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5.E.0 Executive Summary

Over the past 150 years, most of the tidal wetland habitat in the Sacramento-San Joaquin River
Delta (Delta) has been lost as a result of levee construction and reclamation (Whipple et al. 2012). Of
the 2,200 square kilometers (km2) (544,000 acres) of tidal freshwater and brackish marsh in the San
Francisco Bay/Sacramento-San Joaquin River Delta (Bay-Delta) 150 years ago, only 125 km?
(31,000 acres) remain, a decrease of more than 90% (Nichols et al. 1986). In a recent assessment of
the historical ecology of the Delta, freshwater emergent wetland (both tidal and nontidal) was found
to have decreased from an estimated 449,420 acres to 11,590 acres today, a decline of 97%
(Whipple et al. 2012). This lost habitat has included seasonally inundated floodplains, subtidal and
intertidal freshwater and brackish wetlands, and shallow-water channel margin.

Historically, large tidal wetlands, floodplains, and channel margins provided a mosaic of habitats for
resident and seasonally migratory fish such as Sacramento splittail, sturgeon, and juvenile Chinook
salmon (Whipple et al. 2012). These aquatic habitats provided organic material in a variety of forms,
including decaying emergent vegetation, phytoplankton, zooplankton, macroinvertebrates, and
insects that are part of the Delta trophic foodweb, both in shallow-water floodplain and tidal
habitats and in adjacent pelagic habitats.

Restoration of tidal, riparian, and floodplain environments has been identified as an important
implementation action that can help restore ecosystem functions that would benefit listed fish
species, as well as a large variety of other aquatic species and wildlife (Simenstad and Cordell 2000;
California Department of Fish and Game et al. 2010; Clipperton and Kratville 2009; Sommer et al.
2001; Moyle 2008; and others). Consequently, restoration is a major component of the BDCP and is
intended to provide substantial benefits. This appendix describes the proposed restoration for
covered fish species under four conservation measures (CMs)—CM4 Tidal Natural Communities
Restoration, CM5 Seasonally Inundated Floodplain Restoration, CM6 Channel Margin Enhancement,
and CM7 Riparian Natural Community Restoration—and expected outcomes, including the likely
ecological benefits based on both quantitative (habitat suitability indices [HSIs] and habitat
productivity) and qualitative (literature review) analyses.

5.E.0.1 Proposed Restoration and Expected Outcomes

The BDCP provides ambitious significant set of measures to enhance aquatic and terrestrial
environments in the Plan Area. CM4, CM5, CM6, and CM7 present restoration actions intended to
benefit covered fish species. The beneficial effects of these actions on covered fish species are
described and evaluated separately. However, these four measures should be viewed as an
integrated effort to restore a continuum of environments in the Delta, ranging from tidal brackish
marsh to riverine floodplain. Collectively, these measures represent an ambitious strategy to
address the loss of normative habitats throughout the Plan Area described by Whipple et al. (2012).
CM4, CM5, CM6, and CM7 call for restoration of up to 65,000 acres of tidal natural communities and
transitional updlands to accommodate sea level rise in the Delta, 10,000 acres of seasonally
inundated floodplain, 20 miles of channel margin, and 5,000 acres of riparian habitat to benefit
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Habitat Restoration Appendix 5.E

covered fish species. CMZ2 Yolo Bypass Fisheries Enhancement is also considered a habitat restoration
measure. However, because the primary mechanism for creating additional aquatic habitat in the
Yolo Bypass is through increased flows and flooding, the benefits of this measure to covered fish
species are fully evaluated in Appendix 5.C, Flow, Passage, Salinity, and Turbidity. The following
sections briefly summarize the proposed habitat restoration and the expected outcomes that are
described in detail in this appendix.

The proposed habitat restoration actions have two principal objectives.

1. To increase the amount and value of available habitat for covered species. This objective relates
to the direct habitat needs unique to each species and life stage.

2. To enhance the ecological functions and services of the Delta especially in regard to the Delta
foodweb that supports many covered fish species.

Each species and each life stage has unique habitat requirements that will be provided to varying
degrees by the conservation measures. At the same time, aquatic vertebrate (including all covered
fish species), invertebrate, and plant species operate as a biological community that benefit from the
normative functions of the Delta partially supported by environments like those created by the
conservation measures. The restoration would create shallow tidal marsh environments that
contribute to the primary production of the Delta (Lopez et al. 2006). Phytoplankton production in
the Delta fuels the zooplanktonic community that forms the food base of many Delta fish species
(Baxter et al. 2010).

The desired ecological conditions and objectives of the aquatic habitat restoration actions for
covered fish species are listed below.

e Increased access to substantial areas of seasonally inundated floodplain, tidal wetland, and
channel margin aquatic habitat. In the past, aquatic habitat restoration projects in the Delta have
been relatively small (typically less than 100 acres) and not of sufficient size to provide
substantial benefits to covered fish species and ecosystem processes. Under the BDCP, the
objective is to increase access to substantial new areas of high-value aquatic habitat:
approximately 15,000 acres during the near-term (NT), 22,000 acres during early long-term
(ELT), and 49,000 acres during late long-term (LLT). Restoration at this massive scale is
expected to improve connectivity of habitats for fish and help restore the ecological processes of
the Delta. CM3 Natural Communities Protection and Restoration (Chapter 3, Conservation
Strategy, Table 3.4.3-5), includes a description of intentional and unintentional restoration in
the Delta, primarily of tidal wetlands, and a description of their consequences. BDCP restoration
is unique in its large-scale approach, coordinated efforts across a range of aquatic environments
and deliberate nature, combined with a robust monitoring and adaptive management plan.

e Enhanced food production in the restored habitats as well as the export of food resources to
adjacent channels and downstream areas. The goal is to increase food availability for covered
fish species to enhance their growth rate and survival, contributing to increased species
abundance and recovery.

e Establishment of new shallow-water intertidal and subtidal habitat areas (predominantly 4 feet
in depth and less) that are compatible with natural processes, existing topography and
elevations, and future sea levels. Shallow-water habitat provides opportunities for greater
habitat diversity.
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Habitat Restoration Appendix 5.E

e Restoration of aquatic habitats that are geographically distributed across all regions of the Delta
to increase the diversity and connectivity of habitats available for fish in the Sacramento River
and North Delta, the Consumes and Mokelumne Rivers in the East Delta, the San Joaquin River in
the South Delta, the West Delta, and Suisun Marsh.

e Increased spatial diversity and complexity of habitat types, including variation in water depths,
tidal hydrodynamics, water velocities and residence times, salinity gradients, seasonally
inundated environments and permanently inundated subtidal habitats.

e Phased implementation of restored habitat to be compatible with BDCP operations and
infrastructure to maximize habitat benefits and reduce the risk that fish and other aquatic
organisms are vulnerable to State Water Project (SWP) and Central Valley Project (CVP) south
Delta export operations.

e Restored habitats that reduce the risk of stranding, exposure to increased risk of predation, and
exposure to adverse water quality conditions such as low dissolved oxygen (DO) concentrations
and toxic contaminants.

5.E.0.1.1 CMA4 Tidal Natural Communities Restoration

Restoration of 65,000 acres of tidal natural communities within the Plan Area (including transitional
uplands to accommodate sea level rise) represents a 63% increase in the extent of these tidal
communities over current conditions. For some tidal natural communities such as tidal freshwater
emergent wetland, BDCP restoration actions will more than double their extent in the Delta (13,900
acres of restoration compared to 8,947 acres of tidal freshwater emergent wetland existing today).
This extensive restoration of tidal natural communities is expected to increase available habitat for
delta smelt, longfin smelt, splittail, and salmon. In addition, restoration of tidal environments may
create permanent year-round rearing habitat for juvenile green and white sturgeon. While the focus
is on benefits to these covered fish species, the restoration should also benefit other native fish,
invertebrate, and plant species that make up the normative biological community in the Delta. Tidal
habitat restoration also is intended to produce food and export food, which would directly benefit
delta and longfin smelt and Sacramento splittail, and may indirectly benefit sturgeon. Restored tidal
habitat will be designed to provide an ecological gradient among subtidal, tidal mudflat, tidal marsh
plain, riparian, and upland habitats, which are anticipated to provide a net ecological benefit to
covered species. Tidal restoration would occur in the restoration opportunity areas (ROAs) within
the Suisun Marsh, Cache Slough, West Delta, East Delta, and South Delta geographic subregions;
there is no restoration planned under CM4 in the North Delta or Suisun Bay subregions.

Sea level rise associated with climate change will shift the salinity zones, frequency of inundation,
and depth. This appendix accounts for those changes as part of the assessment of benefits of the
restoration by relying on DSM2 outputs for the ELT and LLT that include assumptions about the
effects of sea level rise and restoration in the Delta on hydrodynamics in the ROAs.

In addition to the direct benefit of providing physical habitat for covered fish, tidal wetland
restoration is expected to enhance productivity in the Delta and contribute to the Delta foodweb.
Studies in locations throughout the United States, including the Bay-Delta and elsewhere along the
Pacific Coast, indicate the potential for substantial ecological benefits from restoring tidal wetlands,
including foodweb support for fish species (Boesch and Turner 1984; Baltz et al. 1993; Simenstad et
al. 1982; West and Zedler 2000; Bottom et al. 2005; Maier and Simenstad 2009; Simenstad et al.
2000; Howe and Simenstad 2011) and the export of nutrients and prey organisms to adjacent
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channels (Shreffler et al. 1992; Lucas et al. 2002; Schemel et al. 2004; Sommer et al. 2004a, 2004b;
Lopez et al. 2006). Of the Delta habitats, the tidal marsh sloughs have the highest particulate organic
matter (POM) and phytoplankton concentrations and support the greatest zooplankton growth rates
(Mteller-Solger et al. 2002; Sobczak et al. 2002, 2005). The shallow littoral edges of marsh systems
often are associated with high standing stocks of fishes in California (e.g., Allen 1982; Moyle et al.
1986; Nobriga et al. 2005) and elsewhere (e.g., Kneib 1997, 2003). When tidal mudflat is inundated,
it serves as shallow open-water habitat for pelagic fish species, including splittail, salmonids, and
sturgeon, and provides forage on benthic invertebrates.

Juvenile fish could benefit directly from increased phytoplankton and detritus produced in marsh
channels and indirectly if that production is exported downstream (Benigno and Sommer 2008).
The export of marsh production helps transfer the higher production of shallow-water habitats to
the deepwater habitats preferred by pelagic fish species such as delta smelt and longfin smelt (Lucas
etal. 2002). Production from the lower Yolo Bypass, including Liberty Slough and Cache Slough
marshes, stays relatively intact as it moves down the estuary (Monsen 2003). This production may
contribute significantly to the greater foodweb, ultimately benefitting open-water species such as
delta smelt and longfin smelt (Brown 2004).

While there is general support from the scientific literature for the value of shallow-water habitats
to support phytoplankton production in the Delta, the effectiveness of conversion of that production
to zooplankton food for pelagic fish can be reduced by the presence of introduced clam species. In
some cases, these introduced clams consume much of the phytoplankton produced in an area. Lucas
and Thompson (2012) and Lopez et al. (2006) as well as other studies point out that invasive
bivalves such as Corbicula can consume large amounts of phytoplankton in freshwater and in some
cases can keep up with production levels resulting in little or no net production leaving shallow
areas (Lucas and Thompson 2012). In areas with higher salinity such as Suisun Bay, the overbite
clam (Portamocorbula amurensis) has a similar impact on phytoplankton (Cloern and Jassby 2012).
(See Appendix 5.F, Biological Stressors on Covered Fish, for more detail regarding the potential for
further bivalve invasion in the Delta, including in restored areas.) Consumption by clams and the
effect of nutrients and hydrodynamics on phytoplankton transport result in a complicated
relationship between habitat restoration, phytoplankton production, and food for pelagic fish
species (Lucas et al. 2002). The conclusion is that while the scientific rationale for restoration of
normative tidal habitats in the Delta is sound, much needs to be learned regarding how that
restoration is optimized to benefit covered fish species. For example, Lucas et al. (2002) found
that the ability of clams to reduce phytoplankton is dependent on site-specific features. These
features could be incorporated into the design of restoration to minimize the effect of clams and to
maximize production of planktonic food in the Delta.

Restoration of shallow tidal habitat called for in CM4 is the most ambitious action available at this
time to enhance food production in the Delta while enhancing other ecological functions provided by
normative tidal habitat in the Delta. In this appendix we evaluate the potential of restored habitat to
enhance productivity of the Delta based on a simple depth relationship (Lopez et al. 2006) while
cautioning that the realities highlighted by Lucas and Thompson (2012) may limit the value of
restoration in regard to phytoplankton production. Due to the scale of restoration and the
complexities of the Delta foodweb, this restoration should be approached in an experimental

(i.e., adaptive) manner to ensure that lessons learned on early restoration projects are incorporated
into subsequent projects. Using this approach, the effectiveness of restoration actions is expected to
increase over time.
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Habitat Restoration Appendix 5.E

5.E.0.1.2 CMb5 Seasonally Inundated Floodplain Restoration

Floodplains are recognized as key habitats for many species in the Delta and contribute to the
production of food to downstream areas (Opperman 2012). Currently, most Central Valley
floodplains are severed from their rivers by levees, channelization, and flow regulation, restricting
the high natural productivity of floodplain habitats (Mount 1995). Studies suggest that restoring
river-floodplain connectivity in the Plan Area could enhance both primary production (Ahearn et al.
2006) and zooplankton growth (Grosholz and Gallo 2006), ultimately benefitting higher-level
consumers like fish species (Opperman 2012).

The proposed restoration of 10,000 acres of seasonally inundated floodplain habitat and the
increase in flooding in the Yolo Bypass are expected to increase the amount and value of accessible
rearing habitat for juvenile salmon and splittail. For salmon, the intent is to route salmon away from
the interior Delta and through habitat that is favorable for growth. These expected benefits are
supported by a number of existing studies (e.g., Sommer et al. 2001; Whitener and Kennedy 1999;
Moyle et al. 2007).

Extensive research on the Yolo Bypass and lower Cosumnes River, in addition to research in the
Sutter Bypass, indicates that native fish such as Sacramento splittail and juvenile Chinook salmon
show enhanced growth and fitness when they have access to floodplain habitats (Swenson et al.
2003; Moyle and Grosholz 2003; Sommer et al. 2001, 2004; Crain et al. 2004; Ribeiro et al. 2004;
Feyrer et al. 2004). (See Appendix 5.C, Flow, Passage, Turbidity, and Salinity, for more detail
regarding the growth benefits for salmonids as a result of CM2 Yolo Bypass Fisheries Enhancement.)
Floodplain restoration also is expected to increase the export of production downstream, providing
increased food supplies (phytoplankton, zooplankton, insects, and small fish) for pelagic fish species
such as delta smelt and longfin smelt (Kneib et al. 2008). Studies indicate links between carbon
produced on floodplains and the downstream foodweb (Sobczak et al. 2005; Opperman et al. 2010).
Ahearn et al. (2006) found that floodplains that are inundated in pulses can act as a “productivity
pump” for the lower estuary. Lucas and Thompson (2012) concluded that the value of floodplains to
produce phytoplankton and detritus is enhanced because their seasonal inundation excludes species
such as Corbicula clams that may reduce production from downstream tidal marshes.

5.E.0.1.3 CM6 Channel Margin Enhancement

Development in the Plan Area has included extensive actions to stabilize and simplify the margins of
the Sacramento and San Joaquin Rivers. Extensive areas have been stabilized through rock rip-rap,
berms, and other structures. This has led to the loss of physical elements (e.g., woody debris, rocks)
and vegetation (emergent plants, woody riparian, and submerged aquatic vegetation [SAV])
associated with channel margin. Channel margins, shallow water areas, and banks can serve as
substrates for invertebrate communities that support foraging fish. The use of channel margin by
fish depends on species- and age-specific dietary preferences and foraging behavior. Isotope studies
indicate that the majority of fishes in littoral habitats have diets dominated by nearshore
invertebrates such as amphipod grazers from SAV and epiphytic macroalgae. In the Delta, juvenile
Chinook salmon (both hatchery and untagged fish) feed predominantly on zooplankton and
chironomids (dipteran insects), with some amphipods derived from channel margin habitat and
other littoral sources (Grimaldo et al. 2009). Studies of littoral habitats in the Pacific Northwest have
found that sub-yearling juvenile Chinook salmon feed primarily on amphipods (Corophium spp.),
dipteran insects, and some zooplankton (Daphnia spp.), with a shift in diet from insects to
amphipods and larval fish as juveniles increase in length and move toward the estuary mouth
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(McCabe et al. 1986 and Bottom and Jones 1990 as cited in Lott 2004). Delta smelt and other pelagic
species are not expected to benefit from food resources in channel margin habitats, because they
typically are associated with open-water habitat.

The value of channel margin habitat enhancement for salmonids will be increased, if located along
the major migration routes and linked to other important habitats through the Delta. Evidence from
the northwest United States suggests that connectivity of foraging habitat (e.g., the length, condition,
and complexity of pathways) affects the importance of habitats to juvenile Chinook salmon. For
instance, juvenile Chinook salmon were less abundant in dendritic tidal channel systems as distance
from the main distributary channels increased (Beamer et al. 2005 cited in Fresh 2005). However,
recent work in the San Francisco estuary, including the Plan Area, has shown occupation of very
small intertidal dendritic channels (Gewant and Bollens 2011).

There is some indication that channel margin could be extremely important rearing habitat in years
with low precipitation when floodplains are not functioning. A study by McLain and Castillo (2009)
found that densities of Chinook salmon fry in the Sacramento River and Steamboat Slough were
higher compared with Miner Slough and Liberty Island Marsh during a low outflow year. Fry
apparently bypassed marshy habitats at the downstream end of the Yolo Bypass because outflow
during the winter was relatively low and flows into the Yolo Bypass were negligible (McLain and
Castillo 2009).

5.E.0.1.4 CM?7 Riparian Natural Communities Restoration

Riparian woodland and forest historically occurred in the Delta in large stands that followed major
river channels and floodplains, particularly along the mainstem Sacramento River and San Joaquin
River at the southern edge of the Plan Area (Whipple et al. 2012). Forest clearing, changes in river
hydrology, and channelization has resulted in a reduction from historical levels of riparian
woodland and forest by over 75%. The BDCP will restore 5,000 acres of riparian forest and scrub in
the Delta, an increase of 29%, primarily in association with restoration of tidal and floodplain
habitats and channel margin enhancements. Riparian habitat restoration is anticipated to increase
inputs of organic material to adjacent channels, resulting in increased aquatic productivity,
increased extent of shaded riverine aquatic habitat, and increased production and export of
terrestrial vertebrates into the aquatic ecosystem.

Riparian vegetation influences the food chain of a stream by providing organic detritus and
terrestrial insects. Riparian vegetation also controls aquatic productivity dependent on solar
radiation (Meehan 1991).

Although the covered fish species do not rely primarily on riparian habitat, they are directly and
indirectly supported by the habitat services and food sources provided by the highly productive
riparian ecosystem, particularly during flood flows when riparian habitats are inundated. Riparian
vegetation is a source for organic material (e.g., falling leaves), insect food, and woody debris in
waterways and can influence the course of water flows and structure of instream habitat. This
debris is an important habitat and food source for fish, amphibians, and aquatic insects (Opperman
2005).

Salmonids rely on riparian shade and the resulting cooler water temperatures that control basic
metabolic processes. Salmonids also benefit from contributions of the riparian community to the
aquatic foodweb in the form of terrestrial insects and leaf litter that enter the water. Riparian
vegetation also supports the formation of steep, undercut banks that provide cover for salmonids.
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5.E.0.2 Evaluation Methods

This appendix uses both quantitative and qualitative methods to estimate the effects of the proposed
restoration activities. In addition to literature review, these methods include a habitat suitability
index (HSI) approach, which is based on data obtained from trawls and CALSIM, DSM2, and RMA
Bay-Delta model outputs, and a Habitat Productivity Analysis. The habitat suitability analysis
focuses on the direct benefits to fish in terms of increased habitat availability. The analysis of habitat
productivity considers the indirect benefits to fish from improved ecological functions in restored
habitats, with a focus on food production. A summary of methods for each conservation measure is
provided below.

5.E.0.2.1 Methods for Evaluating Tidal Marsh Restoration (CM4)

The potential value of the CM4 restoration for most covered fish species was evaluated in terms of
(a) habitat suitability of the restored habitat for covered fish species, and (b) the potential
contribution of the restored environments to phytoplankton production and the Delta foodweb.

5.E.0.2.1.1 Habitat Suitability

Restoration proposed under CM4 for delta smelt, longfin smelt and juvenile salmonids was
evaluated using a habitat suitability approach (Schamberger et al. 1982). The habitat suitability
method captures knowledge about the habitat requirements of species in the form of ratings that are
integrated to derive an HSI. The HSI is a measure of habitat condition with respect to the species/life
stage requirements. The species-specific HSI then is applied to the total quantity of available or
restored habitat to derive habitat units (HUs). HUs are the interpretation of the habitat types (e.g.,
deep water, intertidal, shallow water) from the perspective of a species and life stage.

Habitat Suitability Analysis was done for delta smelt, longfin smelt, and salmonids (juvenile foragers
and migrants). Habitat requirements and models used in the analysis were developed through
extensive consultation with regional species experts, by reference to published scientific literature,
and by analysis of existing data from regional monitoring programs. There was insufficient
information to construct suitability models for sturgeon and lamprey. The habitat suitability
approach was not used for splittail at this time because of the very broad tolerances of splittail for
conditions in the Plan Area. Instead, potential benefits for splittail were evaluated qualitatively.

Habitat suitability indices for delta smelt, longfin smelt, and salmon were based on suitability ranges
for salinity, temperature, and turbidity for individual life stages. These suitability indices were
combined with habitat preferences based on depth, substrate, and vegetation to calculate HUs for
the acreage strata. While these parameters do not represent the entire suite of possible
characteristics of habitat, these parameters were the ones for which evidence of a relationship to the
species exists and for which future projections of conditions under the BDCP could be made through
modeling or supposition. Consideration of additional parameters will be needed during actual site-
specific restoration.

For delta smelt, all life stages were considered because the entire extent of species habitat occurs
within the Plan Area. For longfin smelt, the analysis only considered egg (spawning) and larval
stages because other life stages generally occupy habitat outside the Plan Area in San Francisco Bay.
For salmonids, all spawning was assumed to occur outside the Plan Area and adult passage through
the Delta was not evaluated in the habitat suitability analysis. Instead, the analysis focused on two
juvenile behavior forms, foragers and migrants, which spend time in the Delta and are affected by

Bay Delta Conservation Plan November 2013

5.E-vii

Public Draft ICF 00343.12



[OSR NS

14

15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Habitat Restoration Appendix 5.E

CM4 restoration. Only juvenile and adult life stages of splittail were assumed to occupy the
subregions addressed in CM4, whereas most spawning occurs upstream in Yolo Bypass and other
areas not included in CM4.

The habitat suitability analysis used two types of data: estimates of acres by depth strata that would
potentially be restored under a hypothetical restoration footprint and estimates of temperature,
salinity, and turbidity at points within the BDCP permit term. Acres of habitat strata in each
geographic subregion under the hypothetical footprint were estimated using GIS. Temperature and
salinity changes that could occur in the future as a result of CM1 Water Facilities and Operation were
evaluated using DSM2 and other models described in Appendix 5.C, Flow, Passage, Turbidity, and
Salinity. No method currently exists to estimate turbidity in the Delta in the future. As a result, the
assumption was made for the analysis that turbidity in the Delta would remain constant. However,
regional variation in turbidity was included in the analysis using turbidity levels recorded in
regional monitoring programs.

5.E.0.2.1.2 Habitat Productivity

The analysis of habitat productivity was designed to assess potential foodweb enhancements that
may result from proposed tidal habitat restoration activities. The analysis examined two main
sources of foodweb support: phytoplankton production and marsh-derived production.

The potential of restored habitat under CM4 to enhance productivity in the Delta was evaluated
using an index of potential phytoplankton production based on a simple relationship between
phytoplankton growth rate and depth developed by Lopez et al. (2006). While it is recognized that
the production of food in the Delta is a complex process, the relationship between phytoplankton
production and depth is well established even if it is complicated by clams and other factors. In the
absence of an overall quantitative model for food, the depth relationship provides an easily
quantifiable index of one aspect of food and was used as a metric to compare potential food
production from CM4 restoration across the Plan Area and over the BDCP permit term. Their
productivity-depth relationship was applied to average depth within habitat strata of each
geographic subregion. Depth and acreage was estimated using GIS. Estimated phytoplankton
productivity from this relationship was weighted by the area of each depth strata to produce an
index termed “prod-acres” that was used to compare restoration potential at each implementation
period. Prod-acres is an index of potential phytoplankton production used to compare potential
benefits of restoration between areas and time periods; it is not used as an estimate of
phytoplankton production. As discussed above, while the value of shallow water areas to
produce phytoplankton is a generally accepted premise, the production of zooplankton food for
covered fish species is complicated by the presence of bivalve clams such as Corbicula that may
directly consume phytoplankton and decrease the production zooplankton that are food for covered
fish species. The conversion of phytoplankton to zooplankton food for covered fish species is also
complicated by hydrodynamic factors that may not result in transfer of phytoplankton to areas
where it can be consumed by fish species. Additionally, as described in Appendix 5.F, Biological
Stressors on Covered Fish, and in Appendix 5.D, Contaminants, other important regional actions may
also influence the actual food production in the Delta. Recognizing the complicated relationship
between restored habitat, other Delta stressors, and food for pelagic fishes, it was concluded that the
prod-acre relationship provided a useful index for comparing CM4 restoration benefits between
area and time periods relative to existing biological conditions.
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Other contributions to Delta productivity such as detrital pathways were considered qualitatively by
synthesis of available literature.

5.E.0.2.2 Methods for Evaluating Floodplain Restoration (CM5)

The potential benefit from CM5 restoration was evaluated based on a) increase in inundation
acreage that provides benefits to covered fish species and b) the occurrence of inundation and the
length of residence time in relation to the production of food resources for covered fish species.
Potential actions to restore seasonally inundated floodplains were configured into a set of
conceptual south Delta corridors, with each corridor being a delineation of actions such as levee
setbacks, creation of flood bypasses, riparian planting, and channel margin enhancement. A
combination of two or three corridors would need to be implemented (or portions of these
corridors) to achieve the requirement to restore 10,000 acres of seasonally inundated floodplain?.
The four geographic corridors are (two with two sub-options each) that were analyzed as
alternative scenarios to achieve the 10,000 acre restoration goal of CM5 are as follows:

1. San]Joaquin River

a. Corridor 1A: Levee setbacks on both banks of the San Joaquin River from Vernalis to
Interstate 5.

b. Corridor 1B: An alternative version of Corridor 1A along the San Joaquin that includes only a
right-bank levee setback and connection of Walthall Slough with the San Joaquin River via a
weir. Corridor 1B is assessed separately from Corridor 1A.

2. Paradise Cut

a. Corridor 2A: Expansion of the Paradise Cut flood bypass and modifications to Paradise Cut
weir.

b. Corridor 2B: An expanded version of Corridor 2A that also includes levee removal around
Fabian Tract. Corridor 2B is essentially Corridor 2A plus Fabian Tract. Fabian Tract is not
hydraulically modeled separately from Paradise Cut in terms of flood evaluations; however,
the flood and ecological benefits of Corridor 2B are examined discretely.

3. Corridor 3: Selected levee setbacks along Middle River on Union Island.

4. Corridor 4: Levee setbacks on Roberts Tract along the left bank side of the San Joaquin River and
on a short reach of the right bank of Old River.

Implementation of CM4 could use combinations of restoration from these four corridors to achieve
the 10,000 acre restoration goal of CM5.

Hydrologic Engineering Center River Analysis System (HEC-RAS) modeling was used to compare
existing habitat acreages with those restored under BDCP floodplain restoration scenarios. The
flow-related habitat criteria for floodplain spawning of splittail and rearing of salmon, along with
riverine and Delta food production (phytoplankton and zooplankton production on inundated
floodplains), were selected as key indicator species/processes to assess. An arbitrary minimum
threshold was set where it was assumed that 30% of a corridor’s new floodplain areas needed to be

1 As with the hypothetical restoration scenario for tidal natural communities, the south Delta corridors represent
potential restoration concepts, some of which may be implemented. Depending on further studies during Plan
implementation, floodplain restoration may be accomplished in other locations in the south Delta.
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inundated (along with the seasonality and duration requirements) in order for meaningful outputs
to accrue.

5.E.0.2.3 Methods for Evaluating Channel Margin Restoration (CM6)

The assessment of channel margin restoration was qualitative, although the Corps of Engineers
Sacramento River Bank Protection Project revetment database was consulted to summarize existing
habitats and species association. In addition, the qualitative assessment relied on review of
pertinent literature and the Delta Regional Ecosystem Restoration Implementation Plan (DRERIP)
evaluations of CM6.

5.E.0.2.4 Methods for Evaluating Riparian Habitat Restoration (CM7)

The assessment of riparian habitat restoration was also qualitative and relied on the current
scientific literature related to the ecological role of riparian vegetation as well as reviews of on-
going riparian restoration in the Central Valley.

5.E.0.3 Summary of Conclusions

The proposed tidal marsh, floodplain, channel margin, and riparian restoration measures (CM4,
CM5, CM6, and CM7) will increase access to suitable habitat for all covered fish species and restore
important ecological functions of the Delta. Considered as a whole, the restoration under these
conservation measures represents by far the most ambitious effort to date to restore habitat and
ecological functions in the Delta. The proposed restoration provides a mosaic of habitats for the
covered fish community that results in a wide diversity of habitat benefits; restoration of some areas
provides limited value for some species but greater benefits for others—a consideration that must
factored into evaluation of overall restoration benefits. For example, CM4 restoration in the South
Delta subregion provides limited benefits for delta smelt because of turbidity and temperature
limitations but provides greater benefits for splittail. Considered together, CM4, CM5, CM6, and CM7
greatly increase the natural environments in the Delta across the range of estuarine and riverine
environments in the Plan Area. This provides direct habitat benefits for covered fish species and
should enhance the normative ecological functions of the Delta. The restoration is also expected to
increase production of periphyton, phytoplankton, zooplankton, macroinvertebrates, insects, and
small fish that contribute to the local and regional trophic foodweb of each restoration area.
However, the extent of this foodweb benefit is uncertain.

Overall, the proposed restoration of aquatic habitats is expected to provide a significant benefit to
each of the covered fish species. This conclusion has a high uncertainty because of the unpredictable
effects of factors such as competing species (e.g., Corbula), hydrology, and other factors. The
significance of the benefits depends on the proportion of the species’ life history that is spent in the
Plan Area and therefore how long the species could potentially benefit from the restored aquatic
habitats. Species with long residence times in the Plan Area such as delta smelt and longfin smelt are
expected to substantially benefit from habitat restoration actions. Covered species such as
migratory salmonids spend only a few weeks per year in the Plan Area. Because of their relatively
short residence time in the Plan Area, natural community restoration actions are expected to
provide less benefit to those species.

Bay Delta Conservation Plan November 2013
Public Draft : ICF 00343.12



17
18

19
20
21
22
23
24

25
26
27
28

29
30
31
32
33
34

Habitat Restoration Appendix 5.E

5.E.0.3.1 CMA4 Tidal Natural Communities Restoration

Tidal natural community restoration would greatly expand the area of tidal marsh in the Delta.

Under the hypothetical restoration footprint, BDCP restoration is expected to add about

55,800 acres of subtidal and intertidal habitat for covered fish in the Delta by the end of the permit
term, representing a 54% increase in these communities relative to current levels2. The greatest
increase in tidal acreage would be in the South Delta, followed by Cache Slough, Suisun Marsh, West
Delta, and East Delta subregions; there is no restoration under CM4 in the North Delta or Suisun Bay
subregions.

Tidal natural community restoration would greatly increase the amount of suitable habitat
(measured in habitat units) for covered fish species over existing conditions, even with the
expected effects of climate change.

Habitat Suitability Analysis indicates that after tidal natural community restoration is fully
implemented by year 40, tidal natural community restoration should substantially increase habitat
for the species evaluated as compared to existing conditions. In the analysis, the greatest increase in
total HUs was for delta smelt (59% increase), followed by salmonids (50% increase), Sacramento
splittail (41%), and longfin smelt (39% increase).

Climate change (absent CM4) added to the aquatic area of the Delta through sea level rise but
decreased habitat suitability due to increased water temperature.

In the analysis, sea level rise associated with climate change increased the total aquatic acres in the
Delta by about 6% overall, primarily by adding area to deeper subtidal environments. Changes to
inflow to the Delta due to climate change generally decreased HSI values for most species by the
LLT, because of increased water temperature not related to the BDCP. Overall, climate change alone
increased HUs for salmonids and splittail by about 5% each followed by longfin smelt (4%) and
delta smelt (1%).

Habitat value (as measured by HSI value) for delta smelt, longfin smelt, and salmon was highest in
the “North Delta Arc” encompassing the Cache Slough, West Delta, and the Suisun Marsh
subregions. Habitat value was lowest for these species in the East Delta and South Delta
subregions where high temperatures and low turbidity reduced suitability.

In the analysis, HSI values for delta smelt were highest in Suisun Marsh, followed by Cache Slough
and the West Delta by year 40 when all restoration must be completed. The highest HSIs for longfin
smelt were in the West Delta, followed by Cache Slough, Suisun Marsh and the East Delta subregions.
HSI values were highest in Cache Slough followed by the West Delta and Suisun Marsh. High
temperature and water clarity in the East Delta and South Delta resulted in much lower habitat
value for all three species in these subregions.

2 The analysis evaluated a hypothetical restoration footprint developed in consultation with fish and wildlife
agencies that represents a likely scenario for tidal natural community restoration. The amount of aquatic habitat
created by the hypothetical footprint is less than 65,000 acres because approximately 10,000 acres is reserved as
“sea level rise accommodation area”. These areas are currently uplands adjacent to tidal wetlands but would be
expected to convert to tidal areas as sea level rises.
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Splittail are expected to benefit from the restoration of tidal marsh and floodplain habitats.

Splittail exhibit a wide tolerance for conditions in the Delta. Their abundance is believed to relate
more to the amount and duration of flooding of Yolo Bypass and other floodplain areas used for
spawning. Splittail are expected to benefit from the expansion of food production in tidal wetlands
due to the expanded flooding of Yolo Bypass (CM2) and, to a much lesser extent, other floodplain
areas (CM5).

Tidal natural community restoration has the potential to increase food production (as indexed by
prod-acres) by the end of the permit term and this restoration could enhance the Delta foodweb,
particularly in Cache Slough.

Potential food benefits from restoration were assessed using a depth-production relationship to
derive a comparative index of potential primary production (prod-acres) in current and restored
habitat. The increase in shallow marsh environments is expected to increase food for covered fish
species both locally and at the scale of the Plan Area. The expectation is that restored shallow areas
would promote production of tules and other native macrophytes that will increase the availability
of aquatic insects, other invertebrates, and detritus to augment food for covered fish species. The
change in the prod-acres index over the implementation period relative to the current level suggests
that, by the end of the permit term (LLT), restoration benefits to food production would be greatest
in Cache Slough followed by the South Delta. Prod-acre increases in the East Delta and Suisun Bay
were appreciably lower than in the Cache Slough and South Delta subregions. Prod-acre increases
were negligible in the West Delta and actually declined by the LLT in Suisun Marsh relative to
current levels due to the increase in deeper strata projected under CM4 restoration. Transfer of this
production to food for listed fish species could be complicated by potential consumption by clams,
nutrient levels in the Delta and hydrodynamic factors. However, benefits can be maximized by
restoration design and adaptive learning of restoration methods in the Delta.

5.E.0.3.2 CMS5 Seasonally Inundated Floodplain Restoration

CM5 expands the area of seasonally inundated floodplain in the south Delta and the Delta as a
whole.

BDCP restoration will modify flood conveyance levees and infrastructure to restore 10,000 acres of
seasonally inundated floodplain along river channels in the South Delta with 1,000 acres restored by
year 15 and another 9,000 acres by year 40 (CM2 floodplain restoration is evaluated in

Appendix 5.C, Flow, Passage, Turbidity, and Salinity). Most of the remaining floodplain in the Plan
Area is in the Yolo Bypass and along the Cosumnes River. These areas presently provide about
61,000 acres of floodplain. CM5 restoration of 10,000 acres in the South Delta represents a 16%
increase in floodplain area in the Plan Area.

Restoration of floodplains in the South Delta is expected to provide habitat for salmonids and
splittail.

The analysis of CM5 evaluated restoration potential for salmonids and splittail along the four
corridors described in Section 5.E.0.2.2, Methods for Evaluating Floodplain Restoration (CM5). Actual
floodplain restoration could be implemented using opportunities in one or more of the four
corridors to achieve the 10,000 acre restoration goal of CM5. Results of analysis of restoration
opportunities in the South Delta are summarized as follows.
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e The greatest increase in potentially inundated acres relative to current conditions, was in the
Fabian corridor (2B) which increased floodplain habitat for covered fish from 1,673 acres to
8,999 acres, an over 5-fold increase. The analysis assumed a threshold level of inundation that
would occur once every 4 years for up to 20 days to define fish habitat. A threshold flow of
15,500 cubic feet per second (cfs) was assumed to inundate habitat for salmonids and a
threshold flow of 11,600 cfs for splittail. With these habitat thresholds, hypothetical restoration
would inundate 6,895 acres for salmonids and 6,395 acres for splittail.

e Corridor 3, the analysis found that hypothetical restoration increased inundated area from
706 acres to 5,174 acres. Applying the fish habitat thresholds, this would increase inundated
floodplain habitat for salmon from 88 acres to 4,250 acres while splittail habitat would increase
from 33 acres to 3,800 acres in Corridor 3.

e The overall inundated area for Corridor 1A increased from 2,524 acres to 11,741 acres. Applying
the fish habitat thresholds, this increased salmon habitat from 910 acres to 3,500 acres and
increased splittail habitat from 412 to 2,000 acres.

e Total potentially inundated acres for Corridor 1B increased from 1,593 acres to 5,380 acres.
This resulted in an estimated increase in salmon habitat from 532 acres to 1,750 acres, while
splittail habitat increased from 213 acres to 1,200 acres using the fish habitat thresholds.

e Corridor 4 increased potentially inundated acres from 252 acres to 5,881 acres. Applying the
fish habitat thresholds, this hypothetical restoration increased salmon habitat from 252 acres to
4,600 acres and splittail habitat from 26 acres to 4,200 acres.

CMD5 restoration is expected to enhance ecological services provided by floodplains, including food
production.

Floodplains can potentially add significantly to Delta food resources (Lucas and Thompson 2012;
Opperman 2012). Restoration of floodplain under CM5 is expected to increase food resources and
provide rearing habitat for juvenile salmonids and splittail. Complex habitats that should form
between floodplains and adjacent river channels as a result of CM5 should provide refuge from
predators. Floodplain inundation supports the establishment of complex woody and scrub habitat
along the river channel and floodplain which is essential for riparian dependent birds and mammals;
floodplain vegetation can reduce sources of nonpoint pollution and improve water quality.

Splittail abundance in the Delta is believed to be largely limited by the availability of floodplain
spawning and rearing habitat (Feyrer et al. 2005). CM5 should increase the amount of floodplain
spawning habitat for splittail and create a corridor of habitats for emigrating salmonids and splittail.
Floodplain habitat created under CM5 should provide refugia during high-flow events that would
reduce stress on juvenile salmonids.

5.E.0.3.3 CM6 Channel Margin Enhancement

Channel margin enhancement under CM6 generally is expected to benefit covered fish species;
benefits to fish from the limited spatial extent of the measure will be most effective by targeted
selection of sites for enhancement based on existing poor habitat value and biological performance.

CM6 will enhance the condition of channel margins in the Plan Area.

The 20 miles of channel margin enhancement proposed in the Plan Area under CM6 represents
approximately 4% of the total length within these channels, a relatively small proportion. However,

Bay Delta Conservation Plan November 2013

5.E-xiii

Public Draft ICF 00343.12



O 00 3O Ul H» Wi -

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30

31
32
33
34
35
36
37
38
39
40
41
42

Habitat Restoration Appendix 5.E

by targeting areas that have been shown to have poor habitat value and biological performance
coupled with extensive occurrence of covered fish species, it is possible that channel margin
enhancement, together with associated restoration activities such as CM7 Riparian Natural
Community Restoration, can provide more than a proportional 4% increase in overall habitat value.
Such locations include the greatly altered reach of the Sacramento River between Freeport and
Georgiana Slough, for example. Additional research on existing biological performance (e.g., survival
studies of particular reaches for Chinook salmon fry) would complement the existing knowledge
regarding habitat value. Monitoring would inform the assessment of the change in habitat value
resulting from CM6.

CM6 will increase the extent of rearing habitat for covered species in the Plan Area.

The extent to which this enhancement will affect fish on a broad scale depends on the change in
overall habitat value relative to existing conditions. CM6 should increase rearing habitat for covered
fish species, particularly Chinook salmon fry (foragers). Enhancement and creation of additional
shallow-water habitat would provide refuge for foraging salmonids from unfavorable hydraulic
conditions and predation, and increase foraging habitat. Benefits for larger actively migrating
Chinook salmon juveniles and steelhead may be less than for smaller foraging Chinook salmon fry,
although the habitat may serve an important function as holding areas during downstream
migration (see below). Rearing habitat for Sacramento splittail is also likely to increase under CM6,
particularly given the species’ probable use of channel margins for spawning. Delta smelt and
longfin smelt may experience minimal increases in rearing habitat because they tend to occur away
from shore and are largely found downstream of the main channels proposed for channel margin
enhancement. The DRERIP evaluations suggested that there may be some rearing benefit to green
and white sturgeon from channel margin enhancement, although little is known about the rearing
use of this habitat by these species. Although little is known about Pacific lamprey and river lamprey
use of channel margin habitat, the species may benefit from enhancement that increases the area of
non-revetted substrate into which ammocoetes can bury; recent monitoring suggests that
ammocoetes may be relatively abundant in the substrates in the Plan Area.

CM6 will increase the connectivity of higher value channel margin habitat along important
juvenile salmonid migration routes in the Plan Area, with research needed to inform the efficacy
of the measure.

The focus of CM6 is to provide habitat along important juvenile salmonid migration routes, and,
therefore, the measure will improve longitudinal connectivity between patches of higher value
channel margin habitat. This is particularly necessary for reaches that have very low existing habitat
value and are heavily used by fish (e.g., the Sacramento River between Freeport and Georgiana
Slough). The efficacy of the measure may depend on the lengths of enhanced channel margin and the
distance between enhanced areas (i.e., there may be a tradeoff between enhancing multiple shorter
reaches that have less distance between them and enhancing relatively few longer channel margin
habitats with greater distances between them). Enhanced channel margin habitat in the vicinity of
the proposed north Delta intakes (upstream, between the intakes, and downstream) would provide
resting spots and refuge for fish moving through this area. Research would inform the extent to
which enhanced habitat is used by migrating salmonids and the extent to which the enhancements
limit negative effects of reduced flows and alteration.
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CM6 will increase connectivity between habitats created in other measures, particularly
floodplain (CM5).

Channel margins are the interface between the main channel and floodplains. Restoration proposed
under CM6 should add to the benefits of floodplain restoration by creating a normative sequence of
riverine, riparian and floodplain habitats.

CM6 has the potential to increase resting habitat within the Plan Area for migrating adult
anadromous covered fish species.

The 2009 DRERIP evaluation noted the potential for channel margin enhancement to increase
resting habitat for migrating adult Chinook salmon, steelhead, green sturgeon, and white sturgeon
as aresult of increased channel margin complexity (e.g., woody material) providing refuge from high
flows. Large wood, rocky alcoves and riparian vegetation provide resting and feeding habitat to
benefit juvenile salmonids.

CM6 has the potential to increase habitat in the Plan Area for nonnative fishes that prey on or
compete with covered fish species, which may offset some of the benefits for covered fish species.

A possible downside of restoration of channel margins is that restoration could provide habitat for
nonnative fishes, many of which are significant predators on covered fish species. The potential for
channel margin restoration to increase habitat for nonnative fishes, in particular littoral predators
such as largemouth bass, has been shown from studies of Plan Area channel margins. Habitat
features that may benefit covered species such as Chinook salmon fry also may support nonnative
species. Enhancement of channel margins with inundated vegetation or woody material may
increase predation risk if other features of the habitat support predatory fish (e.g., relatively steep
slopes and deeper water). The 2009 DRERIP evaluations of channel margin enhancement found the
potential negative outcome to be of similar or slightly lower magnitude than the positive outcomes
(e.g., increased rearing habitat; see above).

CM6 has the potential to increase the time spent within channel margin areas by covered fish
species, which may increase exposure to contaminants to a small extent.

CM6 also has the potential to increase the time spent in channel margin areas by covered fish
species, which may increase exposure to any toxins sequestered in sediments. As discussed in
Appendix 5.D, Contaminants, the primary toxins that could be present in the sediments are
pesticides and metals. Exposure may increase as covered fish species increase the time they spend
in areas with toxins. The 2009 DRERIP evaluation of this potential negative outcome suggested it
would be of minimal magnitude to covered fish species.

5.E.0.3.4 CM?7 Riparian Natural Community Restoration

Riparian areas and associated vegetation provide an array of ecological functions to terrestrial and
aquatic communities. Currently, less than 5% of valley floor riparian areas remain and much of that
is broken into small, unconnected patches. CM7 will restore up to 5,000 acres of riparian
environments.

Restoration of riparian areas under CM7 should provide direct habitat for natural communities
(terrestrial and aquatic) and enhance ecological functions associated with riparian environments. In
particular, the restoration should reduce nonpoint-source pollution and improve water quality due
to the filtering function of riparian vegetation. Shading provided by riparian vegetation will reduce
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water temperatures locally, enhance food for fish species through delivery of terrestrial insects, and
provide wood to enhance structure. Importantly, improved riparian areas will act as a buffer
between agricultural and aquatic areas, reducing runoff and agricultural impacts.
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Acronyms and Abbreviations

pg/L micrograms per liter

uS/cm microSiemens per centimeter

Bay-Delta San Francisco Bay/Sacramento—San Joaquin River Delta
BDCP Bay Delta Conservation Plan

CDFW California Department of Fish and Game

cfs cubic feet per second

CMs conservation measures

CvP Central Valley Project

D-1485 State Water Board Water Right Decision 1485

DCC Delta Cross Channel

Delta Sacramento—San Joaquin River Delta

DO dissolved oxygen

DOC dissolved organic carbon

DRERIP Delta Regional Ecosystem Restoration Implementation Plan
EBC Existing Biological Conditions

EC electrical conductivity or salinity

EHW extreme high water

ELT early long-term

EPA U.S. Environmental Protection Agency

FAV floating aquatic vegetation

FMWT Fall Midwater Trawl

GIS geographic information systems

HSI Habitat Suitability Index

HUs habitat units

IAV invasive aquatic vegetation

ICF ICF International

km? square kilometers

LLT late long-term

LSZ low salinity zone

LWD large woody debris

mg/kg milligrams per kilogram

mg/L milligrams per liter

MHHW average of the highest tide or mean higher high water
MHW average high tide or mean high water

MLLW average (mean) lower low tide elevation

MLW average of the low tide elevations or mean low water
mS/cm milliSiemens per centimeter

msl| above mean sea level
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MTL
NAVD88
NMFS
NT

POC
POD
POM
ppt
RMA
ROAs
SAV

SKT

SSC
State Water Board
SWP
USFWS
WwQCP
YOY

average (mean) tide elevation

North American Vertical Datum of 1988
National Marine Fisheries Service
near-term

particulate organic carbon

Pelagic Organism Decline

particulate organic matter

parts per thousand

Resource Management Associates
Restoration Opportunity Areas
submerged aquatic vegetation
Summer Kodiak Trawl
suspended-sediment concentration
State Water Resources Control Board
State Water Project

U.S. Fish and Wildlife Service

Water Quality Control Plan

young of year

Appendix 5.E

Bay Delta Conservation Plan
Public Draft

5.E-xxviii

November 2013
ICF 00343.12



w

O N O Ul s

11
12
13
14

15
16
17
18

19
20
21

22
23
24

25
26
27

28

29
30

31

32

33
34
35
36

Habitat Restoration Appendix 5.E

Appendix 5.E
Habitat Restoration

5.E.1  Organization of Appendix

This appendix provides an assessment of the benefits and adverse effects of restoration
conservation measures (Conservation Measures [CMs] 4, 5, 6, 7) on covered fish species under the
Bay Delta Conservation Plan (BDCP). The appendix is organized as follows.

Section 5.E.2, Introduction, provides background on the reasons for implementing restoration
in the Sacramento-San Joaquin River Delta (Delta) and the BDCP restoration objectives.

Section 5.E.3, Objectives, outlines the goals of the proposed aquatic habitat restoration activities
(CM4-CM7).

Section 5.E.4, Conservation Measure 4 Tidal Natural Communities Restoration, discusses
projected increases in suitable habitat for covered fish species resulting from the restoration of
tidal habitats in the Plan Area, along with an analysis of the potential increase in phytoplankton
production to support the pelagic foodweb.

Section 5.E.5, Conservation Measure 5 Seasonally Inundated Floodplain Restoration, describes
the projected benefits of floodplain restoration for covered fish species, with a focus on
spawning Sacramento splittail and rearing juvenile Chinook salmon and larval and juvenile
splittail.

Section 5.E.6, Conservation Measure 6 Channel Margin Enhancement, discusses the expected
benefits of habitat enhancements along channels that provide rearing and outmigrating habitat
for juvenile salmonids.

Section 5.E.7, Conservation Measure 7 Riparian Natural Community Restoration, describes the
restoration of riparian forest and scrub in the Plan Area in the context of flood control objectives
and managed upstream hydrology and potential benefits to both aquatic and terrestrial species.

Section 5.E.8, Monitoring and Adaptive Management, addresses the need for ongoing monitoring
and adaptive management of the restored habitats because of the uncertainties inherent in
ecological restoration.

Section 5.E.9, References Cited.

Attachment 5E.A, BDCP South Delta Habitat and Flood Corridor Planning, Corridor Description &
Assessment Document (ESA PWA 2012).

Attachment 5E.B, Review of Restoration in the Delta.

5.E.2 Introduction

The ecology of the Sacramento-San Joaquin River Delta and Suisun Marsh (collectively, the Delta)
has been greatly modified as a result of a variety of human activities. Historically, the Delta provided
a variety of habitats for resident and seasonally migratory fish species such as Sacramento splittail,
green and white sturgeon, and juvenile Chinook salmon. Today, the extent of tidal wetlands,
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seasonally inundated floodplains, riparian habitats, and channel margins has been greatly reduced.
The ecological values of these habitats for fish species include adult holding, foraging, and spawning;
egg and larval development; and juvenile rearing (Brown 2003).

The historical Delta was a vast freshwater wetland composed of numerous channels and islands, and
saltwater rarely extended much beyond the Carquinez Strait (Contra Costa Water District 2010).
Channel margins were vegetated with tules and bulrushes, while higher land supported shrubs and
willow forests (Thompson 2006). Seasonal high waters created natural levees along channels and
islands that had the saucer-like appearance of natural levees surrounding lower inland areas
(Thompson 2006). Inflow closely followed precipitation, with highest flows in winter and early
spring. Tidal wetlands, floodplains, and channel margins provided an array of habitats for resident
fish such as delta smelt and longfin smelt and seasonally migratory fish such as Sacramento splittail,
sturgeon, and juvenile salmon. These aquatic habitats provided primary production material in a
variety of forms, including detritus and phytoplankton, that supported zooplankton and a rich native
fish community.

European settlement of the Delta began in the mid-nineteenth century. Settlers very quickly began
blocking small tributaries and building modest levees to protect personal property. Larger-scale
modification of the Delta began in the 1860s when various consortiums raised money to construct
larger dike systems ringing islands such as Sherman and Twitchell Islands (Thompson 2006). Early
levees were constructed of peat mined from the interior of the islands. Subsidence of the islands was
an early problem due to mining of peat and the compaction and draining of peat soils. About the
same time, massive amounts of mining sediments from the Sacramento River entered the Delta,
filling channels and resulting in greatly increased levels of sediment movement through the Delta
and filled distributaries and open water (Nichols et al. 1986).

In the twentieth century channelization, dredging, and diking supported by federal and state funds
further transformed the Delta. Channels were consolidated, resulting in a simplified network of
relatively deeper channels and large islands (Moyle et al. 2010). Dramatic changes also occurred
upstream in the lower portions of the Sacramento and San Joaquin Rivers. Dams and storage
reservoirs were constructed to control flooding and provide irrigation and hydroelectricity. Shasta
Dam, the largest dam in the Central Valley Project (CVP), was constructed in 1946, and Lake
Oroville, the largest State Water Project (SWP) facility was constructed in 1968.

State and federal water projects significantly reduced freshwater inflow through the Delta, which
has contributed to the movement of saline conditions eastward of the historical condition (Nichols
et al. 1986; Contra Costa Water District 2010). Hydroelectric and flood control dams also altered the
season pattern of inflow. Dams now block sediment movement, and the supply of transportable
sediment has been diminished (Ruhl and Schoellhamer 2004).

As aresult of upstream flow regulation and water diversion, freshwater inflow to the Delta has been
greatly reduced, moving the freshwater-saline interface considerably east, while much of the
historical tidal marsh has been lost to diking, draining, and infill. The ecological implications of these
changes have been well documented (e.g., Kimmerer 2004) and are believed to have significant
impacts on covered fish species as well wildlife, plants, invertebrates and noncovered fish species.

Changes to the biological communities of the Delta include dramatic changes in populations of
native fishes. The Pelagic Organism Decline (POD) is a term applied to the recent sharp reductions in
delta smelt, longfin smelt, striped bass, and threadfin shad (Feyrer et al. 2007; Sommer et al. 2007;
Baxter et al. 2010). The causes for the decline are multi-faceted and have not been completely
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isolated through research. However, the decline of pelagic fish species coincides with changes in the
planktonic community in the Delta and the general availability of food for fish species (Lopez et al.
2006; Cloern and Jassby 2010; Kimmerer et al. 2012). Indices of delta smelt abundance improved in
2011, although returns of longfin smelt remain low
(<http://www.dfg.ca.gov/delta/data/fmwt/indices.asp>).

5.E.2.1 The Value of Ecosystem Restoration in the Delta

The Delta is a greatly altered, highly variable, and rapidly changing ecosystem (Matern et al. 2002;
Lund et al. 2007; Cloern and Jassby 2012). The Delta will continue to change and the future
ecosystem will be markedly different from its historical condition, with new species and processes
(Moyle and Bennett 2008; Lund et al. 2010; Cloern and Jassby 2012). Conditions in the Delta will
evolve regardless of the BDCP, because of climate change and urbanization and the shifting balance
between native and nonnative species. The past, while informative, is not necessarily the best
template for the future Delta. The BDCP provides biological goals and objectives that describe a
future condition that is expected to support native fish and wildlife in the Plan Area; a major way to
achieve this vision is the restoration of the Delta called for in the conservation measures.

CM4 would provide expansive restoration of Delta environments including restoration of 65,000
acres of tidal natural communities and transitional uplands, which is a 62% increase in wetted area
of the Plan Area. This measure would increase tidal environments across the Delta by 87% with an
increase in tidal environments of over 200% in Cache Slough and the South Delta. The type of
directed restoration envisioned in the BDCP provides an unprecedented opportunity to shape the
evolution of the Delta in ways that can benefit native species. The backdrop of ever-evolving
physical and ecological conditions in the Delta will increase the challenges and heighten the
uncertainties of restoration. As discussed in this appendix, significant uncertainties exist regarding
restoration at the scale of the BDCP including especially the transformative effect of nonnative
species on fundamental ecological processes. Nonetheless, the experience to date of accidental
changes and deliberate restoration in the Delta demonstrates the potential of large-scale restoration
to provide conditions and processes to enhance native species and ecosystems in the Delta.

Restoration of the Delta under the BDCP will be an ongoing process of learning from experience and
incorporating research, monitoring, and synthesis of new information. The BDCP provides an
unprecendented and unique strategic and coordinated approach that emphasizes the need to
improve restoration methods and learn from past experience. An experimental design that identifies
questions, prioritizes restoration projects, initiates investigations, and synthesizes results will be
needed to translate past experience into useful knowledge and to achieve the goals of the BDCP. The
precarious condition of many Delta fish species that is linked to changes in environmental
conditions (Baxter et al. 2010) indicates that restoration of Delta environments is essential to their
conservation and to management of native fishes in the Delta, notwithstanding the significant
uncertainties. The importance of restoration is heightened in the context of regional climate change
and resulting increased temperatures and sea level (Callaway et al. 2007). The BDCP provides a
clear and essential opportunity for large-scale restoration in the Delta aimed at restoring and
enhancing Delta ecosystems that include diverse communities of fish, invertebrates, wildlife, and
plants.
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5.E.3 BDCP Aquatic Habitat Restoration Objectives

An important component of the BDCP is the restoration of aquatic habitat in the Delta and Suisun
Marsh for covered fish species. This restoration is intended to provide habitat for covered fish
species and contribute to the restoration of the Delta ecosystem. Habitat refers to environmental
conditions relating to performance of a specific species (e.g., delta smelt habitat). In this appendix,
the term habitat should be interpreted generally as the collection of environmental conditions
relating to performance of covered fish species. Following the definition provided in the Ecosystem
Restoration Program’s (2011) Conservation Strategy for Restoration, ecosystem restoration is defined
as the process of facilitating the recovery of ecosystems that have been degraded, damaged, or
destroyed. It includes actions to reestablish interactions among habitat structures and functions that
lead to a sustainable and resilient ecosystem, but does not seek to recreate a specific historical
configuration of the restored environment, which is often not possible given the multiple interacting
stressors that have altered native habitats and biota. Consistent with this definition, the BDCP
defines restoration as “establishing a species’ habitat or a natural community in an area that
historically supported it, but no longer does so because of the loss of one or more required
ecological factors” (Chapter 12, Glossary).

There are three interrelated objectives of proposed BDCP habitat restoration.

1. Increase the amount, diversity, complexity, distribution, and connectivity of tidal wetland
(CM4), seasonally inundated floodplain (CM5), riparian woodland (CM7), and channel margin
(CM6) natural communities that support the covered species.

2. Restore the natural geomorphic, hydrologic, and biochemical processes that help maintain these
communities.

3. Increase productivity and enhance the Delta foodweb, with a focus on increasing the availability
of phytoplankton to support the foodweb passing through zooplankton to native fishes.

Specific actions are intended to improve habitat for covered fish in the following ways.

e Improve access to substantial areas of new tidal wetland, floodplain, riparian, and channel
margin habitats.

e Increase shallow-water intertidal and subtidal habitats that are compatible with existing
topography and elevations as well as future sea levels.

e Increase the geographic distribution of habitats in all regions of the Delta to increase the
diversity and connectivity of habitats available for fish in the Sacramento River and northern
Delta, the Cosumnes and Mokelumne Rivers in the eastern Delta, the San Joaquin River in the
southern Delta, the western Delta, and Suisun Marsh.

e Increase variation in water depths, tidal hydrodynamics, water velocities, residence times, and
salinity (EC, or electrical conductivity) gradients to support a range of fresh, saline, and brackish
water habitats.

e Facilitate the transport and exchange of sediments, nutrients, and organic materials that
contribute to habitat productivity both locally and downstream.

Recognizing the many uncertainties associated with ecosystem restoration, projects will be
designed with a phased approach and ongoing monitoring to facilitate adaptive management. If
results of monitoring identify adverse effects that would not support meeting the desired biological
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outcomes, the existing and future restoration actions would be modified and refined as part of
adaptive management.

5.E.4 Conservation Measure 4 Tidal Natural

Communities Restoration

5.E.4.1 Description

CM4 Tidal Natural Communities Restoration calls for restoration of 65,000 acres of tidal natural
communities and transitional uplands to accommodate sea level rise in the Plan Area. (Chapter 3,
Section 3.4.4.3.1, Minimum Restoration Targets). This would be done by breaching or eliminating
levees to increase the amount of tidal environments across the Delta. Specific restoration projects
have not been designated. However, restoration sites will be designed to support a variety of
habitats and an ecological gradient of shallow subtidal aquatic, tidal mudflat, tidal marsh,
transitional upland, and riparian habitats, and uplands (e.g., grasslands, agricultural lands) for sea
level rise accommodation, as appropriate to specific restoration sites.

Opportunities for restoration of tidal habitat have been identified in specific portions of the Plan
Area subregions. These Restoration Opportunity Areas (ROAs) are areas within the subregions that
have been identified as having particularly high potential for restoration (Figure 5.E.4-1). The
analysis below evaluates the potential restoration in the ROAs at the scale of the subregion. A brief
description of the different subregions is provided below, including location, connectivity to
adjacent water bodies, predominant land use and existing vegetation, topographic and bathymetric
data, and salinity ranges.

Of the 65,000 acres of tidal natural communities restoration (Objective L1.3), 20,600 acres must
occur in particular ROAs within the subregions, consistent with the following minimum restoration
targets.

e Suisun Marsh ROA: 7,000 acres of brackish tidal natural communities, of which at least 3,000
acres are tidal brackish emergent wetland and the remainder are tidal perennial aquatic and
tidal mudflat.

e Cache Slough ROA: 5,000 acres of freshwater tidal natural communities (tidal freshwater
emergent wetland, tidal perennial aquatic, tidal mudflat).

e Cosumnes/Mokelumne ROA: 1,500 acres of freshwater tidal natural communities (tidal
freshwater emergent wetland, tidal perennial aquatic, and tidal mudflat).

e West Delta ROA: 2,100 acres of freshwater tidal natural communities (tidal freshwater emergent
wetland, tidal perennial aquatic, and tidal mudflat).

e South Delta ROA: 5,000 acres of freshwater tidal natural communities (tidal freshwater
emergent wetland, tidal perennial aquatic, and tidal mudflat).

The remaining 34,400 acres will be distributed among the ROAs, or may occur outside the ROAs in
order to meet the biological goals and objectives described in Chapter 3, Conservation Strategy.

For purposes of evaluating the potential impacts of restoration, a hypothetical restoration footprint
was developed for each ROA. This hypothetical restoration footprint was developed based on a
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feasible scenario of tidal wetland restoration based on restoration suitability (surface elevation,
proximity to tidal channels), land status (ownership, parcel size), and other factors (see Chapter 4,
Covered Activities and Associated Federal Actions, for more discussion of how this hypothetical
footprint was developed). The hypothetical footprint is one configuration of restoration that could
result from implementation of CM4; actual implementation will depend on land availability,
topography, and adaptive learning about large-scale tidal restoration.
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5.E.4.2 Conceptual Model

Each fish species and life stage in the Plan Area has unique habitat requirements that will be
addressed by tidal habitat restoration to varying degrees. The BDCP will provide habitat of varying
types and suitability for different fish species and life stages. Suitable habitat is defined as an
environment with conditions within the physiological tolerances of the species at a time and place
necessary to support particular life stages. To be successful, a species must have suitable habitat to
support each of its successive life stages that are linked across time and space to complete the life
cycle of the species. Habitat conditions within the Plan Area affect covered fish species to varying
degrees in large part because of the length of time that each spends in the Delta. For example,
salmonids move through the Delta relatively quickly as juveniles and again as adults but spend the
majority of their life histories outside the Plan Area. Delta smelt, on the other hand, spend their
entire life history in the Plan Area.

Species performance in an environment reflects a complex, multidimensional balancing of many
factors. The list of dimensions defining habitat for a species is potentially quite long but includes at
least the following.

e Feeding and the ability of the species to find food of the correct type, in sufficient quantity under
conditions conducive to feeding.

e Physiological tolerances, which can differ markedly between life stages.
e Types of habitats associated with different life stages.
e Connectivity between habitats over the life history.

e Intra- and interspecies factors associated with competition and predation.

Each of these axes of habitat suitability has associated with it environmental attributes, some of
which can be quantified and measured. For example, attributes of physiological tolerance could
include temperature, salinity, and oxygen levels for which specific species tolerances can be defined
and condition measured in the field. Other attributes, such as habitat selection, may not be as clearly
defined and must be inferred from distributional data.

Species do not always select optimal habitat conditions but instead balance different life cycle needs,
including the search for food, avoidance of predators, and physiological tolerances for temperature
and salinity, ultimately leading to successful reproduction. These needs define the habitat of the
species along multiple axes that are the basis for biological performance of the species in the
environment.

Habitat suitability for species habitat is defined by associations between species life stages and
physical factors that believed to exert a strong control on species performance. The analysis was
performed for delta smelt, longfin smelt, and salmonids. There was insufficient information on life
history, distribution, and habitat preferences of sturgeon and lamprey to perform a habitat
suitability analysis, and therefore possible impacts were evaluated qualitatively. Because of the wide
tolerances of splittail for conditions in the Delta, a habitat suitability index (HSI) was not done for
splittail at this time.

The habitat suitability analysis is based on a simple model that divides habitat into two elements:
environmental attributes and physical habitat (Figure 5.E.4-2). Environmental attributes are related
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to habitat quality and generally reflect physiological tolerances or behavioral cues that affect
productivity or survival. Environmental attributes incorporated into the models described below
include temperature, salinity, and turbidity, factors that frequently are discussed in relation to
distribution and performance of Delta fish species (e.g., Baxter et al. 2010). Specific suitability
relationships are described for environmental attributes and their suitability for species life stages
based on observed associations between with presence-absence data from Delta fish monitoring and
environmental conditions. These associations were used to create life-stage preference curves that
were used to calculate an overall HSI. The second component of habitat is physical habitat type.
Habitat types relate to habitat quantity and are measured in acres. As described further below,
habitat types were distinguished on the basis of attributes such as depth, topography, vegetation,
and tidal influence. Specific types of habitat are selected by species life stages based on the
availability of food, predators, or qualities associated with particular lifestage functions such as
reproduction. Physical habitat types relate to the capacity of the environment for the species. HSI
and habitat selection parameters adjust the acres of habitat types to produce Habitat Units (HUs) as
shown in Figure 5.E.4-2.

Habitat Units

—— Acres of habitat types ~———

Habitat Selection
HSI Ratings
Environmental Physical Habitat
Attributes Types
e  Temperature e  Depth
. Salinity e  Topography
e Turbidity e  Vegetation
e  Tidal Influence

Figure 5.E.4-2. Conceptual Model of Habitat Used in the Habitat Suitability Analysis

5.E.4.3 Consistency with Biological Goals and Objectives

CM4 will advance the biological goals and objectives as identified in Chapter 3, Conservation
Strategy, Table 3.4.4-3, Biological Goals and Objectives Addressed by CM4 and Related Monitoring
Actions. The rationale for each of these goals and objectives is provided in Chapter 3, Section 3.3,
Biological Goals and Objectives. Through effectiveness monitoring, research, and adaptive
management, described above, the Implementation Office will address scientific and management
uncertainties and ensure that these biological goals and objectives are met.
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5.E.4.4 Evaluation
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CM4 is intended to benefit covered fish species in two primary ways:
1. By increasing the amount of suitable habitat for each species.

2. By enhancing processes in the plan area that contribute to food that may be consumed by
covered species.

Existing and future habitat conditions in the Plan Area were analyzed using habitat suitability
analysis and literature review. The habitat suitability method computes an area-weighted index of
habitat suitability that is used to compare conditions spatially, over time between implementation
periods and between species. Suitability is computed from a set of attributes (e.g., habitat types,
temperature, salinity) that are compared to hypotheses about the preference of species life stages
with respect to these attributes. The result is a weighting of habitat from the perspective of the
covered fish species. Habitat suitability of current and restored habitat was analyzed for delta smelt,
longfin smelt, and salmonids. Habitat suitability was not evaluated for splittail because of their lack
of specific habitat preferences while suitability was not computed for sturgeon and lamprey because
of limited biological information. A literature review was conducted for all covered species and is
included in the analysis.

5.E.4.4.1.1 Habitat Suitability Analysis

Habitat suitability analysis compares actions in terms of habitat units, HUs, which are the area of
specific habitat types weighted by habitat suitability indices, the HSI. This method is conceptually
similar to the method used in Feyrer et al. (2011). An HSI is a unitless number from 0 to 1, where 0
indicates unsuitable conditions and 1 represents optimum habitat (Terrell et al. 1982). HUs are
simply the acres by habitat types weighted by the potential suitability of the habitat and by selection
by the life stage (Figure 5.E.4-2). The method used here is similar to the U.S. Fish and Wildlife
Service (USFWS) Habitat Evaluation Procedure (Schamberger et al. 1982). HSI ratings are based on
species-habitat relationships that document conclusions regarding habitat suitability for a given life
stage of a species relative to an environmental attribute such as temperature. HSIs are a commonly
used method and are a component of the USFWS Habitat Evaluation Procedure (HEP) (U.S. Fish and
Wildlife Service 1980) and a necessary component of the Instream Flow Incremental Methodology
(IFIM) (Armour et al. 1984; Crance 1987).

The HSIs are measures of physiochemical habitat conditions within a defined area with respect to
species- and life stage-specific requirements. Individual suitability models capture hypotheses
regarding how individuals of a given life stage perceive environmental conditions. Bovee (1986)
described three types of HSIs based on the data used to develop the relationships. Type 1 curves are
based on professional judgment with little empirical data. Type 2 or utilization curves are based on
habitat use and measures of conditions at specific sites where species or life stages are observed,
Type 3 curves are generalizations of Type 2 curves to define species preference based on frequency
distribution of habitats and species occurrence. The HSI curves developed for this analysis are of
Type 2 curves and were developed from data collected in state and federal monitoring trawls such
as the Fall Midwater Trawl (FMWT), supplemented by consultation with species experts. These data
record presence-absence of species along with environmental information to track the association of
species with particular conditions in the Delta.
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Habitat suitability ratings used in this analysis are indices of association between presence or
absence of fish life stages in various monitoring trawls and habitat conditions. As such, the HSIs
range from 0 to 1.0 (0 = avoided habitat, 1.0 = preferred habitat) that define the habitat condition or
value of attributes such as temperature, salinity, and turbidity. The value of the habitat suitability
factor is derived from species-life stage relationships that describe, for example, the temperature
association of a life stage. It is important to stress that fish can and often do inhabit areas where the
computed HSI value is less than 1.0. Further, an HSI based on recently observed associations
between species and conditions may reflect the best habitat available to the species but not
necessarily the optimal condition for survival. Habitat suitability analysis does not define habitat
needs relative to performance goals such as species recovery or abundance goals. In other words,
the analysis provides no assessment of whether habitat quantity or value is sufficient to meet
recovery or other management goals for the species. Instead, habitat suitability analysis provides a
basis for assessing the potential value of restored habitat and to compare benefits across the plan
area and between time period and species.

Habitat Suitability Indices

Habitat suitability of the environmental attributes was determined for individual species and life
stages based on multiple environmental attributes (e.g., temperature and salinity). Life stages were
selected for the analysis based on their occurrence in the Plan Area. For example, the HSI models for
salmonids did not include egg or adult stages because these life stages do not occur in the Plan Area.

Environmental attributes were selected for the analysis based on three criteria.
1. Biological relevance to the species in the Plan Area.

2. Availability of data at the scale of the analysis.

3. Potential to project conditions into the future based on covered activities.

Biological relevance relates to the dimensions of habitat discussed above regarding feeding,
physiology, and habitat availability. The scientific literature discusses numerous factors that
potentially define habitat for the covered fish species in the Delta. However, the list of modeled
habitat factors is reduced by the other two criteria. To be used in the analysis, sufficient data had to
be available to describe the condition at the scale of the geographic subregion, and it was necessary
to be able to forecast conditions in the future with and without the BDCP either through modeling or
other conclusions. For example, planktonic food is an important factor in defining habitat for delta
smelt (Bennett 2005) that likely relates to the presence of certain species of zooplankton (Criterion
1). However, there is not sufficient data to characterize zooplankton abundance or community
structure at the scale of the subregion (Criterion 2), nor is there the ability at this time to project
zooplankton response to future conditions. To incorporate a measure relating to feeding, turbidity
was used in the analysis based on its association with delta smelt. The association between delta
smelt distribution and turbidity has been suggested to reflect feeding success and avoidance of
predators (Bennett 2005) although the association could be due to other factors. Food is not
included in the HSI because of the lack of means to model food production at this time; however, an
index of food production potential is developed below to compare food production potential
between areas and implementation periods. There is sufficient information collected as part of the
regional fish monitoring programs to characterize turbidity in the subregions (Criterion 2). At the
present time there is no model available to project turbidity in the future, although there is reason to
expect that turbidity in the Delta may decline in the future (Ruhl and Schoellhamer 2004).
Recognizing the strong association with delta smelt presence, turbidity was used as a factor in the
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1 delta smelt model, but turbidity was assumed not to change over the implementation period
2 (Criterion 3).
3 Hamilton and Murphy (unpublished data 2012, in review) evaluated many of the same
4 environmental attributes used in this analysis for their utility in defining habitat affinity for delta
5 smelt life stages. Their intent was to identify currently available areas in the Delta with high
6 potential for restoration to benefit delta smelt. They concluded that turbidity, temperature, and
7 salinity were usable predictors of delta smelt occurrence. In addition, they found calanoid copepod
8 density to be associated with delta smelt abundance for juveniles and subadults during some
9 months. Hamilton and Murphy also evaluated attributes related to depth, proximity to wetlands, and
10 amount of shallow-water area. These structural habitat elements are partially captured in the
11 physical habitat types delineated as described below. Habitat types were used in this analysis
12 because they could be clearly and relatively easily projected into the future to predict the changes
13 resulting from BDCP restoration. The results of Hamilton and Murphy regarding patterns of suitable
14 habitat across the Delta analysis were generally consistent with those of this analysis.
15 The HSI relationships in the individual species models were used to compute 0-1 rating values
16 based on both modeled and observed environmental data. For each species evaluated (delta smelt,
17 longfin smelt, salmonids, and splittail), specific characteristics were assigned ratings for each life
18 stage (Table 5.E.4-1).
19 Table 5.E.4-1. Environmental Attributes Used in the Species Habitat Suitability Models
Species Life Stage Attributes Used in the Model
Delta smelt egg-larvae Temperature, salinity, habitat type
Delta smelt larvae Temperature, salinity, turbidity, habitat type
Delta smelt juveniles Temperature, salinity, turbidity, habitat type
Longfin smelt egg-larvae Temperature, salinity, habitat type
Longfin smelt larvae Temperature, salinity, turbidity, habitat type
Salmonid juveniles Temperature, turbidity, habitat type
20
21 HSIs were calculated for four scenarios for five water-year types. HSIs were calculated for an
22 attribute (e.g., temperature) for a species life stage (e.g., delta smelt larvae) reflecting conditions in
23 an area (e.g., geographic subregion) for a scenario (e.g., evaluated starting operations [ESO]) for a
24 time period (e.g., LLT). For each life stage, HSI values were integrated across multiple attributes to
25 create a single HSI value for a life stage using the geometric mean of the individual attribute HSI
26 values:
- HSL; = XK X Fy
28 (Equation 1)
29 where
30 F = An HSI for a life stage reflecting conditions for an environmental attribute (e.g.,
31 temperature, turbidity, salinity) ranging from 0 (no suitability /unsuitable) to 1 (ideal
32 conditions).
33 The geometric mean is similar to an arithmetic mean, but it minimizes the effect of extreme values
34 (Sokal and Rohlf 1981). Because it is computed as the product of a set of suitability factors, the HSI
Bay Delta Conservation Plan 5 E-13 November 2013
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will go to zero (indicating that the habitat has no value for the species) if any single factor goes to
zero. HSIs are never negative (i.e., habitat can have no value to a species but a negative value is non-
sensical) although there can be negative change in HSI values between alternatives or time periods.

Habitat Units

As shown in Figure 5.E.4-2, HUs are computed by applying the HSI and habitat selection values to
the total quantity of available or restored habitat. HUs are indices of habitat potential that
incorporate habitat quantity (acres of habitat types), habitat selection, and habitat value (HSI). HUs
are a dimensionless index of habitat value for the species (Schamberger et al. 1982). While the
calculation of HUs is based on the estimated acreage that potentially would be flooded as a result of
habitat restoration, HUs are not the same as area and do not have the units of acreage. The actual
acreage potentially available to a species does not change. HUs evaluate these acres relative to the
needs of the given species and life stage. While it is instructive to compare habitat acreage and the
resulting HUs, the fact that HUs for a species life stage are less than the total area does not mean that
the acreage has decreased—it is simply “smaller” in terms of use or preference from the perspective
of the given species life stage.

The HUs help interpret the habitat types (Table 5.E.4-1) from the perspective of a species and life
stage. The determination of HUs incorporates the concept of key habitat types for different life
stages, which involved consideration of the potential of life stages to select particular types of
environments over others; for example, delta smelt are assumed to preferentially select shallow
intertidal areas for spawning.

HUs are formalized as follows.

R
HU 5 = Z(HSIE-}- X Py X A,
(Equation 2)

where,

HSI = Habitat Suitability Index for a species life stage

P = life stage preference for habitat types

A = area of habitat types

i = species

j = life stage

k = geographic subregion

h= fish habitat types (e.g., deep, intertidal, shallow)

Habitat preference (P in Equation 2) is the potential selection of habitat types by a species life stage.
Physical habitat types were delineated based on static physical attributes such as geomorphology,
vegetation, and location. Selection of habitat types is often a life stage-specific relationship. For
example, salmon typically select riffles or pool tail-outs for spawning and do not select pools for
spawning, although pools may be preferred habitat for other life stages. HSI brings in dynamic
aspects of habitat such as temperature, salinity, and turbidity that overlie habitat affinity or
selection. For example, a type of environment might be selected by a species life stage (e.g., shallow
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intertidal areas for spawning delta smelt), but the habitat suitability may be low because of
temperature, water quality, or other habitat suitability attributes.

Limitations and Uncertainties

The habitat suitability analysis provides a structured, transparent approach to evaluating the
benefits of tidal habitat restoration for covered fish species. While limited because of scope and
current knowledge, it nonetheless provides an explicit structure within which to which to integrate
current understanding of habitat for each species and to project patterns of habitat suitability across
the Delta. However, some important limitations should be highlighted.

1.

The actual definition of habitat from the perspective of the target species is undoubtedly far
more complex than considered in this analysis. The observed association of species abundance
with environmental conditions reflects a complex, multidimensional balancing of species
lifestage requirements. An association between fish and certain conditions may be coincidental
rather than causal. An underlying assumption of an HSI is that fish congregate in areas with
suitable conditions and avoid areas with unsuitable conditions. However, species do not
necessarily select optimal habitat as defined by laboratory experiments. Delta smelt, for
example, might be found in areas where temperature or salinity is not optimal (though
tolerable), perhaps because of a lack of food or the presence of predators in optimal habitat.

Environmental attributes are often not independent and may have appreciable covariation that
is not accounted for in an HSI. Cross-correlations may result in coincidental or spurious
relationships.

The analysis depends on projections of environmental conditions (e.g., temperature, salinity)
that are derived from models operating at even larger scales than the geographic subregions.
To the extent possible, data were chosen from stations close to or within the ROAs in each
subregion. However, the success of a life stage in an environment is an entirely local, usually
small-scale phenomenon. Analysis at the scale of the ROA subregion effectively averages across
considerable spatial and temporal complexity in habitat conditions.

The analysis does not account for the connection of life stages across areas and time. To be
successful, fish need habitat of suitable quantity and value for each life stage at appropriate
transition periods. Life-history trajectories plot the habitat pathways that determine species
performance. However, an HSI considers each life stage and associated habitat in isolation.

Habitat suitability analysis does not consider explicitly whether habitat conditions are sufficient
or necessary to recover fish species. HUs can increase through restoration even though habitat
value declines. Habitat suitability analysis does not address whether increased HUs compensate
for reduced habitat value or if habitat conditions are sufficient to meet management needs.

Fish movements and the ability of species to find and occupy restored habitat are not accounted
for by an HSI, which assumes that the habitat will be occupied if it is encountered by the species
life stage. The degree to which the species is habitat-limited also is not considered by an HSI.

The habitat associations in the HSI models are based on observed distributions of species and
the conditions that exist in the Bay-Delta today. Because of the extent of alteration of the Delta
from historical conditions, the associations may not indicate ideal habitat but rather the best
that is available under present circumstances.

The analysis did not model turbidity over the implementation period because of a lack of tools
to project turbidity changes. As a result, it was assumed that turbidity would remain constant

Bay Delta Conservation Plan November 2013

5.E-15

Public Draft ICF 00343.12



O 00 3 O U1 W N =

10

11
12
13
14
15
16
17
18
19

20

21
22
23

24
25
26

27
28
29
30
31

32
33
34
35
36

37
38
39

Habitat Restoration Appendix 5.E

between scenarios. However, there is reason to believe that turbidity may decrease in the future
because of changes in sediment input and retention in the Delta (unrelated to the BDCP)
(Schoellhamer 2011), which would decrease the HSI values derived in this analysis.

The habitat suitability relationships used in this analysis are based on the best available scientific
information garnered from published scientific literature, monitoring and research data sets, and
consultation with regional species experts. The resulting relationships are valid conclusions from
the best available science but also reflect important limitations in scientific information. Ultimately,
they are best viewed as working hypotheses that can be tested and refined during Plan
implementation.

Data Sources for Habitat Suitability Models

Suitability models were derived from review of available literature, consultation with regional
species experts, and modeling of California Department of Fish and Wildlife (CDFW) trawl data. The
results of the analysis are captured as HUs that are the product of the area of various habitat types
and the HSI ratings for the same areas. The determination of HUs also incorporates the concept of
key habitat types for life stages that were rated in meetings with species experts from USFWS,
National Marine Fisheries Service (NMFS), CDFW, California Department of Water Resources
(DWR), and the U.S. Department of the Interior, Bureau of Reclamation (Reclamation), and the
ratings were applied after the habitat suitability analysis was performed. This allowed consideration
of life stages selecting particular types of environments over others.

5.E.4.4.1.2 Species Habitat Models

Habitat models were developed for each covered fish species listed below. However, it was
concluded that there was insufficient information upon which to build an HSI analysis for lamprey
and sturgeon. HSI models have been developed for the following species/species groups:

e Delta smelt
e Longfin smelt

e Salmonids

Delta Smelt Habitat Model

Potentially restored habitat was assessed for three delta smelt life stages:
e Egg-larvae (immediate post-hatch)

e Larvae (yolk sac to development of swim bladder and fins)

e Juveniles (actively feeding and swimming)

Consultation with species experts indicated that the egg stage of delta smelt was relatively
impervious to environmental conditions. However, juvenile delta smelt become sensitive to
environmental conditions as soon as they are exposed to the environment outside the security of the
egg. Because the egg-larvae stage addresses delta smelt at that critical transition from the protected
egg to the environment prior to commencing active feeding, it was used in this assessment.

An adult delta smelt life stage was not included after consultation with regional species experts. The
adult life stage was considered to be a transitory life stage between actively feeding juveniles and
spawning, and an HSI analysis was considered redundant. It was felt that the spawning aspect of the
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adult stage was adequately addressed by the yolk-sac larvae stage, and the rearing aspect of habitat
was captured by the juvenile stage.

For each life stage, simple conceptual models were developed as well as rating curves for attributes
associated with habitat value for each life stage.

Rating curves for larval and juvenile delta smelt were developed from analysis of standard
monitoring trawl data using General Additive Modeling (GAM) (Hastie and Tibshirani 1986) curves
depicting probability of occurrence. The GAM analysis was done developed by Matthew Nobriga
(pers. comm., unpublished data) based on CDFW sampling data using methods similar to those
described by Nobriga et al. (2008). Specifically, curves for salinity (EC), temperature (degrees
Celsius [°C]), and turbidity (Secchi disk reading) were developed for larval (20 millimeter [mm]
trawl data) and juvenile (FMWT data) delta smelt. For eggs, temperature relationships were
developed from temperature equations from Bennett (2005). Salinity for eggs used larval fish data
on the assumption that delta smelt adults would lay their eggs in salinity that is suitable for larvae to
survive. All the probability curves were standardized on a 0-1 scale to be suitable for HSI analysis.

Laboratory-based accounts of salinity preferences for species often differ from tolerance observed
in the field. To survive, species such as delta smelt balance several factors such as food availability,
temperature, osmoregulation, and predation. Fish may be able to survive in the laboratory at high
salinities, but to do so requires additional energy (food) such that the observed distribution with
salinity may be considerably different from that seen in the laboratory. Both temperature and
salinity affect the basic physiology of the organism, and extreme values can result in death. For these
reasons, temperature and salinity occur in all delta smelt life stage models.

Egg-Larvae

This life stage captures the transition from egg to larvae and occurs immediately pre- and post-
hatching. Delta smelt do not feed during this stage and are sustained by their yolk-sac. Yolk-sac
larvae lack development of fins and a swim bladder and are generally unable to swim but move in
response to flow (Bennett 2005). These fish are rarely captured in pelagic trawls because of their
small size and generally demersal behavior; however, they are captured in small numbers in the
CDFW 20-mm surveys. The life stage is assumed to occur coincident with the presumed delta smelt
spawning period from February to June (Bennett 2005).

The conceptual habitat model for the egg-larvae life stage includes two environmental factors:
temperature and salinity during the February to June period (Figure 5.E.4-3). Because they do not
feed, turbidity, which is assumed to affect feeding in later stages, is not used for this life stage.
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Figure 5.E.4-3. Conceptual Model for Yolk-Sac Larvae Life Stage of Delta Smelt for
Habitat Suitability Evaluation of Conservation Measure 4

Salinity

Delta smelt eggs appear to be quite tolerant of a wide range of salinity once they have “hardened”
(Bennett pers. comm.; Lindberg pers. comm.). It is hypothesized that the point of vulnerability to
salinity is the early yolk-sac stage immediately after hatching. Salinity suitability ratings for the egg-
larvae delta smelt were based on the 20-mm survey data for fish less than 20 mm and associated
salinity measured as EC. This includes both yolk-sac larvae as well as later, more developed larvae.
Lacking more specific data on salinity associations for larval delta smelt, the analysis assumed the
same salinity tolerances for both life stages. The data indicate a relatively broad range of salinity
tolerances up to EC values of about 4000, after which associations and suitability decline. Figure
5.E.4-4 compares the results from the GAM analysis of the 20-mm trawl data and the assumed HSI
relationship. The GAM line is a statistically fitted line associating observed presence-absence data
and environmental conditions; the HSI line is the relationship assumed for this analysis and is an
interpretation of the GAM line.
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Figure 5.E.4-4. Salinity Suitability Relationship for Delta Smelt Egg-Larvae Life Stage

Temperature tolerance (°C) of the egg-larvae stage was based on temperature requirements for
delta smelt eggs based on limited laboratory results. Baskerville-Bridges (reported in Bennett 2005)
provides measures of the success of hatching of delta smelt eggs at 10, 15, and 20°C. The highest
proportion of hatching occurred at 15°C with appreciably lower success at the two extremes. Based
on these results, an egg temperature suitability relationship was derived with the optimal condition
(suitability = 1.0) from 12 to 16°C (Figure 5.E.4-5).

Suitahility
© o = 2
[ = (=] [==]

2
=

Delta smelt egg-larvae temperature
suitability

=—g—H5I

—i—Bennett 2005

o

v/

0 5 10 15
Degrees Celsius

'

20

25

10 Figure 5.E.4-5.

11

Assumed Temperature Suitability Relationship for Delta Smelt Eggs

Bay Delta Conservation Plan
Public Draft

5.E-19

November 2013
ICF 00343.12



Ul b W -

)}

10
11
12

13

14
15

16
17

Habitat Restoration Appendix 5.E

Habitat Preference

Spawning of delta smelt has not been observed in the wild (Bennett 2005) but is inferred by the
spawning behavior of related species and by the occurrence of yolk-sac larvae in the 20-mm trawl
(Bennett 2005). Based on that evidence, it was concluded that delta smelt select shallow intertidal
areas for spawning and avoid deeper water (Table 5.E.4-2).

Table 5.E.4-2. Assumed Habitat Preferences for Delta Smelt Life Stages

Delta Smelt
Habitat Type Egg-Larvae Larvae Juveniles
Tidal Brackish 0.75 1 0.75
Tidal Fresh 0.75 1 0.75
Intertidal Mudflat 0.25 1 1
Shallow Subtidal 1 1 1
Deep Subtidal 0 1 1

Time Period

The spawning period was assumed to be from February to June (Nobriga and Herbold 2009).
Environmental conditions for salinity and temperature from this period for each scenario were
derived as described below and used in the suitability functions to evaluate suitability of conditions
for delta smelt eggs.

Larvae

A three-factor conceptual model was assumed for larvae along with habitat preference (Figure
5.E.4-6).
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. )

v
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Figure 5.E.4-6. Conceptual Habitat Model for Delta Smelt Larval Life Stage
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Turbidity

Delta smelt generally are found post-egg stage in higher turbidity conditions (Bennett 2005; Baxter
etal. 2010). Turbidity is believed to provide both protection from predators and a visual
background for discovery of prey (Bennett 2005). The assumed relationship for the HSI
computation was based on the association of turbidity with the probability of occurrence of larval
smelt in the 20-mm trawl survey (Nobriga pers. comm.). The assumed relationship follows the
observed relationship closely up to a Secchi disk value of about 60 centimeters (cm) (Figure
5.E.4-7). Regional species experts concluded that there was no reason to suppose the flattening of
the relationship at this point indicated a tolerance for increasing levels of water transparency
(increasing Secchi disk depth) and that suitability was likely to continue to decrease with increasing
transparency. The flattening in the 20-mm trawl data at 60 cm Secchi depth was believed to
represent a sampling artifact of standardizing the data between 0 and 1. On the basis of this
argument, the HSI relationship shown by the red line in Figure 5.E.4-7 was developed with agency
experts.

Delta Smelt Larvae Turbidity
Suitability

1.0
0.9
0.8
0.7

ity
=
o

0.5 —4—GAM (20mm survey)
0.4
0.3 == HSI
0.2
0.1

D-O T T T 1
0 50 100 150 200

SecchiDepth [cm)

Suitabil

Figure 5.E.4-7. Assumed Turbidity Suitability of Delta Smelt Larvae

Temperature

Temperature suitability for delta smelt larvae was based on the GAM curves of temperature with
larval probability of occurrence in the CDFW 20-mm trawl data (Nobriga pers. comm.) as well as
species summaries of Bennett (2005) and Nobriga and Herbold (2009) and consultation with
regional species experts. Based on these sources, the relationship in Figure 5.E.4-8 was developed
with an optimal temperature range (suitability = 1.0) of 15-20°C. On the advice of regional species
experts, this same relationship was used for delta smelt juveniles.
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Figure 5.E.4-8. Temperature Suitability for Delta Smelt Larvae and Juveniles

Appendix 5.E

The suitability of habitat for larval delta smelt with respect to salinity (EC) was based on GAM
analysis of salinity with the probability of occurrence of larvae in the 20-mm trawl developed by
Matt Nobriga (pers. comm.). The assumed relationship follows the observed relationship closely
(Figure 5.E.4-9). However, the relationship was not assumed to be as sharply peaked as was the case
in the observed data. Note that the larval HSI curve is the same as that used for the egg-larvae stage
(Figure 5.E.4-4).
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Figure 5.E.4-9. Assumed Salinity Suitability of Delta Smelt Larvae
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1 Habitat Preference

2 Based on consultation with regional species experts, it was assumed that delta smelt larvae have an

3 equal likelihood to be found in any of the habitat strata; in other words, habitat preference for larvae

4 was set to 1.0 for all habitat types (Table 5.E.4-2). Delta smelt are known to move between depth

5 strata and use tides to facilitate movement or to seek out suitable conditions (Aasen 1999; Baxter et

6 al. 2010).

7 Time Period

8 The larval period for delta smelt was assumed to be from March to July (Nobriga and Herbold 2009).

9 Environmental conditions for turbidity, temperature, and salinity from this period for each scenario
10 were derived as described below and used in the suitability functions to evaluate suitability of
11 conditions for delta smelt larvae.
12 Juveniles
13 A three habitat value-factor conceptual model plus habitat preference was assumed for juveniles
14 similar to that used for larvae, and the rationale for the model is similar to that discussed above for
15 larval delta smelt (Figure 5.E.4-10).

[ July-December j
Turbidity
y y
[ Temperature ]—» Juveniles Salinity )
Habitat Selection
16
17 Figure 5.E.4-10. Conceptual Model for Delta Smelt Juvenile Life Stage
18 Temperature
19 Temperature suitability for delta smelt juveniles was based on the same curve for temperature as
20 for larval delta smelt. It was the general opinion of agency experts that the 20-mm survey data curve
21 better depicted temperature suitability than the FMWT data. Based on these sources, the
22 relationship in Figure 5.E.4-8 was used with an optimal temperature range (suitability = 1.0) of 15-
23 20°C. On the advice of regional species experts, this same relationship was used for delta smelt
24 juveniles.
25 Salinity
26 The suitability of habitat for juvenile delta smelt with respect to salinity (EC) was based on GAM
27 analysis of salinity with the probability of occurrence of juveniles in the FMWT data developed by
Bay Delta Conservation Plan 5 E-23 November 2013
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Matt Nobriga (pers. comm.). The assumed relationship follows the observed relationship closely
(Figure 5.E.4-11). However, the relationship was not assumed to be as sharply peaked as was the
case in the observed data.

Delta Smelt Juvenile Salinity
Suitability

——GAM [FMWT survey)

— H S

Suitability
=]
wn

0 10000 20000 30000 40000 50000 60000

Electrical Conductance

Figure 5.E.4-11. Assumed Salinity Suitability of Delta Smelt Larvae

Turbidity

The rationale for inclusion of turbidity in the juvenile delta smelt model was the same as outlined
above for larvae; juvenile delta smelt are associated with areas of higher turbidity, which appears to
enhance feeding and perhaps predator avoidance (Bennett 2005). The turbidity suitability rating
was based on Nobriga and Herbold (2009) and Nobriga et al. (2008). The assumed relationship
closely follows that of Nobriga et al. (2008) and is compared to the FMWT data in Figure 5.E.4-12.

Habitat Preference

Based on consultation with regional species experts, it was assumed that delta smelt juveniles, like
larvae, have an equal likelihood to be found in any of the habitat strata; in other words, habitat
preference for larvae was set to 1.0 for all habitat types (Table 5.E.4-2). Delta smelt are known to
move between depth strata and use tides to facilitate movement or to seek out suitable conditions
(Aasen 1999; Baxter et al. 2010).

Time Period

The juvenile period for delta smelt was assumed to be from March to July (Nobriga and Herbold
2009). Environmental conditions for turbidity, temperature, and salinity from this period for each
scenario were derived as described below and used in the suitability functions to evaluate suitability
of conditions for delta smelt larvae.
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Delta Smelt Juvenile Turbidity
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Figure 5.E.4-12. Assumed Juvenile Delta Smelt Turbidity Suitability

Salmonid Habitat Model

Only the juvenile life stage of salmon was considered in this analysis. Adults were assumed to move
through the Delta quickly without feeding and would not be affected by the restoration of shallow
tidal marshes. Salmonids spawn in tributaries above the Delta. The analysis is non-species specific
and applies broadly to juvenile salmonids.

Foraging and Migrating Juvenile Salmonids

Two behavioral forms of juvenile salmonids were considered in the analysis. Juvenile salmonids,
especially Chinook salmon, exhibit an array of behaviors related to the use of the Delta (Miller et al.
2010). For purposes of this analysis, two juvenile behavior forms have been distinguished: foragers
and migrants. Foragers enter the Delta in spring and summer at a relatively young age. They
typically spend days to weeks in the Delta, where they feed and grow prior to moving into the ocean.
Migrants are a larger size and fully smolted when they enter the Delta and move through rapidly on
their way to the ocean. Migrants feed as they move through the Delta but less than foraging
salmonids. Salmonid populations may exhibit both behaviors, although typically one type
predominates. For example, fall-run Chinook salmon in the Sacramento River system are
predominantly foragers and most enter the Delta at a small size in their first spring or early summer.
Steelhead, in contrast, spend up to a year in upriver areas, have a marked smoltification, and migrate
rapidly through the Delta as larger 1-year-old smolts. Populations within the run groupings also
have characteristic proportions of foraging and migrating fish.

Similar Delta habitat suitability models were used for both salmonid behavioral forms. The
conclusion was that both forms have similar physiological tolerances for temperature and other
factors. The two forms differed in regard to their period of exposure to conditions in the Delta, with
foragers entering earlier and staying longer than migrants. They also differed in regard to their
habitat preferences, with foragers preferring shallow, nearshore areas and migrants preferring
deeper, offshore areas.
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Habitat suitability conclusions for foraging and migrating juvenile salmonids were similar but
differed in regard to their time period and duration within the Delta. A two-factor suitability model
was used for both behavior forms but differed in regard to habitat selection and time period (Figure
5.E.4-13 and Figure 5.E.4-14). Physiological tolerances of juvenile salmonids were assumed to be the
same for both foraging and migrating behaviors.

[ )

January-May
N )

[ Temperature ]—» Foragers Turbidity ]

Habitat Selection
(Shallow)

Figure 5.E.4-13. Conceptual Model for Foraging Juvenile Salmonids Developed for the
Habitat Suitability Analysis

( March-May w
. )

[ Temperature )—» Migrants Turbidity )

Habitat Selection
(Deep)

Figure 5.E.4-14. Conceptual Model for Migrating Juvenile Salmonids Developed for the
Habitat Suitability Analysis

Temperature affects the basic physiology of salmonids, and extreme values result in lowered
growth, delay of smoltification, and death (Marine and Cech 2004). Turbidity affects the prey
encounter and predator encounter rates (Gregory and Northcote 1993; Gregory and Levings 1998).
Salinity was not considered after consultation with agency experts who felt salinity was not a
limiting factor for salmonids because they are physiologically adapting to a changed salinity regime
as they move through the Delta. For these reasons, temperature and turbidity occur in the foraging
juvenile salmonid life stage model.
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Temperature

Temperature suitability for juvenile foraging salmon was based on the literature of previous
salmonid HSI studies, by analysis of migration survival in relation to temperature in the Delta,
laboratory studies, and consultation with regional species experts (Raleigh et al. 1986; Baker et al.
1995; Marine and Cech 2004). Based on these sources, the relationship in Figure 5.E.4-15 was
developed with an optimal temperature range (suitability = 1.0) of 8-16°C for both foraging and
migrating juvenile salmonids.

Salmonid Temperature Suitability
(Foragers and Migrants)

o
j \\

/ \
\

T T T T 1
0 5 10 15 20 25 30
Centigrade Degrees

Suitability
o o
B o

e
i

=
o

Figure 5.E.4-15. Assumed Temperature Suitability Relationship for Juvenile Salmonids

Turbidity

The rationale for including turbidity in the juvenile salmon model is that turbidity affects both
salmon feeding and their avoidance of predators (Gregory and Northcote 1993). Turbidity
preferences of juvenile salmonids have not been clearly delineated in the Delta. The hypothesis used
here is that habitat suitability for foraging juvenile salmonids is a balance between high turbidity
that protects juvenile salmonids from predators and successful foraging for drift, pelagic, and
benthic prey. The result is that there is an optimal mid-level of turbidity with lesser suitability at
higher and lower levels. Turbidity suitability rating for salmonids is relatively unknown in an HSI
setting, especially in the Bay-Delta. This suitability rating was based on Chipps Island trawl data
from the USFWS. The assumed relationship in Figure 5.E.4-17 closely follows that of salmon fry and
migrants frequency in relation to Secchi depth (Figure 5.E.4-16).
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Figure 5.E.4-16. Chipps Island Trawl Frequency of Occurrence Data on a 0-1 Scale
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Figure 5.E.4-17. Assumed Juvenile Foraging Salmon Turbidity Suitability

Based on consultation with regional species experts, it was assumed foraging juvenile salmon would
preferentially use shallow-water habitat for foraging; in other words, habitat preference was set to
1.0 for shallow-water habitat. It was thought that intertidal habitat would provide foraging benefits,
but to some lesser extent, so intertidal habitat was assigned a 0.8 out of 1.0. Deepwater habitat
(channels) was thought to provide the least foraging benefit and also increased predation risk and
was assigned a 0.2 out of 1.0. (Table 5.E.4-3). Migrating juvenile salmonids were assumed to prefer
deeper habitat and would be expected to spend less time feeding in shallow marsh areas. These
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habitat preferences are not assumed to be absolute but simply refer to general tendencies. Foraging
juvenile salmonids are migrating and use deeper water while migrants may feed as they move
through the Delta.

Table 5.E.4-3. Assumed Habitat Preferences of Juvenile Salmonid Stage

Salmonids
Foragers Migrants
Tidal Brackish 1 0.2
Tidal Fresh 1 0.2
Intertidal Mudflat 1 0.2
Shallow Subtidal 0.75 0.75
Deep Subtidal 0.2 1

Time Period

The months that juvenile foraging salmonids were thought to be in the Plan Area were from
January-May (Williams 2006) while migrating juvenile salmonids were assumed to be present from
March-May. Environmental conditions for temperature and turbidity from this period for each
scenario were derived as described above and used in the suitability functions to evaluate suitability
of conditions for juvenile foraging salmonids.

Longfin Smelt Habitat Model

Habitat suitability relationships were developed based on available literature (Rosenfield and
Baxter 2007; Rosenfield 2010) and consultation with species experts, particularly Randy Baxter,
CDFW (pers. comm.). Longfin smelt spend a limited portion of their life history in the Plan Area.
Longfin smelt move westward into San Francisco Bay and nearshore marine areas after the larvae
stage (Rosenfield 2010). Only spawning (egg-larvae) and larvae were assumed to occur in the Plan
Area and were evaluated using habitat suitability analysis.

Egg-Larvae and Larval Longfin Smelt

Conceptual models for the egg-larvae and larvae stages of longfin smelt were similar to those for
delta smelt. The egg-larvae stage was the pre-feeding stage and incorporated two factors:
temperature and salinity (Figure 5.E.4-18).
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December-March

[ Temperature j—» Egg-larvae Salinity j

Habitat Selection

Figure 5.E.4-18. Conceptual Model for Longfin Smelt Egg-Larvae Stage Used in the
Habitat Suitability Analysis

The larvae stage was assumed to actively feed, and therefore the additional factor of turbidity was
included (Figure 5.E.4-19).

W
)

( January-Apr
y p Il
L

Y

Turbidity

v

y Y

[ Temperature ]—» Larvae Salinity ]

Habitat Selection

Figure 5.E.4-19. Conceptual Model for Longfin Smelt Larvae Stage Used in the
Habitat Suitability Analysis

Temperature

Temperature suitability for longfin smelt eggs and larvae were based on published literature and
discussions with Randy Baxter of the CDFW (pers. comm.). Survival in relation to temperature in the
Delta was based on Baxter’s observation of the CDFW larval delta smelt and longfin smelt trawl data
and the CDFW 20-mm trawl data. Based on these sources, the relationship in Figure 5.E.4-20 was
developed with an optimal temperature range (suitability = 1.0) of 7-13°C for eggs and 7-20°C for
larval longfin smelt.
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Figure 5.E.4-20. Assumed Temperature Tolerance of Longfin Smelt Eggs and Larvae

Salinity

The suitability of habitat for larval longfin smelt with respect to salinity (EC) was based on a GAM of
salinity with the abundance probability of occurrence of larvae in the 20-mm trawl developed by
Kimmerer (2009). The assumed relationship follows the observed relationship closely (Figure
5.E.4-21). However, it was assumed that there was little decline in suitability at low salinity as was
the case in the observed data. This assumption was made based on the observation of longfin smelt
spawn within the limits of freshwater, such as Liberty Island and the Yolo Bypass toe drain, both of
which are characterized by very low salinity values (Conrad unpublished data).

Suitability

Longfin Smelt Salinity Suitability
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Figure 5.E.4-21. Assumed Longfin Smelt Salinity Suitability

Bay Delta Conservation Plan
Public Draft

5.E-31

November 2013
ICF 00343.12



O NV WN =

10

11

12
13

14
15

16

17
18
19
20
21

22
23
24
25

Habitat Restoration Appendix 5.E

Turbidity

Longfin larval turbidity curves were developed in consultation with Randy Baxter (CDFW), who is a
regional agency expert in longfin smelt ecology (Baxter pers. comm.). Baxter advised that like delta
smelt, larval longfin smelt benefit from higher turbidity. Turbidity is believed to provide both a
protection from predators and a visual background for discovery of prey. It was also his opinion that
as longfin smelt become older this is less of an issue and that juveniles are often found in fairly clear
water. This was the basis for taking the rating curve only down to 0.5 suitability in waters with over
1 meter of clarity (Figure 5.E.4-22).

Longfin Smelt Turbidity Suitability
1 =
0.8 \ B
\ ——HS)
£ 06
3 \
E 0.4
0.2
0 T T T )
0 50 100 150 200
SechiDepth [em)

Figure 5.E.4-22. Assumed Longfin Smelt Turbidity Suitability Curve

Time Period

Longfin smelt were assumed to occupy the Plan Area at times different from those of delta smelt
(Rosenfield 2010). The following time periods were assumed:

e Egg-Larvae: December-March

e Larvae: January-April

Habitat Preference

Although longfin smelt larvae generally are found near the water column surface (Rosenfield 2008)
where they might access shallow-water habitats, juveniles can adjust their position in the water
column (Rosenfield 2008) and tend to concentrate in deepwater environments (=7 meters)
(Rosenfield and Baxter 2007). Only a very small proportion of late-stage longfin smelt larvae would
be expected to occur in shallow tidal environments.

In consultation with agency experts, it was clearly thought that longfin smelt unlike delta smelt
prefer deepwater and channel habitat. The only exception to this was thought to be when the larvae
have underdeveloped fins and act more like particles than swimming fish. In accordance with this
idea, deep water (below mean lower low water [MLLW]) was considered valuable for all life stages
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of longfin smelt and was scored with a 1 symbolizing 100% suitability. Only the larvae stage was
thought to use intertidal (MLLW-mean higher high water [MHHW]) and shallow water (MHHW-
extreme high water [EHW]) and was scored a 1 for these habitats. All other life stages were given
0 scores for intertidal and shallow-water habitat (Table 5.E.4-4).

Table 5.E.4-4. Longfin Smelt Habitat Preferences Used in the Habitat Suitability Analysis

Longfin Smelt
Egg-Larvae Larvae
Tidal Brackish 0 1
Tidal Fresh 0 1
Intertidal Mudflat 0 1
Shallow Subtidal 0.25 1
Deep Subtidal 1 1

5.E.4.4.1.3 Analytical Design

Time Periods

Tidal natural communities restoration was evaluated for four scenarios representing time periods
and progressive implementation of actions over the BDCP permit term.

e Current. Conditions in the Delta prior to licensing and implementation of the covered activities.

Future time periods are measured from the issuance of the final BDCP permits and authorizations.
e Near-term (NT)—O0 to 10 years following implementation.
e Earlylong-term (ELT)—11 to 15 years following implementation.

e Latelong-term (LLT)—15 to 50 years following implementation.

Modeled Alternatives

The habitat suitability analysis evaluated habitat in the Plan Area in the NT, ELT, and LLT relative to
the current condition with and without the BDCP. The without-BDCP scenarios accounted for
climate change, including sea level rise, while the with-BDCP scenarios included both climate change
and covered activities for four scenarios, five water-year types and 1-3 life stages, depending on
species. Water-year types are defined below.

Future scenarios were evaluated relative to a baseline condition representing current conditions in
the Delta. The baseline assumed current habitat configuration and operational provisions specified
in the EBC2 (Existing Biological Condition) scenario. EBC2 includes the Fall X2 (the location of the 2
parts-per-thousand contour for bottom salinity) provisions of the Biological Opinion (BiOp) for the
Delta issued by the USFWS for CVP/SWP operations (U.S. Fish and Wildlife Service 2008) for Delta
water operations. The alternative baseline, EBC1, used in some HCP analyses, was not used in the
analysis of CM4. EBC1 does not include the Fall X2 provisions of the BiOp. EBC1 represents
operations that were used in the Delta for the last several years because of flow conditions.
However, the habitat suitability analysis evaluated conditions across a range of flow conditions,
some of which would invoke the Fall X2 provisions.
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The habitat potential of the Plan Area under the EBC2 baseline was compared to future scenarios
without CM4 (climate change only) as scenarios that include the CM4 habitat restoration as well as
the BDCP operations are described in Chapter 3, Conservation Strategy. The proposed BDCP
operations plus the tidal natural communities restoration under CM4 are referred to as the ESO. The
baseline habitat currently available was compared to that expected under the ESO scenarios in the
NT, ELT, and LLT periods. Conditions were compared with and without expected climate change
impacts that include sea level rise and an increase in water temperature. The resulting analytical
scenarios are listed in Table 5.E.4-5.

Table 5.E.4-5. Generalized Analytical Design for the HSI-HU Analysis of CM4

Time Period Without BDCP (Climate Change Only) = With Climate Change and BDCP
Current EBC2_Current EBC2_Current
Near-term (NT) EBC2_NT ESO_NT

Early long-term (ELT) EBC2_ELT ESO_ELT

Late long-term (LLT) EBC2_LLT ESO_LLT

5.E.4.4.1.4 Modeled Data

Derivation of Physical Habitat Extent

Physical habitat types (Figure 5.E.4-2) refer to the extent (acreage) of various types of aquatic
habitat that are present currently in the geographic subregions and what will be present in the
future given climate change and CM4 restoration. The acreage of tidal habitat currently and under
CM4 Tidal Natural Communities Restoration was evaluated with respect to three components.

1. Estimation of changes in wetted aquatic acres under a hypothetical restoration footprint.

2. Evaluation of the potential impacts of covered activities, including the hypothetical restoration
footprint, on habitat conditions for covered fish species.

3. Analysis of the potential impacts of the hypothetical restoration footprint on phytoplankton
production in the Delta in each ROA as described in the hypothetical restoration footprint.

The hypothetical restoration footprint was created in consultation with the management agencies to
provide a restoration scenario that could be analyzed with respect to benefits for covered fish
species. As described below, a GIS analysis evaluated acreages of various habitat types that could be
created under a hypothetical restoration scenario based on topography, possible dike or levee
breachings, and climate change. These acreage estimates then were evaluated in regard to their
suitability for covered fish species. The habitat suitability analysis considered the effects of change
in habitat acres as a result of restoration as well as the changes in Delta conditions resulting from
operational changes related to CM1 Water Facilities and Operation and the potential conditions that
could occur in the future because of climate change. Finally, the hypothetical footprint was evaluated
with respect to its potential impact on phytoplankton in the Delta. Phytoplankton is the base of the
Delta foodweb that supports covered fish species. The phytoplankton analysis relied on a simple
quantitative assessment and qualitative discussion.

The analysis of the three components will be discussed below; for each component, evaluation
methods will be described followed by results of the evaluation.
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Methods

Hypothetical Restoration Footprint

CM4 calls for the restoration of 65,000 acres of tidal natural communities and transitional uplands
to accommodate sea level rise in the Plan Area. Actual restoration over the course of the BDCP
permit term will depend on numerous factors, including the availability of restoration sites,
topography, and sea level rise associated with climate change. In addition, because restoration of
this scale has not been attempted in the Delta, there is much to learn about how to restore habitats
and what types of habitats are most needed to meet species needs. In short, it is impossible at this
time to describe the specific restoration sites and methods that will be used to implement CM4.
However, considerable discussion and planning of restoration needs in the subregions that will
guide restoration have occurred between managers and implementing agencies. Based on these
discussions, a hypothetical footprint of restoration in the Delta has been created and is described
below. The hypothetical restoration footprint lies within the ROA that is, in turn, within a geographic
subregion. The acres and types of habitats under this hypothetical footprint were carried forward
and evaluated in the habitat suitability analysis for covered fish species.

The hypothetical restoration footprint resulted in the addition of 59,349 acres of aquatic tidal
habitat in the Plan Area. The difference between the acres in the hypothetical footprint and CM4
represents practicalities of available restoration sites and Delta topography. The hypothetical
restoration footprint described below is only one of many possible restoration scenarios that could
result in restoration of more or fewer acres based on implementation realities.

Tidal Wetland Restoration Modeling

A GIS and hydrologic model (referred to as the RMA model) was used to estimate habitat areas for
current and potentially restored areas, with and without the effects of climate change. The analysis
considered habitat type, topography, bathymetry, tidal datums, and accretion to estimate the
amount of different habitat types under current and future conditions, as outlined in the following
sections.

Habitat Categories

The modeling of tidal habitats involved the characterization of the BDCP subregions in terms of
acreages represented by tidal elevation datums. Nine tidal wetland categories were defined and
mapped in GIS (Table 5.E.4-6). These tidal wetland categories were simplified for the analysis of
impacts on covered fish species into six fish habitat types (Table 5.E.4-6). Tidal wetland categories
and fish habitats are listed from the shallowest to deepest aquatic areas.
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Table 5.E.4-6. Characteristics of Aquatic Tidal Wetland Categories and Fish Habitat Types Used in
the Spatial Analysis

GIS Tidal Wetland Categories Fish Habitats Tidal Datums®
Ecotone Wetted fringe >EHW
High tidal brackish marsh Tidal brackish MHHW-EHW

Mid tidal brackish marsh
Low tidal brackish marsh

Total tidal freshwater marsh Tidal fresh MHHW-EHW
Intertidal mudflat Intertidal mudflat MLLW-MLLW +1 feet
Subtidal 1 Shallow subtidal MLLW-MLLW +6 feet
Subtidal 2

Subtidal 3 Deep subtidal <6 feet

a EHW = Extreme High Water; MHHW = Mean Higher High Water; MHW = Mean High Water; MLLW =
Mean Lower Low Water.

Topography and Bathymetry

The model analysis of restoration acreage used a base topography/bathymetry surface of Suisun
Marsh and the Delta based on Light Detection and Ranging (LiDAR)3 data from 2003-2008. The data
were prepared in GIS raster format and further analyzed for restoration impacts. In some locations,
the LiDAR data show the ground at intertidal elevations in areas known to be subtidal, presumably
because the LiDAR is showing the water surface and not the actual bathymetry. To correct for this,
the topography was adjusted from intertidal elevations to subtidal elevations in the following
locations: Little Hastings Tract, the southern tip of Liberty Farms, a small area west of the southern
tip of Prospect Island, Discovery Bay, Little Mandeville Island, Mildred Island, and Little Holland
Tract. The open-water parts of Little Holland Tract were adjusted to a constant slope from subtidal
up to higher elevations. Topography in the west Delta hypothetical footprints was edited to include
likely restoration grading.

To create a surface of the tidally connected areas, areas that are currently protected from tidal
inundation, or are expected to be in the future, were removed from the topography raster. Excluded
areas consist of agricultural areas, developed areas, and managed wetlands, as delineated by the
BDCP land-cover map, as well as areas managed by reclamation districts. The hypothetical
footprints were divided further into areas designated for restoration in the NT, ELT, and LLT time
periods.

Tidal Datums

The assessment used spatially varying tidal datums (EHW, MHHW, mean high water [MHW], MLLW)
as hydraulically modeled for each scenario. The tide data used a 10-meter grid that was converted to
surfaces for each scenario and tidal datum.

3 LiDAR (Light Detection and Ranging) is a remote sensing technique that is used in this case to measure surface
elevation to precise levels. An airborne laser is used to develop a high-resolution digital elevation map of the
surface.
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Accretion

The spatial modeling included the effects of sediment accretion. In Suisun Marsh, accretion is due to
both inorganic sedimentation and, where marsh vegetation exists, organic sedimentation. In the
Delta, accretion is due almost entirely to organic sedimentation in vegetated areas.

Accretion in Suisun Marsh was predicted using the Marsh98 model, a procedure that has been used
widely to examine marsh sustainability to sea level rise across San Francisco Bay (Orr et al. 2003).
The Marsh98 model is based on the mass balance calculations described by Krone (1987). This
procedure assumes that the elevation of a marsh plain rises to elevations that allow colonization of
vegetation at accretion rates that depend on the availability of suspended sediment and depth and
periods of tidal inundation. When the level of an evolving marsh surface is low with respect to the
tidal range, sedimentation rates may be high if the suspended sediment supply is sufficient.
However, as the marsh surface rises through the tidal range, the frequency and duration of flooding
by high tides are diminished so that the rate of sediment accumulation declines. Marsh98 estimates
these physical processes by calculating the amount of suspended sediment that deposits during each
period of tidal inundation and sums that amount of deposition over the period of record. Accretion
due to organic material also is added directly to the bed elevation at each tidal cycle.

A suspended sediment concentration of 50 milligrams per liter (mg/L) and an organic accretion rate
of 2 millimeters per year (mm/yr) were used for the Suisun Marsh ROA. These assumptions are
consistent with other regional sedimentation modeling for San Francisco Bay and Suisun Marsh
(e.g., Stralberg et al. 2011). For each cell in the topography raster, accretion was interpolated based
on the elevation of the cell and then added to raise the cell elevation to a maximum of EHW. For the
Delta, it was assumed that the existing vegetated marsh would be able to keep pace and transgress
over upland in response to sea level rise. No accretion is assumed to occur in unvegetated areas.

Hypothetical Restoration Footprint

Because the specific BDCP restoration areas have not been established and will not be known until
later in project implementation, the restoration areas are estimated using the hypothetical footprint
described above and used for the BDCP effects analysis (Chapter 5). For each topographic area
(within the hypothetical footprint, outside the footprint, and in marsh areas), tidal datum surfaces
were created to match the topography shapes. In Suisun Marsh, each 10-meter cell of topography
was accreted and then categorized based on the tidal datums at that cell (Table 5.E.4-6) using
MatLab. The existing marsh topography area was categorized separately to account for presumed
errors in the LiDAR data. LiDAR-derived elevations in densely vegetated marsh areas are often well
above high tide elevations because the LiDAR data measure elevation of the top of the vegetation. To
account for this, the existing marsh area in Suisun Marsh was categorized with the highest 18% of
marsh as high marsh, the middle 50% as mid-marsh, and the lowest 32% of marsh as low marsh.
These ratios are based on analysis of vegetation communities in the BDCP land-cover map.

In the Delta, the restoration sites defined by the hypothetical footprint and cells outside the
footprint (i.e., areas not restored to tidal wetland) were categorized in MatLab as marsh if they fell
between existing conditions MLLW and the current time step MHHW. This assumes that the bottom
edge of the marsh never drowns out, and the upper edge of the marsh migrates upslope with sea
level rise. The existing marsh in the Delta was assumed to remain marsh in all future time steps.

Three scenarios were modeled without the BDCP (EBC2, EBC2_ELT, and EBC_LLT). It was assumed
that the effects of sea level rise in the NT would be negligible; the habitat suitability analysis
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assumed that without BDCP restoration the EBC2_NT acreages were the same as the EBC2 acreages
to allow comparisons across scenarios with and without BDCP restoration. For the BDCP scenarios
(ESO_ELT and ESO_LLT), the footprints that are breached by that time step, the areas outside the
footprints, and the existing marsh were merged with the marsh taking the highest priority and the
areas outside the footprints the lowest. The area of each habitat in each hypothetical footprint for
each time step also was calculated.

Habitat Change over Time
Habitat changes over each implementation period were estimated as follows.
1. Defining initial site elevations.

2. Evaluating how the tidal frame could change over time as a result of sea level rise and the
breaching of hypothetical restoration sites.

3. Defining environmental types relative to the tidal frame.

4. Evaluating how site elevations may change over time in response to sedimentation.

Limitations and Uncertainties

The RMA model is a planning-level tool that uses simplifying assumptions to represent conditions
and processes such as topography, bathymetry, tide levels, and accretion. The model has the
following limitations.

e The topography and habitat mapping data used in the analysis contain known inaccuracies.
Known inaccuracies were corrected if they were judged to affect the use of results for planning
purposes. Additional inaccuracies may exist.

e Marsh transgression and sea level rise accommodation space are shown in some areas upslope
of leveed areas (e.g., east of Montezuma Slough, edge of eastern Delta), which would not actually
be subject to transgression. This limitation affects a relatively small acreage.

e The existing marsh area south of Prospect Island (fewer than 100 acres) is incorrectly mapped
as leveed under the Existing Conditions and No Project scenarios.

e Itwas assumed that the accretion of existing vegetated marsh in the Delta would keep pace with
sea level rise. This is generally expected to be true for average rates of sea level rise between
periods but may not be true toward Year 50, given accelerated rates of sea level rise over time.

Derivation of Environmental Attribute Data

Environmental attributes refer to measures of habitat value and enter into the habitat suitability
analysis through the HSI models (Figure 5.E.4-2). Temperature, salinity, and turbidity enter into
most of the HSI models (Table 5.E.4-1). Modeling derivation of data for temperature, salinity, and
turbidity for the HSI models is described below. Details are provided in Appendix 5.C, Flow, Passage,
Salinity, and Turbidity.

DSM2 Modeling of Temperature and Salinity

Temperature and salinity inputs to the analysis were derived from the DSM2 model. Use of the
DSM2 data allowed projection of conditions in the future due to climate change and BDCP
operations that could be related to other areas of the BDCP analysis. Average daily temperature and
average monthly salinity data from DSM2 were used as input to HSI analysis for several locations

Bay Delta Conservation Plan November 2013

5.E-38

Public Draft ICF 00343.12



S O 0 Ul WN =

13

14

15
16
17
18

19
20
21
22
23
24
25

Habitat Restoration Appendix 5.E

near each ROA. DSM2 stations were selected near the ROAs within the subregions. It was assumed
that the modeled values for each subregion would be representative of salinity and temperature in
newly inundated restored habitat in the hypothetical footprint, recognizing that this is a
simplification. In actuality, environmental conditions show appreciable variation within a subregion,
and specific restoration sites might have conditions that differ from the averages used for this
analysis.

DSM2 analysis for water years 1975-1990 was used to generate temperature and salinity data for
each of the model scenarios. EBC2, which includes the Fall X2 flow provisions called for in the
USFWS BiOp, was used to represent the current condition (U.S. Fish and Wildlife Service 2008). Data
were averaged for five water-year types as shown in Table 5.E.4-7.

Table 5.E.4-7. Water Years and Water-Year Types Used in DSM2 to Generate Temperature and
Salinity Data for HSI Analysis

Water Year Type

1975 Wet

1976 Critical

1977 Critical

1978 Above normal
1979 Below normal
1980 Above normal
1981 Dry

1982 Wet

1983 Wet

1984 Wet

1985 Dry

1986 Wet

1987 Dry

1988 Critical

1989 Dry

1990 Critical

UnTRIM Models of Sea Level Rise Effects on Salinity

Sea level rise associated with climate change would shift the location of salinity zones, frequency of
inundation, and depth. Those changes were accounted for using CALSIM outputs for the ELT and
LLT that include assumptions about the effects of sea level rise and restoration in the Delta on
hydrodynamics in the ROAs.

The salinity effects of sea level rise in the Bay and Delta channels were simulated with the 3-D
UnTRIM model for several assumed sea level rise increments from 15 cm to 150 cm. The calendar
year 2002 was used for the UnTRIM model study period. The model was previously calibrated and
matched this period without additional calibration adjustments. The analysis assumed a sea level
rise of 15 cm for the ELT and 45 cm for the LLT. The NT scenarios assume no sea level rise. The
adjustments for coupling ranged from 0.1 to 0.5 foot, with the adjustments varying spatially by
scenario. Hydraulic model geometry for the LLT With Project scenario includes deepening and
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widening of the major tidal channels in Suisun Marsh, as these channels are expected to be
deepened as part of either restoration implementation or scour in response to restoration.

The UnTRIM model results generally indicated that the effects of sea level rise on salinity at
Martinez and upstream at Chipps Island and Collinsville were linear with sea level rise. The results
for the ELT with 15 cm (0.5 foot) assumed sea level rise were about 33% of the effects simulated for
the LLT with 45 cm (1.5 feet) assumed sea level rise. The salinity effects at Martinez are the
cumulative effects of tidal dispersion (gradient mixing) and gravitational circulation (density
effects) between the Golden Gate and the Carquinez Strait. Tidal dispersion causes mixing along the
salinity gradient, and gravitational circulation allows salinity to move upstream near the bottom of
the channel. High flows increase velocity shear and cause vertical mixing that reduces the
gravitational effects. The depth profile and cross-section geometry influence these hydrodynamic
mixing processes.

This model includes the effects of salinity gradients and density effects on the tidal flows and allows
the “gravitational circulation” during moderate flow events to be evaluated. During moderately high
outflows, the fresh water (lower density) will flow near the surface of the estuary while seawater
(higher density) will tend to move upstream along the bottom of the channel. This increases the net
upstream mixing of seawater and increases the seawater intrusion effects in Suisun Bay and the
Delta.

The UnTRIM model simulates practical salinity units (psu), which is very similar to salinity as total
dissolved solids in grams per liter (g/1) so that ocean water has a salinity of about 32 g/l (parts per
thousand [ppt]) and about 32 psu. The measured salinity data are electrical conductance values
(normalized to 25°C). The modeled existing maximum Martinez salinity in the fall months when the
outflow was about 4,000 cubic feet per second (cfs) was about 20 psu (32,000 microSiemens per
centimeter [uS/cm]). The modeled existing maximum salinity at Chipps Island was about 7.5 psu.
The modeled existing maximum salinity at Collinsville was about 5 psu.

These results were incorporated into the DSM2 modeling and in the CALSIM modeling of required
Delta outflows for salinity control. The tidal models also were used to demonstrate the patterns of
tidal movement and mixing within the Delta (particle tracking). The increase in the average tidal
elevation at Martinez was about 44 cm for the 45-cm sea level rise assumed at the ocean boundary.
The UnTRIM model simulated a 5% increase in the average tidal prism (water volume between low
tide and high tide) for the 45-cm sea level rise case at Martinez. The average tidal prism is
proportional to the flood-tide flows (upstream) and ebb-tide flows (downstream) each day. These
increased tidal flows throughout the estuary may cause increased tidal dispersion (mixing) along
the salinity gradient, and cause the salinity at Martinez and upstream in the Delta to increase with
sea level rise.

Turbidity

There is no satisfactory method presently available to predict model turbidity across the Delta. In
order to incorporate turbidity into the analysis of restored habitat, empirical data were averaged
and used in each scenario. B. ]. Miller (pers. comm.) developed a physicochemical database for
sampling sites covered by various Interagency Ecological Program surveys that was used to
generate a single set of turbidity data that was used for HSI analysis for all scenarios. The Miller data
set used turbidity data from Delta fish monitoring efforts, breaking them into subregions very
similar to the BDCP but generally at a finer scale (see Figure 2 of Miller 2011). Data were matched to
each ROA by selecting the subregions that were contained in the BDCP delineations and then
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averaging those into one value for each month in the region. There is reason to believe that turbidity
in the Delta may be decreasing (clarity increasing) as a result of changes to the input of inorganic
suspended material as well as changes in plankton (Ruhl and Schoellhamer 2004; Wright and
Schoellhamer 2004). For this reason a more recent data set was used spanning water years 2000-
2011 (Table 5.E.4-8). Data were averaged by month and water-year type (Table 5.E.4-8). This
procedure makes the assumption that turbidity will not change appreciably over the BDCP permit
term, but will vary spatially between ROAs and between water years. As with the analyses of
temperature and salinity, it was assumed that turbidity estimates within a subregion (based on
survey data in existing water bodies) were representative of turbidity that might occur in areas
restored from terrestrial use (e.g., agriculture) to aquatic habitat.

Table 5.E.4-8. Water Years and Water-Year Types Used to Characterize Turbidity for All Scenarios
for HSI Analysis

Water Year Type

2000 Above normal

2001 Dry

2002 Dry

2003 Above normal

2004 Below normal

2005 Above normal

2006 Wet

2007 Dry

2008 Critical

2009 Dry

2010 Below normal

2011 Wet
5.E.4.4.2 Results

5.E.4.4.2.1 Physical Habitat Extent

Table 5.E.4-9 presents the calculated tidal acreages for the Plan Area subregions with and without
the BDCP. The without-BDCP estimates reflect expected changes in tidal wetland acreages over the
implementation period with sea level rise only. The estimates with the BDCP add the impacts of the
BDCP, including restoration under the hypothetical restoration footprint and operational changes.
Table 5.E.4-9 characterizes the entire geographic subregion, including both aquatic tidal habitat and
nontidal terrestrial habitats (nontidal natural communities). In order to characterize the entire Plan
Area, the table also includes acreage estimates for the Yolo Bypass subregion, which is not included
in CM4. In the hypothetical footprint, CM4 is projected to increase aquatic habitat by 55,800 acres*
across all geographic subregions, excluding the Yolo Bypass subregion. No restoration is assumed to
occur under CM4 in Suisun Bay or the North Delta subregions. Acreage changes for these two

4 As discussed above, the hypothetical restoration footprint represents one possible restoration scenario devised
by GIS analysts working with regional managers to identify restoration opportunities. The difference between
the estimated acres in the hypothetical footprint (55,800) and CM4 (65,000) reflects the realities of topography
and land use constraints encountered by the analysts.
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subregions represent sea level-rise effects only. The habitat suitability analysis used the acreages in
Table 5.E.4-9 for all subregions (excluding the Yolo Bypass) using the fish habitat types in Table
5.E.4-6. The sections that follow describe the conditions in each subregion before and after

restoration.

Table 5.E.4-9. Estimated Acres of Habitats in the BDCP Subregions by Time Period without BDCP (Sea
Level Rise Only) and with the BDCP? (Sea Level Rise + BDCP Restoration)

Tidal Wetland Category by

Without BDCP

(and with Sea Level Rise)

With BDCP

(and with Sea Level Rise)

Subregion Max Elevation | Current ELT LLT NT ELT LLT
Nontidal Natural Communitiesb 52,550 52,080 51,470 48,140 42,370 33,870
Ecotone EHW 720 800 450 1,430 1,890 1,610
Tidal Freshwater Marsh  MHHW 3,460 4,060 5,120 7,030 10,840 14,420

% | Intertidal Mudflat MLLW + 1 feet 840 440 0 800 240 0
ag Subtidal 1 MLLW 1,730 1,860 1,750 1,840 3,270 4,100
2 |Subtidal 2 MLLW -3 feet 1,600 1,810 2,030 1,700 2,260 3,870
5 Subtidal 3 MLLW -6 feet 2,990 3,060 3,380 3,050 3,240 6,480
Unmapped Tidal Natural Communities¢ 990 760 670 880 750 520
Subtotal 64,880 64,870 64,870 64,870 64,860 64,870
Subtotal Aquatic Habitatd 11,340 12,030 12,730| 15,850 21,740 30,480
Nontidal Natural Communities 88,450 88,400 87,740 88,470 88,430 88,140
Ecotone EHW 80 70 340 70 70 80
Tidal Freshwater Marsh  MHHW 280 350 1,000 250 330 680
% Subtidal 1 MLLW 210 170 120 200 170 100
2 Subtidal 2 MLLW -3 feet 290 290 310 290 290 240
§ Subtidal 3 MLLW -6 feet 2,890 2,930 2,960 2,910 2,930 3,080
Unmapped Tidal Natural Communities 530 510 250 550 520 410
Subtotal 92,730 92,720 92,720 92,740 92,740 92,730
Subtotal Aquatic Habitat 3,750 3,810 4,730 3,720 3,790 4,180
Nontidal Natural Communities 67,220 67,090 66,770 65,610 64,480 64,030
Ecotone EHW 180 200 220 190 220 200
e Tidal Freshwater Marsh  MHHW 5,100 5,250 5,590 6,330 7,470 8,020
E Subtidal 1 MLLW 1,200 980 710 1,230 1,030 350
g Subtidal 2 MLLW -3 feet 3,300 3,040 2,710 3,380 3,080 1,890
5 Subtidal 3 MLLW -6 feet 19,040 19,530  20,120| 19,300 19,800 21,660
= Unmapped Tidal Natural Communities 380 350 300 390 350 270
Subtotal 96,420 96,440 96,420 96,430 96,430 96,420
Subtotal Aquatic Habitat 28,820 29,000 29,350 30,430 31,600 32,120
Nontidal Natural Communities 69,580 69,530 69,440 65,540 63,800 57,680
-g High Tidal Brackish ~EHW 1,410 820 360 1,450 950 470
S |Marsh
§ Mid Tidal Brackish ~MHHW 3,700 3,670 3,140 3,730 3,860 3,210
'; Marsh
Low Tidal Brackish ~MHW 2,830 3,470 4,520 4,650 5,430 7,170
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Without BDCP With BDCP
Tidal Wetland Category by (and with Sea Level Rise) (and with Sea Level Rise)
Subregion Max Elevation | Current ELT LLT NT ELT LLT
Marsh
Intertidal Mudflat MLLW + 1 feet 280 260 240 1,390 1,890 2,030
Subtidal 1 MLLW 1,030 1,040 1,010 2,220 2,820 7,480
Subtidal 2 MLLW -3 feet 800 820 860 840 950 1,570
Subtidal 3 MLLW -6 feet 2,360 2,430 2,590 2,330 2,510 2,710
Unmapped Tidal Natural Communities 770 720 610 620 530 450
Subtotal 82,760 82,760 82,770 82,770 82,740 82,770
Subtotal Aquatic Habitat 12,410 12,510 12,720 16,610 18,410 24,640
Nontidal Natural Communities 40 40 40 40 40 40
High Tidal Brackish ~EHW 150 80 20 140 80 20
Marsh
Mid Tidal Brackish ~MHHW 560 540 200 560 540 450
Marsh
> | Low Tidal Brackish ~MHW 600 670 1,050 610 650 760
@ |Marsh
§ Intertidal Mudflat MLLW + 1 feet 140 110 75 150 100 60
é Subtidal 1 MLLW 1,760 1,480 1,000 1,850 1,350 750
Subtidal 2 MLLW -3 feet 7,230 6,640 5,360 7,425 6,230 4,150
Subtidal 3 MLLW -6 feet 11,040 11,970  13,820| 10,740 12,540 15,320
Unmapped Tidal Natural Communities 40 30 20 40 40 30
Subtotal 20,530 20,530 20,520 20,530 20,550 20,530
Subtotal Aquatic Habitat 20,450 20,460 20,460 20,450 20,470 20,460
Nontidal Natural Communities 95,830 95,680 94,690 93,090 92,830 92,370
Ecotone EHW 350 290 350 300 310 220
Tidal Freshwater Marsh  MHHW 1,570 1,800 3,090 2,730 3,050 3,730
% Subtidal 1 MLLW 280 230 180 1,530 1,380 930
E Subtidal 2 MLLW -3 feet 510 480 450 780 880 1,080
._'._,w“ Subtidal 3 MLLW -6 feet 3,210 3,300 3,370 3,280 3,320 3,580
Unmapped Tidal Natural Communities 890 860 510 940 870 740
Subtotal 102,640 102,640 102,640| 102,650 102,640 102,650
Subtotal Aquatic Habitat 5,920 6,100 7,440 8,620 8,940 9,540
Nontidal Natural Communities 293,400 293,130 292,560| 293,540 293,150 270,820
Ecotone EHW 840 670 470 820 700 1,330
Tidal Freshwater Marsh  MHHW 3,560 4,070 4,960 3,390 3,990 15,090
% Subtidal 1 MLLW 1,090 880 700 1,030 810 4,380
g Subtidal 2 MLLW -3 feet 2,310 2,170 1,980 2,260 2,070 7,570
§ Subtidal 3 MLLW -6 feet 12,090 12,440 12,810| 12,200 12,600 14,360
Unmapped Tidal Natural Communities 2,100 2,040 1,920 2,140 2,080 1,840
Subtotal 315,390 315,400 315,400| 315,380 315,400 315,390
Subtotal Aquatic Habitat 19,890 20,230  20,920| 19,700 20,170 42,730
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Without BDCP With BDCP
Tidal Wetland Category by (and with Sea Level Rise) (and with Sea Level Rise)
Subregion Max Elevation | Current ELT LLT NT ELT LLT
Nontidal Natural Communities 46,340 46,320 46,080 46,360 46,310 46,090
Ecotone EHW 40 50 200 20 50 160
. Tidal Freshwater Marsh | MHHW 270 280 370 270 290 400
é Subtidal 1 MLLW 0 0 0 0 0 0
& |Subtidal 2 MLLW -3 feet 0 0 0 0 0 0
:g Subtidal 3 MLLW -6 feet 40 40 40 40 40 50
Unmapped Tidal Natural Communities 100 100 90 100 100 90
Subtotal 46,790 46,790| 46,780 46,790, 46,790 46,790
Subtotal Aquatic Habitat 350 370 610 330 380 610
Nontidal Natural Communities 713,410 712,270 708,790| 700,790 691,410 653,040
Ecotone EHW 2,210 2,080 2,030 2,830 3,240 3,600
Tidal Freshwater Marsh  MHHW 14,240 15,810 20,130 20,000 25,970 42,340
Intertidal Mudflat MLLW + 1 feet 1,200 770 280 2,270 2,200 2,060
Subtidal 1 MLLW 7,010 6,350 5,190 9,610 10,550| 17,830
w» | Subtidal 2 MLLW -3 feet 15,680 14,890 13,360| 16,310 15,410 20,070
% Subtidal 3 MLLW -6 feet 53,460 55470 58,790 53,670 56,720 66,870
= Unmapped Tidal Natural Communities 5,800 5,370 4,370 5,660 5,240 4,350
Subregion Total 822,140 822,150 822,120| 822,160 822,150 822,150
Total Aquatic Habitat Excluding the | 102,580 104,140 108,350| 115,380 125,120 164,150
Yolo Bypass
Unassigned Aquatic Subregion Totale | 40,600 40,600 40,600 40,600 40,600 40,600
Plan Area Totalf 862,740 862,750 862,720| 862,760 862,750 862,750

a While the Yolo Bypass is not considered part of CM4 it is included in this table to provide complete
coverage of the Plan Area.

b The nontidal natural communities category is a total of all upland and nontidal natural communities for
each aquatic sub-region within the Plan Area.

¢ Tidal natural communities within the BDCP were mapped under two separate mapping efforts: The BDCP
Natural Community Modeling effort and the ESA PWA Tidal Habitat Categorization effort. Both efforts
mapped the existing condition, however the ESA PWA effort was more spatially explicit, distinguishing
between types of tidal and subtidal communities (e.g., ecotone, tidal freshwater marsh, subtidal 1, etc.). The
BDCP tidal natural communities’ models and the ESA PWA tidal models did not completely overlap, the
BDCP modeling effort captured greater amounts of tidal habitat than that of ESA PWA. Those non-
overlapping acres are presented in this row for each aquatic sub-region so that the sub-region and Plan
Area acreage totals are accurate.

4 Aquatic habitat subtotal excludes Nontidal natural communities and Unmapped Tidal Natural Community
acreages. It is the sum of the habitat analyzed for impacts on covered fish species.

e 40,600 acres of the Plan Area are unassigned to a specific aquatic subregion. Unassigned acres comprise
lands located in the area of “Plan Area expansion” described in Chapter 2, Existing Ecological Conditions.

f The Plan Area total varies slightly between time periods because of rounding variability and very slight
spatial variations within the GIS dataset. Slight variations within a GIS dataset this large are considered to
be well within an acceptable range of error.

EBC = existing biological conditions; EHW = extreme high water; ELT = early long-term implementation

period; LLT = late long-term implementation period; MHHW = mean higher high water; MLLW = mean lower

low water; NAVD = North American Vertical Datum; NT = near-term implementation period.
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Cache Slough Subregion

Existing Conditions

The Cache Slough complex has been recognized as possibly the best functioning freshwater tidal
habitat area existing in the Delta. Restoring habitats in the Cache Slough area, in conjunction with
floodplain enhancements in the Yolo Bypass, is expected to reestablish an ecological gradient from
river to floodplain to tidal estuary and provide tidal freshwater wetland structure and functions
adjacent to deeper slough and channel habitats.

Cache Slough borders the North Delta subregion and includes the southern end of the Yolo Bypass
and lands to the west, supporting a complex of sloughs and channels (Figure 5.E.4-35). Cache Slough
itself is the main waterway in the subregion and together with the Sacramento River Deep Water
Ship Channel (DWSC) forms much of the existing tidal habitat in the Cache Slough subregion. The
following sloughs and channels also are located in the Cache Slough subregion: Haas Slough,
Hastings Cut, Lindsey Slough, Barker Slough, Calhoun Cut, Little Holland Slough, and Shag Slough.
Yolo Ranch, Little Egbert Tract, Liberty Island, and Prospect Island are located in the subregion. The
subregion has generally low salinity and is heavily influenced by Sacramento flow, Yolo Bypass
drainage, and tides.

The Cache Slough area lies immediately downstream of the Yolo Bypass and the two subregions are
hydraulically congruous. It contains a diverse array of habitats, including floodplain, freshwater tidal
marsh, subtidal shallow-water habitat, channel margin and riparian habitat, and deep open-water
habitat. Because it is downstream of the Yolo Bypass, it acts as a transition area for migrating fish.
The habitat restoration in the Cache Slough ROA combined with the proposed floodplain habitat
actions in the Yolo Bypass are expected to increase the amount and value of accessible rearing
habitat for juvenile salmon and splittail. For salmon, the intent is to route them away from the
interior Delta and through habitat that is favorable for growth. Cache Slough receives the bulk of
juvenile Sacramento splittail emigrating from the Yolo Bypass, which is the most important
spawning and nursery habitat area for splittail.

The Cache Slough subregion is about 64,880 acres in extent, which currently includes about
11,340 wetted acres, much of which is subtidal (Table 5.E.4-10). Table 5.E.4-10 identifies the
different tidal intervals and the acreages associated with the habitat depths.

The predominant land use in the Cache Slough subregion is agricultural row crops and restored tidal
habitat such as Liberty Island. Water quality in this area is influenced primarily by the waters of the
Sacramento River, which are of relatively low salinity. Salinity does not vary greatly and ranges
between a monthly average of 0.2 ppt and a monthly average of 0.3 ppt. Generally, these
concentrations indicate that the complex consists primarily of fresh water and is considered the
very low salinity zone of the Delta.

Bay Delta Conservation Plan November 2013

5.E-45

Public Draft ICF 00343.12



Habitat Restoration Appendix 5.E

1  Table 5.E.4-10. Wetted Acres in the Cache Slough Subregion under Existing Conditions and Future
2 Conditions with and without the BDCP
Current Wetted Acres Wetted Acres Acreage Change from

Fish Habitat Type Wetted Acres under EBC2_LLT under ESO_LLT BDCP Restoration Only
Wetted fringe 720 450 1,610 1,160
Tidal brackish - 0
Tidal freshwater 3,460 5,120 14,420 9,300
Intertidal mudflat 840 0 0
Shallow subtidal 3,330 3,780 7,970 4,190
Deep subtidal 2,990 3,380 6,480 3,100
Total for Cache Slough 11,340 12,730 30,480 17,750

Future Conditions

4

5 Sea level rise is expected to have relatively small impacts on the total aquatic area in Cache Slough.
6 In the LLT, wetted acres in Cache Slough increase by about 1,390 acres or about a 12% increase in
7 acreage relative to the current area. Over the course of the implementation period, the analysis

8 indicated sea level rise largely would increase the area of tidal wetland habitat (Figure 5.E.4-23).

9 By the LLT period, the net increase in aquatic habitat due to the BDCP (removing sea level rise) is
10 about 17,750 acres. Acres added by habitat are shown in Table 5.E.4-10. Restoration results in
11 increases in all habitat types, except tidal mudflat, relative to the current situation but with the
12 greatest increase in tidal freshwater habitat (Figure 5.E.4-24).

Cache Slough SLR Only
35,000
30,000
WA i
25,000 @ Wetted Fringe
m Tidal Brackish
w 20,000
g mE Tidal Fresh
<
15,000 % Intertidal Mudflat
10,000 - [ "~ mShallow Subtidal
5,000 - ﬁ i .— B Deep Subtidal
EBC NT ELT LLT
13
14 Figure 5.E.4-23. Expected Habitat Changes in Caches Slough due to Sea Level Rise (SLR) Only
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Cache Slough SLR + Restoration
35,000
30,000
. ;
25,000 & Wetted Fringe
mTidal Brackish
w 20,000
g m Tidal Fresh
g
15,000 % Intertidal Mudflat
10,000 - m Shallow Subtidal
5,000 - B Deep Subtidal
ELT LLT

Figure 5.E.4-24. Expected Habitat Changes in Cache Slough due to Sea Level Rise (SLR) and
BDCP Restoration

Restoration Considerations

Restored tidal marsh plains will be revegetated through planting and/or natural recruitment
(depending on site-specific conditions and phasing considerations) with tules and other native
freshwater emergent vegetation. The target restored plant community will reflect the historical
composition and densities of Delta tidal marshes. Tidal habitat restoration will be designed, within
restoration site constraints, to produce sinuous, high-density, dendritic networks of tidal channels
that promote effective tidal exchange throughout the marsh plain and provide habitat for covered
fish species.

Tidal habitat restoration actions will provide an ecological gradient among subtidal, tidal mudflat,
tidal marsh plain, riparian, and upland habitats to accommodate the movement of fish and wildlife
species and provide flood refuge habitat for marsh-associated wildlife species during high-water
events. Marsh channels and levee breaches will be designed to maintain flow velocities that
minimize conditions favorable to the establishment of nonnative submerged aquatic vegetation
(SAV) and floating aquatic vegetation (FAV) and habitat for nonnative predatory fish. Additional
analysis about nonnative vegetation and other unfavorable conditions is provided in Appendix 5.F,
Biological Stressors on Covered Fish.

The following potential negative outcomes could occur as a result of floodplain and tidal wetland
restoration in the Cache Slough ROA.

e Increased methylmercury production and local bioaccumulation. (The potential for mercury
methylation and associated environmental toxicity is expected to be of low magnitude for
covered fish species, but the certainty of that outcome is low because data on mercury toxicity to
fish in the Delta are very limited.)

e Contaminant resuspension (e.g., mercury).
e Local toxicity from residual pesticides and herbicides (e.g., pyrethroids).

e Establishment of inland silversides that will prey on or compete with Delta and longfin smelt or
alter habitat conditions.
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Habitat Restoration Appendix 5.E

e Establishment of centrarchids that will prey on or compete with covered species or alter habitat.

e Establishment of undesirable clam species that will compete with covered species or alter
habitat.

e Establishment of undesirable SAV (e.g., Brazilian waterweed [Egeria densa]) will alter habitat
conditions.

Additional information regarding predation and SAV and effects on covered aquatic species is
discussed in Appendix 5.F, Biological Stressors on Covered Fish, and additional information regarding
toxics such as methylmercury, selenium, and pesticides and herbicides and effects of these on
covered aquatic species is discussed in Appendix 5.D, Contaminants.

North Delta Subregion

Existing Conditions

The North Delta is one of the largest subregions in the Plan Area, encompassing 92,370 acres;
however, only 3,750 acres are aquatic habitat (Table 5.E.4-11). No restoration is planned for the
North Delta under CM4. The subregion includes the mainstem Sacramento River from the
confluence with the DWSC to about the city of Sacramento, Steamboat Slough, Sutter Slough, and
Miner Slough (Figure 5.E.4-35). Channels that break off of the North Delta subregion into the Central
Delta include the Delta Cross Channel into Snodgrass Slough and Georgiana Slough.

Future Conditions

There is no restoration planned for the North Delta subregion under CM4. Sea level rise is expected
to increase the area of wetted habitat in the North Delta subregion by 430 acres (Table 5.E.4-11).
The greatest increase in area in this subregion due to sea level rise is expected to occur in tidal
freshwater habitat (Figure 5.E.4-25).

Table 5.E.4-11. Wetted Acres in the North Delta Subregion under Existing Conditions and Future
Conditions without the BDCP

Fish Habitat Type Current EBC2_LLT (with Sea Level Rise)
Wetted fringe 80 80
Tidal brackish - -
Tidal freshwater 280 680
Intertidal mudflat - -
Shallow subtidal 500 340
Deep subtidal 2,890 3080
Subtotal 3,750 4,180
Bay Delta Conservation Plan 5 E-48 November 2013
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North Delta SLR Only
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Figure 5.E.4-25. Expected Change in Habitat in the North Delta Subregion due to Sea Level Rise (SLR)

Only
West Delta Subregion

Existing Conditions

The West Delta subregion is 96,420 acres in extent including 28,820 aquatic acres (Table 5.E.4-12).
The subregion is located at the confluence of the Sacramento and San Joaquin Rivers (Figure
5.E.4-36). The bathymetry and elevation range between more than 10 feet above sea level and more
than 15 feet below sea level. The majority of the developed lands in the West Delta, including
Pittsburg, Antioch, and Brentwood, are at elevations more than 10 feet above sea level, whereas the
majority of the undeveloped lands (i.e., those subject to restoration) are between zero and less than
10 feet below sea level. Figure 5.E.4-36 shows the existing bathymetry and elevation for the west
Delta.

Much of the West Delta subregion consists of subtidal habitat with a small portion of freshwater
tidal habitat. Table 5.E.4-12 identifies the different tidal intervals and the acreages associated with
the habitat depths. The islands in the west Delta primarily support agricultural lands and grasslands.
These areas historically were tidal wetlands but have been diked and hydrologically altered. Salinity
in the west Delta ranges between 0.2 ppt and 4.6 ppt on average per month. Generally, these
concentrations indicate that the west Delta consists primarily of fresh water, but during fall may
become brackish.
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1  Table 5.E.4-12. Wetted Acres in the West Delta Subregion under Existing Conditions and Future
2  Conditions with and without the BDCP
Current Wetted Wetted Acres Wetted Acres under Acreage Change from
Fish Habitat Type Acres under EBC2_LLT ESO_LLT BDCP Restoration Only
Wetted Fringe 180 220 200 -20
Tidal Brackish - 0
Tidal Freshwater 5,100 5,590 8,020 2430
Intertidal Mudflat - 0
Shallow Subtidal 4,500 3,420 2,240 -1180
Deep Subtidal 19,040 20,120 21,660 1540
Subtotal 28,820 29,350 32,120 2,770
3
4 Future Conditions
5 In the hypothetical restoration footprints, wetted acres in the West Delta would increase by
6 2,770 acres under the BDCP; sea level rise is expected to increase aquatic area in the subregion by
7 only 530 acres, less than 2% increase over the current acreage (Table 5.E.4-12). The sea level rise
8 increase represents a small increase in deep subtidal and tidal freshwater habitat (Figure 5.E.4-26).
9 Restoration in the hypothetical footprint in the west Delta is relatively modest, adding only 11%
10 over the current area of the subregion. Restoration is expected to add mainly to the tidal freshwater
11 area (Figure 5.E.4-27).
West Delta SLR Only
35,000
30,000
25000 - B Wetted Fringe
MW Tidal Brackish
w 20,000 - e
2 mTidal Fresh
= 25000 m Intertidal Mudflat
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5000 - m Deep Subtidal
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12
13 Figure 5.E.4-26. Expected Habitat Changes in the West Delta Subregion due to Sea Level Rise (SLR)
14 Only
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West Delta SLR + Restoration
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Figure 5.E.4-27. Expected Habitat Changes in the West Delta Subregion due to Sea Level Rise (SLR) and

BDCP Restoration

The West Delta ROAs form a continuous chain of restoration area from the split between the
Sacramento River and the Deepwater Shipping Channel down to Decker Island, increasing the
geographic diversity and continuous corridor of habitat. The restored habitats would provide a
potentially important linkage between upstream spawning and rearing habitat areas and the major
splittail habitat downstream in Suisun Marsh and Bay.

Restoration is expected to provide local areas of cool water refugia for delta smelt and salmonids.
The spatial extent of cool water refugia could be relatively limited for delta smelt. However, in some
cases, a substantial effect could result across relatively large areas.

Restoration is expected to provide suitable subtidal habitat for juvenile and adult splittail, although
the amounts are substantially less than those expected in the other ROAs. The restored habitat is
expected to increase foodweb resources in the area, some of which would likely be exported for use
by splittail downstream. The restoration actions are expected to improve growth and survival of
juvenile and adult splittail.

Intended positive outcomes are listed below.

e Increase rearing habitat area for Sacramento splittail and Cosumnes and Mokelumne River fall-
run Chinook salmon and possibly steelhead.

e Increase production of food for rearing salmonids, splittail, and other covered species migrating
to and from the Cosumnes and Mokelumne Rivers.

e Increase the availability and production of food in the east and central Delta by exporting
organic material from the marsh plain and phytoplankton, zooplankton, and other organisms
produced in intertidal channels into the Delta.

Possible negative outcomes that could result from tidal wetlands restoration in the west Delta are
listed below.

e Establishment of centrarchids.

e Establishment of Corbicula.
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Habitat Restoration Appendix 5.E

e Establishment of Egeria.

e Resuspension and export of mercury and methylmercury to downstream areas.

e Movement of fish and food resources to areas in the central Delta with high predation.
e Local toxicity from residual pesticides and herbicides (e.g., pyrethroids).

e Establishment of inland silversides that will prey on or compete with Delta and longfin smelt or
alter habitat conditions.

Suisun Marsh Subregion

Existing Conditions

The Suisun Marsh complex (Suisun Marsh and Suisun Bay) is the largest brackish marsh complex in
the western United States. Suisun Marsh itself lies at the western end of the Plan Area and is
congruous with Suisun Bay (Figure 5.E.4-37). The Suisun Marsh subregion is about 82,760 acres in
extent with about 12,410 acres of aquatic habitat currently. Much of the marsh currently consists of
tidal brackish habitat (Table 5.E.4-13).

The elevation and bathymetry range between more than 10 feet above sea level to more than 15 feet
below sea level; however, the majority of the marsh is between more than 10 feet above sea level
and at sea level. Portions of Suisun Marsh have undergone marked subsidence, although not nearly
as much as the neighboring Delta area. This is believed to be the result of diking and removal from
tidal inundation. Agricultural and managed wetland activities such as disking, which accelerates the
drying and oxidation processes, likely have contributed to accelerated subsidence.

The Suisun Marsh, a brackish marsh, generally has the highest salinity gradient of any of the
subregions. The marsh is influenced by different seasonal salinity regimes, controlled by the
interplay of tides and the seasonal pattern of outflow from the Sacramento and San Joaquin rivers.
Salinity in the marsh is partly controlled by the inflow from the Sacramento River via Montezuma
Slough (Moyle 2008). Montezuma Slough has large tidal gates on its upper end that control salinity
in the marsh by allowing fresh water to flow in but preventing the tides from pushing it back out
again (Moyle 2008). State Water Resources Control Board (State Water Board) Water Right Decision
1641 (D-1641) salinity objectives currently apply to Suisun Marsh and regulate salinity. The salinity
in Suisun Marsh varies greatly due to outflow, tides and flow from the salinity control gates.
Research on patterns and processes of biological invasion in the San Francisco Bay Estuary by
Rudnick et al. (2003) indicated that during 2 years of the CDFW monitoring study, salinity at low
tide varied in the Suisun Marsh (1997 mean = 5.4 parts per thousand [ppt], 1998 mean = 0.9 ppt).
Additional research by showed that salinity can range between a monthly average of 1 ppt and a
monthly average of 8 ppt.

Suisun Marsh subregion also contains extensive areas of diked wetlands that are managed for
waterfowl and experience little natural tidal action. These managed areas are separated from tidal
sloughs by levees, gated culverts, and other gated structures that control water exchange and
salinity. Waterfowl club managers control the timing and duration of flooding to promote growth of
food plants for waterfowl. Some of these are managed as perennial wetlands; others are dry-
managed during the summer and early fall months, and then are prepared for waterfowl] habitat and
hunting with a series of flood-drain-flood cycles. Depending on the specific location and operations
of the individual managed wetland areas, periodic flooding and discharge can lead to periods of low
dissolved oxygen (DO) events in adjoining water bodies, which causes acute mortality in at-risk fish
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species and impairs valuable fish nursery habitat at very low DO (i.e., <7 mg/L). Managed wetlands
can also release elevated levels of methylmercury (MeHg) into adjoining sloughs, a neurotoxin found
throughout the Delta that bioaccumulates in the foodweb and adversely affects fish and wildlife
(Siegel etal. 2011).

Table 5.E.4-13. Wetted Acres in the Suisun Marsh Subregion under Existing Conditions and Future
Conditions with and without the BDCP

Current Wetted Wetted Acres Wetted Acres under = Acreage Change from
Fish Habitat Type Acres under EBC2_LLT ESO_LLT BDCP Restoration Only
Wetted Fringe - -
Tidal Brackish 7,940 8,020 10,850 2,830
Tidal Freshwater - -
Intertidal Mudflat 280 240 2,030 1,790
Shallow Subtidal 1,830 1,870 9,050 7,180
Deep Subtidal 2,360 2,590 2,710 120
Subtotal 12,410 12,720 24,640 11,920

Future Conditions

Sea level rise is expected increase total wetted acres in Suisun Marsh by 310 acres a 2% increase in
aquatic habitat. This change is largely due to a small increase in tidal brackish habitat (Figure
5.E.4-28).

Restoration under the BDCP is expected to provide an additional 11,920 acres of aquatic area to
Suisun Marsh and will increase mainly shallow subtidal and tidal brackish habitat (Figure 5.E.4-29).
Restored brackish tidal habitat will generally provide hydrodynamic conditions and ecosystem
function similar to those that exist within Suisun Marsh today. To the extent practical, tidal habitat
restoration actions will be designed to provide an ecological gradient among subtidal, tidal mudflat,
tidal marsh plain, riparian, and upland habitats that are anticipated to provide a net ecological
benefit to endemic and covered species (Table 5.E.4-13). As sea level rises new brackish tidal habitat
will help remediate lost habitat as it becomes increasingly subtidal over the period of the project. It
is recognized that with climate change, sea level rise, increasing temperature that changes in
amount of inflow and duration, coupled with changes in tidal levels, salinity and temperature will
drive ecosystem gradients within restoration areas.
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Figure 5.E.4-28.

Expected Habitat Changes in Suisun Marsh due to Sea Level Rise

(SLR) Only
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Figure 5.E.4-29. Expected Habitat Changes in Suisun Marsh due to Sea Level Rise (SLR) and BDCP

Restoration

Restoration actions in Suisun Marsh would increase the amount of saline intertidal and subtidal
habitat in the Plan Area for all covered fish species. Brackish marsh habitats, such as Suisun Marsh,
provide an essential rearing habitat for life stages of many covered fish species, including delta
smelt and foraging juvenile salmonids, juvenile Chinook salmon (Quinn 2005), splittail and sturgeon.

Restoration of tidal action has the potential to eliminate episodic low DO events that presently
overwhelm the ability of the aquatic environment to process organic matter without consuming the
in situ oxygen. Reducing periodic low DO events in Suisun Marsh will reduce the fish and
invertebrate kills associated with this problem. Addressing this problem is expected to have
somewhat beneficial effects on regional foodweb productivity and to reduce methylmercury

contamination.
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The following potential negative outcomes could affect all covered species as a result of floodplain
and tidal wetland restoration in the Suisun Marsh ROA.

e Potential for mercury methylation and local bioaccumulation.
e Establishment of centrarchids.

e Establishment of Corbicula.

e Establishment of inland silversides.

The potential for undesirable species such as Egeria to alter habitat conditions for covered fish is
described in Appendix 5.F, Biological Stressors on Covered Fish. Because salinity conditions in Suisun
Marsh are currently too high to allow for establishment of most species of SAV that occur in the
Delta, the magnitude of this impact is expected to be low. Climate change is expected to increase
salinity levels in this area of the Delta in the future, further reducing the likelihood of SAV
establishment.

Suisan Bay Subregion

Existing Conditions

The Suisun Bay subregion borders the Suisun Marsh and is about 20,530 acres in extent of which
20,450 acres are of aquatic habitat (Figure 5.E.4-37). CM4 does not propose restoration of aquatic
habitat to the Suisun Bay subregion. Suisun Bay is a shallow embayment located between Chipps
Island at the western boundary of the Delta and the Benicia-Martinez Bridge at the eastern end of
the Carquinez Strait. Adjacent to Suisun Bay is the Suisun Marsh. The narrow, 12-mile-long
Carquinez Strait joins Suisun Bay with San Pablo Bay. Suisun Bay is a large area of open water that is
transitional between the fresh waters of the Delta and the saltwater of San Francisco Bay; itis a
shallow region of wind-stirred, brackish water, lined with tidal marshes (Moyle 2008). The main
embayments of Suisun Bay include Grizzly Bay, Honker Bay, and Suisun Bay. Table 5.E.4-14
identifies different tidal intervals and the acreages associated with the habitat depths.

Table 5.E.4-14. Wetted Acres in the Suisun Bay Subregion under Existing Conditions and Future
Conditions without the BDCP

Wetted Acres under

Fish Habitat Type Current Wetted Acres EBC2_LLT
Wetted Fringe - -

Tidal Brackish 1,190 1,160

Tidal Freshwater - -
Intertidal Mudflat 80 40
Shallow Subtidal 8,340 5,740

Deep Subtidal 10,840 13,520
Subtotal 20,450 20,460

Future Conditions

Sea level rise is expected to make almost no change in total wetted acres in Suisun Bay (Table
5.E.4-14). However, sea level rise is expected to appreciably increase the deep subtidal area while
decreasing other habitat categories (Figure 5.E.4-30).
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Figure 5.E.4-30. Expected Habitat Change in Suisun Bay due to Sea Level Rise (SLR) Only
East Delta Subregion

Existing Conditions

The East Delta subregion (Figure 5.E.4-38) is 102,640 acres in extent and contains about 5,920 acres
of low-salinity wetted habitat, most of which is freshwater tidal and deep subtidal environments
(Table 5.E.4-15). The Cosumnes/Mokelumne ROA is located within the East Delta subregion. This
ROA currently includes little inundated acreage and consists mainly of diked farm land. The area
restored under the hypothetical footprint currently consists primarily of agricultural lands and a
complex of sloughs and channels at the confluence of the Cosumnes and Mokelumne Rivers.

Future Conditions

Areas suitable for restoration in the East Delta subregion include McCormack-Williamson Tract,
New Hope Tract, Canal Ranch Tract, Bract Tract, Terminous Tract north of State Route 12, and lands
adjoining Snodgrass Slough, South Stone Lake, and Lost Slough.

By the LLT period, sea level rise is expected to increase aquatic habitat in the East Delta subregion
by about 1,520 acres, a 26% increase over the current area of the subregion (Table 5.E.4-15). Most
of the increase would occur in freshwater tidal areas (Figure 5.E.4-31). BDCP restoration would add
about 2,060 acres under the hypothetical footprint (Table 5.E.4-15). Most of the restoration would
accrue to the shallow subtidal habitats (Figure 5.E.4-32).
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Table 5.E.4-15. Wetted Acres in the East Delta Subregion under Existing Conditions and Future
Conditions with and without the BDCP

Current Wetted Wetted Acres Wetted Acres under Acreage Change from
Fish Habitat Type Acres under EBC2_LLT ESO_LLT BDCP Restoration Only
Wetted Fringe 350 350 220 -130
Tidal Brackish
Tidal Freshwater 1,570 3090 3,730 640
Intertidal Mudflat
Shallow Subtidal 790 630 1,970 1340
Deep Subtidal 3,210 3,370 3,580 210
Subtotal 5,920 7,440 9,500 2,060
East Delta SLR Only
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Figure 5.E.4-31. Expected Change in Habitat in the East Delta Subregion due to Sea Level Rise (SLR)

Only
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East Delta SLR + Restoration
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Figure 5.E.4-32. Expected Change in Habitat in the East Delta Subregion due to Sea Level Rise (SLR) and

BDCP Restoration

Intended positive outcomes of restoration in the Cosumnes/Mokelumne ROA include the following.

Increase rearing habitat area for Sacramento splittail and Cosumnes and Mokelumne River fall-
run Chinook salmon and possibly steelhead.

Increase production of food for rearing salmonids, splittail, and other covered species migrating
to and from the Cosumnes and Mokelumne Rivers.

Increase the availability and production of food in the east and central Delta by exporting
organic material from the marsh plain and phytoplankton, zooplankton, and other organisms
produced in intertidal channels into the Delta.

Potential negative outcomes of restoration in the Cosumnes/Mokelumne ROA are listed below.

Establishment of undesirable species that may prey upon, compete with, or alter habitat
conditions for covered fish.

Local effects of contaminants, including local toxicity from residual pesticides and herbicides
(e.g., pyrethroids).

Resuspension and export of contaminants to downstream areas (mercury, methylmercury, and
pesticides and herbicides [e.g., pyrethroids]).

South Delta Subregion

Existing Conditions

The south Delta is the largest subregion within the Plan Area encompassing about 315,390 acres
only about 19,890 acres or 6% of which are low salinity aquatic environments (Table 5.E.4-16).
Much of the aquatic habitat currently consists of deep subtidal areas (Table 5.E.4-16). The subregion
consists primarily of agricultural lands and a riverine system including the San Joaquin River and its
tributaries, and includes Fabian Tract, Union Island, Middle Roberts Island, and Lower Roberts
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Island (Figure 5.E.4-39). The South Delta subregion also includes the SWP and CVP pumping stations

along with Old and Middle Rivers.

Table 5.E.4-16. Wetted Acres in the South Delta Subregion under Existing Conditions and Future

Conditions with and without the BDCP

Current Wetted Wetted Acres Wetted Acres under Acreage Change from
Fish Habitat Type Acres under EBC2_LLT ESO_LLT BDCP Restoration Only
Wetted Fringe 840 470 1,330 860
Tidal Brackish - 0
Tidal Freshwater 3,560 4560 15,090 10,530
Intertidal Mudflat - 0
Shallow Subtidal 3,400 2,680 11,950 9,270
Deep Subtidal 12,090 12,810 14,360 1,550
Subtotal 19,890 20,520 42,730 22,210

Future Conditions

Sea level rise is expected to add about 630 acres of aquatic habitat to the South Delta subregion. This
is due to a small increase in deep subtidal habitat by the LLT (Figure 5.E.4-33). All of the south Delta
habitat restoration would occur in the LLT to reduce the risk of loss of fish and food supplies
produced in a south Delta habitat as a result of entrainment into south Delta exports (Figure
5.E.4-34). Under the hypothetical restoration footprint, about 22,210 acres of aquatic habitat would
be added to the South Delta as a result of BDCP restoration (Table 5.E.4-16). Restoration would
especially increase the tidal freshwater and shallow subtidal areas (Figure 5.E.4-34). Assumed
restoration includes vegetated marsh plain, tidal channel networks with depths that are shallow to
medium subtidal, and shallow subtidal open water in the deeper portions of the restoration sites.
Restoration is expected to occur on Fabian Tract, Union Island, Middle Roberts Island, and Upper

Roberts Island.

Acres

45,000

South Delta SLR Only

40,000
35,000

m Wetted Fringe

30,000

m Tidal Brackish

25,000
20,000
15,000

m Tidal Fresh
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T e
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H I B B B
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Figure 5.E.4-33. Expected Change in Aquatic Habitat in the South Delta due to Sea Level Rise (SLR)

Only

Bay Delta Conservation Plan
Public Draft

5.E-59

November 2013
ICF 00343.12



W =

19

20
21
22
23
24
25
26
27
28
29

Habitat Restoration Appendix 5.E

South Delta SLR + Restoration
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35,000 | Wetted Fringe
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Figure 5.E.4-34. Expected Change in Aquatic Habitat in the South Delta due to Sea Level Rise (SLR) and

BDCP Restoration

Under this conservation measure, restoration would include vegetated marsh plain, tidal channel
networks with depths that are shallow to medium subtidal, and shallow subtidal open water in the
deeper portions of the restoration sites. There would be no restoration in the NT or ELT
implementation periods in the South Delta.

Restoration in the South Delta may provide shallow-water habitat for some delta fish species as
evaluated below. However, an important potential benefit of restoration in the South Delta is the
contribution to phytoplankton production and the potential benefit to the pelagic foodweb
throughout the Plan Area (Section 5.E.4.2.6).

Potential negative outcomes that could occur as a result of tidal wetlands restoration in the South
Delta ROA are listed below.
e Resuspension and export of mercury and methylmercury to downstream areas.

e Local toxicity from residual pesticides and herbicides (e.g., pyrethroids).

Potential for local mercury methylation and bioaccumulation. Establishment of centrarchids.

Establishment of Egeria.

e Production of organic matter that would contribute to low DO.

5.E.4.4.2.2 Depth

Depth of each physical habitat type was determined in the analysis described in Section 5.E.4.2.2.4,
Suitability of Restored Habitat for Covered Fish Species. Depth was a primary determinant of physical
habitat types in Table 5.E.4-9. Average depth of each physical habitat type in the LLT is shown in
Table 5.E.4-17. These data were used in the splittail HSI analysis and in the estimated phytoplankton
contribution in Section 5.E.4.2.6. The one set of depths estimated for the LLT in Table 5.E.4-17 was
used for all time periods. This is because the depths were the basis for the definition of physical
habitat types. As water level changes in response to sea level rise or restoration, these physical
habitat types may move up or down slope but the average depth remains approximately the same.
There are some minor changes in depth with restoration as a result of hydraulic changes but these
are small and were not considered relevant to this analysis.
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Table 5.E.4-17. Estimated Depth of Physical Habitat in the Late Long-Term Period

Ground Elevation Inundation Depth
Maximum
(with Respect to Maximum Average Average Depth at

Habitat Type Tidal Datum) (feet NAVD) | (feet NAVD) Depth (feet) MHHW (feet)
< | Tidal Freshwater Marsh MHHW 7.13 6.24 0.60 0.89
ugn Intertidal Mudflat MLLW + 1 feet 5.36 4.86 1.17 2.27
ﬁ Subtidal 1 MLLW 4.36 2.86 2.87 4.27
ft; Subtidal 2 MLLW -3 feet 1.36 -0.14 5.87 7.27
© Subtidal 32 MLLW -6 feet -1.64 <-1.64 >7.37 >8.77
& |Tidal Freshwater Marsh MHHW 7.29 6.21 0.62 1.08
E’ Subtidal 1 MLLW 5.13 3.63 2.51 3.66
% Subtidal 2 MLLW -3 feet 2.13 0.63 5.51 6.66
Z | Subtidal 32 MLLW -6 feet -0.87 <-0.87 >7.01 >8.16
% Tidal Freshwater Marsh MHHW 7.06 5.54 0.88 1.52
2 Subtidal 1 MLLW 4.02 2.52 2.99 4.54
& | Subtidal 2 MLLW -3 feet 1.02 -0.48 5.99 7.54
é Subtidal 32 MLLW -6 feet -1.98 <-1.98 >7.49 >9.04

High Tidal Brackish Marsh |EHW 8.42 8.06 0.15
~ |Mid Tidal Brackish Marsh | MHHW 7.71 7.41 0.43 0.09
% Low Tidal Brackish Marsh | MHW 7.11 5.72 1.16 1.79
E Intertidal Mudflat MLLW +1 feet 4.33 3.83 1.97 3.68
§ Subtidal 1 MLLW 3.33 1.83 3.68 5.68
“ |Subtidal 2 MLLW -3 feet 0.33 -1.17 6.68 8.68

Subtidal 32 MLLW -6 feet -2.67 <-2.67 >8.18 >10.18

High Tidal Brackish Marsh |EHW 8.22 7.86 0.15

Mid Tidal Brackish Marsh | MHHW 7.51 7.21 0.43 0.29
E Low Tidal Brackish Marsh | MHW 6.92 5.66 1.09 1.84
S |Intertidal Mudflat MLLW +1 feet 4.41 3.91 1.84 3.60
§ Subtidal 1 MLLW 3.41 191 3.55 5.60

Subtidal 2 MLLW -3 feet 0.41 -1.09 6.55 8.60

Subtidal 32 MLLW -6 feet -2.59 <-2.59 >8.05 >10.1
« |Tidal Freshwater Marsh MHHW 6.91 5.86 0.59 1.05
§ Subtidal 1 MLLW 4.82 3.32 2.46 3.59
§ Subtidal 2 MLLW -3 feet 1.82 0.32 5.46 6.59
“ | Subtidal 3 MLLW -6 feet -1.18 <-1.18 > 6.96 > 8.09
& |Tidal Freshwater Marsh MHHW 6.56 5.38 0.69 1.18
E" Subtidal 1 MLLW 4.21 2.71 2.65 3.85
'c‘:',' Subtidal 2 MLLW -3 feet 1.21 -0.29 5.65 6.85
& |subtidal 3¢ MLLW -6 feet 179 <-1.79 >7.15 >8.35

a For Subtidal 3 category, value shown for average ground elevation is maximum elevation and values
shown for depths are the minimum depths.
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5.E.4.4.2.3 Environmental Attribute Data

Environmental data relating to temperature, salinity, and turbidity was derived as described above
and then parsed into time periods for each life stage as described in the individual species models.
Figure 5.E.4-40 to Figure 5.E.4-60 display the data for each species model by life stage and water-
year type. For brevity, only the results for the LLT period are shown and discussed.

Across all subregions and species lifestage periods, the most dramatic change in environmental
conditions due to CM4 and BDCP operations was in regard to salinity. Very small changes in
temperature were observed (undetectable in most of the figures below). As discussed above,
turbidity data was held constant across the time periods and scenarios because of the lack of ability
at present to model or forecast turbidity in the Delta.

Cache Slough Subregion

Cache Slough had low salinity for all species life stage periods for delta smelt and longfin smelt
(Figure 5.E.4-40, Figure 5.E.4-41, and Figure 5.E.4-42). For most water year conditions, the BDCP
(ESO) increased salinity levels in Cache Slough especially during winter and early spring relative to
the without BDCP (EBC2) scenario. The difference between the EBC2 and ESO conditions was
greatest during the wetter water years while the two conditions tended to converge as conditions
became drier.

Temperature was slightly higher under the ESO scenario compared to EBC2 primarily during the
winter months. Temperatures were similar across water years.

North Delta Subregion

The North Delta is freshwater, and salinity was very low for all time periods (Figure 5.E.4-43, Figure
5.E.4-44, and Figure 5.E.4-45). Salinity was very similar between the EBC2 and ESO scenarios
although salinity was slightly higher under EBC2 in late summer to winter. Temperature was
slightly higher in summer under ESO operations. Turbidity in the North Delta was appreciably lower
(higher Secchi Disk visibility) than in Cache Slough.

West Delta Subregion

Salinity was appreciably higher in the West Delta compared to Cache Slough and North Delta
subregions (Figure 5.E.4-46, Figure 5.E.4-47, and Figure 5.E.4-48). Salinity also increased markedly
in drier water years. There was very little difference in salinity between EBC2 and ESO scenarios.
Temperature was virtually identical in the two scenarios in the West Delta. Turbidity in the West
Delta was similar to that in Cache Slough but appreciably greater (lower Secchi Disk visibility) than
the North Delta.

Suisun Marsh Subregion

Salinity in Suisun Marsh was much higher than in the other subregions (except Suisun Bay) and
increased sharply as water year conditions became drier (Figure 5.E.4-49, Figure 5.E.4-50, and
Figure 5.E.4-51). Salinity was also appreciably higher under ESO scenario than under the EBC2
scenario. Temperature did not vary between the two scenarios. Turbidity was relatively high in
Suisun Marsh (Secchi Disk visibility low) compared to other subregions.
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Suisun Bay Subregion

Suisun Bay had the highest salinity of any of the BDCP subregions (Figure 5.E.4-52 and Figure
5.E.4-53). Salinity increased from wetter to drier water years indicating the influence of outflow.
ESO and EBC2 scenarios had similar levels of salinity although EBC2 has slightly higher salinities for
some periods. Temperature was stable between water years and was not influenced by the scenario
(Figure 5.E.4-52, Figure 5.E.4-53 and Figure 5.E.4-54). Turbidity in Suisun Bay was relatively high
(low Secchi Disk visibility).

East Delta Subregion

The East Delta had low salinity for all species life stage periods for delta smelt and longfin smelt
(Figure 5.E.4-55, Figure 5.E.4-56, and Figure 5.E.4-57). Salinity in this subregion is greatly
influenced by freshwater inflow from the Cosumnes and Mokelumne rivers. For most water year
conditions, the BDCP (ESO) increased salinity levels relative to the without BDCP (EBC2) scenario
especially during winter and early spring.

South Delta Subregion

The South Delta had higher salinity than the East Delta with a salinity comparable to Cache Slough
(Figure 5.E.4-58, Figure 5.E.4-59, and Figure 5.E.4-60). Salinity increased as water year conditions
became drier. For most periods and water years, salinity was slightly higher in the South Delta
under the ESO scenario.

5.E.4.4.2.4 Suitability of Restored Habitat for Covered Fish Species

The environmental attribute and physical habitat data presented above was interpreted from the
perspective of delta smelt, longfin smelt and salmonids using Habitat Suitability Analysis to derive
HUs (Figure 5.E.4-2). Habitat for splittail was analyzed in a similar manner using the single attribute
of depth. Results of the Habitat Suitability Analysis are presented below by geographic subregions
and species. Tidal marsh restoration under CM4 is presumed to occur within the ROAs as proscribed
in the hypothetical restoration footprint discussed above. There are no ROAs in the North Delta and
Suisun Bay subregions. For these subregions, estimation of HUs for covered fish species addressed
only the current (EBC2) condition and how conditions change under the modeled climate change
and sea level rise.

To summarize the results for each species, HUs for each life stage were summed to present the total
HUs for the species within the Plan Area. Total HUs for a species generally are greater than the total
acres available (because HUs are summed across life stages) although the HUs for each life stage are
less than the total acres. The total HUs for the species are a function of the number of life stages
considered to occur within the Plan Area. HU benefits for delta smelt, for example, sum across the
entire species life history that is assumed to occur within the Plan Area whereas only egg and larval
stages of longfin smelt are assumed to occur within the Plan Area. Hence, the total HUs for delta
smelt are generally greater for delta smelt than for other species reflecting the fact that delta smelt
spend their entire life history within the Delta and are affected by conditions in the Delta; whereas
only a portion of the life history of other species is affected.
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Cache Slough

Delta Smelt

The Cache Slough region provides substantial spawning and rearing habitat for delta smelt (Moyle
and Bennett 2008). There is evidence of a year-round population of delta smelt in the area (Sommer
et al. 2009), and Cache Slough has become an important focus for restoration activities in the north
Delta to increase and improve overall habitat for delta smelt (California Department of Fish and
Game 2008). Delta smelt use tidal freshwater habitat as juvenile and adult primary rearing habitat;
restoration of areas important for spawning, larval rearing, and food production could benefit delta
smelt.

Habitat Suitability Analysis

The future Delta acreages shown in Figure 5.E.4-23 and Figure 5.E.4-24 were evaluated from the
perspective of delta smelt in terms of HUs (static quantity) and HSI (dynamic quality) measures.
Figure 5.E.4-61 summarizes the change in HUs and HSI across scenarios for delta smelt in Cache
Slough. HSI values change between life stages and across scenarios, reflecting changes in
temperature, salinity, and turbidity and life stage requirements.

Over the BDCP permit term, sea level rise was estimated to result in relatively modest changes in
delta smelt habitat in Cache Slough (Table 5.E.4-18). HUs for the egg-larvae stage for the LLT
increased by 7%, larval HUs by 18% and juvenile HUs by 13% relative to the EBC condition due to
sea level rise alone. CM4, however, greatly increased available HUs for delta smelt. With CM4 HUs
for delta smelt in Cache Slough in the LLT increased by 168%, for egg-larvae, 158% for larvae and
153% for juvenile delta smelt relative to the EBC condition after removing the effect of sea level rise.
The increase in HUs for spawning (egg-larvae) reflects the increase in tidal freshwater habitat while
all life stages benefited from overall increased habitat acres.

Although HUs (and acres) for delta smelt increased substantially in Cache Slough because of CM4,
habitat suitability declined for the egg-larvae life stage (Figure 5.E.4-61). HSI values for larvae
increased slightly while the juvenile HSI value was relatively unchanged over the BDCP permit term.
The decrease in HSI for the egg-larvae stage is the result of increased water temperatures in the
subregion by the LLT primarily due to climate change impacts. There was almost no change in the
HSI value for temperature over the period due to covered activities alone reflecting the lack of
impact of the BDCP on temperature in Cache Slough (Figure 5.E.4-40). It is unclear from this analysis
if the overall increase in HUs as a result of CM4 compensates for the decline in habitat suitability
related to increasing temperatures for spawning delta smelt in Cache Slough.
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Table 5.E.4-18. Habitat Units Estimated for Delta Smelt Life Stages in Cache Slough Subregion by
Time Period, with and without the BDCP

Cache Slough Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only)
Egg-Larvae 5,348 5,348 5,756 6,006 659
Larvae 9,264 9,270 9,910 10,907 1,643
Juveniles 6,628 6,628 6,988 6,872 243
Total 21,240 21,247 22,654 23,785 2,545
ESO (BDCP Restoration + Sea Level Rise)
Egg-Larvae 5,348 7,862 11,610 14,970 9,622
Larvae 9,264 12,592 17,549 25,612 16,348
Juveniles 6,628 8,607 11,717 15,780 9,152
Total 21,240 29,062 40,876 56,362 35,122
Change from BDCP Restoration Only (Sea Level Rise Removed)
Egg-Larvae - 2,514 5,853 8,964 8,964
Larvae - 3,322 7,639 14,705 14,705
Juveniles - 1,979 4,729 8,909 8,909
Total - 7,815 18,222 32,578 32,578
Bay Delta Conservation Plan 5 E-96 November 2013
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Figure 5.E.4-61. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Delta Smelt Life Stages

in the Cache Slough Subregion

Bay Delta Conservation Plan

Public Draft

5.E-97

November 2013

ICF 00343.12



[o0] NO UL W =

14

15
16
17
18

19
20
21
22

23
24
25
26
27
28
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Longfin Smelt

Longfin smelt use the northern portion of the Delta (Cache Slough, North Delta, Suisun Marsh
complex) for spawning and rearing; a CDFW survey in 2008 found larval longfin smelt in small
numbers at every station in Cache Slough, Lindsey Slough, and Miner Slough (California Department
of Fish and Game 2009). This species is likely to use tidal freshwater habitat as juvenile and adult
spawning habitat; restoration of areas important for spawning, larval rearing, and food production
could provide a benefit.

A key difference between longfin and delta smelt is the assumed choice of spawning habitat. Longfin
smelt are assumed to select deeper subtidal areas for spawning whereas delta smelt are assumed to
spawn in shallow tidal areas. In addition, post-larval longfin smelt move westward out of the Plan
Area into deeper, higher-salinity areas such as San Francisco Bay (Rosenfield and Baxter 2007). Only
spawning (egg-larvae) and larval longfin smelt are assumed to use the Plan Area while all life stages
of delta smelt use the Plan Area.

Habitat Suitability Analysis

Over the BDCP permit term, sea level rise resulted in small changes in longfin smelt habitat in Cache
Slough (Table 5.E.4-19). HUs for the egg-larvae stage decreased by 3% but increased for larval
longfin smelt by 16% because of sea level rise alone. CM4 increased HUs for longfin egg-larvae by
about 100% and increased HUs in Cache Slough an additional 156% for larvae.

CM4 greatly increased HUs for longfin smelt in Cache Slough primarily for the larval life stage (Table
5.E.4-19). The larvae stage would benefit from the increase in shallow tidal freshwater habitat that
may enhance feeding opportunities. Overall, restoration in Cache Slough provided appreciably fewer
HUs for longfin smelt compared to delta smelt (Table 5.E.4-18 and Table 5.E.4-19).

Habitat suitability (HSI) for the egg-larvae stage declined in the LLT but remained constant over the
BDCP permit term for larval longfin smelt (Figure 5.E.4-62). As for delta smelt, the decline in HSI
resulted from increased water temperature primarily due to climate change. The overall impact was
toward appreciably greater habitat for longfin smelt in Cache Slough although it is not clear from
this analysis whether the increase in habitat quantity compensates for the decrease in habitat value
(HSI) related primarily to increasing temperatures.
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Table 5.E.4-19. Habitat Units Estimated for Longfin Smelt Life Stages in Cache Slough Subregion,
with and without the BDCP

Cache Slough EBC NT ELT LLT Total Change
EBC2 (Sea Level Rise Only)
Egg-Larvae 2,849 2,849 2,915 2,750 (98)
Larvae HUs 9,709 9,709 9,709 11,231 1,522
Total 12,558 12,558 12,624 13,981 1,423
ESO (BDCP Restoration + Sea Level Rise)
Egg- larvae 2,849 2,907 3,137 5,573 2,724
Larvae 9,709 13,188 13,188 26,347 16,638
Total 12,558 16,095 16,325 31,920 19,362
Change from BDCP Restoration Only (Sea Level Rise Removed)
Egg-larvae - 58 221 2,823 2,823
Larvae - 3,479 3,479 15,116 15,116
Total - 3,537 3,700 17,939 17,939
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Figure 5.E.4-62. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Longfin Smelt Life

Salmonids

Stages in the Cache Slough Subregion

Salmonids, especially those that enter the Yolo Bypass, make extensive use of the Cache Slough area.
Fish can move down through the bypass and into Cache Slough where their survival is affected by
local conditions. Tidal marsh restoration in Cache Slough is likely to benefit primarily juvenile
foraging salmon by providing access to high- value areas for rearing. Increases in size at ocean entry
have been shown to correlate with increased ocean survival (Claiborne et al. 2011). The aggregate
effects of these improvements in habitat availability and environmental condition are likely to result
in better outmigration success for juvenile Chinook salmon.
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Habitat Suitability Analysis

The assessment of HUs and HSI for foraging and migrating juvenile salmon are dominated by two
assumptions. First, it was assumed that foraging juvenile salmon preferentially used shallow-water
habitat and avoided deeper habitat, whereas the reverse was true for migrating juvenile salmonids.
This is not to say that smaller foraging fish do not move into deeper water during some periods and
migrate toward the ocean or that larger migrating fish do not periodically move into shallow areas
and feed, simply that observations of juvenile salmonids in beach seine and off-shore trawls
generally are consistent with the assumed habitat preference. Second, the HSI values for juvenile
salmonids were affected by the assumed turbidity rating curve for foraging juvenile salmon. The
effect of turbidity on juvenile salmonid survival and preference in the Delta has not been established
definitively. The hypothesis used in this analysis was based on Chipps Island trawl data, which
indicated a preferred turbidity for foraging juvenile salmonids at 34-43 cm Secchi disk depth, with
sharp declines in suitability at higher and lower levels. This general model is consistent with the
observations of Gregory and Northcote (1993) who found the highest feeding levels of Chinook
salmon fry in moderate turbidity levels (35-150 Nephelometric turbidity units [NTUs]).

Cache Slough produced fewer total HUs for salmonids than it did for delta smelt primarily because
only two life stage groups were evaluated whereas habitat for the entire life cycle of delta smelt was
evaluated. Current conditions in Cache Slough resulted in approximately equal amounts of habitat
for foraging and migrating juvenile salmonids (Table 5.E.4-20). HUs for both foraging and juvenile
salmonids were estimated to increase about 17% because of sea level rise alone. However, CM4
increased HUs in Cache Slough for both juvenile salmonid behavior forms by about 175%. Because
CM4 restoration increased the amount of shallow-water habitat in Cache Slough, the greatest
increase in HUs was for foraging juvenile salmonids relative to migrating salmonids. HSI for both
juvenile behavior forms was high throughout the BDCP permit term (Figure 5.E.4-63).

Table 5.E.4-20. Habitat Units Estimated for Salmonid Juvenile Behavior Patterns in Cache Slough
Subregion by Time Period, with and without the BDCP

Cache Slough Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only)
Foragers 6,081 6,081 6,034 7,122 1,041
Migrants 5,897 5,897 5,897 6,732 834
Total 11,979 11,979 11,932 13,854 1,875
ESO (BDCP Restoration + Sea Level Rise)
Foragers 6,081 9,460 13,015 18,250 12,169
Migrants 5,897 6,761 6,761 14,267 8,370
Total 11,979 16,221 19,776 32,517 20,538
Change from BDCP Restoration Only (Sea Level Rise Removed)
Foragers - 3,379 6,981 11,128 11,128
Migrants - 863 863 7,535 7,535
Total - 4,242 7,844 18,663 18,663
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Figure 5.E.4-63. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Salmonid Juvenile

Behavior Patterns in the Cache Slough Subregion
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1 North Delta
2 Delta Smelt
3 Habitat Suitability Assessment
4 Although no restoration is proposed in the North Delta subregion, HUs for delta smelt increased
5 slightly by the LLT period because of sea level rise (Table 5.E.4-21). The increase was greatest for
6 the egg-larvae stage reflecting the increase in tidal freshwater habitat.
7 HSI values for delta smelt in the North Delta were relatively low especially for the juvenile life stage
8 (Figure 5.E.4-64). Habitat suitability was decreased in the North Delta primarily because of high
9 water clarity, especially during fall and winter. Habitat suitability for spawning (egg-larvae)
10 decreased slightly over the BDCP permit term because of increasing water temperature as a result of
11 climate change (Figure 5.E.4-64).
12 Table 5.E.4-21. Habitat Units Estimated for Juvenile Delta Smelt in the North Delta Subregion
North Delta ‘ Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only—No Restoration)
Egg-Larvae 602 602 600 892 291
Larvae 2,251 2,181 2,238 2,657 406
Juveniles 1,172 1,172 1,280 1,221 49
Total 4,025 3,955 4,118 4,771 746
13
North Delta -- No Restoration
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15 Figure 5.E.4-64. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Delta Smelt in
16 the North Delta Subregion Due to Sea Level Rise Only—No Restoration: 991 Aquatic Acres Added
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Appendix 5.E

The North Delta provided habitat of greater suitability (HSI) for longfin smelt than for delta smelt
(Figure 5.E.4-65). Habitat suitability was quite high for longfin smelt spawning (egg-larvae) but
declined in the LLT because of climate-related temperature increase. HSI values for larval longfin

smelt were somewhat lower because of increasing water temperature in late spring.

Sea level rise increased shallow-water habitat in the North Delta and decreased HUs for longfin
smelt spawning (egg-larvae) because of the affinity of longfin smelt for deeper habitat for spawning.
Sea level rise increased deeper subtidal habitat as well and produced a small increase in HUs for

longfin smelt (Table 5.E.4-22).

Table 5.E.4-22. Habitat Units Estimated for Juvenile Longfin Smelt in the North Delta Subregion

North Delta Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only—No Restoration)
Egg-Larvae 2,893 2,893 2,925 2,664 (229)
Larvae 3,161 3,161 3,161 3,785 624
Total 6,054 6,054 6,086 6,449 395

North Delta -- No Restoration
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Figure 5.E.4-65. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Longfin Smelt

in the North Delta Subregion with Sea Level Rise Only
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Current (EBC) conditions in the North Delta subregion favored migrating salmonids because of the
abundance of deeper habitat strata (Table 5.E.4-23). Habitat suitability (HSI) for salmon in the North
Delta was quite low compared to other species because of high water clarity that was outside the
assumed habitat preference for juvenile salmonids (Figure 5.E.4-66).

Table 5.E.4-23. Habitat Units Estimated for Juvenile Salmonid Behavior Patterns in the North Delta

Subregion
North Delta Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only—No Restoration)
Foragers 808 808 524 1,323 514
Migrants 2,145 2,145 2,145 2,250 105
Total 2,954 2,954 2,669 3,573 619
North Delta -- No Restoration
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Figure 5.E.4-66. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Salmonid
Behavior Patterns in the North Delta Subregion—Sea Level Rise Only, No Restoration: 991 Aquatic
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Habitat Restoration Appendix 5.E

West Delta
Delta Smelt

Habitat Suitability Analysis

The West Delta subregion currently provides HUs largely for larval and juvenile delta smelt with
relatively small amount of habitat for delta smelt spawning (Table 5.E.4-24). This is because most of
the subregion is subtidal with a small amount of tidal freshwater (Figure 5.E.4-67).

HSI values for delta smelt in the West Delta subregion were moderate (Figure 5.E.4-67). Habitat
suitability for spawning (egg-larvae) declined over the BDCP permit term because of increasing
temperature due to climate change. Suitability was lowest in all time periods for juvenile delta smelt
because of low turbidity in summer and fall months.

HUs for egg-larvae stage in the West Delta subregion decreased under sea level rise by the LLT
because shallow-water habitat increased only slightly with sea level rise while HSI values declined
for the egg-larvae stage (Table 5.E.4-24). At the same time, HUs for larval delta smelt increased with
sea level rise because of the increase in subtidal area and the relatively stable HSI values for this life
stage over the study period.

With restoration under CM4 HUs increased for all life stages (Table 5.E.4-24). The biggest gain in
HUs was for the larvae stage because of the relative high and stable HSI and the restoration of
subtidal habitat. Spawning (egg-larvae) HUs increased under CM4 because of the expansion of
shallow tidal freshwater habitat even while the HSI value decreased because of an increase in
temperature associated with climate change.

Table 5.E.4-24. Habitat Units Estimated for Juvenile Delta Smelt in the West Delta Subregion by
Time Period, with and without the BDCP

WestDelta  Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only)
Egg-Larvae 7,231 7,231 6,712 6,161 -1,070
Larvae 22,378 22,799 23,286 23,645 1,267
Juveniles 15,914 15,914 16,858 15,636 -277
Total 45,522 45,943 46,857 45,442 -80
ESO (Sea Level Rise + BDCP Restoration)
Egg-Larvae 7,231 8,126 8,221 6,766 -465
Larvae 22,378 24,068 25,468 26,029 3,651
Juveniles 15,914 16,662 18,045 17,213 1,300
Total 45,522 48,856 51,734 50,008 4,486
Change from BDCP Restoration Only (Sea Level Rise Removed)
Egg-Larvae - 895 1,509 605 605
Larvae - 1,269 2,182 2,383 2,383
Juveniles - 748 1,186 1,577 1,577
Total - 2,912 4,877 4,565 4,565

Bay Delta Conservation Plan 5 E-106 November 2013

Public Draft ICF 00343.12



Habitat Restoration Appendix 5.E

West Delta Without Restoration
70,000 1.00
60,000 - 284
- 0.90
50,000 A — - 085
£ 10,000 E ~‘=E_ - 080
B - 075 @
% 30,000 L 0.70
r
20,000 - 0.65
10,000 e
' - 0.55
0 . . . 0.50
EBC2 EBC2_NT EBC2_ELT EBC2_LLT
E=SlEzz-Larvae B Larvae HUs [—Juvenile HUs
sy 0lk-sac HS| s arvae HSl  s=Ome Juyvenile HSI
1
West Delta With Restoration
70,000 1.00
60,000 e T
- 0.90
50,000 _ﬁﬁﬁ_ﬁ_ - 0.85
£ 10,000 O 0 | - o8
L 30,000 [0 R
52U - 0.70
= =
20,000 - 0.65
- 0.60
10,000
! - 0.55
0 T T T 0.50
EBC2 ESO_NT ESO_ELT ESO_LLT
E=SEgz-larvae B larvaeHUs C—1Juvenile HUs
=eyolk-sac HS| ===l arvae HSI  ==OmsJyvenile HSI
2
3 Figure 5.E.4-67. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Delta Smelt in
4 the West Delta Subregion
Bay Delta Conservation Plan November 2013

Public Draft 5.E-107 ICF 00343.12



DU W

10
11
12
13
14

15
16
17
18
19

20
21

22

Habitat Restoration Appendix 5.E

Longfin Smelt

Although restoration in the West Delta is limited under CM4, the position of the ROA in the central
Delta makes it potentially important to longfin smelt. Occurring at the confluence of the San Joaquin
and Sacramento Rivers and tidal flow from the west, the area is typically turbid and brackish,
conditions that favor longfin smelt (Rosenfield 2010). For this reason, the BDCP restoration actions
in the West Delta ROA are likely to benefit longfin smelt.

Habitat Suitability Analysis

The deeper habitat of the West Delta subregion provided higher HSIs for longfin smelt than it did for
delta smelt. Currently the subregion provides substantial habitat for both spawning (egg-larvae) and
larval longfin smelt (Figure 5.E.4-68). This is because of the preponderance of deeper habitat in the
West Delta and preference of longfin smelt for this type of habitat. HSI values for both life stages
were appreciably higher than those for delta smelt. Suitability of the area for spawning longfin smelt
decreased by LLT because of increased temperature with climate change. This resulted in a slight
decrease in HUs for egg-larvae life stage by the LLT (Figure 5.E.4-68).

CM4 provided a small increase in HUs for both longfin smelt life stages (Table 5.E.4-25). Although
the HSI for spawning (egg-larvae) longfin smelt declined by the LLT, the increase in acreage due to
restoration in the subregion resulted in an overall increase in HUs. However, it is not possible to say
from this analysis whether the increased quantity of habitat compensated for the decreased value of
habitat because of the climate-related increase in water temperature.

Table 5.E.4-25. Habitat Units Estimated for Juvenile Longfin Smelt in the West Delta Subregion by
Time Period, with and without the BDCP

West Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Egg-Larvae 18,621 18,621 18,963 17,882 (739)

Larvae 25,369 25,369 25,369 25,806 437

Total 43,991 43,991 44,332 43,689 (302)

ESO (Sea Level Rise + BDCP Restoration)

Egg-Larvae 18,621 18,871 19,018 19,247 626

Larvae 25,369 26,781 26,781 28,309 2,940

Total 43,991 45,652 45,800 47,556 3,566

Change from BDCP Restoration Only (Sea Level Rise Removed)

Egg-Larvae - 250 55 1,365 1,365

Larvae - 1,412 1,412 2,503 2,503

Total - 1,662 1,467 3,868 3,868
Bay Delta Conservation Plan 5 E-108 November 2013
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Appendix 5.E

Figure 5.E.4-68. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Longfin Smelt

in the West Delta Subregion
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Salmonids

Habitat Suitability Analysis

The West Delta subregion provided relatively less habitat for juvenile salmonids under current and
restored conditions than it did for delta smelt or longfin smelt (Figure 5.E.4-69). This was largely
because the large amount of deepwater habitat is of lower value for foraging juvenile salmonids. The
area does, however, provide substantial habitat for migrating juvenile salmonids. HSI values were
somewhat reduced by turbidity levels but overall were relatively high and stable throughout the
BDCP permit term for both behavioral forms of juvenile salmonids.

Restoration of habitat in the West Delta under CM4 provided a small increase in habitat for both
juvenile salmonid behavior forms (Table 5.E.4-26). Most of the increase in salmonid HUs under CM4
accrued to foraging juveniles because the restoration provided a greater increase in tidal freshwater
habitat than in subtidal habitat.

Table 5.E.4-26. Habitat Units Estimated for Juvenile Salmonid Behavior Patterns in the West Delta
Subregion by Time Period, with and without the BDCP

West Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Foragers 9,459 9,459 7,105 9,602 142

Migrants 19,418 19,418 19,418 19,723 304

Total 28,878 28,878 26,523 29,324 447

ESO (Sea Level Rise + BDCP Restoration)

Foragers 9,459 10,591 9,041 11,422 1,963

Migrants 19,418 19,902 19,902 20,670 1,252

Total 28,878 30,493 28,943 32,093 3,215

Change from BDCP Restoration Only (Sea Level Rise Removed

Foragers - 1,131 1,936 1,821 1,821

Migrants - 484 484 948 948

Total - 1,615 2,420 2,768 2,768
Bay Delta Conservation Plan November 2013
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West Delta Without Restoration
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Figure 5.E.4-69. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Salmonid
Behavior Patterns in the West Delta Subregion

Suisun Marsh

Delta Smelt

Suisun Marsh is important habitat for larval and juvenile delta smelt, especially in the spring and
early summer. Restoration in Suisun Marsh may increase the availability and production of food in
the marsh and is expected potentially to increase food resources in Suisun Bay by exporting organic
material by tidal flow from the marsh plain and phytoplankton, zooplankton, and other organisms
produced in intertidal channels into the Bay.

Bay Delta Conservation Plan 5E-111 November 2013
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Habitat Suitability Analysis

Conditions in Suisun Marsh resulted in moderate to low HSI values for delta smelt (Figure 5.E.4-70).
The HSI for juvenile delta smelt was relatively low throughout the period because of high salinity
values in the marsh in summer and fall. Conditions were better for juvenile delta smelt because of
lower salinity in the spring. Absent the BDCP, the suitability of the area for delta smelt spawning
(egg-larvae) declined over the BDCP permit term because of an increase in temperature associated
with climate change.

Under the BDCP, HSI values for delta smelt in Suisun Marsh declined (Figure 5.E.4-70). Suisun Marsh
is the only subregion where HSI values declined appreciably under the BDCP. The cause of the
decline in HSI values under the BDCP is an increase in salinity in the marsh in the ELT and LLT
periods, caused by a combination of sea level rise and restoration. While salinity was higher in other
subregions under the BDCP, it was still within the preferred range assumed for delta smelt and no
change in HSI occurred. In Suisun Marsh salinity is appreciably higher than it is for other subregions
(except Suisun Bay) and the increase in salinity under the BDCP was enough to move salinity
beyond the assumed preferred range.

The increase in salinity in the marsh under the BDCP is largely the result of a shift in the tidal prism
as a result of CM4 restoration. Inundation of large areas that are currently terrestrial under CM4
results in a shift in the tidal prism to the east. While there are small changes in salinity in other areas
as well, the generally high salinity in Suisun Marsh produced an appreciable decrease in HSI values.

Despite the decrease in HSI, HUs for delta smelt increased in Suisun Marsh under CM4 (Table
5.E.4-27). The greatest gains in HUs were for the spawning (egg-larvae) and larvae stages that
benefited from the increase in brackish tidal habitat. However, the value of gains in HUs is
moderated by the low HSI values that declined as a result of climate change and covered activities. It
is not possible to say from this analysis whether the increased in HUs compensated for the
decreased value of habitat because of the increase in salinity under the BDCP.

Table 5.E.4-27. Habitat Units Estimated for Juvenile Delta Smelt in the Suisun Marsh Subregion by
Time Period, with and without the BDCP

Suisun Marsh Current ‘ NT ELT LLT Total Change
EBC2 (Sea Level Rise Only)
Egg-Larvae 6,547 6,547 6348 5,994 -552
Larvae 10,660 10,642 10,864 11,024 364
Juveniles 7,323 7,323 7,340 7,463 140
Total 24,529 24,511 24,552 24,481 -48
ESO (Sea Level Rise + BDCP Restoration)
Egg-Larvae 6,547 8,994 9,316 12,947 6,400
Larvae 10,660 14,256 15,716 20,912 10,252
Juveniles 7,323 9,950 10,681 14,694 7,371
Total 24,529 33,201 35,713 48,553 24,024
Change from BDCP Restoration Only (Sea Level Rise Removed)
Egg-Larvae - 2,447 2,968 6,953 6,953
Larvae - 3,614 4,852 9,888 9,888
Juveniles - 2,628 3,341 7,231 7,231
Total - 8,689 11,161 24,072 24,072
Bay Delta Conservation Plan 5 E-112 November 2013
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Suisun Marsh Without Restoration
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Figure 5.E.4-70A. Sea Level Rise Only: 292 Aquatic Acres Added to Subregion
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Figure 5.E.4-70. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Delta Smelt Life Stages
in the Suisun Marsh Subregion

Longfin Smelt

Longfin smelt are widespread in the San Francisco Bay estuary and are detected each year in the
western Delta, Suisun Bay, and Suisun Marsh (Baxter 1999; Rosenfield 2008). Soon after they

Bay Delta Conservation Plan 5 E-113 November 2013
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Appendix 5.E

become free-swimming fish, longfin smelt concentrate in deepwater environments and most of the
Delta is not considered rearing habitat for juvenile and adult longfin smelt.

Habitat Suitability Analysis

HSI values were quite high in Suisun Marsh for both spawning (egg-larvae) and larval longfin smelt
compared to other species with and without the BDCP (Figure 5.E.4-71). However, habitat suitability

decreased in the ELT and LLT for spawning (egg-larvae) because of higher temperatures in the
spring (March) due to climate change. With the BDCP, the HSI for the egg-larvae stage was
somewhat lower in the ELT than it was without the BDCP as a result of slightly higher temperature
in spring (March). Values in the LLT for egg-larvae were similar with and without the BDCP.

Because of the preference of longfin smelt for higher-salinity water, the increase in salinity in Suisun
Marsh under the BDCP that decreased HSI for delta smelt did not affect the HSI values for longfin
smelt and resulted in HSI values for larval longfin smelt near 1.0. The shallow tidal brackish habitat
in Suisun Marsh provided few HUs for spawning (egg-larvae) longfin smelt that spawn in deeper
habitat. In fact, spawning HUs declined slightly over time as a result of the reduced HSI for egg-
larvae stage. Suisun Marsh provides potential feeding areas for larvae stage reflected in the greater
number of HUs for larvae (Table 5.E.4-28).

Table 5.E.4-28. Habitat Units Estimated for Juvenile Longfin Smelt in the Suisun Marsh Subregion
by Time Period, with and without the BDCP

Suisun Marsh ‘ Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Yolk-sac larvae 2,243 2,243 2,302 2,171 (71)

Larvae 11,833 11,833 11,833 12,137 304

Total 14,075 14,075 14,135 14,308 233

ESO (Sea Level Rise + BDCP Restoration)

Yolk-sac larvae 2,243 2,214 2,299 2,210 (33)

Larvae 11,833 15,852 15,852 23,738 11,905

Total 14,075 18,065 18,150 25,948 11,872

Change from BDCP Restoration Only (Sea Level Rise Removed)

Egg-Larvae HUs - (29) 3) 39 39

Larvae HUs - 4,019 4,019 11,601 11,601

Total - 3,990 4,015 11,639 11,639
Ezlllijcelljtfaﬁonservatlon Plan 5 E-114 Novelg;boz;zlgﬁ
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Appendix 5.E

Figure 5.E.4-71. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Longfin Smelt Life

Stages in the Suisun Marsh Subregion
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Salmonids

Tidal wetland habitat rehabilitation has the potential to contribute to productive rearing habitat for
juvenile Chinook salmon and steelhead. Permanent tidal marshes such as Suisun Marsh may provide
critical habitat functions and contribute to improved abundances. For salmonids traveling through
the lower estuary, opportunities for growth and development may be currently limited by available
habitat; therefore, increases in rearing habitat access might contribute to positive effects.

Tidal habitats may be important to salmonids exhibiting alternative migration and behavioral
pathways; a range of life-history patterns provides resilience to variable environmental conditions
(Miller and Sadro 2003; Healey 2009; Volk et al. 2010). Juvenile salmonids in the Delta exhibit
variation in foraging and migrating behaviors between and within populations. The
interconnectedness of wetland habitats along the estuarine gradient probably provides an
important rearing function.

Steelhead are generally thought to move quickly through estuarine habitats because of their larger
size at outmigration; however, there are few empirical sources of information from the Delta
(McEwan 2001). Studies from coastal systems have found a benefit to size at ocean entry and
survival for steelhead that rear in estuarine marshes (Bond 2006; Hayes et al. 2008)

Habitat Suitability Analysis

HSI values for foraging and migrating juvenile salmonids were moderate in Suisun Marsh (Figure
5.E.4-72). Habitat suitability for salmonids in Suisun Marsh was reduced by high turbidity values
that were outside the assumed optimal value for juvenile salmonids. The shallow tidal brackish
habitat that predominates in Suisun Marsh currently provides greater habitat for foraging juvenile
salmon relative to migrants; sea level rise, however, increased deeper habitats that favored the
migrating behavior (Table 5.E.4-29). CM4 restoration increased the amount of shallow tidal habitat
in Suisun Marsh and so provided a greater benefit for foraging juvenile salmonids than for the
migrant form (Figure 5.E.4-72).

Table 5.E.4-29. Habitat Units Estimated for Juvenile Salmonid Behavior Patterns in the
Suisun Marsh Subregion by Time Period, with and without the BDCP

Suisun Marsh Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Foragers 7,678 7,678 7,443 7,755 77

Migrants 4,037 4,037 4,037 4,230 193

Total 11,715 11,715 11,480 11,986 271

ESO (Sea Level Rise + BDCP Restoration)

Foragers 7,678 10,575 11,365 14,375 6,697

Migrants 4,037 5,159 5,159 9,085 5,048

Total 11,715 15,734 16,524 23,459 11,744

Change from BDCP Restoration Only (Sea Level Rise Removed)

Foragers - 2,897 3,922 6,619 6,619

Migrants - 1,122 1,122 4,854 4,854

Total - 4,019 5,044 11,474 11,474
Bay Delta Conservation Plan 5E-116 November 2013
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Figure 5.E.4-72. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Salmonid

Behavior Patterns in the Suisun Marsh Subregion

Suisun Bay

Delta Smelt

Appendix 5.E

Although, there is no restoration planned within Suisun Bay it is considered important larval and
juvenile delta smelt habitat in certain water years because the rearing area (low salinity zone)
moves westward in response to total Delta outflow. Shallow subtidal habitat is expected to decrease
and deep subtidal habitat increase with sea level rise. Delta smelt could benefit from restoration
activities in adjacent Suisun Marsh that may increase the availability and production of food in
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Habitat Restoration Appendix 5.E

1 Suisun Bay by exporting organic material via tidal flow from adjacent intertidal habitat into the low
2 salinity zone.
3 Habitat Suitability Analysis
4 Because there is no restoration planned in Suisun Bay under the BDCP, the habitat suitability
5 analysis describes current habitat potential and the change in habitat only as a result of the
6 relatively minor change in the subregion expected as a result of sea level rise.
7 HSI values for delta smelt in Suisun Bay were reduced relative to other geographic subregions
8 because of high salinity and to a lesser extent, high temperature. High salinity particularly reduced
9 habitat suitability in Suisun Bay for the juvenile life stage during the summer especially in drier
10 water years. HSI values for spawning delta smelt in Suisun Bay declined slightly over time because
11 of increasing water temperature (Figure 5.E.4-73). Because the HSI values declined over time, and
12 there was no restoration, overall HUs for all life stages of delta smelt in Suisun Bay declined slightly
13 by the LLT (Table 5.E.4-30).
14 Table 5.E.4-30. Habitat Units Estimated for Juvenile Delta Smelt in the Suisun Bay Subregion
Suisun Bay Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only)
Egg-Larvae 7,475 7,475 6,538 4,922 -2,553
Larvae 16,031 16,171 16,145 15,967 -64
Juveniles 12,430 12,430 11,695 11,808 -622
Total 35,936 36,076 34,379 32,697 -3,239
15
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17 Figure 5.E.4-73. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Delta Smelt in
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Longfin Smelt

1

2 Longfin smelt are widespread in the San Francisco Bay Suisun Bay, and Suisun Marsh (Baxter 1999;
3 Rosenfield 2008). Soon after they become free-swimming fish, longfin smelt concentrate in

4 deepwater environments and then move into more saline waters in San Francisco Bay as juveniles.

5 Habitat Suitability Analysis
6 The deeper, more saline conditions of Suisun Bay provided better habitat for longfin smelt relative
7 to other species and overall HUs increased even without BDCP restoration because of sea level rise
8 (Table 5.E.4-31). HSI values for larval longfin smelt were near 1.0 because of nearly ideal salinity
9 and temperature conditions. HUs for longfin smelt spawning increased because of sea level rise and
10 the increase in deeper habitat strata favored for longfin smelt spawning (Figure 5.E.4-74). Suitability
11 for spawning (egg-larvae) declined over the period as a result of temperature increases due to
12 climate change.
13 Table 5.E.4-31. Habitat Units Estimated for Juvenile Delta Smelt in the Suisun Bay Subregion
Suisun Bay Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only—No Restoration)
Egg-Larvae 10,502 10,502 11,307 12,158 1,656
Larvae 20,570 20,570 20,570 20,810 240
Total 31,072 31,072 31,877 32,968 1,896
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17 Suisun Bay Subregion—No Restoration: 17 Aquatic Acres Added to Subregion
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1 Salmonids
2 Chinook salmon most likely would forage in intertidal habitat surrounding Suisun Bay on flood tides
3 and move back into channels and sloughs during ebb tides. Migrating smolts most likely would use
4 Suisun Bay as a migratory corridor while they move to the Pacific ocean (Kjelson et al. 1982). Fry
5 could use Suisun Bay and surrounding habitats depending on size and timing of emigration.
6 Salmonids may benefit from restoration actions in adjacent Suisun Marsh that are expected to
7 export organic material, thereby potentially enhancing foodwebs in Suisun Bay.
8 Habitat Suitability Analysis
9 Conditions in Suisun Bay over the course of the BDCP permit term resulted in high HSI values for
10 juvenile salmonids (Figure 5.E.4-75). Suitability of habitat for juvenile salmonids was greater in
11 Suisun Bay than it was in Suisun Marsh because turbidity in Suisun Bay was less than it was in
12 Suisun Marsh and the Suisun Bay values fell within the preferred range assumed for salmonids.
13 Because of the preponderance of subtidal habitat and small amount of shallow-water habitat, Suisun
14 Bay provided the most HUs for migrating juvenile salmonids; habitat for foraging juvenile salmonids
15 declined over time because of the reduction in tidal brackish areas due to sea level rise (Table
16 5.E.4-32).
17 Table 5.E.4-32. Habitat Units Estimated for Juvenile Salmonid Behavior Patterns in the Suisun Bay
18 Subregion
Suisun Bay Current NT ELT LLT Total Change
EBC2 (Sea Level Rise Only—No Restoration)
Foragers 7,889 7,889 6,008 7,029 (859)
Migrants 17,402 17,402 17,402 18,153 751
Total 25,291 25,291 23,410 25,182 (109)
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East Delta

Delta Smelt

Delta smelt are rare in the East Delta and usually are found as larvae that probably have been
transported through the Delta Cross Channel from the Sacramento River.

Habitat Suitability Analysis

HSI values for delta smelt in the East Delta subregion were low for larval and juvenile delta smelt
(Figure 5.E.4-76). The low HSI for delta smelt in this subregion is primarily because of very low
turbidity. HSI values for spawning (egg-larvae) were much higher because turbidity was not
included in the egg-larvae habitat suitability model. The East Delta subregion had the lowest HSI
values for delta smelt of any of the BDCP subregions. The low suitability of habitat in this subregion
was the result of high temperature but especially low turbidity. HSI value for egg-larvae stage
decreased by LLT as a result of increasing temperature due to climate change.

As aresult of the low habitat suitability of the East Delta subregion, the area produced few HUs for
Delta relative to its total acreage especially for larval and juvenile life stages (Table 5.E.4-33). Sea
level rise resulted in a small increase in HUs for all life stages. CM4 further increased HUs in the
subregion for all life stages but primarily for the egg-larvae stage, which was not affected by the low
turbidity. Given the very low HSI values for larval and juvenile life stages of delta smelt, it seems
unlikely that expansion of habitat areas would compensate for low habitat value.

Table 5.E.4-33. Habitat Units Estimated for Juvenile Delta Smelt in the East Delta Subregion by
Time Period, with and without the BDCP

East Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)
Egg-Larvae 1,687 1,687 1,710 2,198 511
Larvae 1,961 1,891 1,987 2,452 491
Juveniles 1,488 1,488 1,789 1,667 180
Total 5,135 5,065 5,486 6,317 1,182
ESO (Sea Level Rise + BDCP Restoration),
Egg-Larvae 1,687 3,739 3,795 3,701 2,015
Larvae 1,961 2,822 2,985 3,249 1,288
Juveniles 1,488 2,193 2,632 2,243 756
Total 5,135 8,754 9,411 9,194 4,059
Change from BDCP Restoration Only (Sea Level Rise Removed)
Egg-Larvae - 2,052 2,085 1,503 1,503
Larvae - 931 998 797 797
Juveniles - 705 843 576 576
Total - 3,689 3,926 2,876 2,876
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Figure 5.E.4-76. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Delta Smelt in

the East Delta Subregion
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Longfin Smelt

The East Delta does not appear to harbor substantial numbers of longfin smelt at the present time.
Like delta smelt, longfin smelt do not appear to use the East Delta for spawning or rearing. The
occasional catch of larvae in this area is attributable to larvae being passively transported into the
area from the Sacramento River.

Habitat Suitability Analysis

Conditions in the East Delta subregion provided relatively good habitat for longfin smelt (Figure
5.E.4-77). This is somewhat surprising given the low HSI ratings for delta smelt in the subregion but
it is due to the fact that longfin smelt were assumed to be present in the Delta primarily in the
winter and early spring months (December-March for egg-larvae, January to April for larvae) when
temperature and turbidity levels in the East Delta subregion were usually within preferred range for
longfin smelt. Also, the subregion has a high proportion of the deeper habitat longfin smelt prefer.
Suitability declined for the egg-larvae stage over time because of increasing water temperature but
remained relatively high in the LLT.

CM4 increased habitat for longfin smelt in the East Delta subregion (Table 5.E.4-34). Most of the
increased HUs were for the larval life stage that could use the increased tidal freshwater habitat for
feeding whereas the egg-larvae stage benefited only from the small increase in deeper habitat.

Table 5.E.4-34. Habitat Units Estimated for Juvenile Longfin Smelt in the East Delta Subregion by
Time Period, with and without the BDCP

East Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Egg-Larvae 3,179 3,179 3,239 2,930 (248)

Larvae 4,612 4,612 4,612 5,871 1,258

Total 7,791 7,791 7,851 8,801 1,010

ESO (Sea Level Rise + BDCP Restoration)

Egg-Larvae 3,179 3,243 3,223 3,020 (159)

Larvae 4,612 6,885 6,885 7,713 3,100

Total 7,791 10,127 10,108 10,733 2,942

Change from BDCP Restoration Only (Sea Level Rise Removed)

Egg-Larvae - 64 (16) 90 90

Larvae - 2,272 2,272 1,842 1,842

Total - 2,336 2,257 1,932 1,932
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Figure 5.E.4-77. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Longfin Smelt
in the East Delta Subregion
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Salmonids

Migrating adult and juvenile Chinook and steelhead use the East Delta as a migratory pathway to
spawning areas in the Cosumnes and Mokelumne Rivers.

Habitat Suitability Analysis

The East Delta had relatively low suitability values for juvenile salmonids (Figure 5.E.4-78). This
was the result of low turbidity conditions during summer and fall that affected both foraging and
migrating forms. HSI values for migrant juvenile salmonids were lower than those for foragers
because low turbidity conditions spanned the entire assumed period for migrants (April-May)
whereas foragers were assumed to be present for a time prior to this (January-May) and benefited
from the higher winter turbidity levels in the subregion.

Under current conditions (EBC) the majority of HUs are accounted to migrant juvenile salmonids
because of the greater amount of deepwater habitat relative to shallow intertidal habitat. However,
by the LLT, the majority of HUs accrued to foraging juvenile salmonids for both sea level rise only
and with CM4 restoration (Table 5.E.4-35). Sea level rise increased tidal freshwater habitat which
was further increased by CM4 with the result being that there were more HUs for the foraging
behavior than there was for the migrant behavior by the LLT.

Table 5.E.4-35. Habitat Units Estimated for Juvenile Salmonid Behavior Patterns in the East Delta
Subregion by Time Period, with and without the BDCP

East Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Foragers 1,346 1,346 1,192 2,106 760

Migrants 1,661 1,661 1,661 1,800 139

Total 3,007 3,007 2,853 3,906 899

ESO (Sea Level Rise + BDCP Restoration)

Foragers 1,346 2,342 2,240 2,812 1,467

Migrants 1,661 2,242 2,242 2,352 691

Total 3,007 4,584 4,482 5,165 2,158

Change from BDCP Restoration Only (Sea Level Rise Removed)

Foragers - 997 1,048 707 707

Migrants - 580 580 552 552

Total - 1,577 1,629 1,259 1,259
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Figure 5.E.4-78. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Salmonid

Behavior Patterns in the East Delta Subregion
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South Delta
Delta Smelt

Habitat Suitability Analysis

HSI values for delta smelt in the South Delta were only slightly higher than those for the East Delta
subregion (Table 5.E.4-36). This was because HSI for larval delta smelt was somewhat higher for the
South Delta compared to the East Delta; HSI values for egg-larvae and juvenile delta smelt were
similar in both areas. The analysis indicates that under current conditions (EBC), the south Delta
provides small amount of habitats for larval spawning (egg-larvae) and juvenile delta smelt (Table
5.E.4-36). As in the East Delta subregion HSI values for delta smelt in the South Delta are limited by
low turbidity especially during summer and fall periods. Suitability for spawning (egg-larvae) is
relatively high in the South Delta because the evaluation period is prior to high summer water
temperatures and suitability is not decreased by high water clarity. Over the BDCP period, however,
suitability of the south Delta for delta smelt spawning is declined because of increasing water
temperature from climate change.

All restoration under CM4 in the South Delta was assumed to occur in the LLT (Figure 5.E.4-79).
Restoration added appreciably to the delta smelt HUs in the south Delta, especially for spawning
(egg-larvae) and larval life stages (Table 5.E.4-36 and Figure 5.E.4-79). However, the benefits of CM4
in the south Delta are appreciably limited by low HSI values primarily related to high water clarity
(low turbidity). The low HSI values, especially for juvenile delta smelt, make it unlikely that the
increased quantity of habitat provided by restoration would compensate for the low habitat value
(HSD).

Table 5.E.4-36. Habitat Units Estimated for Juvenile Delta Smelt in the South Delta Subregion by
Time Period, with and without the BDCP

South Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Egg-Larvae 5,213 5,213 5,049 5,055 -158

Larvae 9,933 9,864 10,013 10,444 510

Juveniles 4,998 4,998 5,600 4,812 -185

Total 20,144 20,074 20,663 20,311 167

ESO (Sea Level Rise + BDCP Restoration)

Egg-Larvae 5,213 5,016 4,862 18,484 13,271

Larvae 9,933 9,779 9,970 21,182 11,248

Juveniles 4,998 4,964 5,606 9,519 4,521

Total 20,144 19,759 20,437 49,184 29,040

Change from BDCP Restoration Only (Sea Level Rise Removed)

Egg-Larvae - -197 -188 13,429 13,429

Larvae - -85 -44 10,738 10,738

Juveniles - -34 6 4,706 4,706

Total - -316 -225 28,873 28,873
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South Delta Without Restoration
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Figure 5.E.4-79A. Sea Level Rise Only: 1,025 Aquatic Acres Added to Subregion
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Figure 5.E.4-79B. Sea Level Rise + Restoration: 22,847 Aquatic Acres Added to Subregion

Figure 5.E.4-79. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Delta Smelt in
the South Delta Subregion
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Longfin Smelt

In the South Delta longfin smelt life stages are salvaged in the south Delta pumps, indicating that
longfin smelt move or are drawn into the area. Generally, salinity is too low, temperature too high,
and turbidity too low to provide suitable conditions.

Habitat Suitability Analysis

Habitat suitability in the south Delta for longfin smelt was relatively high and appreciably better
than for delta smelt (Figure 5.E.4-80). As in the East Delta subregion, this was because larval delta
smelt were assumed to leave the south Delta by April, prior to the decreased turbidity of summer
and fall. As for other species, suitability for spawning (egg-larvae) declined over time because of
climate change-related increase in water temperature.

Sea level rise increased shallow freshwater tidal habitat and, to a lesser extent, the deeper subtidal
habitat. This is seen in the larger increase in HUs for larval longfin smelt relative to the increase in
habitat for the egg-larvae stage (Table 5.E.4-37). CM4 further increased the amount of shallow
freshwater tidal habitat in the South Delta which greatly increased HUs for larval longfin smelt in the
LLT (Figure 5.E.4-80).

Table 5.E.4-37. Habitat Units Estimated for Juvenile Longfin Smelt in the South Delta Subregion by
Time Period, with and without the BDCP

South Delta Current NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Egg-Larvae 11,012 11,012 11,199 11,685 672

Larvae 15,366 15,366 15,366 16,493 1,126

Total 26,379 26,379 26,565 28,177 1,799

ESO (Sea Level Rise + BDCP Restoration)

Egg-Larvae 11,012 11,110 11,349 13,302 2,289

Larvae 15,366 15,234 15,234 33,396 18,029

Total 26,379 26,344 26,583 46,697 20,319

Change from BDCP Restoration Only (Sea Level Rise Removed)

Egg-Larvae - 98 150 1,617 1,617

Larvae - (132) (132) 16,903 16,903

Total - (34) 18 18,520 18,520
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Figure 5.E.4-80. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Longfin Smelt

in the South Delta Subregion
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Salmonids

Restoring a wetland corridor in the South Delta may improve survival of salmonids from the San
Joaquin River tributaries. Tidal wetland rearing habitat also would provide an improved migration
corridor that would serve as an alternative to the main San Joaquin River route and may improve
survival of salmonids from the San Joaquin River tributaries. Restoration in the South Delta ROA
would be phased to occur after the construction of the north Delta diversion, in order to reduce
entrainment risk for fish entering the interior Delta down Old River and the newly restored
migration corridor.

Habitat Suitability Analysis

Conditions in the South Delta resulted in moderate HSI values for juvenile salmonids similar to those
in the East Delta subregion (Figure 5.E.4-81). Suitability for both behavior forms was reduced by
low turbidity levels.

Currently (EBC) the South Delta has more HUs for migrant juvenile salmonids than for foraging
salmonids because of the greater amount of subtidal habitat. With sea level rise, shallow tidal
habitat in the South Delta increased more than subtidal habitat resulting in a greater increase in HUs
for foragers than for migrants by the LLT (Table 5.E.4-38).

CM4 further increased shallow tidal habitat in the South Delta resulting in a greater increase in HUs
for foraging juvenile salmonids in the LLT relative to migrant salmonids (Figure 5.E.4-81). Although
under current conditions (EBC) the South Delta had appreciably more HUs for migrants than for
foragers, by the LLT there were similar proportions of habitat for the two behaviors as a result of
sea level rise and CM4 restoration.

Table 5.E.4-38. Habitat Units Estimated for Juvenile Salmonid Behavior Patterns in the South Delta
Subregion by Time Period, with and without the BDCP

South Delta Current ‘ NT ELT LLT Total Change

EBC2 (Sea Level Rise Only)

Foragers 4,363 4,363 3,604 5,036 674

Migrants 8,514 8,514 8,514 8,768 255

Total 12,876 12,876 12,118 13,805 929

ESO (Sea Level Rise + BDCP Restoration)

Foragers 4,363 4,251 3,513 13,607 9,244

Migrants 8,514 8,511 8,511 14,609 6,095

Total 12,876 12,762 12,024 28,215 15,339

Change from BDCP Restoration Only (Sea Level Rise Removed)

Foragers - (112) (91) 8,570 8,570

Migrants - 3) 3 5,840 5,840

Total - (115) (94) 14,410 14,410
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South Delta Without Restoration
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Figure 5.E.4-81A. Sea Level Rise Only: 1,025 Aquatic Acres Added to Subregion
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Figure 5.E.4-81B. Sea Level Rise + Restoration: 22,847 Aquatic Acres Added to Subregion

Figure 5.E.4-81. Habitat Suitability Index (HSI) and Habitat Unit (HU) Results for Juvenile Salmonid
Behavior Patterns in the South Delta Subregion

Potential Impacts of Tidal Habitat Restoration on Splittail, Sturgeon, and Lamprey

Relatively little research has been conducted on the dietary, habitat and life-history requirements of
green and white sturgeon in the Delta. Even less is known about the biology of lamprey and their use
of aquatic habitat in the Plan Area. As a result an analysis of habitat suitability is not possible.

Instead, a qualitative discussion of the potential use of the restored habitat for these species follows.

Splittail

Splittail occur throughout the Plan Area in a variety of habitats (Moyle et al. 2004). Splittail appear
to be highly tolerant of a wide range of conditions likely to be encountered in the plan area (Young
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and Cech 1996). Year class strength of splittail is believed to be highly dependent on the extent and
duration of flooding in areas such as the Yolo Bypass (Sommer et al. 1997).

The BDCP will benefit splittail in two major ways. First, in regard to CM4, once juvenile splittail have
left the floodplain and move downward into the brackish areas of the Delta there will be more
rearing habitat. Restoration in Suisun Marsh and the West Delta as well as Cache Slough is intended
to provide habitat that has abundant food resources and sanctuary from predators. In diets of
splittail, Feyrer et al. (2007) found that the majority of the diet was made of detritus, followed by
mysids and clams. The increase in emergent marsh from BDCP restorations will increase
substantially the amount of detrital surface area and is hoped to provide more of the valuable
phytoplankton that mysids need to proliferate. Second, CMZ2 Yolo Bypass Fisheries Enhancement will
inundate Yolo Bypass for a critical period of time (30 days) more often giving splittail more
opportunity for spawning and larval rearing. In addition, floodplain restoration in CM5 could benefit
splittail spawning to the extent that duration of inundation meets the critical 30 day criteria.

Sturgeon

Sturgeon spawn in riverine environments and appear to use the Delta for juvenile and adult rearing
migration (Moyle 2002). The extreme loss of historical freshwater tidal marsh in the Delta may have
lowered the carrying capacity of the entire system for sturgeon, so any increase in tidal habitat is
likely to be beneficial (Israel and Klimley 2008). Habitat restoration under CM4 results primarily in
an increase in shallow-water habitat that may augment feeding opportunities for sturgeon.

Little is known about juvenile sturgeon habitat use of floodplains and Delta habitats, although
juvenile sturgeon on the Columbia River forage in riparian habitats, making it likely that they can
use shallow vegetated habitats within the Plan Area (Van der Leeuw et al. 2006). Sturgeon typically
consume tube-dwelling amphipods, mysids (Neomysis spp.), isopods, benthic invertebrates, and fish
eggs or fry, including those of other sturgeon (Brannon et al. 1987; Pacific States Marine Fisheries
Commission 1992). Potamocorbula is a major prey item in more saline waters (Moyle 2002). Prey
species may benefit from increased phytoplankton and detritus from restored tidal wetland and add
to the prey base for sturgeon. Tidal marsh restoration should result in increase in mud flats, which
sturgeon are known to access for food (Israel and Klimley 2008). If this occurs, sturgeon juveniles
and adults may benefit from the increased habitat.

Suitability of restored habitat for juvenile sturgeon rearing depends on water quality and food
availability. High temperatures in the southern portion of the Delta may limit use by sturgeon in
some months. Channelization and diking have negatively affected the amount of subtidal and
intertidal habitat available for green sturgeon foraging. Invasive plant species in the southern Delta
subregions likely have affected the quantity of shallow-water habitat available to coastal migrant
and adult green sturgeon, and alterations of the foodweb brought about by the presence of invasive
species also have likely shifted green sturgeon estuarine diet. Juveniles of other sturgeon species in
other systems feed on drifting insects. Juvenile sturgeon may use the year-round tidal freshwater
habitats for feeding.

Lamprey

Lamprey have been little studied in the Plan Area and in California in general (Moyle 2002). Pacific
and river lamprey appear in the Plan Area. Both species are anadromous, spawning in tributaries
upstream of the Delta. Lamprey use the Plan Area primarily as a migratory route to access upstream
areas for spawning and marine waters for adult feeding. In most years electrofishing studies catch
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lamprey ammocoetes (unidentified) in surveys in the Plan Area (Brown and Michniuk 2007), but the
Delta likely represents a sink for individuals that have been swept downstream during high-flow
events rather than a beneficial rearing area. Because lamprey appear to use the Plan Area mainly for
migration, it seems unlikely that they would benefit from CM4 restoration beyond the value that
restoration may provide to the Delta foodweb and ecology.

Scale of HSI Analysis Compared to Actual Restoration Projects

The HSI approach in this appendix has been applied at the scale of the geographic subregion and
their ROAs and the hypothetical restoration footprint. Within each area, habitat suitability values
were generated for each habitat type. Because of the scale of the analysis, habitat suitability ratings
(e.g., temperature, turbidity) were necessarily limited to average or estimated values within an ROA
for each of the three habitat types. The purpose of the analysis is to compare the expected beneficial
effects of the ESO with the existing biological condition, with consideration of climate change effects.
While this analysis suggests factors that are likely to be important in restoration design, it is not
intended to determine where or how restoration projects are implemented. During Plan
implementation, restoration projects will be designed at a much smaller scale than an ROA (i.e.,
multiple projects per ROA), which will provide the opportunity to design each project to best meet
the habitat needs of the target covered species within the constraints of specific sites.

Attachment 5E.B, Review of Restoration in the Delta, is an extensive review of restoration to date in
the Delta and a synthesis of lessons learned that addresses restoration at a site-specific level. At the
design scale (several hundred acres to low thousands of acres) and design level of detail, restoration
projects will be able to account for physical and biological site conditions that could not be modeled
by this analysis at the scale of an entire ROA and account for variables unavailable at the scale of an
ROA. Furthermore, additional analysis will be conducted to select the best sites for restoration
projects beyond what was performed at the regional planning level used in this appendix (i.e., the
hypothetical restoration scenario) and described in Chapter 3, Conservation Strategy.

One effort that could be used to improve restoration planning in the future is new work conducted
by Hamilton and Murphy (unpublished data 2012, in review), which could be used to help identify
areas with high restoration potential and improve restoration planning for Plan implementation.
Their work estimates affinities of delta smelt for various habitat parameters in and near the Plan
Area. Hamilton and Murphy catalog nearly two dozen environmental variables that they evaluated
as potentially useful to inform the process of identifying candidate actions and locations for
restoration efforts to enhance the extent and value of habitat for delta smelt. Their approach uses a
larger set of physical and biological parameters than have been applied to the large-scale habitat
suitability approach used in this appendix. The preliminary results of the Hamilton and Murphy
work are consistent with the results of the habitat suitability analysis used here; they include depth,
food availability, and proximity to wetlands in addition to the attributes used in this appendix.
Similar to the analysis in this appendix, Hamilton and Murphy use agency-generated data on the co-
occurrence of delta smelt from four standard fish surveys and site-specific environmental data for
the parameters described above to establish a range of variable conditions that appear to be
preferred by delta smelt and, in so doing, identify environmental conditions both advantageous and
adverse to delta smelt. The findings establish an operational definition of habitat similar to that
developed for this analysis that is based on patterns of delta smelt occurrence across the surveyed
estuary (Figure 5.E.4-82 and Figure 5.E.4-83). Hamilton and Murphy’s results could be applied in
Plan implementation to help prioritize and select optimal restoration sites among and within ROAs
and to design effective restoration projects for delta smelt. Although these results apply only to delta
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smelt, they can be considered in the context of the multi-species benefits that tidal wetland
restoration under the BDCP is intended to provide.

Appendix 5.E
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smelt in the Fall Midwater Trawl Survey from September through December at each monitoring station.
Source: Hamilton and Murphy, unpublished data.

Figure 5.E.4-83. Distribution of Subadult Delta Smelt from the Fall Midwater Trawl Surveys and the

Frequency with Which Turbidity Is Inadequate

5.E.4.4.2.5 Food in the Delta and the Effect of the Conservation Measures on
Food for Covered Fish Species

Introduction

A major purpose for CM4 Tidal Natural Communities Restoration is to increase food supply for
covered fish species. The quantity, quality, and availability of food in the Delta is believed to be a
significant limiting factor for covered fish species (Winder and Jassby 2011). Major changes in the
species composition and abundance of zooplankton in the Delta are believed to be linked to the
Pelagic Organism Decline (POD), which describes the abrupt and significant decline in several native
fish species that occurred around 2000 (Sommer et al. 2007). The POD has been related to an
ecological regime shift in the Delta (Sommer et al. 2007; Baxter et al. 2010). Causes of the ecological
shift in the Delta include introduced species (plants, invertebrates, and fish) and a shift in nutrient
dynamics supporting phytoplankton resulting in part from pollutant discharge (Sommer et al. 2007;
Glibert et al. 2011; Parker et al. 2012).

Bay Delta Conservation Plan November 2013

5.E-136

Public Draft ICF 00343.12



NV WN =

S O 0

12

13
14
15
16
17
18

Habitat Restoration Appendix 5.E

Conceptual Model

The Delta foodweb is complex and includes a variety of food types that are potentially used by
covered fish species (Durand 2008). Each fish species relies on a variety of types of food although
each species has its own unique preferred prey and feeding strategies. For purposes of this
discussion a simplified conceptual model of food production in the Plan Area is presented in Figure
5.E.4-84.
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Ovals are physiological drivers on primary production; green boxes are types of primary production while
yellow boxes are categories of food for covered fish species. Grey boxes denote controls that are influenced by

BDCP. Dashed line indicates a feedback loop.
Figure 5.E.4-84. Simplified Conceptual Model for Delta Foodweb Supporting Covered Fish Species

Primary Production in the Delta

While there are many factors controlling the production of potential food (Durand 2008) all food
used by covered fish species is ultimately derived from photosynthetic primary production in the
form of phytoplankton, submerged aquatic vegetation (SAV), benthic algae or emergent macro-
vegetation such as tules. Primary production, either alive or dead (detritus) is consumed by various
organisms that are the prey of covered fish species. Primary production is in turn controlled by a
number of physical, chemical, and biological drivers (Figure 5.E.4-84)
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The four main types of aquatic plants are arrayed across the Delta in regard their abilities to exploit
different environments.

e Phytoplankton are pelagic microscopic plants.
e SAV are macrophytes such as Egeria that are found within the water column.
e Benthic algae occur on shallow substrates.

e Emergent plants are rooted plants such as tules that occur in shallow environments.

Phytoplankton is generally considered the driver of the Delta foodweb (Jassby et al. 2003) and is
directly eaten by secondary consumers such as zooplankton. SAV and rooted macrophytes produce
detritus and provide substrate and habitat for secondary consumers that are eaten by fish (Grimaldo
etal. 2009). The dominant SAV species in the Delta such as Egeria and water hyacinth are invasive.
While they can provide detritus and substrates for epibenthic prey they are largely known for their
negative impacts on the ecosystem of the Delta by providing shelter and habitat for nonnative
pisciverous fish species (Nobriga and Feyrer 2007). SAV also decreases turbidity by slowing water
velocity and trapping sediment which is generally bad for native pelagic fish species adapted to
turbid conditions.

Phytoplankton

In the Delta, phytoplankton is the main source of organic matter for zooplankton and the foodweb
supporting fish (Jassby and Cloern 2000; Miieller-Solger et al. 2002; Sobczak et al. 2002, 2005;
Kimmerer 2005). Of the Delta habitats, tidal marsh sloughs have the highest phytoplankton
concentrations and support the greatest zooplankton growth rate (Miieller-Solger et al. 2002;
Sobczak et al. 2002). The Delta’s phytoplankton community includes diatoms, cryptophytes, blue
algae, green algae, and flagellates. Diatoms provide the most important food source for the
zooplankton prey of native fish species because of their high nutritional value and accessibility
(Brett and Mtieller-Navarra 1997). In recent decades, diatom production in the Delta has declined
dramatically (Jassby and Cloern 2000; Jassby et al. 2002, 2003), and there have been parallel
declines in the zooplankton populations of the West Delta and Suisun Bay (Miieller-Solger et al.
2002; Sobczak et al. 2002; Kimmerer 2005). Since the mid-1990s, phytoplankton production has
recovered to some extent in the Delta, although production remains low (Jassby 2008). At the same
time, no trend has been apparent in phytoplankton in Suisun Bay, even though grazing by
Potamocorbula remains a factor. Scientists hypothesize that export of phytoplankton production
from the upper estuary is helping to maintain the Bay’s zooplankton (Baxter et al. 2010).

Established tidal marsh habitat in the Delta contains the highest concentrations of phytoplankton
(Mteller-Solger et al. 2002; Sobczak et al. 2002). Production of phytoplankton is high in some
recently restored tidal wetlands in the Plan Area (e.g., Liberty Island) (Lehman et al. 2010b) and
Mildred Island (Lucas et al. 2002). Local production of phytoplankton may be exported to adjacent
channels and habitats with proper depth, residence time, hydraulic connection, and limited grazing
by clams (Lucas et al. 2002; Lopez et al. 2006).

Emergent Vegetation

Tidal marshes are a unique part of estuarine wetlands that are categorized by the presence of
emergent vegetation (Chapman 1960, 1976; Mitsch and Gosselink 1993). Tidal marshes are often
defined by their range of salinity tolerance and the plants that are found within those salinity
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ranges. Tidal marshes can be found from coastal areas with full salinity to fresh water marshes
found in estuarine river systems (Kneib et al. 2008).

Emergent vegetation is an important structural component of tidal marshes and when coupled with
hydrology the interactions of the two influence ecological services. One service that is provided is
that of essential habitats for biota (Visintainer et al. 2006). Emergent plants increase the complexity
of habitat which is associated with high levels of diversity because there are a larger number of
microhabitats per unit area (McCoy and Bell 1991) and variable microhabitats provide alternative
resources. The architecture (plant stem area) of emergent vegetation often structures invertebrate
communities because architecture influences a plant’s surface-to-biomass ratio (Lalonde and
Downing 1992). Emergent vegetation providing greater surface area creates favorable conditions
for periphyton colonization which leads to more macroinvertebrates because there is increased
habitat to use (Krecker 1939; Rosine 1955; Dvorak and Best 1982; McAbendroth et al. 2005).
Another service provided by emergent vegetation is that of producing organic matter. Organic
matter (decomposing emergent vegetation) can enter the detrital based foodweb through fungi and
bacteria driven processes, although substantial production is lost to respiration by the microbial
community (Kneib 2003). Another function of this mass of decomposing plant matter is the increase
of surface area for periphyton to grow on as compared to a less variable sediment bottom.

Submerged Aquatic Vegetation (SAV)

The rapid expansion of SAV, especially Egeria, has caused changes in the physical habitat and water
quality that have displaced native fish and favor a foodweb more suitable for nonnative centrarchid
fish, such as largemouth bass. Invasive SAV can act as an ecosystem engineer, defined as “organisms
that directly or indirectly modulate the availability of resources to other species by causing physical
state changes in biotic or abiotic materials” (Jones et al. 1994). Specifically, invasive SAV
fundamentally alters the aquatic environment by increasing sedimentation and reducing turbidity.
The decreased turbidity increases the light penetration through the water column and further
increases SAV growth. This positive feedback may be an important factor contributing to the
ecological regime shift (Scheffer and Carpenter 2003) that has occurred in the Delta from a turbid
phytoplankton-dominated system to the current clear-water SAV-dominated state of the Delta
(Baxter et al. 2010). SAV can alter water quality, including parameters important for covered fish
species such as DO, water velocity, turbidity, and nutrient flux and balance that may affect
planktonic foodweb dynamics. The sedimentation caused by SAV affects phytoplankton and
zooplankton abundance by sequestering nutrients, resulting in a decrease in phytoplankton in the
water column. In lakes, dense SAV has been shown to serve as a refuge from predators for
zooplankton (Stansfield et al. 1997). Dense patches of invasive aquatic vegetation (IAV) block light
penetration into the water column in nearshore, shallow, freshwater habitat, which can create an
undesirable and anoxic habitat for diatoms, phytoplankton, and zooplankton. Consequently, these
organisms are less successful in areas occupied by SAV.

Because SAV species support distinct invertebrate assemblages that form the prey base for some
covered fish species, removal of dense SAV may change productivity or food availability for covered
species. The field evidence suggests that native SAV species may support a higher proportion of
native invertebrates that are favored by, and available to, native fish (Toft 2000). It has been shown
that macrophyte-epiphyte complexes are the most important primary producers in the littoral zone
(Vis 2004), and large modifications of these plant assemblages can cause trophic cascades into
higher trophic levels of the foodweb by altering the plant and periphyton eating macroinvertebrates
(Healey 1984; Bertolo et al. 2005). In a stable isotope analysis of the pelagic and littoral foodwebs of
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the Delta, Grimaldo et al. (2009) found evidence that the SAV-epiphytic macroalgae pathway was
important to the fishes of the Delta. There was also evidence that there was small to modest
contributions from this pathway to open-water shoal habitats. Specifically it was found that
amphipods (epiphytic-macroalgae grazers) were modeled to account for up to a third of the diet of
American shad and threadfin shad, both of which are pelagic species.

Detritus

Many fish species are often found with detritus in their guts including splittail, sturgeon and, to
lesser degrees salmonids and smelts. Detrital diets have been shown to support growth and
reproduction in smaller invertebrate prey populations such as amphipods (Kneib 1997). Feyrer et
al. (2003) found that detritus was the most prevalent food item found in splittail guts, although they
also consumed bivalves (including Potamocorbula) and mysids.

Most Bay-Delta foodweb studies have focused on the phytoplankton-based pelagic foodweb,
considering the detrital pathway to be relatively unimportant (Jassby et al. 1993; Jassby and Cloern
2000; Sobczak et al. 2002, 2005). However, the detrital pathway is important in many other
estuaries and is poorly studied in the Delta. Grimaldo et al. (2009) showed that many marsh
organisms are supported by a number of additional sources of primary production, including
submerged aquatic vegetation, epiphytes, filamentous algae, and detritus. Howe (2006) and Howe
and Simenstad (2007, 2011) found that marsh-derived organic matter contributed significantly
greater amounts of organic matter to the base of the foodweb in the study’s shallow marsh
environments than phytoplankton.

Decomposition of emergent vegetation may begin while the emergent plant is still upright, and fungi
play an important role in this (Kneib 2008). Fungi conversion of live plant biomass is high, in the
50-60% range (Newell and Porter 2000). Consumers including gastropods and amphipods use fungi
as an important food source (Kneib 1997; Newell and Porter 2000). This is an important pathway to
consumers as it more efficiently captures marsh production before it enters the microbial pathway
were bacteria can respire most of the marsh production into the atmosphere and re-mineralize
nutrients that may become available to phytoplankton or benthic algae (Kneib 2008). Intertidal
Marsh systems contain large amounts of plant material in varying stages of decomposition and it is
not surprising that many consumers are commonly found with detritus in their guts (i.e., splittail).
Detrital diets have been shown to show growth and reproduction in smaller invertebrate prey
populations such as amphipods (Kneib 1997). The less direct pathway of consumption of microbial
decomposers by invertebrates that are then available to fishes and other nekton seems the most
likely pathway in which emergent marsh vegetation-detritus contributes to production of small fish
and invertebrates (Kneib 2008).

Drivers of Photosynthesis in the Delta

Photosynthesis is controlled by a number of factors related to light availability and species
physiology. Drivers are proximal controls that determine the amount and type of primary
production available to secondary consumers (Figure 5.E.4-84).

Light

All photosynthetic processes are ultimately driven by light. The amount of light determines the
production and distribution of phytoplankton, SAV, and emergent vegetation. Light available to
aquatic photosynthesizers is dependent on turbidity and depth.
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Turbidity

Turbidity decreases the amount of sunlight available for photosynthesis and is affected by any
suspended material including sediment, detritus, and planktonic organisms. Wind-driven waves stir
up and resuspend material and are an important contributor to turbidity. SAV such as Egeria slow
water velocities and trap sediment increasing turbidity. The supply of sediment from the
Sacramento-San Joaquin Rivers watershed to the Delta is limited and apparently declining (Wright
and Schoellhamer 2004) due to trapping of sediment behind dams and diminishment of the
hydraulic mining sediment pulse. As are result, water clarity is generally increasing in the Delta
(Wright and Schoellhamer 2004).

Depth

Water depth affects primary production by limiting light penetration. Phytoplankton production is
dependent on the amount of water that is photosynthetically active (the photic zone). The
production of phytoplankton tends to be higher in the shallower portions of the Delta where
phytoplankton cannot be mixed below the photic zone (Lopez et al. 2006). Important copepod
species tend to be throughout the water column; thus in shallow areas with high primary
productivity, secondary production tends also to be high (Durand 2008). Water depth also affects
SAV and emergent vegetation colonization. Where the land surface elevation is greater than mean
tide level, brackish emergent vegetation can colonize the site (Orr et al. 2003). Freshwater emergent
vegetation colonizes down to 0.2 m below mean lower low water (Simenstad et al. 2000). Tidal
inundation regime strongly influences zonation patterns in marsh plant communities (Batzer and
Sharitz 2006).

Temperature

Phytoplankton growth varies directly as a function of temperature. Temperatures in the Delta range
from 12°C in winter to 22°C in summer, with a corresponding variation in productivity by season.
Water temperature in the Delta is primarily controlled by air temperature. The exchange of heat
from water to air interacts with riverine movement and tidal dispersion to set the overall
temperature distribution across the Delta. Temperature can be elevated by increased residence
time, a function of flow, because slower water is able to absorb more solar energy at a location.

Salinity

Salinity is a major determinant on the distribution of plant species across the Delta (Batzer and
Sharitz 2006). Water moves in the Delta as the result of fresh water inflow, exports, tides, and
salinity gradient driven inflow all acting through the sloughs and channels of the Delta. The tides

and density driven flow are the engines that move seawater into the Delta. Delta outflow (dependent
on Delta inflow and diversions) pushes salinity out of the Delta. These two forces working against
one another determine salinity gradients throughout the Delta.

Nutrients

Photosynthesis in the Delta is seldom limited by the lack of nutrients, although the nature of these
nutrients can affect relative species success. In addition to natural influx of nutrients from upstream
sources, the Delta receives inputs from anthropogenic sources such as sewage treatment facilities,
agricultural areas, and urban runoff. The nature of nutrients delivered to the Delta is believed to
affect the species composition of phytoplankton because species utilize different forms of nutrients
such as nitrogen (Glibert et al. 2011). The nutrient composition of the Delta has shifted through time
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due to pollutant inputs. Sewage treatment plants, for example, release large quantities of the
ammonium which can inhibit the uptake of nitrate which is the driver of larger phytoplankton
blooms (Glibert et al. 2011). This appears to have shifted species compositions of phytoplankton
from larger more nutritious diatoms to smaller flagellates, SAV and rooted vegetation.

Elevated ammonium from sewer plant discharge may contribute to increases in the cyanobacterium
Microcystis aeruginosa, first observed in the Delta in 1999 (Lehman et al. 2005, 2008a, 2010a).
Microcystis rapidly assimilates ammonium over nitrate (Jassby 2005). Microcystis has a number of
adverse effects on the Delta’s aquatic foodweb. The decline in calanoid copepods (Eurytemora and
Pseudodiaptomus) occurred at the same time Microcystis increased (Sommer et al. 2007). Studies
show that copepod survival is depressed with higher abundance of Microcystis relative to more
palatable phytoplankton. Microcystis blooms have become more common in the past decade,
principally in the south Delta and the uppermost portions of the west Delta (Lehman et al. 2010a).

Consumption

In the past, primary production, such as phytoplankton, would be food for secondary consumers,
such as zooplankton that would be consumed by Delta fish species. However, the situation changed
significantly with the proliferation of invasive clams in the Delta. The introduction of the
Potamocorbula has had dramatic effects on phytoplankton production in the brackish portions of
the estuary and the associated foodweb. The role of clams has received particular attention.
Potamocorbula invaded the brackish portion of the estuary in 1986, and rapidly reached densities
that allowed the clam to remove phytoplankton at levels exceeding the phytoplankton growth rate
(Kimmerer and Orsi 1996). Phytoplankton blooms that had occurred annually in the upper estuary
in earlier years essentially disappeared after Potamocorbula became established. Flooded Delta
islands where introduced clams are scarce (Mildred Island) or abundant (Franks Tract) have been
shown to be net sources and sinks, respectively, of phytoplankton biomass for the pelagic foodweb,
suggesting that invasive clams can exert strong top-down control on food availability (Lucas et al.
2002). Potamocorbula also is an efficient predator on many zooplankton species, including ciliates,
rotifers, and copepod nauplii, though it is not known to feed on cladocerans (Kimmerer 2004). High
rates of phytoplankton grazing by Potamocorbula have been implicated in the decline of both
Eurytemora and the native mysid shrimp, Neomysis mercedis, which primarily feeds on copepods
(Kimmerer et al. 1994; Kimmerer and Orsi 1996; Orsi and Mecum 1996).

Secondary Production in the Delta

Secondary production describes consumers of primary production. For the most part, covered fish
species consume secondary production in the form of zooplankton, other crustaceans and insects
(Figure 5.E.4-84).

Zooplankton

Zooplankton are small pelagic crustaceans that consume phytoplankton. Zooplankton form the
primary pelagic food for delta smelt and other covered fish species. Prior to the 1980s,
phytoplankton production in the upper estuary supported a stable zooplankton assemblage
dominated by calanoid copepods (Eurytemora affinis and Pseudodiaptomus forbesi) and cladocerans
(Daphnia spp.), the primary food resources of fish species in the area. Between 1975 and 1995,
phytoplankton production declined by 43% (Jassby et al. 2002) from a combination of factors,
including grazing by introduced clams, changes in precipitation patterns, and changing trends in
total suspended solids (Jassby et al. 2002).In recent decades, diatom production in the Delta has
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declined dramatically (Jassby and Cloern 2000; Jassby et al. 2002, 2003), and there have been
parallel declines in the zooplankton populations of the West Delta and Suisun Bay (Mtieller-Solger et
al. 2002; Sobczak et al. 2002; Kimmerer 2005). Miieller-Solger et al. (2002) showed that
zooplankton are food-limited when chlorophyll a concentration (a measure of phytoplankton
biomass) drops below 10 micrograms per liter (ug/L); most regions of the Delta rarely reach this
concentration (Kimmerer and Orsi 1996; Sobczak et al. 2002; Kimmerer 2005).

Benthic and Epibenthic Production

Benthic organisms live within the sediment and epibenthic organisms live near or in close
association with substrate such as sediment, SAV or macrophytes. Benthic organisms include
worms, insects and some clams while epibenthic organisms are usually small crustaceans such as
mysids and amphipods. Benthic and epibenthic secondary production is supported by
phytoplankton and detritus. The production that is exported includes insects, invertebrates,
zooplankton, fish, and birds (Kneib et al. 2008). Algal biomass in general is grazed as live biofilms
that grow on vascular plant stems and decomposing vegetation on the substrate (Kneib 2008). Most,
90% of emergent plant biomass that is produced goes into the detrital based foodweb that is driven
by fungi and bacteria (Kneib 2008).

Insects

Wetland insects play a prominent role in the consumption and processing of primary production
and associated detritus and serve as an important food source for higher trophic levels, including a
delta smelt, juvenile salmonids, splittail, invertebrate, and avian species (Davies 1984; Stagliano et
al. 1998). Studies at Liberty Island found that insect larvae (primarily Chironomid pupae) were an
important component of the delta smelt diet (Whitley and Bollens 2013) where they are often
associated with emergent vegetation (tules) that serves as substrate for larval insects. Chironomid
midge pupae were found to be the primary food source of juvenile Chinook salmon and were found
a dominant food source in many fishes by Grimaldo et al. (2009) in isotope studies. Chironomidae is
commonly reported as the dominate insect group from many wetland and estuarine studies
(Wrubleski 1987; Leeper and Taylor 1998; Stagliano et al. 1998; Whiles and Goldowitz 2001;
MacKenzie and Kaster 2004; Williams and Williams 1998a; Strayer and Smith 2000; MacKenzie
2005).

Clams

While the food benefit for many species may be reduced because of invasive filter-feeding clams,
benthic-feeding splittail and sturgeon may benefit from the increased presence of clams. Studies of
white sturgeon gut contents indicate that the invasive Potamocorbula may now be a major
component of white sturgeon diet (Kogut 2008). Additionally, Feyrer et al. (2003) found that
splittail compensated for less mysids in their diets by eating more bivalves including Potamocorbula
after its introduction lowered myisid abundance.

Food Needs for Covered Fish Species

Delta Smelt

Delta smelt are generally consideded pelagic feeders. They appear to especially target the calanoid
copepod Eurytemora, although the nonnative Pseudodiaptomus is now a major part of the diet
because of its greater relative abundance (Lott 1998; Moyle et al. 1992; Nobriga 2002). However,
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recent work has shown that delta smelt have a varied diet that can include insects (Whitley and
Bollens 2013).

Delta smelt have been particularly vulnerable to the declines in calanoid copepods because they feed
on copepods throughout their lives, mainly in the brackish waters of the western Delta and Suisun
Bay (Nobriga 1998). Recent declines in calanoid copepods have been linked to reductions in delta
smelt abundance in several studies. Kimmerer (2008) demonstrated a strong positive correlation
between survival of juvenile delta smelt and density of calanoid copepods from summer to fall.
Miller et al. (2012) found that minimum density of Eurytemora and Pseudodiaptomus during the
spring larval period and their average density during the fall were significantly related to
interannual trends in fall delta smelt relative abundance. MacNally et al. (2010) found some
statistical evidence that summer calanoid copepod density was associated with annual trends in
abundance of delta smelt in the fall.

Longfin Smelt

Lonfin smelt are also generally considered pelagic feeders on zooplankton. The published scientific
literature strongly supports the conclusion that longfin smelt are food-limited (Durand 2008). A
number of studies have shown a link between declining food availability and longfin smelt
abundance in the Plan Area (Lopez et al. 2006; Baxter et al. 2010; Rosenfield and Baxter 2007;
MacNally et al. 2010). Diet studies indicate that longfin smelt larvae feed extensively on Eurytemora
and Pseudodiaptomus (Hobbs et al. 2006), while juveniles and adults feed primarily on mysid
shrimp, including Neomysis and Acanthomysis spp. (Feyrer et al. 2003). Rosenfield and Baxter
(2007) identified a decline in the survival of longfin smelt between Age-1 and Age-2 that may be the
result of a decline in the abundance of prey items following establishment of Potamocorbula.
MacNally et al. (2010) found some statistical evidence that spring/summer calanoid copepod
biomass and summer mysid biomass were linked to annual trends in abundance of longfin smelt in
the fall.

Sacramento Splittail

Splittail have a varied diet that included zooplankton, insects and detritus (Sommer et al. 2008).
Little information exists regarding food-resource limitation of splittail. There is some indication that
splittail are food-limited given that splittail growth rates declined following the invasion of
Potamocorbula and the collapse of Neomysis due to high rates of grazing by Potamocorbula (Feyrer
etal. 2003). Increased food production under the BDCP would be of importance in and adjacent to
areas currently occupied by splittail (Cache Slough, West Delta, and Suisun Marsh ROAs).

Chinook Salmon

Salmonids that are seasonally present in the Plan Area include four runs of Chinook salmon along
with steelhead. The juveniles of some salmonids may spend weeks or months rearing in the lower
reaches of the rivers and the Delta prior to migrating to coastal marine waters (e.g., fall-run Chinook
salmon) (Kjelson et al. 1982), and the use of tidal wetlands by foraging salmon fry is well-
documented (Williams 2006; Shreffler et al. 1990, 1992; McLain and Castillo 2009).

Moyle (2008) cites food limitation as a factor for Chinook salmon in the Delta. Chironomids are the
dominant prey item (Williams 2006). A number of studies in the Bay-Delta indicate that Chinook
salmon and steelhead fry and juveniles forage in tidal marshes, channels, and sloughs (Williams
2006; Shreffler et al. 1990, 1992; Sommer et al. 2001a, 2001b; Moyle et al. 2002, 2004).
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Sturgeon

White and green sturgeon are long-lived species that use the estuary as a migration corridor, feeding
area, and juvenile rearing area. Individuals of both species spend the majority of their lives in
brackish portions of the estuary in deep water, although a small number of individuals dwell in the
ocean (Moyle 2002).

Information on juvenile sturgeon diet and physical habitat needs in the Delta is limited. Most of the
available information on sturgeon diet is based on other species of sturgeon, located outside of the
Delta (Israel and Klimley 2008; Israel et al. 2009). Nothing is known about the diet of white sturgeon
larvae in the wild, although laboratory studies suggest that it consists of benthos, periphyton, and
possibly pelagic fry and zooplankton (Brannon et al. 1987; Buddington and Christofferson 1985).
Juvenile white sturgeon also may consume tube-dwelling amphipods, mysids (Neomysis spp.),
isopods, benthic invertebrates, and fish eggs or fry, including those of other sturgeon (Brannon et al.
1987; Pacific States Marine Fisheries Commission 1992).

Evaluation of BDCP Restoration on Delta Food Production

The primary objective of tidal natural community restoration is to increase the quantity of high-
value habitat for covered fish species, which includes enhancing the Delta foodweb for native fish
species. Expansion of shallow tidal areas as a result of CM4 restoration is intended, in part, to
enhance processes supplying food to covered fish.

Evaluation of the potential benefits of Delta restoration in regard to food production involves a
combination of a quantitative index of primary production and qualitative evaluation based on
scientific literature discussed above. At present, there is no comprehensive foodweb model for the
Delta that could be used to evaluate the potential contribution of CM4 to the Delta foodweb. The
quantitative index of primary production and the qualitative discussion of benefits to other
components of food are intended to integrate the potential food benefits from CM4 based on the
best available data and methods.

Phytoplankton Production

Method

The potential of CM4 restoration to contribute to the Delta foodweb was evaluated with a simple
index of food production, termed prod-acres, that is based on potential phytoplankton growth rate
calculated from water depth. Phytoplankton production is generally greater in shallow areas and
declines with depth because light penetration attenuates with depth (Section 5.E.4.3.5.3, Drivers of
Primary Production in the Delta). Because CM4 would increase the area of shallow environments in
most of the subregions, the relationship between depth and potential phytoplankton production is
relevant to the benefits of CM4. The depth relationship was used to create the prod-acres metric
which is a the area weighted phytoplankton growth rate. As an area weighting of a biological effect
of physical change, the prod-acres index is analogous to HUs used in the habitat suitability analysis.
In both cases, the index is a relative value. That is, the index is used to compare across geographic
areas (e.g., Restoration Opportunity Areas) and time periods (ELT, LLT) but not to calculate absolute
metrics of phytoplantkton productivity.

The potential phytoplankton growth as a function of depth was calculated using a relationship
developed by Lopez et al. (2006) from measured temperature, irradiance, and light attenuation in
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Mildred Island in 2001 and Franks Track during 2002. Lopez et al. (2006) present a relationship
between depth and daily phytoplankton growth rate as a function of depth in meters:

Phytoplankton growth rate/day = -0.86-0.27 In (depth in meters) (R? = 0.72) (Equation 3)

This relationship was modified to account for depth in feet rather than meters. The phytoplankton
growth/depth relationship only incorporates one factor in the simplified food model in Figure
5.E.4-84 and is recognized to be a simplification of a complex ecological system leading to food
production for covered fish species. For example, Lucas and Thompson (2012) have argued that
while the depth relationship is valid, it is often compromised in the Delta by other factors affecting
food production, especially clams (see Consumption in Figure 5.E.4-84). In some cases, clams can
consume all of the phytoplankton in a water column and thereby limit the value of the production to
secondary consumers and fish (Lucas and Thompson 2012). For this reason, shallower habitat is not
always better in regard to food production in the Delta. However, in the absence of a comprehensive
food model for the Delta, the depth relationship in Equation 3 is the best available method to
estimate food production and is therefore used here as an index to compare the relative potential of
the proposed CM4 restoration.

The Lopez model in Equation 3 was applied to the average depths and area> for each tidal-area
stratum in Table 5.E.4-17 to compute the prod-acre index. Prod-acres index is calculated as follows:

Prod-acres =(Phytoplankton growth rate/day )average depth of stratum X Area of the stratum (Equation 4)

It was assumed that a larger area of a given phytoplankton growth rate has greater value than a
smaller area with the same phytoplankton production rate. However, it should be noted that
phytoplankton production is highly variable across the Delta; some areas of similar size are net
producers of phytoplankton and others are net sinks (Lucas et al. 2002). To calculate the prod-acre
index, the phytoplankton growth rate first was calculated from the estimated average water depth of
each tidal-area stratum and then multiplied by the area of the stratum (Figure 5.E.4-85), Prod-acres
is an index of potential phytoplankton growth as a function of depth and area in each geographic
subregion.

5 Average depth was calculated using the methods described in Section 5.E.4.2.3.2.
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Phytoplankton growth as a function of depth
based on Lopez et al. 2006
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Source: Equation from Lopez et al. 2006, modified for depth in feet
Figure 5.E.4-85. Relationship between Phytoplankton Growth Rate and Depth

Results

Table 5.E.4-39 presents results of the phytoplankton analysis, including estimates of phytoplankton
growth rate, depth, and the calculated prod-acre index by subregion and scenario. The table
presents depth-averaged phytoplankton growth rates and prod-acres for existing conditions and for
ESO_LLT with the effects of sea level rise removed. Figure 5.E.4-86 shows the change in prod-acres
across scenarios and subregions.

Results suggest that the increase in shallow water areas in the Delta as a result of CM4 Tidal Natural
Communities Restoration has the potential to increase phytoplankton growth in the Plan Area but
with marked differences between subregions because of differing amounts of shallow water area
provided by the proposed restoration. The change in the prod-acre index was highest in Cache
Slough and the South Delta reflecting the amount of shallow intertidal area projected to be provided
in these areas (Figure 5.E.4-86). The increase in the prod-acre index was less in the other subregions
because of the differing amounts of shallow habitat provided.

Translation of the potential production implied by the prod-acre index into food for covered fish
species is complicated by biological and physical conditions in the subregions discussed above. In
particular in shallow areas grazing rates of clams can exceed phytoplankton production rates
resulting in no augmentation of zooplankton or other food sources for covered fish species (Lucas et
al. 2012). Hydrodynamics can affect water residence time and the movement of food from sources to
potential fish feeding areas. Because clam grazing rates and hydrodynamics vary across the Delta,
the potential of primary production changes in Table 5.E.4-39 and Figure 5.E.4-86 to effectively
convert to food for covered fish species will likely vary significantly among and within subregions
and will depend greatly on local conditions and by large scale drivers of conditions such as flow,
salinity and temperature.

Based on the experience to date of the tidal natural community restoration at Liberty Island, it is
reasonable to expect that the change in prod-acres shown in Figure 5.E.4-86 for the Cache Slough
subregion will increase food for covered fish species. The restoration that is occurring at Liberty
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Island appears to export food production (Lehman et al. 2010) while creating a localized foodweb
that supports native species (Whitley and Bollens 2013). The juxtaposition of hydrology, wind fetch,
diversity of habitat types and species occurrence that was seen at Liberty Island could be extended
to restoration in the West Delta and Suisun Marsh subregions such that the phytoplankton
production implied by the change in prod-acres in these areas might also be expected to benefit food
production for covered fish species.

In other areas, the potential to effectively convert phytoplankton produced by restoration to
zooplantkton (i.e., food) is more problematical. Although the South Delta produces considerable
zooplankton at the present time (Hennessy 2010), the experience has been that dense areas of
Egeria, water hyacinth, and invasive clams colonize the same areas and that these conditions could
dampen the production provided by restoration. For example, the Delta lake created by the levee
breaching at Mildred Island had higher net export of phytoplankton to surrounding channels than
the Franks Tract lake, although Mildred Island is much smaller. The higher levels of phytoplankton
export at Mildred Island was a result of less clam grazing, higher residence time, and greater
hydrologic connectivity to surrounding channels at Mildred Island than at Franks Tract lake (Lucas
et al. 2002). In addition, use of the South Delta by delta smelt and some other covered fish species is
seasonal; for food production to benefit these species the food production (phytoplankton or
zooplankton) must therefore be transported to other areas where feeding fish are present. The
Habitat Suitability analysis of the South Delta restoration found conditions for delta smelt and
juvenile salmonids in the South Delta to be less suitable than other areas during summer because of
high temperatures and high water clarity. Thus, for the production benefits implied by the change in
prod-acres for the South Delta to benefit covered fish species the food would have to be transported
to other parts of the Delta where delta smelt feed during the summer without first being consumed
by clams or other consumers (Lucas et al. 2002; Cloern 2007). Because of the complexity of the Delta
foodweb and the effect of clams and other factors on food production, the results in Table 5.E.4-39
should be viewed as comparative indices of potential primary production that may result from CM4
and that the effective conversion to food for covered fish species will be affected by local physical
and biological conditions and large scale drivers. The prod-acre result indicate the high potential of
the CM4 restoration to contribute to food production but actual benefits will depend on local
conditions, competition from clams and the ability deliver food to areas that support fish
production.
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Table 5.E.4-39. Depth-Averaged Phytoplankton Growth Rate and Prod-Acres under Existing Conditions
and with BDCP in the Late Long-Term, Assuming No Sea Level Rise

Restoration

Phytoplankton

Opportunity Growth Rate | Prod-Acres
Area Scenario (per day) Index Hypothesized Foodweb Benefits for Covered Fish Species

Cache EBC2 0.89 10,100  Tidal habitat restoration in the Cache Slough ROA could

Slough ESO LLT 097 29569  increase local production of food for rearing salmonids,
minus splittail, longfin smelt, delta smelt, and sturgeon, and
sea level increase export of food resources downstream of Rio
rise Vista in the Delta and Suisun Marsh to benefit

salmonids, splittail, delta smelt, and sturgeon. Marsh
production is high in Liberty Island, a previously
restored area in the Cache Slough Complex, and
production from these marshes may be exported
downstream.

North Delta | EBC2 0.71 2,660 Sea level rise will increase the area of the North Delta
ESO LLT 0.76 3,170 and especially shallow-water areas. This may increase
minus phytoplankton production in situ and export
sea level downstream to the Delta.
rise

West Delta | EBC2 0.78 22,591 | Tidal habitat restoration in the West Delta ROA could
ESO LLT 0.78 26,670  increase local food production for rearing salmonids and
minus splittail, and increase the availability and production of
sea level food in the western Delta and Suisun Bay by export via
rise tidal flow.

Suisun EBC2 1.12 13,940 | Sealevel rise and restoration may decrease the amount

Marsh ESO LLT 1.09 24,420 of phytoplankton production in Suisun Marsh, although
minus it remains high relative to other areas. Production from
sea level Suisun Marsh that is transported to Suisun Bay would
rise benefit rearing salmonids, splittail, delta smelt, and

longfin smelt.

Suisun Bay | EBC2 1.13 14,010 | Sealevel rise decreases the area in the shallowest strata,
ESO LLT 1.00 24,670 thereby decreasing the projected phytoplankton
minus production. However, production remains high relative
sea level to other areas.
rise

East Delta EBC2 0.81 4,820 Transport of production from tidal habitat restoration in
ESO LLT 0.93 8,940 the Cosumnes/Mokelumne ROA could benefit juvenile
minus salmonids, splittail, delta smelt, and sturgeon in the east
sea level and central Delta and fall-run Chinook salmon,
rise steelhead, delta smelt, and splittail migrating to and

from the Cosumnes and Mokelumne Rivers.

South Delta | EBC2 0.76 15,060 | Restoration of tidal habitat in the South Delta could
ESO LLT 0.89 38,090 increase local food production for rearing salmonids and
minus splittail, and increase availability and production of food
sea level in the western Delta and Suisun Bay by export via tidal
rise flow. The large area of restored habitat results in a high

estimate of prod-acres for the South Delta.
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Figure 5.E.4-86. Change in Prod-Acres across Scenarios and Restoration Opportunity Areas

Emergent Vegetation Production

Emergent vegetation develops in shallow margins of delta waterways in areas of suitable substrate.
Development of areas of tules and other emergent vegetation involves a feedback in which plants
develop in shallow areas and in turn, these plants trap sediment and expand shallow areas and tule
production. Ongoing restoration at Liberty Island and at other restoration sites show a pattern of
initial rapid development of tules and then a tapering off of production presumably as substrate of
suitable depth is occupied. Emergent plants contribute to production of detritus and provide
substrates for aquatic insects and epibenthic organisms that are actively consumed by covered fish
species. Restoration of shallow water areas under CM4 is expected to expand areas suitable for
development of emergent vegetation. This, in turn, should augment food for covered fish species.

Submerged Aquatic Vegetation Production

Submerged aquatic vegetation, most of which is invasive in the Delta, dominates in some parts of the
Delta. For the most part SAV is considered detrimental to native fish species because it provides
habitat for nonnative pisciverous fishes and decreases turbidity. SAV also provides substrate for
amphipods and other crustaceans eaten by native and non-native fish species (Grimaldo et al. 2009).

Because of its ubiquitous nature in the Delta, SAV will almost certainly increase as a result of CM4.
However, although SAV can be locally dominant, it is not pervasive across the Delta and develops in
some areas and not in others although the reasons for the differences are often unclear. Comparing
the development of SAV at Liberty Island, Franks Tract and Mildred Island, however, indicates that
local conditions of hydrology and bathymetry are important in determining whether nuisance levels
of SAV develop. This indicates that SAV development can, perhaps, be controlled through restoration
design features. Adaptive management and experimentation associated with CM4 should help
elucidate the environmental conditions leading to SAV development and restoration techniques that
discourage its spread. Implementation of the BDCP is expected to reduce the extent and biomass of
Egeria and other SAV through aggressive control techniques that include herbicide treatment and
mechanical removal in restoration sites and outside restoration sites throughout the Plan Area
(CM13 Invasive Aquatic Vegetation Control).
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Detritus Production

Detritus is derived from all other plant production especially emergent vegetation such as tules.
Detritus especially results from the decomposition of emergent vegetation such as tules and
development of shallow areas that enhance emergent vegetation should enhance detrital food as
well.

As aresult, restoration that increases shallow areas and emergent vegetation and enhances other
forms of primary production can be expected to increase the supply of detritus in the Delta and
benefit the detrital foodweb.

Food Benefits to Covered Fish Species

Delta Smelt

There is considerable evidence regarding the importance of food as a current constraint on the delta
smelt population at both larval and juvenile life stages and it is concluded that food is a critical
constraint on delta smelt life stages. Expansion of shallow environments in Cache Slough, West Delta
and Suisun Marsh under CM4 should increase phytoplankton in these areas based on the reasoning
above. The prod-acres index of phytoplankton production showed appreciable increases in these
areas that co-occurs with generally high suitable habitat for delta smelt. The potential increase in
phytoplankton should in turn benefit zooplankton production and increase food supply for delta
smelt and other species with benefits to growth and survival of delta smelt.

The benefit of potential increases in phytoplankton production in the South Delta to delta smelt are
less certain and would depend on the extent to which food could be exported to areas where delta
smelt larvae and juveniles are more likely to occur. Suitability of habitat in the South Delta for delta
smelt was low in the summer and fall and delta smelt abundance in the South Delta during these
periods is very low. However, the South Delta is currently a high producer of zooplankton and this
would be expected to increase if phytoplankton increases as result of restoration. Eurytemora and
Pseudodiaptomus both frequently show their highest densities in the South Delta and Suisun Marsh
(Hennessy 2010). Due to unsuitable conditions this production would not benefit delta smelt locally
during the summer and fall periods but delta smelt could benefit indirectly to the extent food
resources are exported to deeper habitats used by delta smelt (Lucas et al. 2002; Cloern 2007).

Longfin Smelt

As with delta smelt, longfin smelt would appreciably benefit from the increase in food potentially
occurring due to expansion of shallow habitat in the Cache Slough, West Delta, and Suisun Marsh
ROAs. To benefit longfin smelt, this food would need to be exported to deeper areas of these
subregions. Except during spawning longfin smelt are generally found in deeper, open water of the
Delta and may benefit more from transport of food resources produced in restored marsh areas.
Longfin smelt occur infrequently near the Cosumnes and Mokelumne Rivers, and therefore
increased diatom production from restoration of shallow-water environments in the East Delta
subregion is unlikely to provide significant benefits. Likewise the south Delta does not generally
provide favorable conditions for longfin smelt; therefore, the direct benefit of habitat restoration in
the south Delta is likely to be low. However, longfin smelt could benefit indirectly to the extent food
resources are exported to areas where longfin smelt larvae and juveniles are more likely to occur.

Bay Delta Conservation Plan November 2013

5.E-151

Public Draft ICF 00343.12



O 00O IO Ul H wikNh -

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

29
30
31
32
33
34
35
36

37
38
39
40
41
42
43
44

Habitat Restoration Appendix 5.E

Sacramento Splittail

Little information exists regarding food-resource limitation of splittail. There is some indication that
splittail are food-limited given that splittail growth rates declined following the invasion of
Potamocorbula and the collapse of Neomysis due to high rates of grazing by Potamocorbula (Feyrer
etal. 2003). Increased food production under the BDCP would be of importance in and adjacent to
areas currently occupied by splittail (Cache Slough, West Delta, and Suisun Marsh ROAs). Splittail
have a varied diet that includes secondary production (clams, insects, crustaceans) as well as
detritus. The projected increase in emergent vegetation should increase insect, crustaceans and
detrus that should benefit splittail feeding.

Chinook Salmon

Foraging juvenile Chinook salmon are expected to benefit from the expansion of shallow tidal marsh
where they will be able to feed on Chironomids, amphipods and other food associated with
emergent vegetation. Migrating juvenile Chinook salmon would benefit from the increased food
supply as well although larger smolted fish would see less benefit because of their shorter residence
time in the plan area. Restoration of tidal habitat in Suisun Marsh may be most important for
juvenile salmonids during higher outflow years, when Chinook salmon fry may be dispersed farther
downstream (Kjelson et al. 1982). Salmonids migrate down the Cosumnes and Mokelumne Rivers
into the West Delta, and will benefit from increased food production in the West Delta. Restoration
of wetland habitat in the South Delta is expected to contribute to improved rearing conditions for
juvenile salmonids from the San Joaquin River mainstem and tributaries although use of this habitat
by salmonids will be limited by less suitable habitat conditions especially in regard to temperature
(Chapter 4, Section 4.4.2.4, Suitability of Restored Habitat for Covered Fish Species). Permanent tidal
marshes in the South Delta ROA would contribute new holding and rearing areas for juvenile fish
and help improve survival from the San Joaquin River system for foraging salmonids, particularly in
combination with channel margin enhancements and floodplain restoration throughout this region.
Restoration of marsh vegetation should enhance insect production that would be consumed by
foraging juvenile salmonids.

Sturgeon

Tidal habitat restoration may create permanent year-round rearing habitat for juvenile white and
green sturgeon. Because of the extreme loss of historical freshwater tidal marsh in the Delta, any
increase in tidal habitat is likely to be beneficial to sturgeon. Tidal habitat restoration may indirectly
benefit sturgeon through increased production of epibenthic organisms such as amphipods, mysids,
bay shrimp, and bivalves, including the introduced clams, Potamocorbula and Corbicula. Israel et al.
(2009) indicate that bivalves are now the principal food of white sturgeon, and Israel and Klimley
(2008) note that Potamocorbula has replaced native mollusks and shrimp as food for green
sturgeon.

The west Delta and Suisun Bay serve as a migratory corridor and feeding area for white sturgeon,
and the increase in production supporting benthic invertebrates will increase food availability for
sturgeon moving through the area. CM4 Tidal Natural Communities Restoration will increase the area
of intertidal mud bottoms in the west Delta. Because sturgeon are highly adapted to prey on
estuarine benthic invertebrates (Moyle 2002), they will benefit from increased soft bottom habitat.
The phytoplankton growth model also indicates that tidal habitat restoration could increase food
availability for juvenile sturgeon in the East Delta subregion. The former farm fields that would be
flooded in the subtidal restoration site will remain comparatively hard for many years (such as
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occurred at Liberty Island and Little Holland Tract), but once the substrate softens, these benthic
communities could become a substantial food resource for sturgeon. There is limited research to
determine whether proposed restoration in the South Delta would benefit sturgeon. This area of the
Delta would not provide extensive mud bottoms as found in lower portions of the estuary.

5.E.4.4.3 Limitations and Uncertainties of Habitat Restoration

Habitat restoration in the Delta to date is reviewed in Attachment 5E.B, Review of Restoration in the
Delta, This attachment includes a discussion of the potential limitations and uncertainties of
restoration that are summarized here. The review found that the success of restoration to date, most
of which results from accidental breaching of dikes, has produced variable results. Liberty Island, for
example, shows the potential for restoration to restore natural conditions and support native fish
species. On the other hand Franks Tract shows how conditions can develop that support nonnative
fish and plant species and do not appear to contribute to overall delta production. These examples
provide guidance for CM4 restoration and illustrate the potential for restoration to contribute to the
conservation of covered fish species.

Along side the indications of restoration potential at Liberty Island and elsewhere must lie the
potential limitations and uncertainties of restoration. Much remains to be learned about restoration
especially at the scale of CM4. The BDCP provides an adaptive approach to promote that learning as
restoration is implemented. Some factors of potential qualifications and additional factors affecting
restoration success under CM4 include the following:

1. Potamocorbula grazing could greatly reduce potential increases in food resources for native
fishes. Excessive grazing by Potamocorbula is known to exert a strong influence on the foodweb
in the upper estuary, reducing both phytoplankton and some zooplankton prey of native fish
species (Kimmerer and Orsi 1996; Kimmerer et al. 2012).

2. Proposed changes to wastewater treatment plant discharges should benefit food production in
the Delta by reducing ammonium in areas like Suisun Bay. This may increase diatom production
above the level predicted by the Lopez et al. (2006) model (Parker et al. 2012). Tidal marsh
restoration also may increase diatoms by increasing nitrate through nitrification (the
conversion of ammonium to nitrate) (Ecosystem Restoration Program 2011). However, the
relative importance of ammonium compared to clam grazing in primary production and trophic
dynamics is a topic of continued debate (e.g., Glibert et al. 2011; Cloern et al. 2012; Lancelot et
al. 2012; Kimmerer et al. 2012).

3. Microcystis blooms depress copepod feeding and survival, principally in the south Delta and the
uppermost portions of the west Delta (e.g., Franks Tract) (Lehman 1996; Lehman et al. 2005,
20083, 2010a).

4. The presence of SAV can exert a strong influence on the distance over which exported organic
material can travel, potentially reducing transport of food resources from the South Delta and
the Yolo Bypass to other areas of the estuary (Kneib et al. 2008).

5. There is evidence that invasive jellyfish consume calanoid copepods (Wintzer et al. 2011).

6. Climate change is resulting in a number of changes in the environmental attributes of the Delta
that could affect phytoplankton production (e.g., timing of peak flows, salinity).

All of these factors could influence realized phytoplankton production in different ways, and render
the potential benefits of tidal habitat restoration, especially for higher trophic levels, uncertain.
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These factors are not easily accounted for, and it is likely that uncertainties can be resolved only by
monitoring of the restored habitats and measuring actual food production. In the meantime, the
basic relationship between depth and phytoplankton production developed by Lopez et al. (2006),
which has a strong empirical foundation, provides a baseline estimate of phytoplankton production
from which to estimate the relative importance of additional factors as more information becomes
available.

5.E.5 Conservation Measure 5 Seasonally Inundated

Floodplain Restoration

5.E.5.1 Description

Under CM5 Seasonally Inundated Floodplain Restoration, the Implementation Office will modify flood
conveyance levees and infrastructure to restore 10,000 acres of seasonally inundated floodplain
along river channels throughout the Plan Area. The floodplain restoration is separate from fisheries
enhancement in the Yolo Bypass (CMZ2 Yolo Bypass Fisheries Enhancement). CM2 augments existing
floodflows in the Yolo Bypass, whereas CM5 restores floodplains that historically existed elsewhere
in the Plan Area but have been lost as a result of flood management and channelization activities.
CM2 is fully evaluated in Appendix 5.C, Flow, Passage, Salinity, and Turbidity.

Under CM5 up to 10,000 acres of seasonally inundated floodplain will be restored:
e Atleast 1,000 acres restored by Year 15.

e Atleast 9,000 additional acres restored by Year 40.

The approximate total amounts of floodplain habitat in the Plan Area where enhancement will occur
are:

e South Delta: up to 10,000 acres.

This conservation measure will be implemented through levee setbacks, removal of riprap, or
grading of floodplain. The most promising opportunities for large-scale floodplain restoration that
will have benefits for San Joaquin River salmonids and splittail by providing food resources and
habitat complexity exist in the South Delta subregion.

5.E.5.2 Conceptual Model

Many conceptual models of floodplain processes have been put forward. Some focus on
geomorphology and riparian and landscape ecology (Whiting 1998; Florsheim and Mount 2002;
Larsen et al. 2006). Others focus on floodplain topography and the development of vegetative
communities with the influence of flow and disturbance regimes (Mahoney and Rood 1998; Ward
1998; Greco and Plant 2003).

Most relevant for understanding the potential benefits of floodplain restoration is the conceptual
model of Opperman et al. (2010), which attempts to capture the complex interactions and processes
that structure ecologically functional floodplains (Figure 5.E.5-1). Based on the flood pulse concept
(Junk et al. 1989), the model considers rivers and their floodplains as one system of varying
components. The model differs from other floodplain models in that it includes processes that occur
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during inundation, such as the production of food and fish in addition to processes that occur on
longer time scales, such as the development of riparian forest and their communities (Opperman et
al. 2010).

The Opperman model describes three key components of functioning floodplains.

1. Connectivity—a functional floodplain must be able to connect to its adjacent river to exchange
flow, sediment, nutrients, and organisms (Amoros and Bornette 2002; Opperman et al 2010).

2. Flow regime—floodplain ecosystems are created, maintained, and disturbed by a variable
hydrograph ranging from low flows to topography-changing high flows (Poff et al. 1997;
Whiting 2002; Opperman et al. 2010). Ecosystem processes in the floodplain are highly
dependent on this variable flow regime being available to drive these important processes
(Opperman et al. 2010).

3. Spatial scale—a floodplain must be large enough to encompass dynamic processes such as
erosion and deposition that drive floodplain topography when large floods occur (Richards et al.
2002; Rohde et al. 2005; Opperman et al. 2010). The floodplain or floodplains also must be of
sufficient size to accrue measurable benefits to the ecosystem (Opperman et al. 2010).
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Source: Opperman et al. 2010.

Figure 5.E.5-1. A Conceptual Model of Floodplain Processes in California’s Central Valley
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1 5.E.5.2.1.1 Floodplain Activation Flow
2 The floodplain activation flow (FAF) (Williams et al. 2009) is the smallest flood pulse event that
3 initiates substantial beneficial ecological processes when associated with floodplain inundation. In a
4 more natural river system, shallow floodplains that flood frequently are nested within larger
5 floodplains that are flooded more deeply with less frequency (Williams et al. 2009). Because the
6 smaller, more frequently inundated floodplains occur within the larger floodplain, they always will
7 be more heavily inundated during larger floods, producing a different suite of processes than small
8 floodplains that are not nested within larger floodplains (Williams et al. 2009).
9 The concept of FAF is useful for designing floodplain restorations. In the rivers of the Central Valley,
10 small spring flows occur at a lower frequency than historically because the pulses are being
11 captured in reservoirs. Even so, small floodplains still operate in modified form throughout Central
12 Valley watersheds (Figure 5.E.5-2). Where spring flows are dampened by reservoir operations, the
13 floodplain topography should be designed first to inundate under a minimum FAF pulse (Williams et
14 al. 2009).
15 The definition of a specific FAF should incorporate the various ecological responses to a variable
16 hydrological regime. For instance, increased growth and survival of Chinook salmon have been
17 linked to floodplain processes, as have the spawning and rearing of splittail (Sommer et al. 1997;
18 Sommer et al. 2001a; Crain et al. 2004; Moyle et al. 2007; Jeffres et al. 2008). The production of
19 carbon in the form of microalgae and zooplankton has been linked to the duration of draining (i.e.,
20 residence time) and increases in temperature (Ahearn et al. 2006; Cushing and Allan 2001; Lehman
21 et al. 2008b; Schemel et al. 2004; Sommer et al. 2004a), although extended periods of residence time
22 can lead to lower rates of zooplankton export as phytoplankton biomass is grazed to low levels and
23 larval and juvenile fish consume large quantities of production (Grosholz and Gallo 2006). The FAF
24 must allow connectivity with the river during the period of flooding, it must be of the proper
25 duration and timing to produce measurable ecological benefits, and it must occur often enough that
26 the benefits are occurring on an interannual scale (Williams et al. 2009).
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28 Source: Williams et al. 2009.
29 Figure 5.E.5-2. Depiction of Floodplain Activation Flow for a Natural Hydrograph (Left) and for a
30 Regulated Stream (Right)
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5.E.5.3 Consistency with the Biological Goals and Objectives

CM5 will advance the biological goals and objectives as identified in Chapter 3, Conservation
Strategy, Table 3.4.5-3. The rationale for each of these goals and objectives is provided in Chapter 3,
Section 3.3, Biological Goals and Objectives. Through effectiveness monitoring, research, and
adaptive management, described above, the Implementation Office will address scientific and
management uncertainties and ensure that these biological goals and objectives are met.

Table 3.4.5-3 also identifies the monitoring actions associated with each objective as it relates to
CM5.

Restoration of freshwater and brackish tidal habitats (CM4 Tidal Natural Communities Restoration),
in conjunction with channel margin (CM6 Channel Margin Enhancement) and floodplain
enhancements implemented under CM5, is expected to reestablish an ecological gradient from river
to floodplain to tidal estuary, and provide tidal freshwater wetland structure and functions adjacent
to open-water habitat (Opperman et al. 2010). Connecting and improving function in seasonal
floodplain (CM5) and tidal freshwater habitats (CM4) will help create a continuous pathway along
the migration corridor of juvenile Chinook salmon. This will improve growth and survival across a
range of environmental conditions, helping to promote population persistence (Bottom et al. 2005).

As shown on the Yolo Bypass and Cosumnes floodplains, increased floodplain inundation would help
increase production of phytoplankton and other algae, particularly during reoccurring flood pulses
with 2-3 weeks between pulses; this is typical of flooding that occurs in the spring. The shallow
water depth and long residence time in floodplains facilitate settling of suspended solids, resulting
in reduced turbidity and increased total irradiance available for phytoplankton growth in the water
column. Because all restoration under CM5 is to be created in the South Delta subregion, it is likely
that the production of phytoplankton noted on the Yolo Bypass and Cosumnes floodplains will be
much less. This is due to the San Joaquin River hydrologic regime that allows for only partial
inundation and limited duration of floodplain habitat accept during very wet years. Although
management options for influencing inundation and residence time include manipulating floodplain
topography to inundate at lower flows and the manipulation of vegetation and topography to alter
hydraulic roughness and drainage connectivity (Opperman 2012). For instance, residence time can
be controlled by the placement of internal levees (low berms) with breaches that control the
drainage off the floodplain with their number and placement (Opperman 2012). Pulses of water
instead of a long duration of flooding can also increase the amount of time that a floodplain
experiences increased residence time draining (Opperman 2012).

Restored floodplains potentially can provide benefits to the larger estuary by exporting food
resources to downstream systems, providing increased production for pelagic species such as delta
smelt and longfin smelt (Schemel et al. 2004; Ahearn et al. 2006; Lehman et al. 2008b). Ahearn et al.
(2006) found that floodplains that are connected and disconnected in pulses can act as a
“productivity pump” for the lower estuary by exporting food resources, especially algae, to support
foodwebs in downstream communities (Sommer et al. 2001b; Ahearn et al. 2006; Lehman et al.
2008a). Other studies indicate links between carbon produced on floodplains and the downstream
foodweb (Sobczak et al. 2005; Opperman et al. 2010). On floodplains in the South Delta subregion,
because of short inundation periods and less than full floodplain habitat inundation, the amount of
primary production that can be exported downstream will be minor compared to that on the Yolo
Bypass and Cosumnes floodplains. Although, as mentioned above benefits can be maximized by
manipulating topography and the water that is available.
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5.E.5.4 Explanation of the Conservation Measure

5.E.5.4.1 Descriptions of Current Floodplain Habitat

5.E.5.4.1.1 The Yolo Bypass

The 24,000-hectare Yolo Bypass is the largest floodplain of the Delta (Sommer et al. 2001a). This
engineered floodplain (61 kilometers [km] long and 3 km wide) is not immediately adjacent to a
main river but rather receives floodwaters through Fremont Weir, Sacramento Weir, and several
westside streams: Knights Landing Ridge Cut, Cache Creek, Willow Slough Bypass, and Putah Creek
(Sommer et al. 2001b). The floodplain is inundated during winter and spring in about 60% of years.
During high-flow events, the Yolo Bypass can have a discharge of up to 14,000 cubic meters per
second (m3/s), representing 75% of total Sacramento River basin flow (Sommer et al. 2001a). Under
typical flood events, water spills into the Yolo Bypass at Fremont Weir when Sacramento basin flows
surpass approximately 2,000 m3/s. At higher basin flows (>5,000 m3/s), the Sacramento Weir also
spills (Sommer et al. 2001a). When floodwaters recede, the basin empties through a permanent
riparian fringed tidal channel along the eastern edge of the Yolo Bypass (Sommer et al. 2001a). The
floodplain is relatively well-drained, but several isolated ponds remain perennially inundated
(Sommer et al. 20014, b; Feyrer et al. 2005). The Yolo Bypass supports fish and waterfowl in
seasonally inundated habitats during winter and spring, and agriculture during summer (Sommer et
al. 2001b).

The Yolo Bypass is beneficial to native fishes for the following reasons.
e Itfloods frequently with major inundation events.
e It floods during times of year that covered fishes can use it.

e Itdries up, leaving very little permanent habitat for nonnative fishes to colonize and reproduce
in.

5.E.5.4.1.2 Cosumnes River

The Cosumnes River drains from the Sierra Nevada into the east side of the Delta (Moyle et al.
2003). The Cosumnes River is one of the few Central Valley rivers without a major dam regulating
its flows. As such, the river maintains a variable seasonal flow regime typical of Mediterranean
systems, experiencing winter flooding from rainfall (November-February) with peak flows of up to
2,650 m3/s (1997), smaller floods fed by snowmelt (March-May), and low to no late summer and
fall flows (Booth et al. 2006). Levees constructed starting in the late 1800s still constrain much of
the river channel (Swenson et al. 2003). The lowest reach of the river is influenced by freshwater
tides of the Delta. Currently, more than 688 hectares of restored and remnant riparian forest,
including stands of valley oak (Quercus lobata) forest, occur along the lower Cosumnes River (Griggs
2009).

At the Cosumnes River Preserve, approximately 100 hectares of floodplain were functionally
reconnected to the river when levees were breached intentionally in October 1995 and in January
1997 (Swenson et al. 2003). Previously, the river overtopped its banks and established connectivity
every 5 years when flows exceeded approximately 50 m3/s. After the 1995 breach, this occurred
earlier and more frequently (1.5-year recurrence interval) at half that flow (25 m3/s) (Florsheim
and Mount 2003; Florsheim et al. 2006). Variable floods produced a range of geomorphic and
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ecological outcomes. Flows exceeding 100 m3/s deposited and eroded sediment on the floodplain.
The January 1997 floods (2,650 m3/s, 150-year recurrence interval) caused extensive levee failure
along the river. These flows correlate to the floodplain activation, floodplain maintenance, and
floodplain resetting flows (sensu Opperman et al. 2010).

5.E.5.4.1.3 Sacramento River

Much of the Sacramento River no longer has active floodplains. This reflects the fact that small,
frequent spring flood events have been reduced since the construction and operation of large dams
in the Sacramento Valley (Williams et al. 2009), as well as levee construction and channel incision.
The FAF for the lower Sacramento River is the river stage that is exceeded in at least 2 out of 3 years
and sustained for at least 7 days between March 15 and May 15 (Williams et al. 2009).

The biggest opportunities for floodplain restoration lie in the bypasses (Williams et al. 2009). Levee
setbacks on the Sacramento River for improved flood conveyance could increase the amount of
active floodplains, but only with increased release of small spring flood pulses from upstream
reservoirs or grading of the newly established floodplains down to the current FAF stage. A recent
example that applied the FAF concept is the flood control levee setback project at the confluence of
the Bear and Feather Rivers, including a swale excavation to improve river-floodplain connectivity
and reduce fish stranding (Williams et al. 2009).

5.E.5.4.1.4 San Joaquin River

The San Joaquin River, much like the Sacramento, is lacking the historical floodplains that it once
had because of levee confinement and reduced flows due to reservoir management for water
storage and flood control. Because the San Joaquin system historically had lower average flows than
the Sacramento, the reduction of spring flood events is even more pronounced and limiting. The
South Delta Habitat Working Group (SDHWG) was convened in 2011 to identify opportunities of
improving habitat in the southern part of the Delta for integration into the BDCP. In

Attachment 5E.A, BDCP South Delta Habitat and Flood Corridor Planning, Corridor Description &
Assessment Document, the SDHWG evaluates conceptual flood and habitat corridors to assess
existing conditions, evaluate flood and ecosystem processes (including relative benefits and
apparent risks), and spell out any data gaps that may need to be filled to clarify the assessment (ESA
PWA 2012).

5.E.5.4.2 Post-Restoration Conditions

5.E.5.4.2.1 Aquatic Productivity

Currently, most Central Valley floodplains are severed from their rivers by levees, channelization,
and flow regulation, restricting the high natural productivity of floodplain habitats (Mount 1995).
Studies suggest that restoring river-floodplain connectivity in the Plan Area will enhance both
primary production (Ahearn et al. 2006; Lehman et al. 2008a) and zooplankton growth (Grosholz
and Gallo 2006; Miieller-Solger et al. 2002), potentially benefitting higher-level consumers like fish
species.

Floodplain productivity and the export of primary and secondary food resources are very dependent
on the amount of area flooded and how long it is flooded (Opperman et al. 2010). With the current
hydrologic regime of the San Joaquin River (all tributaries flows managed by reservoir operations),
it is likely that its floodplains will function with a lower capacity than the Yolo Bypass and the
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Cosumnes floodplains described. This is not to say that there will not be benefit, but the benefit
described for the other two floodplains will not be fully realized except possibly during very wet
years. In particular, it is not expected that floodplains in the South Delta subregion will export
primary production to the West Delta subregion or Suisun Bay.

Phytoplankton, zooplankton, and other food resources produced on inundated floodplains in the
upper estuary provide subsidies to foodwebs downstream (Schemel et al. 1996; Jassby and Cloern
2000; Mitsch and Gosselink 2000; Moyle et al. 2007; Moss 2007; Lehman et al. 2008b). Floodplains
can accomplish this in two ways; one is the trophic transfer of fish biomass downstream after
accumulating floodplain food resources. Chinook salmon and splittail are good examples of this
transfer. Another type of transference is the production of microalgae that is carried off the
floodplain into adjacent channels and transported downstream, supporting primary production in
pelagic foodwebs. This potentially would benefit delta smelt and longfin smelt, two species that feed
primarily on zooplankton.

The connection and disconnection of pulsing small floodplain activation floods may pump varying
concentrations of algae to downstream waters, but a minimum of 2 to 10 days’ disconnection is
required to develop higher levels of microalgae. If managed properly, restoration should export
floodplain-produced algae to downstream aquatic ecosystems during flood events, but the dynamics
are complex and reflect water residence time and local physical and biological conditions (Ahearn et
al. 2006; Lehman et al. 2008a).

Central Valley floodplains potentially could produce high levels of phytoplankton and other algae,
particularly during long-duration draining phases followed by flow pulses that move concentrated
algal biomass into channels. The shallow water depth and long residence time in floodplains will
facilitate settling of suspended solids, resulting in reduced turbidity and increased total irradiance
available for phytoplankton growth in the water column. At the Cosumnes River Preserve, the
inundated floodplain should progress from a physically driven system when connected to the river
floods to a biologically driven pond-like system with increasing temperature and productivity.
Periodic small floods should boost aquatic productivity of phytoplankton by delivering new pulses
of nutrients, mixing waters, and exchanging organic materials with the river (Ahearn et al. 2006;
Grosholz and Gallo 2006).

Providing river-floodplain connectivity should enhance production of lower trophic levels at
relatively rapid time scales. In the Yolo Bypass, some foodweb organisms respond within days and
attain high densities soon after inundation, including smaller fast-growing algae (e.g., picoplankton,
small diatoms, nanoflagellates), vagile organisms such as drift insects, and organisms associated
with wetted substrate such as chironomids (Benigno and Sommer 2007). These organisms,
particularly chironomids, will provide a food source to fish that is available prior to the development
of foodweb productivity (Schemel et al. 2004; Sommer et al. 2004a).

5.E.5.4.2.2 Spawning and Rearing Habitat for Native Fish

Floodplain inundation is intended to provide spawning (splittail) and rearing (juvenile Chinook
salmon, larval and juvenile splittail) habitats that take advantage of the higher productivity on the
floodplains (Sommer et al. 2001a, 2001b, 2004a; Crain et al. 2004; Moyle et al. 2007; Jeffres et al.
2008). During periods of connection to the river, fish should be able to move on and off the
floodplain to spawn or forage. Further, the low-velocity, shallow, and vegetated habitats of the
floodplain provide refuge from the fast, turbid waters of the river during high flows (Jeffres et al.
2008).
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For salmon, the intent is to provide an alternative route that enhances growth and provides
protection from predators, thus improving their survival rates as they migrate through the Delta.
These expected potential benefits are supported by a number of studies (e.g., Sommer et al. 2001b;
Jeffres et al. 2008, Whitener and Kennedy 1999; Moyle et al. 2007). Juvenile Chinook salmon also
should benefit from restored floodplains as foraging and refuge habitat. Restoration will enable
juveniles to migrate downstream onto floodplains in February to March to forage on the abundant
invertebrates in the flooded vegetation before emigrating to the sea (Sommer et al. 2001a, 2001b;
Moyle et al. 2007; Jeffres et al. 2008).

Sacramento splittail adults migrate onto the inundated floodplain to spawn on vegetation in
January-June at both the Cosumnes floodplain and the Yolo Bypass (Crain et al. 2004; Moyle et al.
2004; Moyle et al. 2007). Juveniles should be able to rear on the floodplain and depart when it
drains in April-June (Moyle et al. 2007; Sommer et al. 2001b).

Early spring inundation would facilitate development of habitat for floodplain-dependent native
fishes and less hospitable for nonnative fish. Native fish species that evolved with California’s
pattern of seasonal precipitation typically used the floodplain earlier in the year. In contrast,
nonnative species that evolved in temperate regions with year-round precipitation tend to arrive
later and remain longer on the floodplain, spawn under warmer conditions, and are stranded more
often when the floodplain drains and ponds dry out (Moyle 2002; Moyle et al. 2007).

Fish stranding in shallow ponds at the end of the flooding season is a concern for floodplain
restoration. Perennial aquatic habitat such as ditches and floodplain ponds are dominated by
nonnative fishes, as seen at the Cosumnes Preserve and the Yolo Bypass. A flood regime for native
California fishes will include early season, coldwater events that persist long enough for bursts in
algal and invertebrate productivity, followed by spring draining of the floodplain before it warms
and favors nonnative species (Crain et al. 2004; Feyrer et al. 2005; Ahearn et al. 2006).

Predation is one mechanism that could lead to low native fish abundance in shallow-water habitats
in the Delta. Predation is highest during spring and summer. Although there has been little
investigation of predation of native fishes on floodplains, the observed seasonal use patterns and
relative absence of piscivores suggest that floodplains offer native fishes a competitive advantage
over nonnative predators. Habitat restoration should benefit native fishes (Moyle 2002; Moyle et al.
2007).

5.E.5.5 Evaluation

5.E.5.5.1 Method

To assess the potential benefits of floodplain restoration on covered fish species, existing floodplain
conditions were compared to those of conceptually restored corridors in the South Delta.
Attachment 5E.A, BDCP South Delta Habitat and Flood Corridor Planning: Corridor Description and
Assessment Document, details the process by which the existing conditions and conceptual
restoration corridors were derived, the modeling methods used to quantify floodplain restoration
benefits, and the results. In September 2013, an additional modeling effort was undertaken to better
assess potential benefits for covered fish species (ESA PWA pers. comm.).

The south Delta floodplain evaluation method summarized in this section was developed over many
months and included a number of long, sometimes complicated steps. Here, the process is
summarized in five basic steps.
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Habitat Restoration Appendix 5.E

Define existing conditions and conceptual restoration corridors spatially is GIS.

Use hydraulic model to determine the discharge/floodplain inundation area relationship for the
existing condition and conceptual corridors.

Develop ecologically-relevant flow criteria for two covered fish species: Sacramento splittail and
Chinook Salmon.

Use ecosystem functions model to determine the discharge associated with assumed
ecologically-relevant flow criteria.

Determine floodplain inundation acreages associated with ecologically-relevant flow criteria
using the discharge/floodplain inundation area relationship created in Step 2.

When developing conceptual corridor configurations, various approaches for achieving the habitat
and flood objectives were examined, including habitat and flood management corridors along the
San Joaquin River upstream of Paradise Cut (Vernalis to Mossdale), the Paradise Cut/0Old River area,
the Middle River, and the mainstem San Joaquin River from Mossdale to Stockton. The potential
actions identified were configured into a series of conceptual south Delta corridors, with each
corridor being a delineation of actions such as levee setbacks, creation of flood bypasses, riparian
planting, and channel margin enhancement. Work to date suggests that if implemented, these
corridors would support achievement of CM5, CM6, and CM7 and simultaneously achieve ancillary
benefits in flood risk reduction. However, only the benefits of floodplain restoration are evaluated in
this section. The geographic corridors (Figure 5.E.5-3) are listed below.

Corridor 1A: Levee setbacks on both banks of the San Joaquin River from Vernalis to
Interstate 5.

Corridor 1B: An alternative version of Corridor 1A along the San Joaquin that includes only a
right-bank levee setback and connection of Walthall Slough with the San Joaquin River via a
weir. Corridor 1B is assessed separately from Corridor 1A.

Corridor 2A: Expansion of the Paradise Cut flood bypass and modifications to Paradise Cut
weir.

Corridor 2B: An expanded version of Corridor 2A that also includes levee removal around
Fabian Tract. Corridor 2B is essentially Corridor 2A plus Fabian Tract. Fabian Tract is not
hydraulically modeled separately from Paradise Cut in terms of flood evaluations; however, the
flood and ecological benefits of Corridor 2B are examined discretely.

Corridor 3: Selected levee setbacks along Middle River on Union Island.

Corridor 4: Levee setbacks on Roberts Tract along the left bank side of the San Joaquin River
and on a short reach of the right bank of Old River.

For a complete description of the conceptual corridors see Attachment 5E.A, BDCP South Delta
Habitat and Flood Corridor Planning, Corridor Description & Assessment Document,
Section 5.E.A.3, Corridor Description and Evaluation Assumptions.
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Source: ESA PWA 2012 (Attachment 5E.A).
Figure 5.E.5-3. Overview of the South Delta Subregion
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The floodplain inundation (acres) to discharge (cfs) relationship for existing conditions and the
conceptual corridors was calculated using the Hydrologic Engineering Center River Analysis System
(HEC-RAS) software—a one-dimensional river and floodplain hydraulics model. Two sets of
geometric data were used in the modeling: an existing conditions configuration based on the HEC-
RAS model originally developed for the USACE Sacramento and San Joaquin River Basins
Comprehensive Study (Comp Study) and a set of corridor condition configurations that included
modifications of levees and flood bypasses in each of the South Delta corridors described above. The
hydrologic input used to assess existing and future floodplain inundation acreages was the daily
flow time series from the Vernalis gage on the San Joaquin River for the time period January 1, 1985,
through September 30, 2003.

The Hydrologic Engineering Center Ecosystem Functions Model (HEC-EFM) was used to determine
ecologically-relevant discharges for covered fish species. Table 5.E.5-1 presents the important flow-
related habitat criteria—seasonality, duration, and frequency—input into HEC-EFM to evaluate the
range of ecologically-relevant discharges for Sacramento splittail and Chinook salmon. Table 5.E.5-1
also summarizes the sources used to determine appropriate flow-related habitat criteria. HEC-EFM
inputs were revised in September 2013 to increase minimum inundation duration for Sacramento
splittail from 20 days to 30 days and to decrease frequency/return period for Chinook salmon from
4 years to 3 years (ESA PWA pers. comm.). For a complete description of HEC-RAS and HEC-EFM
modeling methods see Attachment 5E.A, BDCP South Delta Habitat and Flood Corridor Planning,
Corridor Description & Assessment Document, Section 5.E.A.7.3.1 (A), South Delta Hydraulic and
Hydrologic Modeling Methods and Assumptions and Section 5.E.A.7.3.1.4, Ecosystem Modeling
Assessments.
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Table 5.E.5-1. Ecologically Relevant Flow-Related Habitat Criteria for HEC-EFM Scenarios, Original and

Revised®
Ecologically Relevant Flow Habitat Criteria
Model Frequency/
Results Minimum Return
Source Organism Life Stage Season Duration Period Sources
Revised HEC-EFM Inputs (ESA PWA pers. comm.)
ESA PWA Sacramento Spawning = Feb 1-May 31 30 days 4-year Moyle et al. 2004;
pers.comm. | Splittail and Feyrer et al. 2005,
(Pogonichthys rearing 2006; Sommer et al.
macrolepidotus) 1997
ESA PWA Chinook salmon = Rearing Dec 1-May 31 14 days 3-year Sommer et al. 2001a;
pers.comm. | (Oncorhynchus U.S. Army Corps of
tshawytscha) Engineers 2002.
Original HEC-EFM Inputs (Attachment 5E.A, Section 5.E.A.7.3.1.4, Ecosystem Modeling Assessments)
ESA PWA Sacramento Spawning = Feb 1-May 31 20 days 4-year Sommer et al. 1997;
2012 Splittail and U.S. Army Corps of
(Pogonichthys rearing Engineers 2002;
macrolepidotus) Williams et al. 2009.
ESA PWA Chinook salmon | Rearing Dec 1-May 31 14 days 4-year Sommer et al. 2001a;
2012 (Oncorhynchus U.S. Army Corps of
tshawytscha) Engineers 2002.

aThe HEC-EFM was re-run in September 2013 (ESA PWA pers. comm.) to revise ecologically relevant criteria for
Sacramento splittail and Chinook salmon. the existing conditions model was no re-run and so those results are
based on the former ecologically relevant criteria. Because the former ecologically relevant criteria result in a
slightly greater existing inundation acreage, the comparison between existing and restored conceptual corridors
is assumed to produce a conservative estimate of increased inundation acreage.

The floodplain inundation and discharge relationship output from the HEC-RAS model was used to
convert the HEC-EFM discharge output into an inundation acreage for both existing conditions and
the conceptual corridors. See Attachment 5E.A, BDCP South Delta Habitat and Flood Corridor
Planning, Corridor Description & Assessment Document, Section 5.E.A.4, Evaluation Results to view the
inundation to discharge curves for each conceptual corridor.

5.E.5.5.2

Results

Table 5.E.5-2 and Table 5.E.5-3 summarize the HEC-EFM outputs for the specified range of
inundation duration scenarios in Table 5.E.5-1 for Sacramento splittail and Chinook salmon,
respectively based on the criteria in Section 5.E.6-1. For each HEC-EFM scenario or run, seasonality
and frequency were held constant while floodplain inundation duration was changed (see Table
5.E.5-1). Note, seasonality and frequency differ between Sacramento splittail and Chinook salmon.

Results suggest conceptual corridors 2B (Fabian Tract) and 4 have the greatest potential to increase
the size of the inundated floodplain footprint. Corridor 2B While conceptual corridors 2B and 4 have
the greatest potential to increase floodplain inundation acreage, it may not be feasible to do so.
While restoration feasibility is not addressed in this analysis it is important to keep in mind that an
increase in floodplain potential and covered species habitat is not the sole factor driving floodplain
restoration placement or configuration. For instance, while the floodplain might be able to be
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expanded significantly in any one region, there may be land owner or other infrastructure
constraints in another.

Table 5.E.5-4 and Table 5.E.5-5 compare the existing and restored condition HEC-EFM outputs—
ecologically relevant discharge—and the associated inundation acreage, for one inundation duration
scenario only. This is primarily because only one inundation duration scenario was run for existing
conditions. The existing conditions floodplain inundation scenario for Sacramento splittail was 20
days (Attachment 5E.A, Section 5.E.A.7.3.1.4, Ecosystem Modeling Assessments), whereas the restored
conditions scenario results are for 30 days (ESA PWA pers. comm.). For Chinook salmon, the
floodplain inundation duration is the same between existing and restored conditions model runs, 14
days. However, the frequency/return period in the existing conditions model scenario was 4 years
(Attachment 5E.A, Section 5.E.A.7.3.1.4, Ecosystem Modeling Assessments) and the restored
conditions model scenario assumed a frequency/return period of 3 years (ESA PWA pers. comm.).
Despite the differences in model inputs, the comparison between existing and restored conditions is
still informative. In the case of Sacramento Splittail, the ecologically relevant discharge—HEC-EFM
output—for 20 days versus 30 days was the same, 11,600 cfs. For Chinook Salmon, the change in
frequency/return period from 4 years to 3 years resulted in the ecologically relevant discharge
output decreasing from 15,500 cfs to 10,634 cfs (assuming 14 days inundation duration). As shown
in Table 5.E.5-3, as the discharge decreases, so too does the floodplain inundation footprint. This
means the discharge of 15,500 cfs used in the existing conditions model run produced a floodplain
inundation footprint larger than if the new HEC-EFM model inputs had been used.
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Table 5.E.5-2. HEC-EFM Inundation Acreage Results for Sacramento Splittail Ecologically Relevant Flow Criteria®

Appendix 5.E

Corridor 1A Corridor 1B Corridor 2A Corridor 2B (Fabian Tract) Corridor 3 Corridor 4
Discharge Percent of Percent of Percent of Percent of Percent of Percent of
Duration of (cubic feet Inundation Floodplain Inundation Floodplain Inundation Floodplain Inundation Floodplain Inundation Floodplain Inundation Floodplain
Inundation (days) per second) Acres’ Inundated" Acres® Inundated® Acres’ Inundated® Acres” Inundated' Acres’ Inundated” Acres' Inundated™
30 11,600 1,924 16 1,064 19 275 11 3,668 51 1,517 19 2,307 37
31 11,600 1,924 16 1,064 19 275 11 3,668 51 1,517 19 2,307 37
32 11,600 1,924 16 1,064 19 275 11 3,668 51 1,517 19 2,307 37
33 11,500 1,887 15 1,050 18 269 11 3,662 51 1,505 19 2,294 37
34 10,800 1,627 13 953 17 232 9 3,615 50 1,417 18 2,204 36
35 10,500 1,516 12 911 16 216 9 3,594 50 1,380 18 2,165 35
36 10,200 1,404 11 870 15 200 8 3,574 49 1,342 17 2,126 34
37 10,200 1,404 11 870 15 200 8 3,574 49 1,342 17 2,126 34
38 10,200 1,404 11 870 15 200 8 3,574 49 1,342 17 2,126 34
39 10,100 1,367 11 856 15 194 8 3,568 49 1,330 17 2,113 34
40 8,530 1,191 10 783 14 185 8 3,551 49 1,299 17 2,275 37
Assumes ecologically relevant inundation frequency of four years.
Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 1A.
Corridor 1A includes 12,318 acres.
Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 1B.
Corridor 1B includes 5,688 acres.
Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 2A.
Corridor 2A includes 2,444 acres.
Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 2B.
Corridor 2B includes 7,222 acres.
Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 3.
Corridor 3 includes 7,837 acres.
Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 4.
Corridor 4 includes 6,165 acres.
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Table 5.E.5-3. HEC-EFM Inundation Acreage Results for Chinook Salmon Ecologically Relevant Flow Criteria®
Corridor 1A Corridor 1B Corridor 2A Corridor 2B Corridor 3 Corridor 4
Duration of Discharge Percent of Percent of Percent of Percent of Percent of Percent of
Inundation (cubic feet Inundation Floodplain Inundation Floodplain Inundation Floodplain Inundation Floodplain Inundation Floodplain Inundation Floodplain
(days) per second) Acres” Inundated® Acres® Inundated® Acres' Inundated® Acres” Inundated' Acres' Inundated" Acres' Inundated™
7 11,668 1,949 16 1,074 19 278 11 3,673 51% 1,526 19 2,316 38
8 11,534 1,899 15 1,055 19 271 11 3,664 51% 1,509 19 2,298 37
9 11,334 1,825 15 1,027 18 261 11 3,650 51% 1,484 19 2,273 37
10 11,334 1,825 15 1,027 18 261 11 3,650 51% 1,484 19 2,273 37
11 11,001 1,702 14 981 17 243 10 3,628 50% 1,442 18 2,230 36
12 10,867 1,652 13 962 17 235 10 3,620 50% 1,425 18 2,212 36
13 10,834 1,640 13 958 17 234 10 3,617 50% 1,421 18 2,208 36
14 10,634 1,565 13 930 16 223 9 3,604 50% 1,396 18 2,182 35
15 10,425 1,488 12 901 16 212 9 3,589 50% 1,370 17 2,155 35
16 10,365 1,465 12 893 16 209 9 3,585 50% 1,363 17 2,147 35
17 10,068 1,355 11 851 15 193 8 3,565 49% 1,326 17 2,109 34
18 9,825 1,313 11 835 15 189 8 3,559 49% 1,315 17 2,442 40
19 9,648 1,297 11 828 15 188 8 3,559 49% 1,313 17 2,419 39
20 9,358 1,269 10 816 14 187 8 3,557 49% 1,309 17 2,382 39
21 9,235 1,257 10 811 14 187 8 3,556 49% 1,308 17 2,366 38
a Assumes ecologically relevant inundation frequency of three years.
b Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 1A.
¢ Corridor 1A includes 12,318 acres.
d Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 1B.
e Corridor 1B includes 5,688 acres.
f Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 2A.
¢ Corridor 2A includes 2,444 acres.
b Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 2B.
I Corridor 2B includes 7,222 acres.
j Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 3.
k Corridor 3 includes 7,837 acres.
I' Based on Attachment 5E.A, Figure A.4.1-1, Relation between Discharge and Floodplain Inundation: Corridor 4.
m Corridor 4 includes 6,165 acres.
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Table 5.E.5-4. HEC-EFM Inundation Acreage Results, Comparison between Existing Conditions and
Conceptual Corridors for Sacramento Splittail Ecologically Relevant Flow Criteria®

Inundated Floodplain

Existing Inundated Habitat for Conceptually

Floodplain Habitat Restored Corridors

(acres) assuming 20 days  (acres) assuming 30 days | Percent Increase over
Conceptual Corridors inundation duration inundation duration Existing
Corridor 1Ab 412 1,924 467%
Corridor 1B¢ 213 1,064 500%
Corridor 2Ad 11 275 2500%
Corridor 2Be 5 3,943 78860%
Corridor 3f 33 1,517 4597%
Corridor 4s 8 2,307 28838%

a Assumes 4 years inundation frequency and 11,600 cfs discharge.

b Existing Condition acreage from Table 5.EA.4.1-2.

¢ Existing Condition acreage from Table 5.EA.4.1-2.

d Existing Condition acreage from Table 5.EA.4.1-8.

e Existing Condition acreage from Table 5.EA.4.1-8 (Corridor 2B includes Fabian Tract).
f Existing Condition acreage from Table 5.EA.4.1-14.

¢ Existing Condition acreage from Table 5.EA.4.1-19

Table 5.E.5-5. HEC-EFM Inundation Acreage Results, Comparison between Existing Conditions and
Conceptual Corridors for Chinook Salmon Ecologically Relevant Flow Criteria®

Existing Inundated

Floodplain Habitat Inundated Floodplain

(acres) assuming 15,500  Habitat (acres) assuming | Percent Increase over
Conceptual Corridors cfs 10,634 cfs Existing
Corridor 1Ab 910 1,565 172%
Corridor 1B¢ 532 930 175%
Corridor 2Ad 46 223 485%
Corridor 2Be 29 3,827 13197%
Corridor 3f 88 1,396 1586%
Corridor 48 26 2,182 8392%

a Assumes 14 days floodplain inundation duration.

b Existing Condition acreage from Table 5.EA.4.1-2.

¢ Existing Condition acreage from Table 5.EA.4.1-2.

d Existing Condition acreage from Table 5.A.4.1-8.

e Existing Condition acreage from Table 5.EA.4.1-8 (Corridor 2B includes Fabian Tract).
f Existing Condition acreage from Table 5.EA.4.1-14.

¢ Existing Condition acreage from Table 5.EA.4.1-19.
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Results suggest each conceptual planning corridor has potential to significantly increase the
ecologically relevant floodplain inundation footprint over existing, with Corridors 2A and 4 showing
the greatest potential increase for both Sacramento splittail and Chinook Salmon. The potential
increase in floodplain inundation is greater for Sacramento splittail because the frequency/return
period criteria of 4 years is less than that for Chinook salmon, which requires a frequency of every 3
years to result in ecologically-relevant benefits. Stated another way, the potential for increased
floodplain inundation in any given year increases as the required frequency (i.e., once every three
years, once every four years) decreases.

Table 5.E.5-6 through Table 5.E.5-11 show the potential inundation frequencies for three inundation
scenarios (30%, 60%, and 90%) combined with a range of duration scenarios (2 through 20 days in
two day increments). An underlying assumption made in this analysis is that approximately 30%
floodplain inundation is necessary to produce an ecologically meaningful foodweb response (see
Attachment 5E.A, BDCP South Delta Habitat and Flood Corridor Planning, Corridor Description &
Assessment Document, Section 5.E.A.7.3.1.4, Ecosystem Modeling Assessment for additional details).
While 30% is a somewhat arbitrary minimum inundation acreage, these results, combined with
those species-specific results, provide an indication of the scale at which floodplain inundation is
likely to have significant, beneficial effects on covered species.

Table 5.E.5-6. Range of Frequencies and Durations for Flows Relevant to Foodweb Production,
Corridor 1A (Season: December 1-May 31)

Exceedance Probability
16,000 cfs 29,000 cfs 49,000 cfs
(30% of the Corridor’s Potential | (60% of the Corridor’s Potential | (90% of the Corridor’s Potential
Duration| New Floodplain Is Inundated) New Floodplain Is Inundated) New Floodplain Is Inundated)
(days) Existing Hydrology Existing Hydrology Existing Hydrology
2 0.257 0.217 0.141
4 0.256 0.216 0.137
6 0.255 0.221 0.131
8 0.253 0.189 0.108
10 0.251 0.172 0.089
12 0.249 0.158 0.089
14 0.248 0.155 0.089
16 0.247 0.153 0.000
18 0.247 0.149 0.000
20 0.244 0.149 0.000

Source: ESA PWA 2012 (Attachment 5E.A).

Table created using area/discharge curves without sea level rise conditions. For sea level rise conditions,
refer to the area/discharge curves to identify applicable acreages and percentages.
cfs = cubic feet per second; SJRRP = San Joaquin River Restoration Project.
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Table 5.E.5-7. Range of Frequencies and Durations for Flows Relevant to Foodweb Production,
Corridor 1B (Season: December 1-May 31)

Exceedance Probability

16,000 cfs
(30% of the Corridor’s Potential

29,000 cfs
(60% of the Corridor’s Potential

49,000 cfs
(90% of the Corridor’s Potential

Duration| New Floodplain Is Inundated) New Floodplain Is Inundated) New Floodplain Is Inundated)
(days) Existing Hydrology Existing Hydrology Existing Hydrology
2 0.257 0.222 0.144
4 0.256 0.221 0.141
6 0.255 0.216 0.135
8 0.253 0.213 0.116
10 0.251 0.202 0.097
12 0.249 0.187 0.097
14 0.248 0.172 0.097
16 0.247 0.162 0.000
18 0.247 0.157 0.000
20 0.244 0.157 0.000

Source: ESA PWA 2012 (Attachment 5E.A).

Table created using area/discharge curves without sea level rise conditions. For sea level rise conditions,
refer to the area/discharge curves to identify applicable acreages and percentages.
cfs = cubic feet per second; SJRRP = San Joaquin River Restoration Project.

Table 5.E.5-8. Range of Frequencies and Durations for Flows Relevant to Foodweb Production,
Corridor 2A (Season: December 1-May 31)

Exceedance Probability

16,000 cfs
(30% of the Corridor’s Potential

29,000 cfs
(60% of the Corridor’s Potential

49,000 cfs
(90% of the Corridor’s Potential

Duration| New Floodplain Is Inundated) New Floodplain Is Inundated) New Floodplain Is Inundated)
(days) Existing Hydrology Existing Hydrology Existing Hydrology
2 0.249 0.211 0.146
4 0.248 0.200 0.143
6 0.246 0.158 0.138
8 0.242 0.155 0.121
10 0.245 0.153 0.102
12 0.240 0.150 0.102
14 0.239 0.147 0.000
16 0.237 0.146 0.000
18 0.236 0.138 0.000
20 0.233 0.138 0.000

Source: ESA PWA 2012 (Attachment 5E.A).

Table created using area/discharge curves without sea level rise conditions. For sea level rise conditions,
refer to the area/discharge curves to identify applicable acreages and percentages.

cfs = cubic feet per second; SJRRP = San Joaquin River Restoration Project.
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Table 5.E.5-9. Range of Frequencies and Durations for Flows Relevant to Foodweb Production,
Corridor 2B (Season: December 1-May 31)

Exceedance Probability
16,000 cfs 29,000 cfs 49,000 cfs
(30% of the Corridor’s Potential | (60% of the Corridor’s Potential | (90% of the Corridor’s Potential
Duration| New Floodplain Is Inundated) New Floodplain Is Inundated) New Floodplain Is Inundated)
(days) Existing Hydrology Existing Hydrology Existing Hydrology
2 0.794 0.254 0.148
4 0.798 0.253 0.145
6 0.792 0.251 0.141
8 0.788 0.250 0.126
10 0.787 0.247 0.108
12 0.788 0.245 0.108
14 0.784 0.244 0.108
16 0.783 0.243 0.108
18 0.784 0.243 0.059
20 0.787 0.240 0.000

Source: ESA PWA 2012 (Attachment 5E.A).

Table created using area/discharge curves without sea level rise conditions. For sea level rise conditions,
refer to the area/discharge curves to identify applicable acreages and percentages.

cfs = cubic feet per second; SJRRP = San Joaquin River Restoration Project.

Table 5.E.5-10. Range of Frequencies and Durations for Flows Relevant to Foodweb Production,
Corridor 3 (Season: December 1-May 31)

Exceedance Probability
16,000 cfs 29,000 cfs 49,000 cfs
(30% of the Corridor’s Potential | (60% of the Corridor’s Potential | (90% of the Corridor’s Potential
Duration| New Floodplain Is Inundated) New Floodplain Is Inundated) New Floodplain Is Inundated)
(days) Existing Hydrology Existing Hydrology Existing Hydrology
2 0.325 0.232 0.145
4 0.321 0.232 0.142
6 0.311 0.228 0.138
8 0.297 0.226 0.120
10 0.275 0.222 0.101
12 0.262 0.219 0.101
14 0.262 0.218 0.101
16 0.262 0.215 0.000
18 0.261 0.213 0.000
20 0.260 0.205 0.000

Source: ESA PWA 2012 (Attachment 5E.A).

Table created using area/discharge curves without sea level rise conditions. For sea level rise conditions,
refer to the area/discharge curves to identify applicable acreages and percentages.

cfs = cubic feet per second; SJRRP = San Joaquin River Restoration Project.
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Table 5.E.5-11. Range of Frequencies and Durations for Flows Relevant to Foodweb Production,
Corridor 4 (Season: December 1-May 31)

Exceedance Probability
16,000 cfs 29,000 cfs 49,000 cfs
(30% of the Corridor’s Potential | (60% of the Corridor’s Potential | (90% of the Corridor’s Potential
Duration| New Floodplain Is Inundated) New Floodplain Is Inundated) New Floodplain Is Inundated)
(days) Existing Hydrology Existing Hydrology Existing Hydrology
2 0.794 0.242 0.149
4 0.798 0.241 0.147
6 0.792 0.228 0.143
8 0.788 0.236 0.129
10 0.787 0.233 0.112
12 0.788 0.230 0.112
14 0.784 0.229 0.111
16 0.783 0.227 0.111
18 0.784 0.226 0.068
20 0.787 0.222 0.000

Source: ESA PWA 2012 (Attachment 5E.A).

Table created using area/discharge curves without sea level rise conditions. For sea level rise conditions,
refer to the area/discharge curves to identify applicable acreages and percentages.

cfs = cubic feet per second.

SJRRP = San Joaquin River Restoration Project.

5.E.5.5.3 Anticipated Benefits

The HEC-EFM an analysis for salmon assumed that, at a minimum, floodplain inundation needed to
occur every 3 years and inundation duration had to be at least 7 days, with significant food-web
benefits likely being realized at a minimum of 14 days. Results suggest conceptually restored
corridors in the South Delta could increase the amount of ecologically relevant floodplain for
Chinook salmon by 172 to 13,197% depending on the conceptual corridor (Table 5.E.5-5).
Significant increases in floodplain inundation are expected to increase the size of emigrating
juvenile Chinook salmon and thus potentially increase through-Delta survival. The HEC-EFM
analysis for splittail assumed a floodplain inundation occurrence of 4 years and an inundation
period of 30 days. The analysis indicated an increase in ecologically relevant floodplain between
476% to 78,860% depending on the conceptual corridor. Below are the ecosystem mechanisms by
which increased floodplain inundation could result in increased size and survival.

e Because of the shallow nature of floodplain habitat, irradiance of water is increased, thereby
creating warmer temperatures than nearby channels. This increases metabolism in fish using
the habitat, which increases feeding rates.

e Sediment drops out of the water column as floodwaters spread and slow, thus improving water
quality within the adjacent channel.

e River channels are primary emigration corridors for juvenile salmon. Connection to adjacent
floodplain habitat will greatly expand rearing habitat along migration corridors. This is
especially important for emigrating Chinook fry, which will have increased survival through the
Delta because of upstream growth before emigration.
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e The creation of overland flows due to floodplain inundation could provide the additional benefit
of flushing out FAV/SAV, thus providing more nearshore habitat for emigrating salmonids.

e Waters that spread out and interact with mosaics of floodplain vegetation are usually much
slower than adjacent river channels. This could provide refugia during high-flow events that
would reduce stress on juvenile salmonids.

e There is evidence that contact with vegetation reduces nonpoint sources of water pollution.
Floodplain vegetation could reduce sources of nonpoint pollution and improve water quality in
the adjacent river channel.

e Floodplain inundation supports the establishment of complex woody and scrub habitat along
the river channel and floodplain. Woody and scrub habitat increase overhead cover and inputs
large woody debris (LWD), creating topographic heterogeneity that drives the shifting of diverse
habitat patches within the floodplain. This in turn drives productivity on many levels that
increases food resources and provides rearing habitat for juvenile salmonids.

e Riparian habitat that forms with floodplain inundation increases the amount or organic carbon,
provides leaf litter, and facilitates increased input of insects for aquatic foodweb support, in
both the floodplain and the adjacent river channel.

e Complex habitats that form between floodplains and adjacent river channels provide refuge
from predators for emigrating juvenile salmonids.

e The establishment of floodplain, riparian, and channel margin habitat creates a corridor of
habitats for emigrating salmonids, allowing foraging, rest, and refuge from predators during
emigration.

e Floodplain habitat will increase the amount of space between agriculture practices and the river
corridor, thus providing a buffer zone that should increase aquatic insect communities and
improve water quality.

The three-year frequency limits potential population-level benefits to approximately every third
generation rearing on the floodplain in the South Delta. While there would be some increased
floodplain inundation each year, especially in places like Corridor 2B and 4, it is unlikely that these
increases would be large enough to result in significant increases in through-Delta survival for every
year class.

Because the existing hydrological regime produces significant increases in floodplain inundation
approximately every 3 years, CM5, as modeled, is likely to only produce low to medium benefits to
emigrating salmonid juveniles. It is also important to note that enhanced growth may be offset by
adverse conditions in the interior of the Delta such as the increased abundance and distribution of
warm-water, predatory fishes.

CMS5 has greater potential to provide population-level benefits to Sacramento splittail because of the
increase in 30-day inundation of the floodplains. Sacramento splittail can live up to 9 years and
therefore have potential for the same breeding generation to take advantage of one or two larger
flood events where at least 20 to 30% of the floodplain is activated. In addition, Moyle et al. (2007)
noted that even small amounts of floodplain inundation splittail recruitment can be quite large. The
lower San Joaquin River, including the central and south Delta, are often sites of substantial splittail
production (Sommer et al. 2007). Therefore splittail production from this area of the Delta may be
more important than the modest amount of floodplain habitat would suggest.
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CMS5 also has potential to increase the geographic distribution of Sacramento splittail spawning
habitats as the South Delta is not currently used by this species in any known, significant way.
Increased distribution would have a number of potential benefits, including increased buffering
from unforeseen future adverse environmental effects (including catastrophic events), potential
increased genetic diversity, and additional rearing habitat for juvenile splittail emigrating from the
spawning areas on the San Joaquin River floodplain upstream of the Delta.

Individual attributes from increased floodplain inundation that may increase splittail growth and
survival are in general the same as those for salmonids with the addition that floodplain inundation
will provide adult splittail access to floodplain vegetation for spawning substrate. Splittail use
annual and perennial flooded vegetation for spawning. Increased spawning area in the San Joaquin
River corridor will greatly enhance the San Joaquin River corridor for splittail spawning and rearing.

CM5 will also provide benefits to juvenile salmonids. Because of the existing hydrological regime
that allows only periodic (every 4 years) and limited inundation (30%), CM5 overall as modeled will
provide benefits to emigrating salmonid juveniles by increasing the upstream residence time, i.e.,
growth with increased food resources and complex habitats. As a result, through-Delta survival is
expected to increase with larger emigrating size coupled with dual conveyance that is expected to
lower entrainment. It is not known by how much survival will increase but the Yolo Bypass studies
provide strong support to the idea that increased floodplain will enhance survival of juvenile
salmonids; this increased growth is expected to increase through-delta survival. The enhanced
growth may be offset by adverse conditions in the interior of the Delta. Individual attributes from
increased floodplain inundation that may increase salmonid growth and survival are as follows.

5.E.5.5.4 Potential Impacts

The discussion of contaminants and their effects on fish can be found in Appendix 5.D, Contaminants.

e Release of toxins. Toxins built up from prior agricultural practices may be released to newly
reconnected floodplains.

e Potential methylmercury release and resuspension. Fish and other aquatic species using
recently reconnected/restored floodplain habitat would be exposed to potentially increased
levels of methylmercury, and it may be transported downstream or result in local
bioaccumulation affecting covered fish species, noncovered wildlife species, and human health.

e Increased fish stranding on the floodplain. Sommer et al. (2001b) and Moyle et al. (2007),
however found that the amount of stranding was more than offset by the increase in growth and
survival.

e Increased predation of covered fish by birds. Bird predation on floodplains is largely a function
of anthropogenic structures that allow birds to prey on fish as they are funneled through narrow
areas that increase their densities relative to open floodplain habitat (Crain unpublished data).

e Resuspension and export of contaminants to downstream areas.

e Production of organic matter that potentially could contribute to low DO conditions.
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5.E.6 Conservation Measure 6 Channel Margin

Enhancement

5.E.6.1 Description

The BDCP proposes to enhance 20 miles of channel margin along important salmonid migration
routes in the Plan Area; most of this restoration is in the North Delta subregion. Channel margin
enhancement would consist of constructing a shallow gradient from lower-elevation, submerged,
shallow benches along existing river channels to higher-elevation riparian habitat. The design would
involve modifying or setting back levees to create low benches with variable surface elevations to
create hydrodynamic complexity and support emergent vegetation to provide an ecological gradient
of habitat conditions, and higher elevation benches that support riparian and tidal marsh vegetation.
CM6 includes but is not limited to the following actions.

e Modify the water side of levees or set back levees landward to create low floodplain benches.
The floodplain benches would be constructed with variable surface elevations and water depths
(laterally and longitudinally) to create hydrodynamic complexity, support emergent vegetation,
and provide an ecological gradient of environmental conditions.

e Install LWD (e.g, tree trunks, logs, stumps) into constructed benches or into existing riprapped
levees to provide physical complexity. Use finely branched material to minimize refuge for
aquatic predators. LWD will be installed to replace debris lost during enhancement; woody
debris also is expected to increase or be replaced over time through recruitment from adjacent
riparian vegetation. It should be noted that LWD is controversial in that some believe that large
smooth pieces provide hydraulic breaks for predators and little protection for juvenile
salmonids. Finely branched LWD would provide both holding area and protection from
predatory fishes, but more study is needed in the benefits and risks of LWD in the Plan Area.

e Plant native riparian and/or emergent wetland vegetation on constructed benches; open
mudflat habitat may be appropriate too, depending on elevation and location.

Channel margin enhancement will be performed only along channels that provide rearing and
outmigration habitat for juvenile salmonids. These include channels that are protected by federal
project levees—such as the Sacramento River between Freeport and Walnut Grove, the San Joaquin
River between Vernalis and Mossdale, and Steamboat and Sutter Sloughs—and channels in the
interior Delta that are protected by nonfederal levees—such as the North and South Fork
Mokelumne River.

The temporal targets for implementation of the 20 miles of channel margin enhancements are as
follows.

e Atleast 5 miles enhanced by year 10.
e Atleast 5 more miles enhanced by year 20.
e Atleast 5 more miles enhanced by year 25.

e Atleast 5 more miles enhanced by year 30.

The primary objective of CM6 is to improve habitat conditions along important juvenile salmonid
migration routes. CM6 is expected to increase rearing habitat; improve conditions along migration
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corridors by providing increased habitat complexity, overhead and in-water cover, and prey
resources for covered fish species; and improve connectivity between patches of existing, higher-
value channel margin habitat (Chapter 3, Section 3.4.6.1, Purpose). This conservation measure also
has the potential to increase spawning habitat for covered fish that spawn in the Plan Area,
primarily Sacramento splittail and possibly delta smelt and longfin smelt, as well as increase resting
habitat in the Plan Area for migrating adult covered fish species. CM6 will advance specific biological
goals and objectives, as described in Chapter 3, Section 3.4.6.5. Expected benefits of CM6 to covered
fish species are discussed below.

5.E.6.2 Conceptual Model

Historically, the lower portions of tributaries to the Delta were a maze of channels and sloughs with
complex channel margins composed of benches, beaches, and river bars supporting riparian forests
and estuarine marsh vegetation. This created an array of habitats for native fish and wildlife species.
Much of the development of the Delta has focused on simplifying these complex environments to
create concentrated channels that are often armored to stabilize and protect river banks. As a result,
resting and foraging habitat for juvenile salmonids and other species has been lost.

Restoring and enhancing channel margin in the Plan Area will add complexity to long, continuous
stretches of aquatic and supratidal habitat adjacent to important migration corridors. Channel
margin enhancement actions will attempt to improve the shallow-depth, slow-current velocity
conditions within existing channel geometries that have been shown to play an important role in the
survival of juvenile fish. These areas provide small juvenile fish areas of cover from predators with
overhanging banks, instream woody material, and riparian vegetation; contribute invertebrates and
organic material to the aquatic foodweb; and offer areas of low water-velocity where the larvae and
protolarvae of target fish species can rest during outmigration (Bowen et al. 2003). Because the life
cycle requirements of the target fish species are season-specific and environmental conditions
(temperature, outflows) vary from year to year, as much variability as possible should be built into
the channel margin to accommodate as many of the requirements as possible.

Enhanced channel margin will connect habitat patches throughout the Plan Area. Pringle (2003)
defines connectivity as “the degree to which a landscape facilitates or impedes movement of
organisms among resource patches.” The homogenous, riprap-lined river channels in the Plan Area,
while not a physical hydrologic barrier to migration, do not ease the process for the target aquatic
species and provide little direct habitat benefit. The channels identified for channel margin
enhancement represent linear (as opposed to dendritic) migration corridors for the target aquatic
species. Fagan (2002) and Cote (2009) demonstrated that disruptions in linear migration corridors
have greater effects on populations compared to dendritic migration corridors because of the lack of
multiple pathways. This concept reinforces the need to enhance channel margins in the Plan Area
because of the unique role they serve in target fish species migration.

The importance of low-slope habitat without revetment has been found for smaller Chinook salmon
that are rearing in the Delta (McLain and Castillo 2009; Zajanc et al. 2012). Zajanc and others (2012)
found that where IWM (instream woody material) diversity was lower, IWM was larger and fine
substrate was dominant Chinook salmon had a higher probability of holding (=1 hour), and that the
probability of holding for longer time was associated with increasing shade, lower IWM diversity,
and absence of SAV (submerged aquatic vegetation). Some studies in the Plan Area indicate that
larger, outmigrating juvenile Chinook salmon in the Delta may use channel margin habitat for
holding during the day and then move offshore at night (Burau et al. 2007; Zajanc et al. 2012),
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whereas other studies suggest that nocturnal holding diminishes in the lower reaches of the
Sacramento River as turbidity (and hence predator refuge) increases (Michel 2010) and that
relatively little time is spent in enhanced channel margins by larger Chinook salmon and steelhead
(H.T. Harvey and Associates with PRBO Conservation Science 2010; Zajanc et al. 2012). The extent to
which the acoustically tagged, hatchery-origin fish used in such studies represent the behavior of
wild fish, especially fry and pre-smolts, is uncertain.

5.E.6.3 Consistency with the Biological Goals and Objectives

CM6 will advance the biological goals and objectives as identified in Chapter 3, Conservation
Strategy, Table 3.4.6-2. The rationale for each of these goals and objectives is provided in Chapter 3,
Section 3.3, Biological Goals and Objectives. Through effectiveness monitoring, research, and
adaptive management, described above, the Implementation Office will address scientific and
management uncertainties and ensure that these biological goals and objectives are met.

Table 3.4.6-2 also identifies potential monitoring actions associated with each objective as it relates
to CM6.

5.E.6.3.1 Delta Smelt

CM6 is not expected to provide great benefit for delta smelt. The measure is directed primarily at
restoring habitat for emigrating juvenile salmonids. It may provide some minor benefit to delta
smelt if additional spawning habitat (e.g., shallow, sandy shoals) is restored. It is unknown whether
spawning habitat is limiting for delta smelt.

5.E.6.3.2 Longfin Smelt

CM6 also is not expected to provide great benefit for longfin smelt. Similar to delta smelt, longfin
smelt may gain spawning habitat as a result of CM6, but whether this type of habitat is limiting,
given for longfin smelt in the North Delta subregion, is unknown.

5.E.6.3.3 Salmonids

Channel margin enhancement under the BDCP is generally expected to benefit covered salmonids by
improving rearing habitat and connectivity along migration corridors. The primary benefit of CM6
will be an increase in high-value re