Stromberg. 1997. The natural flow regime. BioScience 47(11): pp. 769-784.
Postel, S., G.C. Daily (ed) and S. Carpenter. Freshwater ecosystem services. 1997. In
Nature's Services: Societal Dependence On Natural Ecosystems. Ed: G.C. Daily.
Island Press, Washington, D.C.
Potts S.G., J.C. Biesmeijer, C. Kremen, P. Neumann, O. Schweiger, and W.E. Kunin.
2010. Global pollinator declines: trends, impacts and drivers. Trends Ecol Evol
25: pp. 345–53.
Pratolongo, P.D., J.R. Kirby, A. Plater, M.M. Brinson (ed), G.M.E. Perillo (ed), E.
Wolanski (ed), and D.R. Cahoon (ed). 2009. Temperate Coastal Wetlands:
Morphology, Sediment Processes, and Plant Communities. In Coastal Wetlands:
An Integrated Ecosystem Approach. Elsevier. 2009. p. 89. ISBN: 978-0-44453103-2 Copyright 2009 Elseveir B.V. Elsevier.
Pretty, J. 2011. Interdisciplinary progress in approaches to address social-ecological
and ecocultural systems. Environmental Conservation, 38(2): pp. 127-139.
Roche, M. and C. Rolley. 2011. Workplace wellbeing on Maungataturi Mountain: the
connection between ecological restoration and workplace happiness. The
Journal of Applied Business Research 27(2): pp. 115-125.
Russell, W., J. Shulzitski and A. Setty. 2009. Evaluating Wildlife Response to Coastal
Dune Habitat Restoration in San Francisco, California. Ecological Restoration
27(4): pp. 439-448.
San Francisco Estuary Institute – Aquatic Science Center (SFEI-ASC). 2016. A Delta
Renewed: A Guide to Science-Based Ecological Restoration in the SacramentoSan Joaquin Delta. Delta Landscapes Project. Prepared for the California
Department of Fish and Wildlife and Ecosystem Restoration Program. A Report
of SFEI-ASC’s Resilient Landscapes Program. Available at: http://www.sfei.org/
sites/default/files/biblio_files/DeltaRenewed_v1pt3_111516_lowres.pdf
_____. 2014. A Delta Transformed: Ecological Functions, Spatial Metrics, and
Landscape Change in the Sacramento-San Joaquin Delta. Prepared for the
California Department of Fish and Wildlife and Ecosystem Restoration Program.
A Report of SFEI-ASC’s Resilient Landscapes Program, Publication #729.
Richmond, CA.
Schumm, S.A. 1977. The fluvial system. Wiley, New York.

Q2-26

DELTA PLAN, AMENDED –JUNE 2022

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Schwarzenbach, R.P., T. Egli, T.B. Hofstetter, U. von Gunten, and B. Wehrli. 2010.
Global water pollution and human health. Annual Review of Environment and
Resources 35: pp. 109-136.
Seavy, N.E., T. Gardali, G.H. Golet, T.F. Griggs, C. Howell, R. Kelsey, S. Small-Lorenz,
J.H. Viers, J. Weigand. 2009. Why climate change makes riparian restoration
more important than ever: Recommendations for practice and research.
Ecological Restoration 27(3). Available at: https://watershed.ucdavis.edu/library/
why-climate-change-makes-riparian-restoration-more-important-everrecommendations-practice
Shackelford, G.E., R. Kelsey, R.J. Robertson, D.R. Williams, and L.V. Dicks. 2017.
Sustainable Agriculture in California and Mediterranean Climates: Evidence for
the Effects of Selected Interventions. Synopses of Conservation Evidence
Series. University of Cambridge, Cambridge, UK.
Shilling, F.M., J.K. London and R.S. Liévanos. 2009. Marginalization by collaboration:
environmental justice as a third party in and beyond CALFED. Environmental
Science & Policy, 12(6): pp. 694-709.
Shilling, F., A. White, L. Lippert, and M. Lubell. 2010. Contaminated fish consumption in
California’s Central Valley Delta. Environmental Research, 110(4): pp. 334-344.
Siegel, S. and D. Gillenwater. 2019. Methods Used to Map Habitat Restoration
Opportunity Areas for the Delta Plan Ecosystem Amendment. Prepared for Delta
Stewardship Council. In preparation.
Smith, D. L., S.P. Miner, C. H. Theiling, R. Behm, and J.M. Nestler. 2017. Levee
Setbacks: An Innovative, Cost-Effective, and Sustainable Solution for Improved
Flood Risk Management. Environmental Laboratory, U.S. Army Corps of
Engineers, Engineer Research and Development Centers. ERDC/EL SR-17-3.
https://apps.dtic.mil/sti/pdfs/AD1036398.pdf
Smith, P., M.R. Ashmore, H.I. Black, P.J. Burgess, C.D. Evans, T.A. Quine, A.M.
Thomson, K. Hicks, and H.G. Orr. 2013. The role of ecosystems and their
management in regulating climate, and soil, water, and air quality. Journal of
Applied Ecology 50(4): pp. 812-829.
Sommer, T., B. Harrell, M. Nobriga, R. Brown, P. Moyle, W. Kimmerer, and L. Schemel.
2001. California's Yolo Bypass: evidence that flood control can be compatible
with fisheries, wetlands, wildlife, and agriculture. Fisheries 26(8): pp. 6-16.
Soulé, M.E. and J. Terborgh. 1999. Conserving nature at regional and continental
scales—a scientific program for North America. BioScience, 49(10), pp. 809-817.
Stahle, D.W., R.D. Griffin, D.M. Meko, M.D. Therrell, J.R. Edmondson, M.K. Cleaveland,
L.N. Stahle, D.J. Burnette, J.T. Abatzoglou, K.T. Redmond, M.D. Dettinger, and
D.R. Cayan. 2013. The Ancient Blue Oak Woodlands of California: Longevity and
Hydroclimatic History. Earth Interactions 17(12): pp. 1-23.
DELTA PLAN, AMENDED – JUNE 2022

Q2-27

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

Suding, K.N. 2011. Toward an era of restoration in ecology: Successes, failures, and
opportunities ahead. Annual Review of Ecology, Evolution, and Systematics 42:
pp. 465-487.
Sze, J., J. London, F. Shilling, G. Gambirazzio, T. Filan, and M. Cadenasso. 2009.
Defining and contesting environmental justice: Socio‐natures and the politics of
scale in the Delta. Antipode 41(4): pp. 807-843.
Tscharntke T., A.M. Klein, A. Kruess, I. Steffan-Dewenter, and C. Thies. 2005.
Landscape perspectives on agricultural intensification and biodiversity—
ecosystem service management. Ecol Lett 8: pp. 857–74.
Turner, R.K. and G.C. Daily. 2008. The ecosystem services framework and natural
capital conservation. Environmental and Resource Economics 39(1): pp. 25-35.
Vannote, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell, and C.E. Cushing. 1980. The
river continuum concept. Canadian Journal of Fisheries and Aquatic Sciences
37(1): pp. 130-137.
Walker, G.P. and H. Bulkeley. 2006. Geographies of environmental justice. Geoforum
37(5): pp. 655-659.
Ward, J.V. 1989. The four-dimensional nature of lotic ecosystems. Journal of the North
American Benthological Society 8(1): pp. 2-8.
West, J.M. and J.B. Zedler. 2000. Marsh-creek connectivity: Fish use of a tidal salt
marsh in Southern California. Estuaries 23: pp. 699-710.
Whipple, A., R. Grossinger, D. Rankin, B. Stanford, and R. Askevold. 2012.
Sacramento-San Joaquin Delta Historical Ecology Investigation: Exploring
Pattern and Process. San Francisco Estuary Institute-Aquatic Science Center,
Richmond, CA.
Wiens, J., L. Grenier, R. Grossinger, and M. Healey. 2016. The Delta as Changing
Landscapes. San Francisco Estuary and Watershed Science, 14(2). Available at:
https://escholarship.org/uc/item/7xg4j201
1174590.3

Q2-28

DELTA PLAN, AMENDED –JUNE 2022

APPENDIX Q2. KEY CONSIDERATIONS AND BEST AVAILABLE SCIENCE FOR
PROTECTING, RESTORING, AND ENHANCING THE DELTA ECOSYSTEM

This page left blank intentionally.

DELTA PLAN, AMENDED – JUNE 2022

Q2-29

