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1. Introduction
The Delta Reform Act of 2009 (Water Code Section 85000-85350) requires that the
Delta Stewardship Council adopt a Delta Plan (the Plan) to achieve the coequal goals of
providing a more reliable water supply for California and protecting, restoring, and
enhancing the Delta ecosystem. The coequal goals shall be achieved in a manner that
protects and enhances the unique cultural, recreational, natural resource, and
agricultural values of the Delta as an evolving place (Water Code Section 85054). In the
time since the Plan was adopted in 2013, a significant shift in State planning for Delta
ecosystem protection, restoration, and enhancement has occurred. State and federal
agencies discontinued their conservation planning under the Bay Delta Conservation
Plan, which was founded on broad-based ecosystem protection and restoration, and
instead the State initiated California EcoRestore, an initiative that focuses on the
completion of tidal wetland and floodplain restoration requirements from existing
biological opinions by 2020. This shift prompted a review of the Delta Plan to examine
whether its strategies are still suited to achieve the ecological goals of the Delta Reform
Act. As such, the Delta Stewardship Council (Council) is developing an amendment of
the Plan’s Chapter 4, Protect, Restore, and Enhance the Delta Ecosystem.
Council staff are reviewing the best-available science to inform amendment of Chapter
4 of the Delta Plan. To support this effort, Council staff have developed three science
synthesis papers. This paper focuses on approaches to protect, restore, and enhance
the Delta and is accompanied by other papers focused on climate change, and the
ecosystem. A review of approaches to the protection, restoration, and enhancement of
the Delta ecosystem is of interest for the Chapter 4 amendment given recent advances
in research on species conservation, restoration science, and rapid advances in climate
science since the Delta Plan was adopted in 2013 (SFEI-ASC 2016, Dettinger et al.
2016, Gardali et al. 2017).
Despite anthropogenic alterations to the region, the Delta is recognized broadly as an
estuary of global importance given its role in supporting biodiversity (Water Code
85022, Myers et al. 2000). Policy initiatives have defined goals and objectives for
improving the ecological health of the Delta. Hundreds of millions of public dollars have
been invested in actions aimed at recovery of endangered species and rehabilitating
ecological processes within the Delta watershed (CDFW et al. 2014). Despite this,
ecological and geomorphic functions of the Delta remain impaired and species continue
to decline (Healey et al. 2016, Wiens et al. 2016).
The Delta Reform Act defines restoration as “the application of ecological principles to
restore a degraded or fragmented ecosystem and return it to a condition in which its
biological and structural components achieve a close approximation of its natural
potential, taking into consideration the physical changes that have occurred in the past
and the future impact of climate change and sea level rise” (Water Code 85066).
According to the Delta Reform Act, the Delta Plan shall include measures that promote
all of the following characteristics of a healthy Delta ecosystem (85302(c)):
1. Viable populations of native resident and migratory species.
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2. Functional corridors for migratory species.
3. Diverse and biologically appropriate habitats and ecosystem processes.
4. Reduced threats and stresses on the Delta ecosystem.
5. Conditions conducive to meeting or exceeding the goals in existing species
recovery plans and state and federal goals with respect to doubling salmon
populations.
Furthermore, the Delta Plan shall include the following sub-goals and strategies for
restoring a healthy ecosystem (85302(e)):
1. Restore large areas of interconnected habitats within the Delta and its watershed
by 2100.
2. Establish migratory corridors for fish, birds, and other animals along selected
Delta river channels.
3. Promote self-sustaining, diverse populations of native and valued species by
reducing the risk of take and harm from invasive species.
4. Restore Delta flows and channels to support a healthy estuary and other
ecosystems.
5. Improve water quality to meet drinking water, agriculture, and ecosystem longterm goals.
6. Restore habitat necessary to avoid a net loss of migratory bird habitat and, where
feasible, increase migratory bird habitat to promote viable populations of
migratory birds.
Moreover, the Delta Reform Act states that, “the coequal goals shall be achieved in a
manner that protects and enhances the unique cultural, recreational, natural resource,
and agricultural values of the Delta as an evolving place” (29702(a)).
There is broad scientific recognition of the importance of human benefits and
engagement that healthy ecological conditions provide to society (Suding et al. 2015,
Wiens et al. 2016). Integrating human benefits into restoration planning will help
enhance the Delta as an evolving place.
The Delta Reform Act specifies consideration of “the future impact of climate change
and sea-level rise” (Water Code Section 85066), and identifies a restoration timeline
horizon of 2100 (Water Code Section 85302). More generally, Executive Order B-30-15,
signed by Governor Brown in April 2015, requires that State agencies incorporate
climate change into planning and investment decisions, and that they prioritize natural
infrastructure and actions for climate preparedness.
The purpose of this paper is to examine whether the Delta Plan strategies are still suited
to achieve the ecological goals of the Delta Reform Act, given recent scientific
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advances. This examination includes assessments of (1) human benefits of ecosystem
health, (2) efficacy of a portfolio of approaches to protection, restoration, and
enhancement, (3) sub-regional differences in opportunities, constraints, and
approaches, (4) considerations for conservation planning, and (6) current applicability of
Delta Plan core strategies. It concludes with a discussion of the implications for current
protection, restoration and enhancement, and broad considerations for Delta Plan
strategies.
For convenience, as in the Delta Plan, "the Delta" refers to the statutory Delta and
Suisun Marsh, collectively.

2. Society and Restoration
The Delta Reform Act requires consideration of the cultural, recreational, and economic
aspects of the region as an evolving place (Water Code Section 85020 & 85054). While
the Delta Plan addresses “Delta as a Place” as a separate section, Chapter 5, of the
Delta Plan, the Delta Plan Chapter 4 considers a wide range of human activity
associated with restoration including recreation, agriculture, and stakeholder
engagement. Building on the work in the Delta Plan, recent Council reports have
expanded on the need to consider society when doing restoration in the Delta (DSC
2014). The Delta Independent Science Board released a review of “Delta as an
Evolving Place” in 2017 which concluded that human-nature systems are critical to
Delta as place and that we need to further explore this topic scientifically. Furthermore,
the 2017-2021 Science Action Agenda (SAA) has also identified as a Priority Science
Action Area the need to “invest in assessing the human dimensions of natural resource
management decisions” (Delta Science Program 2017).
Humans depend directly on the biological integrity of our landscapes in our pursuit of
economic and cultural prosperity (Postel and Carpenter 1997). There are many
approaches to describing this interdependence between nature and society. Heynen et
al. (2006:1-20) focus on a “metabolic” relationship between society and nature in which
economic and social value is produced from material transformations within nature.
Taking the argument further, geographer Jason Moore argues that our modern
economy is dependent on cheap “labor” performed by nature (Costanza et al. 1997,
Moore 2014). That is, modern economies are reliant on their ability to capture value
produced by natural systems. Beyond political economy, other researchers have
emphasized the social benefits to a healthy ecosystem. For example, many scholars
have pointed out there exists a strong relationship between social resilience and
ecological resilience (Adger 2000). Others work contends that the relationship between
society and nature are more fundamental with the materiality of society and nature
being categorically inseparable (Bakker and Bridge 2006). Milligan and Kraus-Polk
(2017a) extend this framework to the Delta and argue that the society-nature binary has
harmed the progress of restoration efforts in the Delta. Although there are nuances
between perspectives on the social and economic effects of environmental degradation,
there is widespread agreement that our social and economic systems are at the very
least reliant on our environments.
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Because of the important relationship between society and the nature, many theorists
have developed unique environmental ethics for natural resource management. These
approaches offer different frameworks for approaching humans’ relationships with
nature. Human approaches to natural resource management fit into many frameworks
of environmental ethics. Broadly speaking, most environmental ethics are founded on
either a teleological view of nature or a deontological view of nature (Table 2-1). In the
teleological view, nature has value because it produces tangible social or private
benefits. This view includes wide range of environmental ethics such as animal rights
(Singer 2015), utilitarian anthropocentrism (Batavia and Nelson 2017), and more
recently ecosystem services (Aragão et al. 2016). In the deontological view, nature has
inherent value and should be protected not just as a means to an end, but as something
that has inherent value. These views include conservation biology (Batavia and Nelson
2017), deep ecology (Naess 1973), and ecofeminism (Warren 1996). Still more
environmental ethics exist outside the teleology-deontology binary. For example, some
religions including many traditional Native American beliefs view the value of nature as
spiritual (Ferguson and Tamburello 2015) while the socionatures approach challenges
the notion that nature and society are ethically or materially distinct entities in the first
place (Hollifield 2009). Current scientific pursuits and debates are focused on explicitly
and implicitly exploring these frameworks as approaches to protect, restore, and
enhance ecological conditions on the landscape at local, regional, and global scales.
Across the spectrum of environmental ethics is an imperative to restore degraded
ecosystems. Driven by a pluralistic approach to environmental ethics, society committed
to the creation of environmental policies and significant public expenditures toward
natural resource issues. Still, our current environmental policies are stretched thin
because economic development, population growth, and resource use exceed the
carrying capacity of our planet’s ecosystems, and trigger impacts to these same
stressors (Doremus 1991). Society’s interest in the protection and restoration of
ecosystems continues to be a subject of debate, with growing support for more
sustainable management of the landscape (Dunlap and Mertig 1992, Fairbrother 2016).
Table 2-1. Selected Environmental Ethics by Underlying Framework
Ethical
Framework

Teleology

Deontology

Others

Description

Value is derived from the
function or utility of the
environment.

The environment has
inherent value.

The environment gets
value through divinity.
Value is a product of nature
and so nature can’t be
evaluated from.

Examples

Ecosystem Services
(Aragão et al. 2016)
Animal Rights (Singer
2015)
Utilitarian
Anthropocentrism (Batavia
and Nelson 2017)

Conservation Biology
(Batavia and Nelson 2017)
Deep Ecology (Naess
1973)
Ecofeminism (Warren
1996)

Religious Views (Ferguson
and Tamburello 2015)
Socionatures (Holifield
2009)
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Literature on ecosystem restoration increasingly affirms the need to consider human
needs and benefits from restored lands. For example, Suding et al. (2015) includes
engaging with and benefiting society in their four principles for planning restoration, The
Society for Ecological Restoration International Primer on Ecological Restoration
updated their categories for consideration to include “the human element” of restoration
(Shackelford et al. 2013), and scholars increasingly emphasize that restoration actions
interplay with socio-economics and cultural values (Hobbs 2007).
At a high level, research on restoration indicates that projects are a good investment for
society (Peh et al. 2014). Literature on cost-benefit analysis for restoration shows that
most projects are a good investment for society. According to an analysis by De Groot
et al. (2013), “very high benefit-to-cost ratios were found for restoration of most
ecosystems”. According to biome-based estimates the Delta could see a benefit to cost
ratio of approximately 6:1 for coastal wetland restoration (De Groot et al. 2013). Cost to
benefit analysis offers a useful overview of the value of restoration ecology, but it has
significant limits. For example, the authors leave out regionally specific benefits, as well
as benefits which are not readily quantifiable. No explicit benefit estimations exist for
Delta restoration. However, high-level scenario comparisons have indicated there are
multiple approaches to achieving significant ecosystem and human benefits in the Delta
(Lund et al. 2007, 2010)
This paper argues that restoration provides critical benefits regardless of a decision
maker's ethical approach to the environment. The ecosystem services approach offers a
strong teleological justification for restoration. The Human Benefits in the Delta section
provides a broad overview of human benefits associated with restoration with special
consideration for Delta communities.

2.1

Human Benefits in the Delta

As a region, the Delta’s population is relatively young (~30% below the age of 19) and
experiences troubling rates of poverty (20.54% of the school-aged population in the
Delta live in poverty compared to the state population in 2015 (Brinkley 2018). Despite
these challenges, Delta high schools have a higher graduation rates than the State
average (Brinkley 2018). The median income in the Delta of $59,844 from 2011-2015
was less than the median statewide income of $61,818 (Brinkley 2018). Other metrics
show that social and environmental vulnerability in the Delta are a pressing concern.
CalEnviroScreen 3.0 (CalEnviroScreen) is a social and environmental vulnerability
indicator create by the Office of Environmental Health Hazard Assessment (OEHHA)
and CalEPA. CalEnviroScreen uses twenty indicators of environmental health and
population characteristics and provides a score to each census tract in California with a
higher score indicating higher vulnerability (CalEPA and OEHHA 2017). The average
Delta census tract is significantly more vulnerable than the average census tract
Statewide; the Delta mean percentile score was 62.7%. Some Delta census tracts were
among the most socially and environmentally vulnerable in the State (Figure 2-1).
Because of the intersection of social and environmental vulnerability in the Delta,
socially conscious restoration has the potential to improve the conditions for Delta
residents and provide a variety of benefits to residents. Broadly, these benefits fit into
four non-mutually exclusive categories:
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1. Ecosystem Services
2. Economic benefits
3. Social benefits
4. Cultural/psychological benefits

Source: California Office of Environmental Health Hazard Assessment 2017

Figure 2-1. Social and Environmental Vulnerability in the Delta

2.2

Ecosystem Services

Approaches that address ecosystem services combine strategies for economic
frameworks and conservation of natural systems, and view the environment in the
context of its utility to society (Costanza and Daly 1992, Constanza et al. 1997, Turner
and Daily 2008, Fisher et al. 2009). These approaches seek to estimate the economic
value of ecological functions as goods and services for humans. The valuation
frameworks applied within ecosystem services science have proliferated in the recent
past, although there has been significant disagreement around their appropriateness,
applicability, and ability to represent the depth of knowledge which resides in existing
ecological and restoration sciences (Schroter et al. 2014).
Ecosystem services approaches are a response to growing recognition of the need to
consider economic trade-offs associated with natural resource management (Soule
1985); balanced with a growing recognition of the benefits humans derive from the
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environment and societal dependence on the landscape for water, food security, waste
management, etc. (Postel and Carpenter 1997). Specific ecosystems and ecological
functions can be viewed as goods and services which provide benefits to humans.
Economic frameworks enable monetization of goods and services with the intent of
increasing the relevance of ecological value in forums dominated by economic
rationales, and result in efforts to shift attitudes, behaviors, and policy instruments
towards human benefits of the environment at local, regional, and global scales
(Costanza et al. 1997, Fisher et al. 2008, Fisher et al. 2009).
There are a few key issues to consider for implementation of ecosystem services
valuation approaches in the Delta ecosystem. Market-based ecosystem service
implementation is strained by two challenges. First, ecosystem services frameworks are
not well suited to address the uncertainties associated with restoration of complex
ecosystems, their full suite of functions, and the need for careful evaluation and
adaptive management at restoration sites (Palmer and Filoso 2009). Second, the
broadening definition of restoration and the activities which are implemented under the
“restoration” umbrella leads to the valuation of systems that do not result in the recovery
of self-sustaining ecosystems (Palmer and Filoso 2009, Palmer and Ruhl 2015). Each
of these problems presents difficulty for reliable ecosystem service valuation in a
system as complex as the Delta.
For effective protection and restoration of ecosystems, Palmer and Filoso (2009)
discuss the importance that markets, which involve restoration, contribute to solving
ecological problems and provide an uplift in environmental conditions rather than enable
impacts to natural systems through mitigation pathways. This is a fundamental concern
discussed in the “International Standards for Restoration Practice” (McDonald et al.
2016).
Assessments of ecosystem services are useful tools for stressing the importance of
ecosystem processes to human society. They offer opportunities to elevate the
perceived value of ecosystem restoration and preservation. However, ecosystem
services approaches are limited in their ability to characterize and understand ecological
complexity (Palmer and Filoso 2009, Norgaard 2010). They do not comprehensively
leverage the multiple analysis frameworks that have been developed in ecology and
restoration science. Lastly, Norgaard (2010) argues that effective application of
economic models requires larger shifts in social, political, and economic arenas before
they would effectively motivate outcomes at a local scale (e.g., project scale). So, while
ecosystem services approaches do offer opportunities, they are not a panacea for
ecosystem restoration.

2.3

Economic Benefits

Although the economic benefits of restoration are significant, society’s ability to confront
the complexity of social-environmental problems is diminished if the broader context of
environmental problems beyond economic valuation is not considered (Norgaard 2009).
One reason for this is that stakeholders in a competitive environment can make
economically rational decisions that result in predictable catastrophes. The Delta is one
such environment where significant loss to all stakeholders is possible without
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cooperation (Madani and Lund 2011). Madani and Lund (2011) use a game theory
model to emphasize that cooperation between Delta stakeholders and
environmentalists will improve gains for all parties. The gains from a cooperative
attitude toward restoration would benefit community livelihoods and reduce risk for
many actors in the region. A functionally restored ecosystem would benefit a wide range
of livelihoods and make the state and region more stable.
Many livelihoods are indirectly affected by the quality of the Delta ecosystem.
Commercial fishing and recreation, however, are directly affected. The Delta waterways
help support California’s $1.5 billion commercial and recreational fishing industry (TNC
2017). Maintaining the ecosystem is critical to supporting the 80% of commercial fishery
species that migrate through or live in the Delta (Water Education Foundation date
unknown). The Delta ecosystem is similarly important for recreation. In 2009, 9% of
Delta primary zone residents worked in a recreation related industry (Delta Protection
Commission [DPC] 2012). There is a qualitative link between Delta tourism and
ecosystem quality. In a marketing focus group on tourism for two Delta communities,
participants identified “water,” “waterways,” “wildlife,” “bird watching,” and “exploring”
among their list of “best things about the Delta” (AugustineIdeas 2015). Research in
ecosystem restoration makes the affirmative case that including tourism as a part of
restoration planning benefits the tourism industry and drives restoration activities
(Blangy and Mehta 2006). Future restoration projects should consider this potential
relationship. At present, much of the restoration land in the Delta is hard to access
and/or off-limits to the public (Milligan and Kraus-Polk 2016). In addition to improving
conditions for commercial fishing and recreation, restoration activity supports livelihoods
in agriculture. In 2016, more than two thirds of conservation projects in the Delta were in
agricultural production (Melcer and Anderson 2017).
2.3.1

Reduced Risk

Beyond livelihoods directly supported by restoration, some restoration activities can
help reduce risk in the Delta. There are many sources of economic risk in the Delta, but
perhaps the most persistent and systemic risk is the risk to delta levees. As the
Council’s draft State Investments in Delta Levees (2015) notes: “The Sacramento-San
Joaquin Delta (Delta) is an intersection of multiple interests and dependencies. A
common thread that holds these interests together is an extensive system of over 1,100
miles of levees” (DSC 2015:3). Ecosystem restoration offers several avenues to
reducing risk of levee failure through subsidence reversal, flood control services,
setback levees:
•

Subsidence reversal is the first opportunity for restoration reduce levee risk in the
Delta. One of the key geologic sources of risk to Delta levees is subsidence
(DSC 2015). Subsidence in the Delta is driven by the oxidation of the peat soils
on reclaimed islands. Delta subsidence effects levees by placing lateral pressure
on the peat soil foundations increasing systemic risk of levee failure (Mount and
Twiss 2005). This puts people, property, and ecosystems protected by levees at
risk. A subsidence reversal project on Twitchell Island has successfully accreted
4 cm/yr (Bates and Lund 2013). Given time, this accreted soil could reduce levee
risk.
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•

Tidal wetland restoration would provide flood control services (Mitsche and
Gosselink 2000). Wetlands absorb energy (especially during flood events) which
reduces risk of levee failures. Restoration projects in the Delta are already being
managed to reduce flood risk for communities. The Yolo Bypass is an example of
a restoration project, which is managed for flood control, agriculture, and
ecosystems (Sommer et al. 2001).

•

The Delta Plan calls for setback levees where appropriate (DSC 2013). Levee
setbacks in provide increased flood system capacity, reduced velocity and
erosion, and significant gains in ecosystem quality (USACE 2017). Levee
setbacks alter channel geometry to create more space in the channel. This
reduces pressure on the levee and provides habitat in the channel and on the
setback gradient.

Finally, the Delta is an important source of water for the state of California. In addition to
local and regional water users, the Central Valley Project and State Water Project
export water from the Delta. Although it is the policy of the State of California to reduce
reliance on Delta exports, nearly two thirds of Californians rely on Delta water for some
part of their water supply (Anderson 2014). There are key linkages between water
supply and levee risk for some central Delta islands. Levee failure in central Delta
islands could lead to salinity incursion, harming in Delta water-users and water exports
(Lund et al. 2007). Regulatory risk to Delta water supply is also significant. In the 1990s,
for example, Federal regulatory agencies were placed under a court order to set water
standards consistent with the Endangered Species Act (Lubell et al. 2014). Therefore,
ecosystem restoration should remain a priority for the State’s water agencies because
an improved Delta ecosystem would significantly reduce the long-term regulatory risk to
Delta water supply. Decreased exports have economic costs for the state. Economic
estimates indicate that ending exporting would cost approximately $1.5 billion a year
while even a 50% reduction would cost $400 million a year in the cost of water scarcity
(Tanaka et al. 2011).

2.4

Social Benefits

Though ecosystem restoration offers significant economic benefits, not all benefits to
restoration are explicitly economic. Ecosystem restoration in the Delta would also
provide broad social benefits. These social benefits enhance community capacity and
promote justice. Globally, ecosystem restoration projects have been used to enhance
community assets (Rahman and Minkin 2007, Harper and Rajan 2007), alleviate
poverty (Narain and Agarwal 2007, Jodha 2007, Cao et al. 2009), and promote
democracy and community participation in governance (Amanor 2007, Kurien 2007,
Murombedzi 2007). Social conditions in the United States differ substantially from their
global counterparts. Nevertheless, restoration projects in the United States that are
managed to produce social benefits for communities have experienced their own
successes. Research on multiple restoration projects in the United States suggests that
restoration can help communities alleviate environmental injustices (Pastor 2007).
Ecosystem degradation is at the core of environmental injustices. Warlenius et al.
(2015) argue that significant environmental degradation harms communities and
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therefore produces an “ecological debt”. Ecosystem restoration is one method for
achieving environmental justice through repaying that “debt.” Because of this
connection, the interplay between environmental sustainability and environmental
justice comes up frequently in the literature (Agyeman and Evans 2003, Walker and
Bulkeley 2006, Holden et al. 2017). Insofar as restoration ecology is a tool for achieving
environmental sustainability it is also a tool for achieving environmental justice. In the
Delta environmental degradation and ecosystem restoration opportunities are key
environmental justice issues within communities that exhibit high levels of
environmental and social vulnerability (Figure 2-1).
Functioning ecosystems provide a number of benefits that have implications for human
health, such as through improvements to water quality and air quality. They improve
water and air quality through land use opportunity cost. Conversion of natural lands to
urban and agricultural land is a primary driver of pollution globally (Foley et al. 2005).
Conversely, ecosystem functions regulate climate, increase soil quality, improve air
quality, and improve water quality (Smith et al. 2013). Air quality and water quality have
clear links to human health and well-being (Schwarzenbach et al. 2010, WHO 2013).
Improved environmental quality could offer major regional benefits with regards to
human health and well-being.

2.5

Cultural/Psychological Benefits

In the Delta, the ecosystem provides important cultural resources to tribes native to
California. For example, in a letter to the Delta Stewardship Council, the Hoopa Valley
Tribal Council describes salmon as “integral to the customs, religion, culture, and
economy of the Hoopa Valley Tribe and its members” (2012). For tribes in the region,
ecosystem restoration can offer spiritual/cultural benefits and the restoration of
degraded material culture. Tribes with direct historical interests in the Delta emphasize
“sacred connection with the land” (Yocha Dehe Wintun Nation 2015), maintaining
“traditional resources” while achieving economic gains (Shingle Springs Band of Miwok
Indians 2016), and “protecting and preserving the finite resources that our Ancestors left
for us to care for, for future generations” (Wilton Rancheria, date unknown). These
views emphasize the need for environmental stewardship. Although there exists
significant diversity among Native American views on human’s relationships with nature
(Krech 2000), many traditional views of nature believe in the inherent (deontological) or
spiritual value of nature. This connection demands special attention for ecosystem
restoration because studies in public health have shown that the displacement from
indigenous lands and degradation of those lands has documented negative impacts on
the health and wellbeing of indigenous people (King et al. 2009).
Some benefits to restoration are impalpable but important. Examining a restoration
project in New Zealand, Roche and Rolley (2011) found that proximity to an ecosystem
restoration area increased workplace happiness. Other research has shown that people
tend to be happier in “natural” environments than in built landscapes (MacKerron and
Mourato 2013). Farmer et al. describe the long-term educational benefits for primary
school students who go environmental field trips (2007). There is also a significant body
of work arguing that access to restored environments improve community health and
lifestyles (Bowler et al. 2010, Speldewinde et al. 2015). In order to achieve these
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outcomes, project must be managed with consideration for human benefits (Dufour and
Piégay 2009).
Restored habitat, park, and open space management requires addressing conflicts
between human uses and protected species. In some cases, protecting the species
may not be compatible with reasonable human use. Nonetheless, recent research
suggests that restored lands in the Delta are extensively used by the community
(sometimes illicitly) (Milligan and Kraus-Polk 2016). The question, then, is not “should
restoration projects give the public access to restored lands?” but “should restoration
projects consider the human activity that is already occurring?” Milligan and Kraus-Polk
offer this suggestion: “Our overarching recommendation is to apply more integrative
approaches to restoration that treat humans and human agency as integral to the
ecology of these environments” (Milligan and Kraus-Polk 2017b:18). To that end, the
planning process for restoration projects should grant consideration to community
benefits in the selection and management of restoration projects.

2.6

Restoration for Society

Section 2 described a number of ethical approaches society can take towards nature. In
general, those approaches emphasize either the intrinsic value of non-human nature or
the use-value of it. Regardless of the approach taken, restoration actions in the Delta
are justified either by the uniqueness of the natural system or the value provided by the
system to society. Because of the importance of the ecosystem, restoration actions in
the Delta are an important social concern. Considering social benefits as a core part of
the planning and management practices of restoration will maximize the benefits
provided by restoration. However, restoration is unlikely to provide many significant
benefits if restoration actions are not appropriately targeted to address the Delta’s
deteriorated ecosystem. The following sections of this paper provide a scientific basis
for creating a stronger and more balanced restoration portfolio for the Delta.

3. Approaches to Natural Resource Management
Myers et al. (2000) identified the California floristic province as one of 25 biodiversity
hotspots of global importance. Rivers and wetlands (fresh water systems) are critical
components, supporting the most diverse and species rich ecosystems within the
California floristic province and throughout the arid and semi-arid portions of North
America. These ecosystems support more than 80% of the terrestrial biodiversity
despite their limited spatial distribution (< 2% of the landcover; Johnson et al. 1977,
Cooperrider et al. 1986, Johnson 1989, Chaney et al. 1990, Naiman et al. 1993, Ohmart
1996, Svejcar 1997, RHJV 2004). The Delta and its watersheds support more than 750
species of plants and wildlife (Healey et al. 2016). Riparian and wetlands are two of the
most important ecosystem types within California and greater western North America
(DeSante and George 1994, CALFED 2000, RHJV 2004, Goals Project 2015).
While ecologically important, riparian and wetland ecosystems are some of the most
impacted and degraded ecosystems on the landscape. They reside at low points on the
landscape, and are affected by activities throughout the watershed. Flow impairment,
loss of flood/marsh plain connectivity, and land conversion have significantly reduced
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the extent of functioning ecosystems within the Delta (Katibah 1984, Bay Institute 1998,
Golet et al. 2013, DWR 2016b). Today less than 5% of the historical riparian and
wetland ecosystems remain (Bay Institute 1998, GIC 2003, Whipple et al. 2012). Land
subsidence and urbanization constrain the type and locations of restoration
opportunities within the region.
Hobbs et al. (2014) argue that a comprehensive range of approaches is required to
manage ecosystems on altered and changing landscapes. These approaches include
the protection of existing ecosystems, ecosystem restoration, the development of
analogs to naturally occurring ecosystems (e.g., managed wetlands), or enhancing
working or urban landscapes to provide habitat resources to species (Bay Institute
1998, Moyle et al. 2012, SFEI 2016). These different approaches vary in their potential
to re-establish and sustain geomorphic processes, vegetation communities and their
dynamics, and fundamental ecological functions such as food web productivity. This in
turn effects the extent to which these approaches can support the life history needs of
the species communities that make up the full complement of biodiversity of the region
as highlighted by Myers et al. (2000).
Although these approaches all exist along a continuum, Palmer and Ruhl (2015) caution
against generalizing ecosystem management and restoration approaches under an
umbrella concept given the fundamental differences of each in supporting ecosystem
function. They urge scientists and policy makers to be accurate when aligning
ecosystem management approaches with policy objectives. In order to address these
concerns and to provide clarity on the approaches needed to achieve the ecological
goals and objectives of the Delta Reform Act of 2009, the following sections provide a
review of conventional approaches to conservation biology, reconciliation ecology, and
approaches to support biodiversity on working lands.

3.1

Conservation Biology

Conservation biology is a discipline whose objectives include the protection of earth’s
biodiversity including species, ecosystems, and the function of evolutionary processes.
Soule (1985) described key postulates drawn from evolutionary and ecological theory
which underpin approaches to biodiversity protection. These postulates represent
several sub-disciplines including conservation genetics, landscape ecology, and
biogeography, which provide rich scientific frameworks for understanding the needs of
species, and the function of ecosystem dynamics, and evolutionary processes.
Two fundamental strategies support the conservation of natural community composition,
ecological processes, and evolution through direct consideration of the natural history
needs of species. The first is the ecosystem preservation strategy of reserving space on
the landscape to protect these characteristics of ecosystems (ecosystem preservation
by establishing reserves). Considerations of scale, shape, connectivity, composition,
and opportunities to enhance reserve form and function through adjacent land use
provide depth to this strategy (Wiens 2009, Dybala et al. 2014, Wiens et al. 2016).
The second approach is ecosystem restoration – the process of assisting the recovery
of an ecosystem that has been degraded, damaged, or destroyed (SER 2004,
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McDonald et al. 2016). This strategy works in tandem with ecosystem preservation by
expanding ecological functions of the preserved ecosystems.
There is broad recognition in restoration science that ecological systems are dynamic
rather than static, and restoration and management approaches should consider
targeting resilience and adaptive capacity given changing environmental conditions
(Hilderbrand et al. 2005, Suding et al. 2015, McDonald et al. 2016). Suding et al. (2015)
describes four guiding principles for the concept of ecosystem restoration: ecological
integrity, long-term sustainability, societal benefit, and consideration of past and future
conditions. This is consistent with McDonald et al. (2016), who note that the target
outcomes of ecosystem restoration should incorporate “the capacity for the ecosystem
to adapt to existing and anticipated environmental change.” This recognition is reflected
in the Delta Reform Act of 2009 definition of restoration (Water Code 85066, see page 1
of this synthesis paper).
Another component of restoration is the consideration and re-establishment of the
fundamental physical processes (e.g., geomorphic, chemical, others) which are key
drivers of ecological functions such as vegetation succession or food web function
(Larsen and Greco 2002, Greco et al. 2007, Cloern et al. 2016). Targeting reestablishment of both physical and biological processes in ecosystem restoration, also
termed “process-based restoration”, is key to the development of characteristics at
various spatial scales such as vegetation community composition and structure, and
meeting habitat needs of sensitive specialist species (Beechie et al. 2010, Greco 2013,
Wiens et al. 2016).
McDonald et al. (2016) note that some systems require continued management of
issues such as non-native invasive species as a component of ecosystem restoration. A
critical component of the implementation of ecosystem preservation and restoration is
the evaluation of success (Palmer et al. 2005, Palmer et al. 2016a). This includes the
development of monitoring and adaptive management approaches that identify
intervention thresholds where actions are implemented when ecological outcomes are
not being met (Seadstedt et al. 2008, Lund 2013, Nagarkar and Raulund-Rasmussen
2016).
The effects of climate change and sea-level rise will require considerations in project
siting, design, and also are also important context when considering tradeoffs with
existing land-use (Harris et al. 2006, Dettinger et al. 2016). Land elevation, geomorphic
process trajectories, and plant community composition are all affected by changing
climate and hydrology (Moore et al. 2013, Wiens et al. 2016). The potential for
greenhouse gas reduction, subsidence halting or reversal, and the benefits of a resilient
ecosystem to humans, and climate adaptation are additional aspects with relevance in
tradeoff analyses (Knox et al. 2015). Further, the Delta is an important region for
ecological adaptation to a changing climate given its proximity to the ocean, role in
watershed connectivity, and the potential for riparian and wetland restoration (Dettinger
et al. 1995, Lebassi et al. 2009, Seavy et al. 2009, Morelli et al. 2017, see Climate
Change Synthesis Paper for more in-depth discussion).
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Multiple scientific works demonstrate that ecosystem preservation and restoration can
protect and re-establish species communities and ecological function (Suding 2011,
Palmer et al. 2016). Many specific studies of restoration within the watersheds that
terminate in the Delta demonstrate successful re-established of ecosystems positive
native species response. Gardali et al. (2006), Golet et al. (2008), and Golet et al.
(2013) discuss positive land bird and other wildlife response to ecosystem restoration
on the Sacramento River. Howell et al. (2010) document the response of the State and
Federally Endangered least bell’s vireo (Vireo bellii pusillus) to restoration on the San
Joaquin Wildlife Refuge. Silveira et al. (2003) describe establishment of the largest
recorded colony of State threatened bank swallow (Riparia riparia riparia) after levee
removal and restoration on the Sacramento Wildlife Refuge. Dybala et al. (2018) found
increasing abundance in land bird populations along Putah Creek in response to
restoration actions.

3.2

Reconciliation Ecology

Alternative strategies have been identified to address the conservation of biodiversity in
built landscapes where process-based restoration is not possible. Rosenzweig (2003)
introduced the concept of reconciliation ecology, and described an approach to
introduce novel analog ecosystems through the modification of built or significantly
altered landscapes in an effort to support biodiversity. Rosenzweig (2003) frames this
approach as a supporting strategy to preservation and ecosystem restoration. While this
approach shares the overarching objective of conventional conservation biology to
support the Earth’s biodiversity, it requires a departure from the postulates that underpin
it. Specifically, reconciliation ecology acknowledges that some species will not be able
to adapt to novel analog ecosystems, and thus by extension, components of ecosystem
structure such as community composition, and interspecific processes such as coevolution may be lost (Rosenzweig 2003).
The principles of reconciliation ecology are distinct from ecosystem restoration
strategies (or restoration ecology), and so are the expected biological outcomes
(Lundholm and Richardson 2010). Reconciled landscapes, by design, will not target a
full suite of geomorphic or ecological processes, and the suite of species that benefit
from these more focused novel analogue ecosystems will be limited. For example,
Suddeth Grimm and Lund (2016) propose actions using reconciliation ecology principles
to balance the ecological needs of salmon, waterfowl species, and human agriculture
within the Yolo Bypass. This approach optimizes ecosystem conditions for salmon and
waterfowl, however, it does not provide habitat or resources for the full suite of
biodiversity dependent on the region’s riparian and wetland ecosystem. Other proposals
within the same region which apply restoration ecology principals and target reestablishment of geomorphic processes, vegetation communities, and ecological
processes are better suited to address the ecological needs of the full complement of
riparian and wetland biodiversity. These proposals require changes in agricultural land
use, however (e.g., Philip Williams and Associates 2003, Fischer et al. 2008, Opperman
et al. 2010, DWR 2016a, Greco and Larsen 2014).
Reconciliation ecology is important in specific regions of the Delta that are precluded
from extensive restoration due to restoration constraints such as subsidence, and urban
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and industrial land use. Within regions with urban and industrial land uses, significant
opportunities to develop analog habitats exist. These include green engineering and
infrastructure as part of levees, and actions that serve other functions but may also
resemble historical landscape features (e.g., urban design features, parks, sea and
level rise adaptation approaches). The unique challenges of land subsidence within the
interior and western Delta and considerations of sea-level rise (see the Climate Change
Synthesis Paper) present challenges to application of restoration ecology principles.
These locations present opportunities to implement reconciliation ecology solutions to
address other objectives while providing value to native species (e.g., carbon
sequestration wetlands, vegetation features on levees; Bates and Lund, 2013). The
2017 update to the Central Valley Flood Protection Plan (DWR 2016b) provides specific
guidance on the ecosystem restoration needs of riverine species communities within the
Sacramento and San Joaquin River watersheds. It also describes a set of multi-benefit
projects which can augment overall species restoration needs through the application of
reconciliation principles.
As with ecosystem restoration, reconciliation ecology requires scientific evaluation and
adaptive management to ensure the desired project objectives and ecological functions
are being realized (Lundholm and Marlin 2006, Palmer and Filoso 2009, Lundholm and
Richardson 2010). Sandstrom et al. (2013) undertook one such investigation within the
Delta watershed. Researchers evaluated levee repair sites near urban areas along the
lower Sacramento River where vegetation features had been engineered in rock
revetment to benefit rearing salmonids. Results indicate that salmonids are not
responding to engineered habitat features, however, and preliminary recommendations
from this work included the consideration of directing investments upstream where
processed-based restoration principles could be applied and may provide more direct
ecological benefits. As with ecosystem restoration, reconciliation ecology requires
scientific evaluation and adaptive management to ensure that project objectives are
being achieved.
In built landscapes where process-based restoration is not possible ecological value
can be introduced, or remnant ecosystems can be modified and diversified. However,
these “reconciled ecosystems” which provide novel, reconciled analogs to ecological
systems do not necessarily result in functional novelty and require scientific evaluation
of their benefits. This approach is in the Delta most appropriate for areas with urban and
industrial land uses, and areas subject to land subsidence within the interior and
western Delta where it can be combined with other objectives (e.g., carbon
sequestration, flood management).

3.3

Biodiversity on Working Lands

Within the Central Valley of California, the concept of supporting biodiversity on
agricultural lands has been a focus of conservation funding programs given that
agriculture is the dominant land use within the Central Valley of California (Burmester
2014). Within the Delta, more than two thirds of the landscape was in agricultural
production as of 2014 (DOC 2017), and will remain as such even if landscape scale
conservation objectives such as those developed for the Bay Delta Conservation Plan
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were implemented. Therefore, agriculture will always play an important role in the
function and resilience of the Delta ecosystem.
Fundamental research questions exist regarding the ecological value of agricultural
lands. These include understanding 1) the biological response from adoption of better
management practices and 2) how much those practices will contribute to improved
ecological functions. The Delta Science Program 2017-2021 Science Action Agenda
has identified investigation of “the most cost-effective methods to improve species
habitat on working lands” as a high priority science action for the Delta.
Maxwell (2016) argues that the loss of ecosystems to agriculture is of greater
importance to biodiversity than climate change in the near term. To address the effects
of ecosystem loss from land conversion, the adoption of better management practices
on adjacent working lands may augment more direct approaches such as ecosystem
restoration. Gonthier et al. (2014) discusses the importance of the spatial scale of
management practices, and suggest that preservation of multiple taxonomic groups will
require multiple scales of conservation.
An important dichotomy of ecological enhancement on agricultural lands is described
through the conceptual models of land sparing versus land sharing (Fischer et al. 2008).
Land sparing models retain areas with remnant ecosystems and natural land cover,
creating a more heterogeneous landscape. Land sharing or “wildlife friendly agriculture”
models incorporate management practices targeting wildlife benefits on agricultural
landscapes, resulting in homogenous agricultural landscape. Land sparing models
better support biodiversity given the retention of ecosystem components, and are
increasingly important in the context of population growth and pressures on the
landscape (Phalan et al. 2011). This is especially true for species with large range sizes
or subpopulations in the surrounding landscapes where collective management
changes would be needed to realize net benefits (Ricketts et al. 2001, Tscharntke et al.
2005, McKenzie et al. 2013). Economic tradeoffs exist between these models, and land
sparing may require incentives to be feasible under certain coniditions (Phalan et al.
2011). Underwood et al. (2017) demonstrate that analyses evaluating the potential to
support biodiversity with agriculture require inclusion of other regional processes such
as land-use planning to fully account for tradeoffs. Further, policy instruments such as
the Williamson Act, intended to protect agricultural land from development through
incentives, may constrain implementation of ecosystem restoration in a land sparing
context. Under current law, counties decide whether recreational and natural lands are
included in Williamson Act lands. Many of the current Williamson Act preserve
designations by counties with land in the Delta do not include these designations as
primary (as opposed to compatible) uses, which may discourage land owners from
converting land through restoration or land sharing given the potential for loss of the
financial incentives associated with Williamson Act designation.
Few studies have evaluated the use and function of agricultural landscapes by wildlife
to analogous natural ecosystems. Elphick (2000) compared flooded rice fields and
semi-natural wetlands in the Sacramento Valley and found that while foraging
efficiencies for water birds were at times higher in semi-natural wetlands, benefits were
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realized due to the increased distribution of habitat that flooded rice field provided, and
the resulting reduction in predator exposure.
Working lands provide crucial, time-sensitive, opportunities for subsidence reversal to
take place and could create substantial amounts of suitable intertidal habitat in the
future. As described in the Climate Change Synthesis paper, if subsidence reversal
takes place at appropriate elevations and locations within islands, it could help form a
critical part of ecosystem adaption to climate change. In addition, some subsidence
reversal activities, like wetland creation or a switch from row crops to rice cultivation, are
eligible for carbon market revenues and could provide landowners economic incentives
to implement those practices on their land.
Shackelford et al. (2017) provided a synopsis of more than 200 studies on farmland,
riparian areas, and grazed areas in California and other Mediterranean ecosystems,
and evaluated the evidence of about twenty practices and their effects on crop
production, soil, water, pest regulation, pollination, and biodiversity. They found that the
effectiveness of many practices was unknown (Table 3-1).
Table 3-1. Evaluation of Ecosystem Services Provided by a Range of Agricultural
Practices

Source: Shackelford et al. (2017)
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Aquatic and terrestrial species benefits involve consideration of a variety of practice
changes including water management, harvest techniques, and different crop types –
such as annual crops (e.g., corn, alfalfa) and perennials (e.g., orchards, vineyards).
Shuford et al. (2016) observed greater waterbird richness and abundance in a mosaic of
dry and flooded crop types, water depths, and corn management practices on Staten
Island in the Delta.
Importantly, there has been a dramatic increase of orchard and vineyard area in the
Delta with an additional 26,702 acres by 2016 since 2010, see Table 3-2 (DPC 2012,
LandIQ 2016). These trends have negative implications for biodiversity in the
landscape, and limit the potential for using wildlife-friendly agriculture, or land sharing
with wildlife. Orchards and vineyards have relatively low value for most wildlife, in part
because understory vegetation that would provide food and cover typically is removed
or maintained at a low height (DWR 2016a). In addition, “dense woody cover” of
vineyards and orchards do not provide suitable foraging habitat for the State-listed
threatened Swainson’s hawk (Buteo swainsoni), which largely rely on alfalfa fields to
scavenge (England 1997). Furthermore, orchards and vineyards provide food for
ground squirrels, with the unintended consequence for adjacent levees of increased
density of burrows, which may threaten levee integrity (Van Vuren et al. 2013).
Table 3-2. Vineyard and Orchard Acreage Change in the Delta
2010 Acreage

2016 Acreage

Acreage Change

Vineyards

22,095

38,503

16,408

Orchards

20,780

31,074

10,295

42,875

69,577

26,703

Total

Sources: 2010: DPC (2012); 2016: LandIQ (2016)

Shuford and Dybala (2017) and Shuford and Hertel (2017) note that the recent
conversion of agricultural field crops to orchards and vineyards has reduced the amount
of land suitable for use as habitat by at least 16 at-risk bird species. These include the
species that are well adapted to using agricultural lands such as the State-listed
threatened greater sandhill crane (Antigone canadensis tabida) (Littlefield and Ivey
2000), and also non-native game species such as ring-necked pheasant (Coates et al.
2017).
The relative benefits of retaining islands of suitable habitat within a matrix of agricultural
lands (“land sparing”) compared managing agricultural lands for native species use
(“land sharing”, wildlife friendly farming) depend on the target species considered. A
number of species in the Delta benefit from wildlife friendly farming (e.g., water birds,
tricolored blackbirds, greater sandhill crane, Swainson’s hawk), and are adversely
affected by rapid conversion of agricultural fields to orchards and vineyards.
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4. Ecosystem Properties that Promote Resilience
The previous section provided a review of conventional conservation biology,
reconciliation ecology, and supporting biodiversity on working lands. Each of these
approaches to natural resource management provide an opportunity to re-establish
ecological resilience within the Delta. Resilience is defined as the ability to absorb
change and persist after a perturbation (Holling 1973). This concept applies to all
aspects of an ecosystem including physical processes, biological processes,
communities, and populations. Ecological resilience within the Delta landscape has
been lost with the historical loss of wetland and riparian ecosystems and their function
(Bay Institute 1998, Whipple et al. 2012, Wiens et al. 2016). Given that Delta
ecosystems are expected to be further stressed by a rapidly changing climate, reestablishing ecological resilience is an important restoration target (see Climate Change
Synthesis Paper). The re-establishment of ecological resilience is an important in
sustaining the societal benefits of restoration and a healthy environment (Holling 2001,
Walker et al. 2004, Folke 2006, Virapongse et al. 2016). Ecosystems with greater
connectivity, complexity, redundancy, or size are thought to have greater resilience
(SFEI-ACS 2015, 2016). These properties should be incorporated in a way that
anticipates the expected environmental change.
Promoting ecosystem resilience requires thinking beyond single-species habitat models
(see the Ecosystem Synthesis Paper). Species-specific models are helpful in narrowing
down decision-making for specific regulatory functions, but there has been debate about
their ability to generate overarching ecological models that benefit other species or
increase ecological resilience (Lambeck 1997, Lindenmayer et al. 2002, Standish et al.
2014). Instead, the presence of multiple species that contribute to the same ecological
function (e.g., multiple grazers, or multiple predator species) are thought to promote
resilience (Elmqvist et al. 2003). A diversity of responses to environmental change
among species contributing to the same ecosystem function (“response diversity”), is
considered critical to resilience (Elmqvist et al. 2003). Response diversity is particularly
important for ecosystem renewal and reorganization following change, and provides
adaptive capacity.
Targeting ecological resilience requires consideration of landscape-scale ecosystem
properties, including connectivity, complexity, redundancy, and scale (SFEI-ASC 2016).
“A Delta Renewed” (SFEI-ASC 2016), includes guiding principles for creating and
maintaining resilient landscapes. “The principles draw from several recent efforts to
develop science-based approaches to achieving long-term ecological health and
resilience for the Bay-Delta system” (p. 17). The guiding principles include:
1. Appreciate that people are part of the Delta (see Section 2, “Society and
Restoration”)
2. Consider landscape context to apply the right strategies in the right places (see
Section 4, “Subregional Opportunities and Constraints”)
3. Restore critical physical and biological processes (See Section 7, “Delta Plan
Core Strategies”)
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4. Restore appropriate landscape connectivity
5. Restore landscapes with a focus on complexity and diversity
6. Create redundancy of key landscape elements, populations, and habitat types
7. Restore at large scales, with a long time horizon in mind
The first three principles are discussed elsewhere in this paper. This section briefly
discusses the ecosystem properties considered in the last four principles, as well as the
resilience that these properties are often thought to confer on ecosystems or even
landscapes.

4.1

Connectivity

Connectivity is a core concept underpinning multiple ecosystem components, and is
especially relevant to the conceptual models defining riparian and wetland systems and
their geomorphic and ecological processes (Nilsson and Svedmark 2002). These
include issues of flow and flooding, related connections between channels, floodplains
and the groundwater system, nutrient and carbon cycling, vegetation community patch
dynamics, and species-habitat interactions (Vannote et al. 1980, Naiman et al. 1988,
2002, Ward 1989, Junk et al. 1989, Poff et al. 1997, Naiman and Decamps 1997). The
various aspects of connectivity are crucial to riparian and wetland systems ability to
support large amounts of biodiversity, and heighten the important of these ecosystems
in light of ecological adaptation and a rapidly changing climate (Naiman et al. 1993,
Seavy et al. 2009, see Climate Change Synthesis Paper).
The history of agricultural development and flood control has impacted each of these
aspects of ecological connectivity at a landscape scale within the Delta (Katibah 1984,
Bay Institute 1998 Whipple et al. 2012). Loss of connectivity within the Delta has led to
the loss of food web function, riparian and wetland vegetation development, and has
resulted in species declines (Stella et al. 2006, Ahearn et al. 2006, Moyle et al. 2012,
Cloern et al. 2016, See Ecosystem Synthesis Paper for detailed discussion of the
conditions of the Delta).
For hydrologic connectivity - there are three types to consider in addition to a temporal
dimension: longitudinal, lateral, and vertical connectivity (Ward 1989).
Longitudinal connectivity allows aquatic species to migrate freely upstream and
downstream along the riverine network and allows for transport of nutrients, sediment,
and vegetation propagules and seeds to travel downstream. Within the Delta watershed
dams and other structures (e.g., weirs, culverts) are impediments to this connectivity,
with the most noticeable ecological effect being interference with the migration patterns
of aquatic species such as salmon. Re-establishing and addressing stressors to
longitudinal hydrologic connectivity, from upper watersheds to the ecosystems of the
bay, is critical to many species that reside in or migrate through the Delta. An illustrative
example is anadromous fish that historically spawned in cold-water tributaries to the
Delta, but are now limited to spawning in areas downstream of major dams. It is not
feasible to contemplate the removal of most major dams in California at this time,
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although there may be opportunities for removal of outdated and underperforming small
barriers. Nevertheless, enhancing connectivity in tributaries that provide high quality
aquatic habitat would aid species persistence in a rapidly changing climate.
Lateral connectivity allows aquatic species access to temporally limited floodplains and
tidal plains, and for the ecological processes between aquatic channels and adjacent
wetlands. Increasing connectivity between aquatic and wetland habitats, such as
between channels and marsh plains, allows fish greater access to food resources (West
and Zedler 2000), and allows nutrient provisioning of open water by productivity in tidal
marshes (Cloern 2007). Increasing connectivity between channels and floodplains
allows native fish to utilize inundated floodplains in winter and spring and increases their
food intake (Moyle et al. 2012).
Vertical connectivity allows for channel interactions with the groundwater table, and in
the Delta has linkages with key chemical and physical processes such as oxidation of
peat soils and subsidence. Of note, water ways within the Delta have been “overconnected” (Wiens et al. 2016) as a result of development and flood management. A
system of highly interconnected, and structurally relatively uniform deep channels was
created, which provides excellent habitat for nonnative predators, but is lacking in the
highly heterogeneous shallow tidal habitat that provides predator refugia and foraging
habitat for native fishes (West and Zedler 2000).
Another aspect of connectivity is related to the distribution and extent of ecosystem
components such as vegetation. For example, connectivity within and between patches
of similar vegetation type allows for the movement of organisms during their life cycle,
and for the flow of genes between subpopulations of organisms. In this context, criteria
defining connectivity is specific for each species and how it uses the landscape. Actions
to protect, restore, and reconcile lands should consider the life history needs of the
species community. For example, marsh restoration should be implemented in a
manner that supports the movement of organisms between patches and enables gene
flow across wildlife species sub-populations (e.g., black rails [Laterallus jamaicensis])
(SFEI-ASC 2016).
One last concept is the connectivity across ecosystem types. Key processes and
energy flows occur across these gradients. Currently wetlands within the Delta are
disconnected from uplands by the levee system. Establishing connectivity between
aquatic and terrestrial ecosystems may promote resilience in the face of environmental
change (Seavy et al. 2009). By restoring broad connections between tidal marsh and
gradually sloping adjacent uplands, tidal marsh may have the opportunity to expand
upslope when sea level rises (see the Climate Change Synthesis Paper).

4.2

Heterogeneity and Complexity

In riparian and wetland systems, heterogeneity and complexity used synonymously and
characterized as the outcome of physical, chemical, and ecological processes
interacting (Naiman and Decamps 1997, Stallins 2006). These driving processes vary
temporally and by spatial scale, and include watershed-specific hydrologic variability,
the interaction of flows with landforms and vegetation communities (e.g., shaded
riverine aquatic habitat; DeHaven 1989), and climate and weather (Naiman and
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Decamps 1997). Multiple aspects of ecosystem heterogeneity and complexity have
been greatly reduced in the Delta over the last 160 years through the loss of these
processes (Moyle et al. 2010, Whipple et al. 2012, Table 3-3). SFEI-ACS (2016, p. 23)
directly associates this loss of ecosystem complexity with the loss of species diversity in
the Delta. Restoration of heterogeneous and complex ecosystems will require reestablishment of the underlying processes that drive complexity (discussed in Section
3). This diversity can promote ecological resilience and enhance native biodiversity by
providing a range of options for species, and by expanding the types and numbers of
species that a landscape can support. SFEI-ACS (2016, p. 23) recommend the
protection and restoration of (1) a variety of habitat types, (2) complexity within habitat
types, (3) physical gradients (e.g., temperature and salinity gradients), and (4)
biodiversity (genetic, species, and ecosystem diversity).

4.3

Redundancy

4.4

Scale

A key characteristic for managing risk to environmental resources at the landscape
scale is the incorporation of redundancy of ecosystems and species populations
(Peterson et al. 1998, Ahern 2013, SFEI-ACS 2016). SFEI-ACS (2016) state that
redundancy can increase ecological resilience by providing “backups”, so that loss of a
population or landscape element does not lead to extirpation of a species or elimination
of a landscape element across the entire Delta. They include as examples multiple
discrete ecosystem patches, multiple populations, and multiple movement corridors.
They also recommend the creation of “functional redundancy” (i.e., “multiple species
performing similar functions”).
Geomorphic, chemical, and ecological processes operate at various spatial and
temporal scales, requiring consideration in the siting and design (Palmer et al. 2016b,
SFEI-ACS 2016). For example, fluvial geomorphic processes operate at the site
(erosion), reach (meander/braiding), and watershed (watershed zone) scale (Schumm
1977). Ecological restoration requires consideration of various temporal scales related
to targeted geomorphic and ecological processes such as tidal cycles, flood regimes,
vegetation succession, and sea-level rise (SFEI-ACS 2016). Such considerations
require long term planning horizons such that they encompass expected dynamics.

5. Subregional Opportunities and Constraints
The Delta region lies at the convergence of California’s largest watersheds, those of the
Sacramento and San Joaquin Rivers, and smaller watersheds of the eastside tributaries
Mokelumne, Cosumnes, and Calaveras Rivers. These watersheds vary in their
hydrography, water quality, sediment input, and geomorphic influence (Bay Institute
1998, SFEI-ASC 2016). Historical reconstruction by Whipple et al. (2012) revealed three
primary Delta landscapes: the central Delta, where historically a freshwater tidal wetland
was interwoven with myriad tidal channels, the north Delta, with flood basins lying
parallel to the riparian forests of the Sacramento River and its distributaries, and the
south Delta, where branching distributary networks supported a broad floodplain that
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gradually merged with tidal wetlands. Farther to the west, the Suisun Marsh was
dominated by brackish tidal marsh.
The modern Delta, however, has been transformed into a simplified and degraded
system, with extensive channels and open water, more human land use (mainly
agriculture) and fragments of marsh (SFEI-ASC 2014, see Ecosystem Synthesis Paper
for more in-depth discussion). More than 160 years of accumulated impacts – land
cover conversion, land development, levees and channelization, water diversions,
altered flows, not to mention invasion by non-native species – have significantly altered
the landscape and ecosystem (Bay Institute 1998, Moyle et al. 2012, Whipple et al.
2012). Furthermore, the Delta will continue to experience major changes due to sealevel rise, other effects of climate change, floods, and continuing land subsidence.
Landscape position is a strong determinant of restoration potential and ecological
trajectory (SFEI-ASC 2016). Elevation can be destiny, since it affects how frequently
and deep an area may be inundated by fluvial or tidal flows, and thus the hydrological
regime of a site. Only areas within the intertidal range (mean lower low water to mean
highest high water) are suitable for tules and other emergent vegetation species that
make up a tidal marsh. Land subsidence of Delta islands, combined with projected rates
of sea-level rise limit current and future opportunities for tidal marsh plain restoration in
much of the western and interior Delta (Bates and Lund 2013). While it may not be
possible to recover natural ecosystem forms and functions on deeply subsided lands,
reconciliation ecology approaches could re-establish ecological values as seasonal
wetlands, managed wetlands, and croplands that can serve as surrogate habitat for
wildlife (“wildlife-friendly agriculture”).
The longitudinal gradient from fluvial to tidal flows is another environmental driver, in
terms of hydrologic regime, sediment deposition, and water quality (Whipple et al. 2012,
SFEI-ASC 2016). A dynamic salinity gradient from fresh water to saltwater is one of the
most characteristic features of an estuary (Interagency Ecological Program [IEP] 2015).
The brackish “low salinity zone” is an important region for retention of organisms and
particles and for nutrient cycling (Jassby et al. 1995, Kimmerer 2004, IEP 2015,
SWRCB 2017). Delta smelt use seasonal pulses of flows, salinity, and turbidity to cue
spawning migrations from Bay to upper Delta (IEP 2015). Opportunities to protect and
restore habitat and migration corridors for fish species will vary regionally (SFEI-ASC
2016, Moyle et al. 2012).
Given that opportunities for ecosystem restoration vary by region with respect to river
hydrology, tidal forcing, and constraints such as subsidence and urbanization,
establishing resilient ecosystems will require spatially explicit conservation planning.
Where landscape suitability exists, process-based ecosystem restoration should be
prioritized over other approaches given its ability to support resilience and physical and
ecological processes. Where subsidence and developed land uses constrain the types
of conservation actions, reconciliation ecology or agricultural practices that support
biodiversity can augment process-based ecosystem restoration. An important
component of these latter approaches will be strategically located subsidence reversal
activities which can reduce risk and support future restoration opportunities.
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An example of this regional conservation planning is Moyle et al. (2012), which
envisions different future outcomes for four different parts of the estuary, identified as:
(1) the Sacramento River and Bypass Habitat Arc, (2) the Eastside Rivers, (3) the
Central Delta Lowlands and Lakes, and (4) the Lower San Joaquin River Floodplain.
Given different habitat conditions and physical drivers, these four regions present
different opportunities and constraints, and require different approaches for protection,
restoration, and enhancement of the ecosystem. The Department of Fish and Wildlife
provides a different perspective on regional conservation actions in the draft Delta
Conservation Framework (e.g., see Conservation Opportunity Regions, CORs).
Key human and socio-economic landscape attributes such as land use, urbanization,
water development, and flood control activities are also crucial considerations that
influence the types of actions that could be employed to achieve ecological recovery of
the Delta landscape. Levees, agriculture, water supply infrastructure, and recreation
each exert an important influence on the potential for ecosystem protection, restoration
and enhancement. Restoration planning should consider the socio-economic and
cultural values, needs and expectations of the local communities. Understanding the
geographic setting and local context is critical to matching appropriate strategies to
each location and situation.

6. Considerations for Conservation Planning
More than 230 stakeholder groups play some role in management of the Delta, and
many hold very different and sometimes conflicting viewpoints (Luoma et al. 2015).
Given the many complex issues that affect the ecosystem, the challenge of effective
management of the Delta has been characterized as a “devilishly wicked” problem
(Luoma et al. 2015). Collaborative institutions have played a key role in Delta decisionmaking, as they provide an inclusive approach to bringing together diverse groups of
stakeholders (Lubell et al. 2014). Such partnerships can build upon localized knowledge
and develop policies and strategies that are tailored to specific local ecosystem issues;
furthermore, they can result in developing more innovative approaches to address
problems beyond more often rigid regulatory frameworks (Lubell 2002). Although the
current governance structure that has been set up for Delta management is complex, its
organizational structure allows different stakeholders to exert at least some influence
over the system, and the institutional diversity allows for more opportunities for
collaboration and innovation (Lubell et al. 2014).
With the passage of the Delta Reform Act, the actors in the complex web comprising the
Delta governance structure have to consider how to address the goal of protecting,
restoring, and enhancing the Delta ecosystem. The Delta Reform Act anticipated that he
Bay Delta Conservation Plan would have established broad ecosystem preservation
and restoration goals and objectives, which targeted the natural communities within the
region. With the State’s shift to more focused conservation actions, the Delta currently
lacks overarching science-based ecosystem preservation and restoration objectives, to
guide management of the Delta Ecosystem.
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Recovery goals and biodiversity targets play a key role in translating ecological science
and policy into on the ground action (Tear et al. 2005). Science-based objectives are
often used to provide a unified understanding of conservation objectives among
stakeholders, increased efficiency and cost-effectiveness, and to make progress toward
measurable goals (Metrick and Weitzman 1998, Margules and Pressey 2000, Tear et al.
2005, Carwardine et al. 2009, Johnson et al. 2009, Faaborg et al. 2010, Williams and
Madsen 2013, Dybala et al. 2017a, Dybala et al. 2017b). To develop these objectives,
clear communication about the ability of various natural resource management
approaches to deliver ecological benefits and biodiversity protection is required (Palmer
and Ruhl 2015). Such information was presented in Section 3 of this synthesis paper.
The Delta is one of the most studied ecosystems in the world (Luoma et al. 2015), so
the rich body of ecological science that has been developed over the past few decades
can be leveraged in developing targets that address the objectives of the Delta Reform
Act. For example, since the release of the 2013 Delta Plan, as part of the Delta
Landscapes Project, SFEI synthesized key ecological principles to guide planning of
future restoration and enhancement efforts in the Delta so they support desired physical
and ecological functions - in a manner that also maintains the Delta’s agricultural
character and its function as the water supply hub for the State (SFEI-ASC. 2016).
A recent initiative for guiding conservation planning for the Delta is the Delta
Conservation Framework (DCF). CDFW (2017) is currently developing the DCF which
provides a common long-term, landscape-level vision for how to create a mosaic of
working agricultural and habitat lands in a manner which results in improved ecosystem
functions. The DCF developed seven different “conservation opportunity regions”
(CORs) which divided the Delta and Suisun Marsh into smaller regions with distinct
characteristics (e.g., local land use, ecosystem types, communities, etc.); the
description for each COR has a common vision, a description of opportunities for
conservation, and potential solutions for known challenges. The intent of the DCF
though is not to provide a prescriptive target for what habitat actions should take place,
rather the expectation was that collaborative stakeholder groups (i.e., “Regional
Partnerships”) would build upon the foundations of the DCF and develop more specific
and refined conservation strategies and approaches tailored to the unique
characteristics of the local region. For some of the CORs, the Regional Partnerships
have already been organized while other CORs would need to launch new Regional
Partnerships.
While the purpose of the DCF was not to provide specific habitat objectives for the
Delta, other planning efforts which include the Delta, such as recovery plans and
conservation strategies can support the development of specific ecosystem
preservation and restoration goals. Recovery plans are driven by requirements of the
federal and State endangered species acts. Conservation plans are often products of
federal and State initiatives or interagency committees (e.g., Central Valley Joint
Venture, Bank Swallow Technical Advisory Committee). The habitat preservation and/or
restoration targets of these plans is provided in Appendix A, and a summary of these
various planning, implementation and science and adaptive management forums are
discussed in the Ecosystem Synthesis Paper. Although most of these efforts are

PUBLC REVIEW DRAFT – MARCH 2018

25

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

narrowly focused on benefiting a single species or suite of similar species (e.g., riparian
birds), the Delta Reform Act calls for providing benefits to a broad range of native
species and migratory birds. Nonetheless, these plans provide valuable insight into the
scale of habitat preservation, enhancement, and restoration necessary to benefit the
wide multitude of species which rely upon the Delta ecosystem.

7. Delta Plan Core Strategies
Chapter 4 of the Delta Plan identifies five core strategies to reduce the impact of
ecosystem stressors on the Delta ecosystem: (1) create more natural functional Delta
flows, (2) restore habitat, (3) improve water quality to protect the ecosystem, (4) prevent
introduction of and manage non-native species, and (5) improve hatcheries and harvest
management. Improving the ecosystem conditions within the Delta will require achieving
gains in all strategy areas in parallel (Hanak et al. 2013). This section synthesizes key
recent scientific advances related to these core Delta Plan strategies. This section
discusses these strategies in the context of societal benefits and the approaches to
natural resource management reviewed above.

7.1

Create More Natural Functional Delta Flows

The geomorphic conditions and ecosystems of the Delta have evolved over the past
several millennia under the influence of stream flow patterns and tidal influence (Poff et
al. 1997). Within the Delta watershed, the interaction of surface waters and the
landscape has been significantly altered (i.e., limited) through floodplain disconnection,
and much of the streamflow variability has been reduced through the construction and
operation of dams and diversions to meet flood management, water supply, and
hydropower needs (Knowles 2002, Lund et al. 2010).
A crucial component of improving ecosystem health within the Delta is addressing the
alterations to the natural flow components and water quality (i.e., temperature, salinity)
of Delta tributaries, Delta outflow, and within the interior Delta (SWRCB 2017).
Considerations of key aspects of flow regimes such as magnitude, frequency, duration,
timing, and rates of change are linked to geomorphic and biological process which
support vegetation recruitment, fish, wildlife, and society (Poff 1997, Schwarzenbach et
al. 2010, Kiernan et al. 2012, Smith et al. 2013, WHO 2013).
Multiple approaches exist to address altered flow regimes. These include restoration of
natural flows, re-establishment of a component of unimpaired flows, synthetic
management of flows targeting components of the natural flow hydrograph (functional
flows water management approach, Yarnell et al. 2015). Each of these approaches
attempts to address current managed river system departures from components of the
natural flow hydrograph, including winter flooding peaks, spring snow melt recession
flows, and lost water quality signals from early season rain events (Figure 7-1).

PUBLC REVIEW DRAFT – MARCH 2018

26

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Source: Gartrell et al. 2017.

Figure 7-1. Illustration of Unimpaired (a) and Functional (b) Flows
Re-instution of these natural flow aspects of the hydrograph is key in providing
opportunities for ecological adaptation and ecosystem resilience in light of a changing
climate and shifting hydrograph (Yarnell et al. 2015, Yarnell et al. 2016, Poff 2017).
Importantly, Lund et al. (2010) note that channel simplification and floodplain
disconnection are underappreciated stressors in current management discussions of
flows. Increasing flood plain connectivity along Delta tributaries and tidal marsh within
the Delta are fundamental to realizing the benefits of flow management (Matella and
Merenlender 2015, SWRCB 2017). Significant opportunities for lateral (flood
plain/marsh plain) reconnection exist throughout the Delta watershed, and more locally
within the Delta (e.g., Moyle et al. 2012, SFEI-ASC 2016, DWR 2016f).
Re-establishing longitudinal connectivity from the upper watersheds throughout the
Delta to the Bay will have benefits (Null et al. 2014, SWRCB 2017). For example, fish
passage improvement actions would reduce stress and mortality in lower parts of the
system, and reconnecting fish with cold water habitats above dams would reduce the
need to manage spawning conditions with flows on specific watersheds (Moyle et al.
2008). A comprehensive assessment of the longitudinal passage improvement
opportunities was developed by DWR (2014) and a subset of these passage obstacles
have been prioritized for restoration through the Central Valley Flood Protection Plan
pending investigation, design, and funding (DWR 2016d). Current status of efforts for
longitudinal connectivity, including passage at major dams, are summarized in the Fish
Migration Improvement Opportunities report (DWR 2014).
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The State Water Resources Control Board is in the process of updating the Bay-Delta
Water Quality Control Plan (WQCP) water quality standards. SWRCB (2017) has
identified re-establishing a component of unimpaired flows as the selected approach to
addressing flow restoration within the Delta. This approach addresses the functional
components of the hydrograph, inter-annual variation based on real time environmental
conditions, and is more feasible than a purely synthetic approach which targets high
value conditions every year (Delta ISB 2015). This approach may be augmented by
subsequent incorporation of a functional flows component that does seek to optimize
ecosystem conditions ecologically stressful periods of drought (Delta ISB 2015).
Quantifying and communicating information on ecosystem flow components (i.e.,
species vs. water quality) would improve management and understanding system
management within the Delta and its watershed (Gartrell et al. 2017). In a recent report,
Gartrell et al. (2017) determined that in more recent years, the amount of water
designated for ecosystem purposes has increased significantly according to DWR data,
however they also highlighted the fact that uncaptured Delta outflow – often considered
water for ecosystem purposes – is required to meet water quality control criteria and
protects in-Delta water use and south Delta water exports from salinity intrusion. As
such, implementation of an accounting system that provides information and clarity
regarding the estimation of the water assigned for environmental uses would help
improve management decisions and also help to reduce conflicts about interpretation of
how the system works (Gartrell et al. 2017).
The Delta Ecological Flows Tool (EFT) is a decision support tool which integrates
ecological considerations in evaluations of water management scenarios for the
Sacramento River and Delta through integrating a range of representative ecological
response variables with hydrological management tools (ESSA Technologies 2013).
This tool, or something similar, could be further developed and calibrated to help
managers implement functional flows in a way that also meets water quality and water
supply needs for human users.

7.2

Restore Habitat

Hundreds of millions of public dollars have been invested to improve ecosystem health
within the estuary (CDFW et al. 2014). Despite these expenditures and parallel
advances in the ecological sciences, conservation objectives within the Delta and
Suisun Marsh are not being met (Healy et al. 2016). The current portfolio of
management actions within the Delta is not well balanced, with most action targeting
objectives other than re-establishment of ecosystem elements above existing
conditions. Figure 7-2 illustrates the project purpose, spatial extent, and existing land
cover/land use of various types of conservation actions (i.e., restoration, mitigation,
ecosystem service) as catalogued in the EcoAtlas database (Melcer and Anderson
2017). While the Delta has experience significant historical loss of geomorphic and
ecological function, ecosystem restoration targeting these losses has been limited.
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Source: Melcer and Anderson 2017

Figure 7-2. Breakdown of Past Habitat Improvement Projects in the Delta
The cumulative impacts and stressors of the late 19th and early part of the 20th century
(Bay Institute 1998, Whipple et al. 2012) have generated a substantial need for reestablishment of ecosystems on the landscape. Conservation funds dedicated to
ecosystem preservation or restoration have supported the acquisition of land, however,
many currently remain in active agricultural production. Reconciliation ecology principles
have been employed broadly on levees, floodways, and water conveyance
infrastructure, with each being engineered to incorporate vegetation or managed
analogue wetland ecosystems. Ecological restoration projects targeting geomorphic
process and native vegetation communities which are not tied to mitigation (i.e., projects
which contribute to ecological uplift beyond existing conditions) have accounted for 15
percent of ecosystem conservation projects in the Delta.
Current activities aimed at restoration and reduction of stressors are largely driven by
mitigation requirements related to operation of the State and federal water projects, and
maintenance of the flood management system of the Sacramento and San Joaquin
River systems (see, e.g., Reasonable and Prudent Alternatives [RPAs] identified in both
Long-Term Operations of the Central Valley Project and State Water Project; Fish
Restoration Program Agreement). These mitigation activities are a vital component of
an ecosystem restoration portfolio. However, they are designed to offset specific current
day infrastructure impacts either in-kind, or designed to avoid jeopardy or critical habitat
modification of endangered species. This means, that mitigation alone is unlikely to
significantly address the legacy impacts and improve conditions beyond the current
baseline (Palmer and Filoso 2009). Therefore, achieving the goals and objectives of the
Delta Reform Act (ecosystem restoration which improves the existing conditions through
re-establishment of complex and connected ecosystems, and recovery of endangered
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species) will require actions above and beyond offsetting the impacts of the water
supply and flood control infrastructure operations and maintenance.
As described in the Climate Change Synthesis Paper, it is uncertain whether existing
tidal marsh accretion processes in the Delta and Suisun Marsh will be able to outpace
sea-level rise (Reed 2002, Drexler et al. 2009, Drexler 2011, Callaway et al. 2012).
While limited information exists on expected trajectories of sediment dynamics within
the Delta (e.g., Stern et al. 2016, Sankey et al. 2017), there is a need to better
understand these processes in the context of expected changes in the hydrograph.
Bates and Lund (2013) evaluated the suitability of different Delta islands for subsidence
reversal given island elevations, accretion rates, mean sea level, probabilities of levee
failure, lost agricultural revenues, and potential aquatic habitat up to 2100. Since then,
new information on sea-level rise (California Ocean Protection Council 2017), island
elevations (Wang and Ateljevich 2012), and probabilities of failure (DSC 2017) has
come out for the Delta and Suisun Marsh. Further complicating subsidence reversal
success, is the finding by Brooks et al. (2012) that the compaction of the Quaternary
sedimentary column is also contributing to region-wide subsidence. Early research
indicates that subsidence reversal practices can be effective (Sharma et al. 2016).
Strategic implementation of subsidence reversal efforts will, over a longer time horizon,
support the development of opportunities for tidal wetland restoration, and reduce the
risk associated with levee failures (California Ocean Protection Council 2017, Nerem et
al. 2018).
An important need for restoration planning is to have access to updated map layers of
vegetation communities and existing conditions. In 2007, the State Legislature required
the Department of Fish and Wildlife to develop and maintain a vegetation mapping
standard for the state (Fish and Game Code Section 1940). This standard is manifested
in the Survey of California Vegetation and implemented by the Vegetation Classification
and Mapping Program (VegCAMP). VegCAMP focuses on developing and maintaining
maps and the classification of all vegetation and habitats in the state to support
conservation and management decisions at the local, regional and state levels.
VegCAMP adheres to the National Vegetation Classification Standard and the dataset
for the Delta was completed in 2006 and for Suisun Marsh in 2015. Continuous,
adequate funding is crucial to ensure regular updates of VegCAMP in order to
understand trends in vegetation communities over time.

7.3

Improve Water Quality to Protect the Ecosystem

Ecosystem water quality has important implications on the ecological health of the
Delta. The Central Valley Regional Water Quality Control Board has identified the
watershed as impaired for aquatic life by several specific contaminants. Nutrients,
contaminants, dissolved oxygen, turbidity, and temperature all have effects on
geomorphic and ecological processes, aquatic and terrestrial vegetation structure and
function, wildlife and fish health, and resilience characteristics such as connectivity and
diversity (Baldwin et al. 2009, Fong et al. 2016, Lehman et al. 2017). Further,
reconnection of floodplains and re-establishment of vegetation communities can have
important implications for municipal water quality, including increased levels of
dissolved organic carbon (Chen et al. 2010). As tidal wetlands accrete sediment
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naturally in the system, restoration sites could experience an accumulation of sediment
bound contaminants that may negatively affect anticipated outcomes. Key sources of
constituents of concern include urban sources such as storm water and wastewater
discharges, and agricultural dischargers (Lund 2016). Currently, State and Regional
Water Resource Control Board programs and policies are in place to address these
issues.
Expansion of acoustic and optical instruments deployed in the Delta over the past
decade has greatly improved understanding of how tidal variability affects flow and
transport of constituents, how the first flush at the beginning of the wet season delivers
sediment and other constituents that affect water quality, and how sediment supply and
turbidity are critical for ecosystem health (Fichot et al. 2016). Advances in
understanding nutrient dynamics and their role in the altered food-web, aquatic water
weeds, harmful algal blooms, and water clarity have been made through deployment of
modern sensor technologies and networks (Schoellhamer et al. 2016).
Significant water quality improvements are expected from upgrades at Sacramento
Regional Wastewater Treatment Plant through reduction of nitrogen and nutrient levels
discharge effluent. A collaborative investigation, Operation Baseline, is underway by the
US Geological Survey, SFEI, and multiple university partners in an effort to quantify
current and post project conditions as they related to water quality and potential
implications on food web function.
The Delta Smelt Resiliency Strategy (Smelt Resiliency Strategy) is a science-based
document that has been prepared by the State of California (Natural Resources
Agency) to address immediate and near-term needs of delta smelt. The Smelt
Resiliency Strategy includes an action for the State to fund entities such as the
Sacramento Stormwater Quality Partnerships and local governments whose stormwater
discharges into the Delta, to implement improvements that will further reduce
contaminant loading. The proposed 2017-18 budget by Governor Brown includes
funding for the State Water Resources Control Boards Storm Water Grant Program to
help fund dry weather and stormwater water runoff projects.

7.4

Prevent Introduction of and Manage Nonnative Species Impacts

Non-native species have significant impacts on multiple aspects on the Delta
ecosystem. These include effects on the terrestrial and aquatic vegetation community
structure, impacts on water quality, and direct and indirect effects on native species
(Boyer et al. 2012, 2015, Delta ISB 2015). Given the widespread distribution and sheer
number of nonnative species which currently inhabit the Delta, it will not be possible to
eradicate these species from the Delta (McDonald et al. 2016). Management of
nonnative species will need to focus on preventing new invasive species from colonizing
the Delta to the extent possible and attempting to prevent already established invasive
species from expanding their range within the Delta. Although, habitat restoration and
enhancement efforts are focused on creating habitat for native species, they may often
also likely benefit nonnative fish (Nobriga and Feyrer 2007). Conversion of terrestrial
habitat to shallow aquatic habitat creates new open areas that could be potentially
colonized by aquatic weeds such as egeria (Durand et al. 2016) or invasive bivalves like
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Potamocorbula. It will likely be very challenging, if not impossible, to allow native
species to access enhanced or newly restored habitats, while selectively precluding
their use by invasive species, considerations for habitat restoration and enhancement
planning need to take into consideration the very likely probably that the project will be
directly affected by invasive species.
Many historical changes to the Delta, such as timing and volume of flows, salinity levels
and other water quality changes, and reduction and shifting of habitat, have made the
Delta more hospitable to certain non-native species like the largemouth bass, sunfishes,
Mississippi silverside, and other alien species (Moyle et al. 2013, Moyle and Bennett
2008, Baxter et al. 2010). All major aquatic habitats in the Delta and Suisun Bay have
been affected by invasive species, which has negatively impacted native fish species
(Mount et al. 2012:24). With respect to invasive aquatic vegetation, the total invaded
area of submersed and floating aquatic vegetation in the Delta increased by 60%, from
7,100 acres to 11,360 acres from 2008 to 2014 (Ta et al. 2017). Going forward, as
Section 6 of the Climate Change Synthesis Paper described, non-native species are
likely to fare better than native species.
For successful invasive aquatic vegetation management, clear identification of the
desired outcome, timing, prevention, early detection, rapid response, and eradication or
control are required (Anderson 2005, Williams and Grosholz 2008). Combating nonnative species in the face of climate change will require increased efforts from agencies
currently responsible for addressing non-native species. As the Climate Change
Synthesis Paper emphasizes, early detection and monitoring of new non-native species
will be crucial to stopping new species from spreading in the Delta because it is easiest
to eradicate non-native species when they first begin to colonize a habitat (Rahel and
Olden 2008). Increased coordination and sharing of resources among entities involved
in invasive species management will also be vital to stopping the spread of these new
species (Hellmann et al. 2008).
Nonnative fish species such as striped bass have been shown to predate on native
salmon and smelt, however data indicate that they predominantly feed on other
nonnative species, because those are more common and most fish predators are
opportunistic feeders (Grossman 2016). Targeted removal of species such as striped
bass is unlikely to reduce predation mortality for native species though since the most
likely outcome would be a compensatory increase in abundance of a competing
predator (Grossman 2016).
Much remains to be understood about the role invasive aquatic vegetation plays in
altering water quality, nutrient levels, sedimentation, and ecological communities.
Documented cases of herbicide resistance, which have been observed in other states
such as Florida, call for innovative solutions.
The lack of permanent funding remains a barrier in the creation of a long-term
monitoring and control program. For example, hyperspectral remote sensing has been
funded only for selected periods of years, and future sustained funding remains
uncertain. In addition, programs critical for rapid response and eradication have faced
budget cuts in recent years (Ta et al. 2017).
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7.5

Improve Hatcheries and Harvest Management

As the construction of dams over the past century disconnected spawning habitats
many native fish species populations have declined, and harvest plans and hatchery
programs have been developed (CDFW 2010). There is considerable debate on the
conservation benefits of hatcheries. They may contribute to the survival of species such
as salmonids, but hatcheries also affect the genetic recovery of these species (NMFS
2014, Le Luver et al. 2017). In the long term, functional flows, restoration of floodplain
and rearing habitat, and connectivity to spawning habitats are of the utmost importance
for species viability and genetic resilience. In the interim, effective management of
artificial propagation programs and assurance colonies is critical to limit the genetic
effect of hatcheries on naturally spawned populations and to ensure persistence of
existing salmonid species and races.
Efforts to improve hatchery and harvest management do not directly influence Delta
habitat restoration, enhancement, and restoration efforts, however, they both are
important management tools to help protect and promote recovery of salmon
populations. Many areas of uncertainty remain as identified by the California Hatchery
Scientific Review Group (HSRG). These include determining reproductive success of
hatchery- and natural-origin salmonids spawning naturally, and determining how genetic
differences contribute to any differences in these success rates. Other information
needed is to determine the effect that hatchery-origin salmonids have on natural-origin
salmonids through direct competition, predation, spreading diseases, and other effects.
Another area of research is how increased domestication of hatchery-origin fish may
lead to decreased fitness and how these negative effects can be avoided.
The HSRG also called for the development of Hatchery and Genetic Management Plans
(HGMP) for each hatchery program in California; the intent of the HGMPs is to
determine how hatchery management strategies can be implemented in a way that also
ensures the protection and recovery of wild-origin salmonids. Some HGMPs have been
completed, but many others remain incomplete.
Hatchery goals for anadromous fish currently focus on ‘mitigation’ and are assessed by
the number of juvenile fish reared and released (California HSRG 2012). While the
number of juvenile fish, and ultimately their returning number, is important, the genetic
integrity of species adapted to specific conditions is also important for their survival. As
the proportion of hatchery-bred fish has increased, there has been genetic introgression
of maladaptive genetic changes into species such as naturally spawning winter-run
Chinook salmon (Oncorhynchus tshawytscha) (Myers et al. 2004, Araki et al. 2008).
Such introgression may reduce overall fitness (Myers et al. 2004, Araki et al. 2008),
including in wild-origin steelhead populations (NMFS 2009). The Ecosystem Synthesis
Paper contains recommendations for how measures to support more effective hatchery
management should be implemented to help support recovery of wild, self-sustaining
populations of salmon.
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8. Implications for Protection, Restoration and Enhancement
of the Delta Ecosystem
The prior sections of this paper summarize key approaches to natural resource
management as they relate to establishing ecological resilience in the context of a
rapidly changing climate. Those sections review the best available science within
focused subject areas covered in this paper. The subject areas addressed in this paper
were identified because of their potential influence on achieving the coequal goals and
relevance in amending Chapter 4 of the Delta Plan. This section summarizes and
discusses the implications of the preceding science synthesis relative to the protection,
restoration, and management of the Delta ecosystem. These implications provide the
basis for the considerations included in Section 9, Considerations for Amending Chapter
4 of the Delta Plan.
1. Re-establishment of a healthy and functioning Delta ecosystem, through
restoration, protection and enhancement could provide significant social benefits.
Because of these social benefits, meaningful consideration of enhancing the
Delta as a place should include a suite of activities that would improve the natural
conditions for the region’s communities. The benefits that society should expect
from landscape-scale restoration in the Delta broadly fit into four categories:
ecosystem services, economic benefits, social benefits, and
cultural/psychological benefits.
2. Specific ecosystems and ecological functions can be viewed as goods and
services which provide benefits to humans.
Economic frameworks enable monetization of goods and services with the intent
of increasing the relevance of ecological value in forums dominated by economic
rationales. In the Delta ecosystem market-based ecosystem service
implementation is challenged, because ecosystem services frameworks are not
well suited to address the uncertainties associated with restoration of complex
ecosystems and the broadening definition of restoration and the activities which
are implemented under the “restoration” umbrella leads to the valuation of
systems that do not result in the recovery of self-sustaining ecosystems.
3. Many of the region’s and State’s enterprises are supported by the Delta and
would be improved by a healthy Delta ecosystem.
These enterprises include recreation, commercial fishing, agriculture, and
industry. Indirectly, a healthy Delta ecosystem would support service industries
and real estate in the Delta through offering enhanced natural amenities. The
benefits of protecting, enhancing, and restoring the Delta would include
improving environmental conditions for some of California’s most environmentally
vulnerable populations. This would be a significant step toward greater
environmental justice. These communities would benefit from the concomitant
benefits of restoration to human health and well-being. In addition to these
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benefits, the Delta is an important cultural resource for California’s tribes and
other communities.
4. While restoration in the Delta would in theory generate social benefits, realizing
these benefits would require conscious, coordinated, and collaborative planning.
Project proponents cannot take societal benefits of protecting, enhancing, and
restoring the Delta ecosystem for granted. A restoration project without public
access likely will not benefit the recreation economy. A reconciliation project that
maintains intensive agricultural practices likely will not improve water or air
quality. A salmon restoration plan that excludes tribal actors may further alienate
the tribes from an important cultural resource. However, if human benefits are
considered a priority, restoration activities can be successful for both society and
the ecosystem. This approach requires that Delta scientists and agencies begin
to give social benefit of restoration activities the same level of rigorous
consideration as already is given to ecological benefits.
5. The protection, restoration, and enhancement of the Delta ecosystem requires a
comprehensive and balanced portfolio of approaches to fully support regional
biodiversity.
These approaches can be based on biology preservation of high quality existing
ecosystems and ecosystem restoration, and augmented through reconciliation
ecology and enhancing biodiversity on working lands where restoration is not
possible. Success will require science efforts which provide clear and accurate
information on the ability of each approach (and practices within each approach)
to comprehensively support biodiversity, and policy, planning, and
implementation which carefully align approaches with desired ecological
outcomes.
6. A key overarching conservation target for the Delta is ecological resilience.
Restoration of resilient ecosystems, (i.e., ecosystems that have the ability to
absorb change and persist after a perturbation) is of heightened importance in
the context of a rapidly changing climate. Achieving resilience at the project, subregional, and landscape scale requires careful planning, design, and
implementation of actions that address issues of connectivity, complexity,
redundancy, and scale. Issues of connectivity include restoration of physical
(e.g., hydrology and sediment transport) and biological (e.g., movement of
propagules, fish, and wildlife) connections between bay and tidal marshes, as
well as between channels and floodplains. Incorporation of these considerations
allows for ecological processes along these elevational gradients to be restored,
and transport of sediments and nutrients to marsh- and floodplains, which
promotes productivity and maintenance of elevation in the face of sea-level rise.
7. Sub-regional opportunities and constraints vary and should inform the
approaches to natural resource management at the sub-regional and project
scale.
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Landscape position is a strong determinant of restoration potential and ecological
potential given characteristics such as elevation, hydrology and tidal influence,
and constraints such as subsidence and urban land uses. Constraints on where
ecosystem restoration approaches are feasible heighten the importance of these
locations. These considerations should inform tradeoff and prioritization analyses
and specific project design. This requires analyses at a sub-regional and
landscape scale.
8. The development of science-based, measureable, and time bound objectives are
an important step in the achieving coordinated and effective ecological goals –
further they are a requirement of the Delta Reform Act of 2009. Given that the
Delta is one of the most studied ecosystems in the world, rich scientific and
conservation planning information exists to support the development of
comprehensive objectives which support achieving the ecological goals of the
Delta Reform Act of 2009.
9. Advances in science across multiple disciplines support and have specific
implications for the 5 core strategies identified in the 2013 Delta Plan.
Table 8-1 summarizes the specific findings related to the core strategies, which were
discussed in detail in section 7.1 through 7.5.
Table 8-1. Summary of Implications from Improved Scientific Understanding on
Delta Plan Core Strategies
Core Strategy
Delta Flows

Key Findings
•
•

•

•
•

Restoring components of the natural flow regime is a crucial aspect of
improving ecosystem health and function within the Delta and its watershed.
The SWRCB (2017) provides a scientific basis and approach for achieving reestablishing important aspects of the flow regime. It describes approaches
which address issues of temperature management, tributary, Delta outflow, and
within Delta flows.
The requirement to balance reservoir operations for water supply, flood
management, and maintaining suitably cool water for salmon spawning and
adult salmon holding conditions is currently a major constraint on achieving a
full suite of functional flow components for ecosystem health.
Addressing hydrologic (longitudinal and latitudinal) connectivity combined with
restoration of components of the flow regime would contribute to ecological
recovery of the Delta while minimizing tradeoffs with consumptive human uses
Implementation of an accounting and system that provides information and
clarity regarding the estimation of environmental water would improve
management decisions and reduce conflicts around system operations.
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Table 8-1. Summary of Implications from Improved Scientific Understanding on
Delta Plan Core Strategies (contd.)
Core Strategy
Habitat
Restoration

Key Findings
•

•

•

•
•

•

•

A comprehensive range of approaches is needed to manage ecosystems on an
altered and changing landscape – these include presevation of existing areas,
process-based ecosystem restoration, development of analogue habitats in
urban and working lands.
Current natural resource management approaches are not well balanced within
the Delta. Process-based ecosystem restoration is limited. A significant
component of the conservation actions have focused on development of analog
ecosystems developed on principles similar to those described under
reconciliation ecology. Many of these lands remain in agricultural production
(e.g., 54% in Suisun Marsh; 67% in the legal Delta).
Achieving the goals and objectives of the Delta Reform Act (environmental
variability, connectivity, process-based recovery of ecosystems and species
populations) will require actions that address legacy ecosystem loss above and
go beyond offsetting the impacts of the water supply and flood control
infrastructure operations and maintenance through mitigation.
It is uncertain whether tidal marsh accretion in the Delta and Suisun Marsh will
be able to outpace sea-level rise, with implications for existing tidal marsh, as
well as for future restoration.
Strategic and near-term implementation of subsidence reversal efforts will
support the development of opportunities for tidal wetland restoration. Early
research on managed wetland accretion rates indicates that such efforts will not
work across the deeply subsided areas of the Delta (e.g., central and western
Delta), therefore, islands require evaluation given current elevation and sealevel rise projections.
Given the uncertainties associated with activities described under Section 3
(Natural Resource Management Approaches) projects, adaptive management,
as called for in the Delta Reform Act will be an important component for
implementing actions related to habitat restoration. The Delta ISB determined
that it was a struggle to fully implement adaptive management in the Delta for
restoration projects for a number of reasons, including lack of funding for
monitoring, current culture of management in the Delta, lack of priority, an
inflexibility decision-making, regulations, and permitting.
A critical information need is the routine update of Department of Fish and
Wildlife’s VegCAMP land cover and land use dataset under the direction of
Department of Fish and Wildlife using vegetation mapping standards as
directed by State Legislature (Fish and Game Code Section 1940). These data
provide detailed understanding of existing conditions within the Delta, and
provide the foundation for analyses in ecological science, conservation
planning, and environmental permitting.
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Table 8-1. Summary of Implications from Improved Scientific Understanding on
Delta Plan Core Strategies (contd.)
Core Strategy
Water Quality

Key Findings
•
•

•
•

Non-native
Species

•
•
•

•

•
Hatcheries and
Harvest
Management

•

•
•

Environmental water quality has important implications on the success of many
aspects of ecosystem restoration, including re-establishment of physical and
ecological processes, vegetation, and fish and wildlife populations.
Improving environmental water quality will require actions related to flows,
restoration project sighting and design, and mitigation of point and non-point
source inputs from both urban (i.e., municipal, industrial, etc.) and agricultural
sectors.
Advances in remote sensing and in-situ techniques have increased
understanding of water quality dynamics and efforts to integrate water quality
considerations in restoration planning are needed.
Current upgrades to Sacramento Regional Wastewater Treatment Plant and
ongoing scientific investigations (e.g., Project Baseline) will provide key insights
into the effects of water quality constituents on food web function, and inform
the prioritization and development of future system improvements.
Non-native species are significant stressors on native biota given the impaired
state of the Delta ecosystem.
Comprehensive eradication of non-native species within the Delta and its
watershed is not possible given the sheer number of non-native species, and
the geographic scope of non-native species distribution.
Efforts to manage non-native species require focus on the prevention of new
introduction, and management of highly invasive non-native species which have
significant impact on the structure and function of the ecosystem (e.g., aquatic
invasive weeds, Arundo donax, Lepidium latifolia).
Actions which target ecosystem resilience through re-establishment of
functional flows, geomorphic processes such as floodplain inundation, and
improvements in water quality may indirectly contribute to non-native species
management efforts. These actions may also be subject to the colonization of
non-native species, especially in a rapidly changing climate, requiring
monitoring and adaptive management.
Management of non-native species requires increased coordination and funding
prioritization across agencies within the Delta and its watershed.
Effective management of artificial propagation programs and assurance
colonies are critical interim tools while re-establishment of functional flows,
restoration of floodplain and rearing habitat, and connectivity to spawning
habitats are established.
Uncertainties regarding the impacts of hatchery-origin on natural-origin
populations is a key area of research.
California Hatchery Scientific Review Group’s recommendation of development
and implementation of Hatchery and Genetic Management Plans remains a
critical objective in addressing protection and recovery of wild-origin salmonids.

9. Considerations for the Delta Plan Amendment
The Delta Plan includes 14 regulatory policies, a suite of recommendations, and
performance measures. Amendment of Chapter 4- Protect, Restore, and Enhance the
Delta Ecosystem could include changes or additions to the narrative text, new or refined
recommendations and/or policies, new or refined performance measures, or a
combination of all three. While recommendations are not regulatory policies, they can
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help inform activities and emphasize priorities. Performance measures help evaluate
the response to management actions and the factors that may influence achievement of
the coequal goals, and include metrics, baseline conditions, and targets for desired
future conditions.
The implications of the preceding science synthesis relative to the protection,
restoration, and management of the Delta ecosystem yield a sufficient basis from which
to consider changes to Chapter 4 of the Delta Plan. These implications were discussed
in Section 8, Implications for the Protection, Restoration, and Management of the Delta
Ecosystem. Periodic updates or amendments to the Delta Plan are intended to support
successful achievement of the coequal goals by addressing factors such as new or
changed conditions in the Delta and its watershed, best available science, changes to
pertinent state policies or institutions, or others. The following discussion presents initial
high level considerations for amending Chapter 4 of the Delta Plan in light of the
scientific information and implications presented herein.
1. The findings of this synthesis paper do not foundationally change the core
strategies of Chapter 4 of the Delta Plan. In combination with the findings of the
Climate Change paper, they do heighten the importance of re-establishment of
resilient ecosystems which provide benefits to both humans and native species.
Discussions within Chapter 4 should explicitly include landscape elements which
promote resilience (i.e., targeting increases in connectivity across ecosystem
components, complexity, redundancy, and patch size through protection,
ecosystem restoration, and enhancement).
2. Recognition of the need to integrate the human dimension in achieving the coequal goals of the Delta Reform Act of 2009 have heightened since the adoption
of the 2013 Delta Plan. Discussion of the social benefits of a healthy Delta
ecosystem are currently limited in Chapter 4 of the Delta Plan. Discussions of the
benefits that society should expect (ecosystem services, economic benefits,
social benefits, and cultural/psychological benefits) need to be included and
better integrated within the Delta Plan. Opportunities to address human
vulnerabilities and issues of environmental justice should be identified. Plan
policies and recommendations should be reviewed for opportunities to
incorporate considerations of social as well as ecological benefits in restoration
planning and implementation. Key information gaps and areas of research
requiring prioritization should be identified.
3. The Delta is subject to sea-level rise, subsidence, and urbanization, all of which
constrain where ecosystem restoration can be implemented versus other
conservation actions. Updates to Chapter 4 narrative should provide clear and
accurate characterization of the ecological potential of various approaches to
natural resource management. Discussions within Chapter 4 could provide the
planning and implementation guidance to achieve coordinated and integrated
protection, restoration, and enhancement actions which optimize ecological
outcomes (Recommendation ER R2). This includes review of priority habitat
restoration areas that support ecosystem restoration in the context of tradeoffs
due to sub-regional constraints, opportunities, and future conditions (Policy ER
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P3, Recommendation ER R2). Policies and recommendations could be reviewed
for opportunities to support these considerations.
4. Chapter 4 could provide discussion of the prioritization of ecological restoration
as a continued core strategy. It can also discuss opportunities to augment this
approach through the creation of analogue ecosystems, or opportunities to
support biodiversity on working lands, and provide guidance on the
implementation of these approaches. Specifically, the value of these approaches
within areas with urban and industrial land uses, and areas subject to land
subsidence within the interior and western Delta where it can be combined with
other objectives (e.g., carbon sequestration, flood management).
5. Chapter 4 could consider providing guidance on sub-regional opportunities and
constraints. An important component of this discussion is the identification of
sub-regions where subsidence reversal practices on working lands, such as
wetland creation or a switch from row crops to rice cultivation. The concept, offer
a crucial, time-sensitive, opportunity to create substantial amounts of suitable
intertidal habitat in the future and could form a critical part of ecosystem adaption
to climate change (Policy ER P2, ER P3, Recommendation ER R2). Policies and
recommendations could be reviewed for opportunities to support these
considerations.
6. Recovery and conservation planning efforts have established specific objectives
and decades of restoration planning support the development of science based,
measurable, and time bound objectives. An understanding of the magnitude of
landscape-scale ecological change required to achieve the ecological goals of
the Delta Reform Act of 2009 would support coordination and alignment of subregional conservation strategies. The Delta Plan could provide this important
component of conservation planning through discussion and review and
refinement of Performance Measures.

10.

References

Adger, W.N. 2000. Social and ecological resilience: are they related? Progress in
Human Geography 24.3: 347-364.
Agyeman, J. and T. Evans. 2003. Toward just sustainability in urban communities:
building equity rights with sustainable solutions. The Annals of the American
Academy of Political and Social Science 590(1): 35-53.
Ahearn, D.S., J.H. Viers, J.F. Mount, and R.A. Dahlgren. 2006. Priming the productivity
pump: flood pulse driven trends in suspended algal biomass distribution across a
restored floodplain. Freshwater Biology 51(8): 1417-1433.

PUBLC REVIEW DRAFT – MARCH 2018

40

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Ahern, J. 2013. Urban landscape sustainability and resilience: the promise and
challenges of integrating ecology with urban planning and design. Landscape
Ecology 28: 1203-1212.
Amanor, K.S. 2007. Natural assets and participatory forest management in West Africa.
Reclaiming Nature: Environmental Justice and Ecological Restoration 203.
Anderson, J. 2014. The a(maze)ing delta and the models used to manage it. Presented
at Municipal Water Quality Investigations Meeting. Department of Water
Resources. July 30, 2014. http://www.water.ca.gov/
waterquality/drinkingwater/docs/Delta%20and%20Modeling%20Overview%
20MWQI%20July14%207-28-14%20final.pdf.
Anderson, L.W.J. 2005. California’s reaction to Caulerpa taxifolia: A model for invasive
species rapid response. Biological Invasions 7(6): 1003-1016.
https://doi.org/10.1007/s10530-004-3123-z.
Aragão, A., S. Jacobs, and A. Cliquet. 2016. What's law got to do with it? Why
environmental justice is essential to ecosystem service valuation. Ecosystem
Services 22B: 221-227.
Araki, H., B.A. Berejikian, M.J. Ford, and M.S. Blouin. 2008. Fitness of hatchery‐reared
salmonids in the wild. Evolutionary Applications 1: 342‐355.
AugustineIdeas. 2015. Delta Marketing Research. Presentation to the Delta Protection
Commission. http://delta.ca.gov/wp-content/uploads/2016/10/Delta_Marketing_
Research_Presentation.pdf. Accessed January 23, 2018.
Bakker, K. and G. Bridge. 2006. Material worlds? Resource geographies and the ‘matter
of nature’. Progress in Human Geography 30(1): 5-27.
Baldwin,D.H., J.A. Spromberg, T.K. Collier, and N.L. Scholz. 2009. A fish of many
scales: extrapolating sublethal pesticide exposures to the productivity of wild
salmon populations. Ecological Applications 19: 2004-2015
Batavia, C. and M.P. Nelson. 2017. For goodness sake! What is intrinsic value and why
should we care? Biological Conservation 209: 366-376.
Bates, M.E. and J.R. Lund. 2013. Delta subsidence reversal, levee failure, and aquatic
habitat—A cautionary tale. San Francisco Estuary and Watershed Science 11(1).
https://escholarship.org/uc/item/9pp3n639.

PUBLC REVIEW DRAFT – MARCH 2018

41

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Baxter, R., R. Breuer, L. Brown, L. Conrad, F. Feyrer, S. Fong, K. Gehrts., et al. 2010.
2010 Pelagic organism decline work plan and synthesis of results. Interagency
Ecological Program for the San Francisco Estuary.
www.water.ca.gov/iep/docs/FinalPOD2010Workplan12610.pdf.
The Bay Institute (Bay Institute). 1998. From the Sierra to the Sea: The Ecological
History of the San Francisco Bay-Delta Watershed.
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/
docs/cmnt091412/sldmwa/tbi_1998.pdf. Accessed December 10, 2017.
Beechie, T.J., D.A. Sear, J.D. Olden, R.G. Pess, J.M. Buffington, H. Moir, Roni, and
M.M. Pollock. 2010. Process-based Principles for Restoring Ecosystems.
BioScience 60(3): 209-222.
Blangy, S. and H. Mehta. 2006. Ecotourism and ecological restoration. Journal for
Nature Conservation 14(3-4): 233-236.
Bowler, D.E., L.M. Buyung-Ali, T.M. Knight, and A.S. Pullin. 2010. A systematic review
of evidence for the added benefits to health of exposure to natural environments.
BMC public health 10(1): 456.
Boyer, K.E., J. Lewis, W. Thornton, and R. Schneider. 2012. San Francisco Bay
expanded inventory of submerged aquatic vegetation (Part 1). Final report for
NOAA/National Marine Fisheries Service, Southwest Region, Habitat Conservation
Division.
Boyer, K.E., J. Miller, M. Patten, J. Craft, J. Lewis, and W. Thornton. 2015. San
Francisco Bay expanded inventory of submerged aquatic vegetation (Part 2):
Trends in distribution and phenotypic plasticity: Final report for NOAA/National
Marine Fisheries Service, Southwest Region, Habitat Conservation Division.
Brinkley, C. 2018. Socioeconomic Indicators for the Delta presentation to the Delta
Protection Commission. http://delta.ca.gov/wp-content/uploads/2018/01/DeltaPPT_20180116.pdf.
Brooks, B.A, G. Bawden, D. Manjunath, C. Werner, N. Knowles, J. Foster, J. Dudas and
J. Cayan. 2012. Contemporaneous subsidence and levee overtopping potential,
Sacramento-San Joaquin Delta, California. San Francisco Estuary and Watershed
Science 10(1). https://escholarship.org/uc/item/15g1b9tm. Accessed March 4,
2018.
Burmester, D. (2015). Wildlife-Friendly Agriculture. California Department of Fish and
Wildlife, Ecosystem Restoration Program, Sacramento, CA.

PUBLC REVIEW DRAFT – MARCH 2018

42

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

California Bay-Delta Program (CALFED). 2000. Programmatic Record of Decision.
Sacramento (CA): California Bay-Delta Program. 118 p.
California Department of Conservation (DOC). 2017. Farmland Mapping and Monitoring
Program (FMMP). ftp://ftp.consrv.ca.gov/pub/dlrp/fmmp/. Accessed October 2017.
California Department of Fish and Wildlife (CDFW). 2010. Hatchery and Stocking
Program - Draft Environmental Impact Report/Environmental Impact Statement.
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=15376.
California Department of Fish and Wildlife (CDFW), National Oceanic and Atmospheric
Administration (NOAA) and U.S. Fish and Wildlife Service (USFWS). 2014.
Ecosystem Restoration Program Plan and Annual Report Year 15. State FY 201415. June 30, 2014. https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=87988.
Accessed March 18, 2018.
California Department of Fish and Wildlife (CDFW). 2017. Delta Conservation
Framework. https://www.wildlife.ca.gov/conservation/watersheds/dcf.
California Department of Water Resources (DWR). 2012. 2012 Central Valley Flood
Protection Plan – Attachment 9C: Fish Passage Assessment.
https://www.water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/IntegratedRegional-Water-Management/Fish-Passage-Improvement-Program/BreakingDown-the-Fish-Passage-Barriers/Files/Central-Valley-Flood-Protection-PlanCVFPP-Volume-5-Attachment-9C-Fish-Passage-Assessment.pdf?la=en&hash=
F69D6173CD5F17D65FE2C54F5F7536E5F66E45EC. Accessed March 11, 2018.
California Department of Water Resources (DWR). 2013. Technologies for Passing Fish
at Large Dams (In draft). https://www.water.ca.gov/LegacyFiles/fishpassage/
docs/lg_dam.pdf. Accessed March 11, 2018.
California Department of Water Resources (DWR). 2014. Central Valley Flood System
Fish Migration Improvement Opportunities. Technical Report.
https://www.water.ca.gov/LegacyFiles/fishpassage/docs/FMIO.pdf. Accessed
March 11, 2018.
California Department of Water Resources (DWR). 2016a. Central Valley Flood
Protection Plan - 2017 Update. Planning and Policy Document. Sacramento, CA.
California Department of Water Resources (DWR). 2016b. CVFPP Draft Conservation
Strategy. http://www.water.ca.gov/conservationstrategy/cs_new.cfm.

PUBLC REVIEW DRAFT – MARCH 2018

43

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

California Department of Water Resources (DWR). 2016c. Appendix I. Floodplain
Restoration Opportunity Analysis. Technical Appendix to the CVFPP Conservation
Strategy. 2016. https://www.water.ca.gov/-/media/DWR-Website/WebPages/Programs/Flood-Management/Flood-Planning-and-Studies/CVFPPConservation-Strategy/Files/Appendix-I-Floodplain-Restoration-OpportunitiesAnalysis-FROA.pdf. Accessed March 17, 2018.
California Department of Water Resources (DWR). 2016d. Appendix K. Synthesis of
Fish Passage Improvement Opportunities for the Central Valley Flood System.
Technical Appendix to the CVFPP Conservation Strategy. 2016.
https://www.water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/IntegratedRegional-Water-Management/Fish-Passage-Improvement-Program/BreakingDown-the-Fish-Passage-Barriers/Files/Appendix-K-Synthesis-of-Fish-MigrationImprovement-Opportunities-in-the-Central-Valley-Flood-System.pdf?la=en&hash=
43030B3980EC2F6312A6FE39C9D86DDA71A4B95D. Accessed March 17, 2018.
California Environmental Protection Agency and Office of Environmental Health Hazard
Assessment (CalEPA and OEHHA). 2017. Update to the California Communities
Environmental Health Screening Tool: CalEnvironScreen 3.0. January 2017.
https://oehha.ca.gov/media/downloads/calenviroscreen/report/ces3report.pdf.
Accessed November 14, 2017.
California Hatchery Scientific Review Group (HSRG). 2012. California Hatchery Review
Report. Prepared for the US Fish and Wildlife Service and Pacific States Marine
Fisheries Commission. June 2012. 100 pp.
California Ocean Protection Council. 2017. Draft State of California Sea-Level Rise
Guidance: 2018 Update. http://www.opc.ca.gov/webmaster/_media_library/2017/
11/State-of-California-Sea-Level-Rise-Guidance_draft-final_11.15.17.pdf.
Callaway, J.C., E.L. Borgnis, R.E. Turner, and C.S. Milan. 2012. Carbon sequestration
and sediment accretion in San Francisco Bay tidal wetlands. Estuaries and Coasts
35: 1163–1181.
Cao, S., B. Zhong, H. Yue, H. Zeng, and J. Zeng. 2009. Development and testing of a
sustainable environmental restoration policy on eradicating the poverty trap in
China's Changting County. Proceedings of the National Academy of Sciences
106(26): 10712-10716.
Carwardine, J., C.J. Klein, K.A. Wilson, R.L. Pressey, and H.P. Possingham. 2009.
Hitting the target and missing the point: Target-based conservation planning in
context. Conservation Letters 2:4–11.

PUBLC REVIEW DRAFT – MARCH 2018

44

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Central Valley Water Quality Control Board (CVWQCB). 2017. TMDL and 303(d) List TMDL Projects in the Central Valley Region. https://www.waterboards.ca.gov/
centralvalley/water_issues/tmdl/central_valley_projects/.
Chaney, E., W. Elmore, and W.S. Platts. 1990. Livestock Grazing on Western Riparian
Areas. U.S. Environmental Protection Agency. 45 pp.
Chen, W.-H., K. Haunschild, J.R. Lund, and W.E. Fleenor. 2010. Current and long-term
effects of Delta water quality on drinking water treatment costs from disinfection
byproduct formation. San Francisco Estuary and Watershed Science, 8(3).
https://escholarship.org/uc/item/0qf4072h. Accessed March 18, 2018.
Childers, D.L., M.L. Cadenasso, J.M. Grove, V. Marshall, B. McGrath, and S.T. Pickett.
2015. An ecology for cities: A transformational nexus of design and ecology to
advance climate change resilience and urban sustainability. Sustainability 7(4):
3774-3791.
Cloern, J.E. 2007. Habitat connectivity and ecosystem productivity: Implications from a
simple model. American Naturalist 169(1): E000.
Cloern, J.E., A. Robinson, A. Richey, L. Grenier, R. Grossinger, K.E. Boyer, J. Burau, et
al. 2016. Primary production in the Delta: then and now. San Francisco Estuary
and Watershed Science 14(3). http://escholarship.org/uc/item/8fq0n5gx. Accessed
March 19, 2018.
Coates, P.S., B.E. Brussee, K.B. Howe, J.P. Fleskes, I.A. Dwight, D.P. Connelly, and
Meshriy, et al. 2017. Long-term and widespread changes in agricultural practices
influence ring-necked pheasant abundance in California. Ecology and Evolution
7(8): 2546–2559. http://dx.doi.org/10.1002/ece3.2675.
Constanza, R. and H.E. Daly. 1992. Natural capital and sustainable development.
Conservation Biology 6(1): 37-46.
Constanza, R., R. d’Arge, R. deGroot, S. Farber, M. Grasso, B. Hannon, K. Limburg, et
al. 1997. The value of the world’s ecosystem services and natural capital. Nature
387: 253-260.
Cooperrider, A.Y., R.J. Boyd, H.R. Stuart, S.L. McCullloch, P. Doran, L. Porzer, and J.
Kepner, et al. 1986. Inventory and Monitoring of Wildlife Habitat. U.S. Bureau of
Land Management Service Center. Denver, CO. 858 pp.
De Groot, R.S., J. Blignaut, and S. Van Der Ploeg. 2013. Benefits of investing in
ecosystem restoration. Conservation Biology 27(6): 1286-93.

PUBLC REVIEW DRAFT – MARCH 2018

45

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

DeHaven, R.W. 1989. Distribution, Extent, Replaceability and Relative Values to Fish
and Wildlife of Shaded Riverine Aquatic Cover of the Lower Sacramento River,
California. U.S. Fish and Wildlife Service Report, Sacramento Field Office. April
1989.
Delta Independent Science Board (Delta ISB). 2015. Review of SWRCB’s “Working
Draft Scientific Basis Report for New and Revised Flow Requirements on the
Sacramento River and Tributaries, Eastside Tributaries to the Delta, Delta Outflow,
and Interior Delta Operations” https://www.waterboards.ca.gov/waterrights/
water_issues/programs/bay_delta/bay_delta_plan/environmental_review/docs/
cmp_rvw_cmmnt_isb/20170228_disb_report.pdf. Accessed March 22, 2018.
Delta Protection Commission (DPC). 2012. Economic Sustainability Plan.
http://delta.ca.gov/wp-content/uploads/2016/10/Final_ESP_w_Appendices_
2012.pdf. Accessed March 22, 2018.
Delta Science Program. 2017. 2017-2021 Science Action Agenda.
http://scienceactionagenda.deltacouncil.ca.gov/sites/default/files/2017-2021-SAAfinal-Sept2017.pdf.
Delta Stewardship Council (DSC). 2013. Delta Plan. http://deltacouncil.ca.gov/deltaplan-0.
Delta Stewardship Council (DSC). 2014. Restoring Habitat with Science and Society in
Mind. http://deltacouncil.ca.gov/sites/default/files/documents/files/14-0923%20
Ecosystem%20issue%20paper%20Final_0.pdf.
Delta Stewardship Council (DSC). 2015. State Investments in Delta Levees. Key Issues
for Updating Priorities. Technical Report. January 2015. http://deltacouncil.ca.gov/
sites/default/files/2015/01/15-0109_Levee_Investment_Strategy_Issue_Paper.pdf.
Delta Stewardship Council (DSC). 2016. Advance Briefing Paper: Science Enterprise
Workshop. http://deltacouncil.ca.gov/docs/science-enterprise-workshop-advancebriefing-paper-nov-2016-2.
Delta Stewardship Council (DSC). 2017. Delta Levees Investment Strategy Final
Report. July 2017. http://deltacouncil.ca.gov/docs/delta-levees-investmentstrategy-final-report.
DeSante, D.F., and T.L. George. 1994. Population trends in the landbirds of western
North America. in J.R. Jehl, Jr. N.K. and Johnson (eds.). A Century of Avifaunal
Change in Western North America. Studies in Avian Biology 15: 173-190.

PUBLC REVIEW DRAFT – MARCH 2018

46

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Dettinger, M.D. 2016. Historical and future relations between large storms and droughts
in California. San Francisco Estuary and Watershed Science 14(2).
https://escholarship.org/uc/item/1hq3504j. Accessed March 22, 2018.
Dettinger, M., J. Anderson, M. Anderson, L.R. Brown, D. Cayan, and, E. Maurer. 2016.
Climate change and the Delta. San Francisco Estuary and Watershed Science
14(3): 1-26. https://escholarship.org/uc/item/2r71j15r. Accessed March 11, 2018.
Dettinger, M.D., M. Ghil, and C.L. Keppenne. Interannual and interdecadal variability in
United States surface-air temperatures, 1910-87. 1995. Climatic Change 31(1): 3566. https://doi.org/10.1007/BF01092980.
Doremus, H. 1991. Protecting the ark: Improving legal protection of biological diversity.
Ecology Law Quarterly 18(2): 265-333.
Drexler, J.Z. 2011. Peat formation processes through the millennia in tidal marshes of
the Sacramento-San Joaquin Delta, California, USA. Estuaries and Coasts 34:
900-911. DOI 910.1007/s12237-12011-19393-12237.
Drexler, J.Z., C.S. de Fontaine, and T.A. Brown. 2009. Peat accretion histories during
the past 6,000 years in marshes of the Sacramento-San Joaquin Delta, CA, USA.
Estuaries and Coasts 32: 871-892.
Dufour, S. and H. Piégay. 2009. From the myth of a lost paradise to targeted river
restoration: forget natural references and focus on human benefits. River research
and applications 25(5): 568-581.
Dunlap, R. and A. Mertig. 1992. American Environmentalism: The U.S. Environmental
Movement, 1970-1990. Taylor and Francis, Bristol, Pennsylvania.
Durand, J., W. Fleenor, R. McElreath, M.J. Santos, and P. Moyle. 2016. Physical
controls on the distribution of the submersed aquatic weed Egeria densa in the
Sacramento–San Joaquin Delta and implications for habitat restoration. San
Francisco Estuary and Watershed Science 14(1).
Dybala, K.E., A. Engilis Jr., J.A. Trochet, I.E. Engilis, and M.L. Truan. 2018. Evaluating
riparian restoration success: Long-term responses of the breeding bird community
in California’s Lower Putah Creek watershed. Ecological Restoration 36(1):76-85.

PUBLC REVIEW DRAFT – MARCH 2018

47

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Dybala, K.E., M.E. Reiter, C.M. Hickey, W.D. Shuford, K.M. Strum, and G.S. Yarris.
2017a. A bioenergetics approach to setting conservation objectives for nonbreeding shorebirds in California’s Central Valley. San Francisco Estuary and
Watershed Science 15(1). http://escholarship.org/uc/item/85c9h479. Accessed
March 11, 2018.
Dybala, K.E., N. Clipperton, T. Gardali, G.H. Golet, R. Kelsey, S. Lorenzato, R. Melcer,
et al. 2017b. Population and habitat objectives for avian conservation in
California's Central Valley riparian ecosystems. San Francisco Estuary and
Watershed Science 15(1). https://escholarship.org/uc/item/7fb4k88r. Accessed
March 11, 2018.
Dybala, K. E., Seavy, N. E., Dettling, M. D., Gilbert, M., Melcer Jr., R. and Gardali, T.
2014. Does restored riparian habitat create ecological traps for riparian birds
through increased cowbird nest parasitism? Ecological Restoration 32(3): 239-248.
Elphick, C.S. 2000. Functional equivalency between rice fields and seminatural wetland
habitats. Conservation Biology 14(1): 181-191.
Elmqvist, T., C. Folke, M. Nyström, G. Peterson, J. Bengtsson, B. Walker, and J.
Norberg. 2003. Response diversity, ecosystem change, and resilience. Frontiers in
Ecology and the Environment, 1(9): 488-494.
England, A.S., M.J. Bechard, and C.S. Houston. 1997. Swainson's Hawk. American
Ornithologists' Union. https://www.blm.gov/ca/pdfs/cdd_pdfs/swainhawk1.PDF.
Accessed March 11, 2018.
ESSA Technologies Ltd. 2013. The Delta Ecological Flows Tool: Record of Design
(v.1.1). Final. Prepared by ESSA Technologies Ltd., Vancouver, BC for The Nature
Conservancy, Chico, CA. 142 p. + Appendix. http://essa.com/wpcontent/uploads/2015/12/DeltaEFT_Version_1.1_RecordOfDesign_2013.pdf.
Accessed January 22, 2018.
Faaborg, J., R.T. Holmes, A.D. Anders, K.L. Bildstein, K.M. Dugger, S.A. Gauthreaux
Jr., P. Heglund, et al. 2010. Conserving migratory land birds in the New World: Do
we know enough? Ecological Applications 20: 398–418.
Falk, D.A., M.A. Palmer, and J.B. Zedler. 2007. Foundations of Restoration Ecology.
Island Press, Washington DC.
Fairbrother, M. 2016. Trust and public support for environmental protection in diverse
national contexts. Sociological Science 3(17): 359-382. DOI 10.15195/v3.a17.

PUBLC REVIEW DRAFT – MARCH 2018

48

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Farmer, J., D. Knapp, and G.M. Benton. 2007. An elementary school environmental
education field trip: Long-term effects on ecological and environmental knowledge
and attitude development. The journal of environmental education 38(3): 33-42.
Ferguson, T.W. and J.A. Tamburello. 2015. The natural environment as a spiritual
resource: A theory of regional variation in religious adherence. Sociology of
Religion 76(3): 295-314.
Feyrer, F., K. Newman, M. Nobriga, and T. Sommer. 2011. Modeling the effects of
future outflow on the abiotic habitat of an imperiled estuarine fish. Estuaries and
Coasts 34(1): 120–128. https://doi.org/10.1007/s12237-010-9343-9.
Fichot, C.G., B.D. Downing, B.A. Bergamaschi, L. Windham-Myers, M. MarvinDiPasquale, D.R. Thompson, and M. Gierach. 2016. High-resolution remote
sensing of water quality in the San Francisco Bay-Delta Estuary. Environmental
Science and Technology 50(2):573-583.
Fischer, J., B. Brosi, G.C. Daily, P.R. Ehrlich, R. Goldman, J. Goldstein, D.B.
Lindenmayer, et al. 2008. Should agricultural policies encourage land sparing or
wildlife-friendly farming? Frontiers in Ecology and the Environment 6(7): 380-385.
Fisher, B., K. Turner, M. Zylstra, R. Brouwer, R. deGroot, S. Farber, and P. Ferraro,
2008. Ecosystem services and economic theory: integration for policy‐relevant
research. Ecological applications 18(8): 2050-2067.
Fisher, B., R.K. Turner, and P. Morling. 2009. Defining and classifying ecosystem
services for decision making. Ecological Economics 68(3): 643-653.
Fleckenstein, J., M. Anderson, G. Fogg, and J. Mount. 2004. Managing surface watergroundwater to restore fall flows in the Cosumnes River. Journal of Water
Resources Planning and Management 130(4): 301–310.
https://watershed.ucdavis.edu/pdf/crg/reports/Fleckenstein_WRPM_2004.pdf.
Fleenor, W., P. Goodwin, P. Monsen, and C. Ruhl. 2016. On Estimating Net Delta
Outflow (NDO): Approaches to Estimating NDO in the Sacramento-San Joaquin
Delta. California Department of Water Resources, Bay-Delta Office.
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/delt
aflow/docs/ndo_report_march2016.pdf. Accessed March 11, 2018.
Foley, J.A., R. DeFries, G.P. Asner, C. Barford, G. Bonan, S.R. Carpenter, F.S. Chapin,
et al. 2005. Global consequences of land use. Science 309(5734): 570-574.

PUBLC REVIEW DRAFT – MARCH 2018

49

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Folke, C. 2006. Resilience: The emergence of a perspective for social–ecological
systems analyses. Global Environmental Change 16: 253–267.
Fong, S., S. Louie, I. Werner, J. Davis, R.E. and Connon. 2016. Contaminant effects on
California Bay–Delta species and human health. San Francisco Estuary and
Watershed Science, 14(4). http://escholarship.org/uc/item/52m780xj. Accessed
March 11, 2018.
Fox, P., P.H. Hutton, D.J. Howes, A.J. Draper, and L. Sears. 2015. Reconstructing the
natural hydrology of the San Francisco Bay–Delta watershed. Hydrology and Earth
System Sciences 19(10): 4257–4274. https://doi.org/10.5194/hess-19-4257-2015.
Accessed March 11, 2018.
Gardali, T., A. Holmes, S.L. Small, N. Nur, G.R. Geupel, and G.H. Golet. 2006.
Abundance patterns of landbirds in restored and remnant riparian forests on the
Sacramento River, California, USA. Restoration Ecology 14(3): 391-403.
Gardali, T., J.T. Marty, and G.S. Yarris. 2017. The science of setting conservation
objectives for birds in California’s Central Valley: An introduction. San Francisco
Estuary and Watershed Science 15(1): 1-4.
https://escholarship.org/uc/item/2hr1m395. Accessed March 11, 2018.
Gartrell, G., B. Gray, J. Mount, E. Hanak, and A. Escriva-Bou. 2017. A New Approach to
Accounting for Environmental Water. Public Policy Institute of California.
Sacramento, CA.
Geographic Information Center (GIC). 2003. The Central Valley Historic Mapping
Project. Technical Report. California State University, Chico, Department of
Geography and Planning. https://www.waterboards.ca.gov/waterrights/
water_issues/programs/bay_delta/docs/cmnt081712/sldmwa/csuchicodptof
geographyandplanningcentralvalley.pdf. Accessed March 11, 2018.
Goals Project. 2015. The Baylands and Climate Change: What We Can Do. Baylands
Ecosystem Habitat Goals Science Update 2015 prepared by the San Francisco
Bay Area Wetlands Ecosystem Goals Project. California State Coastal
Conservancy (CSCC), Oakland, CA.
Golet, G.H., D.L. Brown, M. Carlson, T. Gardali, A. Henderson, K.D. Holl, C.A. Howell,
et al. 2013. Successes, failures, and suggested future directions for ecosystem
restoration of the Middle Sacramento River, California. San Francisco Estuary and
Watershed Science 11(3):1-29. https://escholarship.org/uc/item/0db0t6j1.
Accessed March 11, 2018.

PUBLC REVIEW DRAFT – MARCH 2018

50

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Golet, G.H., T. Gardali, C.A. Howell, J. Hunt, R.A. Luster, W. Rainey, M.D. Roberts, et
al. 2008. Wildlife Response to Riparian Restoration on the Sacramento River. San
Francisco Estuary and Watershed Science 6(2).
https://escholarship.org/uc/item/4z17h9qm. Accessed March 11, 2018.
Gonthier D.J., K.K. Ennis, S. Farinas, H. Hsieh, A.L. Iverson, P. Batáry, J. Rudolphi, et
al. 2014. Biodiversity conservation in agriculture requires a multi-scale approach.
Proceedings of the Royal Society B, 281: 20141358.
http://dx.doi.org/10.1098/rspb.2014.1358. Accessed March 11, 2018.
Greco, S.E. and E.W. Larsen. 2014. Ecological design of multifunctional open channels
for flood control and conservation planning. Landscape and Urban Planning 131:
14-26.
Greco, S.E., A.K. Fremier, E.W. Larsen, and R.E. Plant. 2007. A tool for tracking
floodplain age land surface patterns on a large meandering river with applications
for ecological planning and restoration design. Landscape and Urban Planning 81:
354-373.
Greco, S.E. 2013. Patch change and the shifting mosaic of an endangered bird’s habitat
on a large meandering river. River Research and Applications 29(6): 707-717.
https://escholarship.org/uc/item/14g4w54k. Accessed March 18, 2018.
Grossman, G.D. 2016. Predation on fishes in the Sacramento–San Joaquin Delta:
Current knowledge and future directions. San Francisco Estuary and Watershed
Science 14(2). https://escholarship.org/uc/item/9rw9b5tj. Accessed March 11,
2018.
Hager, S. and L. Schemel. 1992. Sources of nitrogen and phosphorus to northern San
Francisco Bay. Estuaries and Coasts 15(1): 40–52. DOI: 10.2307/1352708.
Hanak, E., J. Lund, J. Durand, W. Fleenor, B. Gray, J. Medillin-Azuara, J. Mount, et al.
2013. Stress Relief: Prescriptions for a Healthier Delta Ecosystem. Technical
Report. Public Policy Institute of California. http://www.ppic.org/content/pubs/
report/R_413EH2R.pdf. Accessed March 22, 2018.
Harper, K. and S.R. Rajan. 2007. International environmental justice: Building the
natural assets of the World’s poor. Reclaiming Nature: Environmental Justice and
Ecological Restoration 327. https://scholarworks.umass.edu/anthro_faculty_
pubs/71. Accessed March 11, 2018.
Harris, J.A., R.J. Hobbs, E. Higgs, and J. Aronson. 2006. Ecological restoration and
global climate change. Restoration Ecology 14(2): 170-176.

PUBLC REVIEW DRAFT – MARCH 2018

51

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Healey, M., M. Dettinger, and R. Norgaard. 2016. Perspectives on Bay–Delta science
and policy. San Francisco Estuary and Watershed Science 14(4).
http://escholarship.org/uc/item/7jz6v535. Accessed March 11, 2018.
Hellmann, J.J., J.E. Byers, B.G. Bierwagen, and J.S. Dukes. 2008. Five potential
consequences of climate change for invasive species. Conservation Biology 22(3):
534-543.
Heynen, N.C., M. Kaika, and E. Swyngedouw, eds. 2006. In the Nature of Cities: Urban
Political Ecology and the Politics of Urban Metabolism. Vol. 3. Taylor & Francis.
Hilderbrand, R.H., A.C. Watts, and A.M. Randle. 2005. The myths of restoration
ecology. Ecology and Society 10(1): 19.
http://www.ecologyandsociety.org/vol10/iss1/art19/. Accessed March 11, 2018.
Hobbs, R.J. 2007. Setting effective and realistic restoration goals: key directions for
research. Restoration Ecology 15(2): 354-357.
Hobbs, R.J., E. Higgs, C.M. Hall, P. Bridgewater, F.S. Chapin III, E.C. Ellis, J.J. Ewel, et
al. 2014. Managing the whole landscape: historical, hybrid, and novel ecosystems.
Frontiers in Ecology and the Environment 12(10): 557-564.
Holden, E., K. Linnerud, and D. Banister. 2017. The imperatives of sustainable
development. Sustainable Development 25(3): 213-226.
Holifield, R. 2009. Actor-network theory as a critical approach to environmental justice:
A case against synthesis with urban political ecology. Antipode 41(4): 637–658.
Holling, C.S. 1973. Resilience and stability of ecological systems. Annual Review of
Ecology and Systematics 4: 1-23.
Holling, C.S. 2001. Understanding the complexity of economic, ecological, and social
systems. Ecosystems 4: 390–405.
Hoopa Valley Tribal Council. 2012. Comments on Draft Environmental Impact Report.
January 31, 2012. http://deltacouncil.ca.gov/docs/rtr001-response-commenthoopa-valley-tribal-council. Accessed January 24, 2018.
Howell, C.A., J.K. Wood, M.D. Dettling, K. Griggs, C.C. Otte, L. Lina, and T. Gardali,
2010. Least Bell’s Vireo Breeding Records in the Central Valley Following
Decades of Extirpation. Western North American Naturalist 80(1): 105-113.

PUBLC REVIEW DRAFT – MARCH 2018

52

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Jassby, A.D., W.J. Kimmerer, S.G. Monismith, C. Armor, J.E. Cloern, T.M. Powell, J.R.
Schubel, and T.J. Vendlinski. 1995. Isohaline position as a habitat indicator for
estuarine applications. Ecological Applications 5(1): 272-289.
Interagency Ecological Program (IEP). 2015. Management, Analysis, and Synthesis
Team. An Updated Conceptual Model of Delta Smelt Biology: Our Evolving
Understanding of an Estuarine Fish. Technical Report 90. January 2015.
Jodha, N.S. 2007. Natural resource management and poverty alleviation in mountain
areas. Reclaiming Nature: Environmental Justice and Ecological Restoration 55.
Johnson, A.S. 1989. The thin green line: Riparian corridors and endangered species in
Arizona and New Mexico. pp. 35-46 in: Mackintosh, G., (ed). Preserving
Communities and Corridors. Defenders of Wildlife, Washington DC.
Johnson, R.R., C.K. Baxter, and M.E. Estey. 2009. An Emerging agency-based
approach to conserving populations through strategic habitat conservation. pp.
201–223 in Millspaugh, J.J. and F.R. Thompson III (eds). Models for Planning
Wildlife Conservation in Large Landscapes. Academic Press, Burlington,
Massachusetts.
Johnson, R.R., L.T. Haight, and J.M. Simpson. 1977. Endangered species vs.
endangered habitat. pp. 68-79 in Proceedings of symposium on importance,
preservation, and management of the riparian habitat. USDA Forest Service
General Technical Report. RM-43, Rocky Mountain Forest and Range
Experimental Station., Ft. Collins, CO. 217 pp.
Junk, W.J., P.B. Bayley, and R.E. Sparks. 1989. The flood pulse concept in riverfloodplain systems. pp. 110-127 in Dodge, D. P. (ed). Proceedings of the
International Large River Symposium. Canadian Special Publication of Fisheries
and Aquatic Sciences 106.
Katibah, E.F. 1984. A brief history of riparian forests in the Central Valley of California.
California riparian systems: ecology, conservation, and productive management.
University of California Press, Berkeley, 23-29.
Kiernan, J.D., P.B. Moyle, and P.K. Crain. 2012. Restoring native fish assemblages to a
regulated California stream using the natural flow regime concept. Ecological
Applications 22(5): 1472-1482.
Kimmerer, W. 2004. Open water processes of the San Francisco Bay Estuary: from
physical forcing to biological responses. San Francisco Estuary and Watershed
Science 2(1). http://escholarship.org/uc/item/9bp499mv.

PUBLC REVIEW DRAFT – MARCH 2018

53

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

King, M., A. Smith, and M. Gracey. 2009. Indigenous health part 2: the underlying
causes of the health gap. The Lancet 374(9683): 76-85.
Knowles, N. 2002. Natural and management influences on freshwater inflows and
salinity in the San Francisco Estuary at monthly to interannual scales. Water
Resources Research 38(12):1-11.
Knox, S.H., C. Sturtevant, J.H. Matthes, L. Koteen, J. Verfaillie, and D. Baldocchi. 2014.
Agricultural peatland restoration: Effects of land-use change on greenhouse gas
(CO2 and CH4) fluxes in the Sacramento-San Joaquin Delta. Global Change
Biology 21 (2): 750-765.
Krech, S. 2000. The Ecological Indian: Myth and History. WW Norton & Company.
Kurien, J. 2007. The blessing of the commons: Small-scale fisheries, community
property rights, and coastal natural assets. Reclaiming Nature: Environmental
Justice and Ecological Restoration 1: 23.
http://opendocs.ids.ac.uk/opendocs/handle/123456789/3055. Accessed March 11,
2018.
Lambeck, R.J. 1997. Focal species: A multi-species umbrella for nature conservation.
Conservation Biology 11(4): 849–856.
LandIQ. 2016. Interim Report: Irrigation Training & Research Center (ITRC).
Larsen, E.W. and S.E. Greco. 2002. Modeling channel management impacts on river
migration: A case study of Woodson Bridge State Recreation Area, Sacramento
River, California, USA. Environmental Management 30(2): 209-224.
Lebassi, B., J. Gonzalez, D. Fabris, E. Maurer, N. Miller, C. Milesi, p. Switzer, and R.
Bornstein. 2009. Observed 1970-2005 cooling of summer daytime temperatures in
coastal California. Journal of Climate 22:3558-3573.
http://dx.doi.org/10.1175/2008JCLI2111.1.
Lehman, B., D.D. Huff, S.A. Hayes, and S.T. Lindley. 2017. Relationships between
Chinook Salmon swimming performance and water quality in the San Joaquin
River, California. Transactions of the American Fisheries Society 146(2): 349-358.
https://www.tandfonline.com/doi/full/10.1080/00028487.2016.1271827. Accessed
March 18, 2018.

PUBLC REVIEW DRAFT – MARCH 2018

54

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Le Luyer, J., M. Laporte, T.D. Beacham, K.H. Kaukinen, R.E. Withler, J.S. Leong, E.B.
Rondeau, B.F. Koop, and L. Bernatchez. 2017. Parallel epigenetic modifications
induced by hatchery rearing in a Pacific salmon. Proceedings of the National
Academy of Sciences 114(49): 12964-12969.
Lindenmayer, D.B., A.D. Manning, P.L. Smith, H.P. Possingham, J. Fischer, I. Oliver,
and M.A. McCarthy. 2002. The focal-species approach and landscape restoration:
A critique. Conservation Biology 16(2): 338-345.
Littlefield, C.D. and G.L. Ivey. 2000. Conservation Assessment for Greater Sandhill
Cranes Wintering on the Cosumnes River Floodplain and Delta Regions of
California. The Nature Conservancy, Galt, California.
https://watershed.ucdavis.edu/pdf/crg/reports/crane2001.pdf.
Lubell, M. 2002. Environmental activism as a collective action. Environment and
Behavior 34(4): 431-454.
Lubell, M., G. Robins, P. and Wang. 2014. Network structure and institutional
complexity in an ecology of water management games. Ecology and Society 19(4).
http://dx.doi.org/10.5751/ES-06880-190423. Accessed March 11, 2018.
Lund, J.R. 2013. Adaptive management and science for the Delta ecosystem. San
Francisco Estuary and Watershed Science 11(3).
https://escholarship.org/uc/item/1h57p2nb. Accessed March 11, 2018.
Lund, J.R. 2016. California’s agricultural and urban water supply reliability and the
Sacramento–San Joaquin Delta. San Francisco Estuary and Watershed Science
14(3). https://escholarship.org/uc/item/49x7353k. Accessed March 11, 2018.
Lund, J., E. Hanak, W. Fleenor, R. Howitt, J. Mount, and P. Moyle. 2007. Envisioning
Futures for the Sacramento–San Joaquin Delta. San Francisco (CA): Public Policy
Institute of California. 285 p.
Lund, J., E. Hanak, W. Fleenor, W. Bennett, R. Howitt, J. Mount, and P. Moyle. 2010.
Comparing Futures for the Sacramento-San Joaquin Delta. University of California
Press, Berkeley, CA.
Lundholm, J.T. and A. Marlin. 2006. Habitat origins and microhabitat preferences of
urban plant species. Urban Ecosystems 9(3): 139-159.
Lundholm, J.T. and P.J. Richardson. 2010. Mini-review: Habitat analogues for
reconciliation ecology in urban and industrial environments. Journal of Applied
Ecology 47(5): 966-975.

PUBLC REVIEW DRAFT – MARCH 2018

55

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Luoma, S.N., C.N. Dahm, M. Healey, and J.N. Moore,. 2015. Challenges facing the
Sacramento–San Joaquin Delta: complex, chaotic, or simply cantankerous? San
Francisco Estuary and Watershed Science 13(3).
http://escholarship.org/uc/item/3nd0r71d. Accessed March 11, 2018.
MacKerron, G. and S. Mourato. 2013. Happiness is greater in natural environments.
Global Environmental Change 23(5): 992-1000.
Madani, K. and J.R. Lund. 2011. California’s Sacramento–San Joaquin Delta conflict:
From cooperation to chicken. Journal of Water Resources Planning and
Management 138(2): 90-99.
Margules, C. and R. Pressey. 2000. Systematic conservation planning. Nature 405:243253.
Matella, M.K. and A.M. Merenlender. 2015. Scenarios for restoring floodplain ecology
given changes to river flows under climate change: case from the San Joaquin
River, California: Scenarios for restoring floodplain ecology. River Research and
Applications 31(3): 280–290. https://doi.org/10.1002/rra.2750.
Maxwell, S.L., R.A. Fuller, T.M. Brooks, and J.E.M. Watson. 2016. Biodiversity: The
ravages of guns, nets and bulldozers. Nature 536(7615): 143-145.
McDonald, T., G.D. Gann, J. Jonson, and K.W. Dixon. 2016. International Standards for
the Practice of Ecological Restoration – Including Principles and Key Concepts.
Society for Ecological Restoration, Washington, DC.
McKenzie, A.J., S.B. Emery, J.R. Franks, and M.J. Whittingham. 2013. Landscapescale conservation: collaborative agri-environment schemes could benefit both
biodiversity and ecosystem services, but will farmers be willing to participate?
Journal of Applied Ecology 50: 1274-1280. doi:10.1111/1365-2664.12122.
Melcer Jr., R. and K. Anderson. 2017. Managing Expectations – An Assessment of
Land Use and Ecological Restoration in the Sacramento – San Joaquin Delta.
Poster Presentation. State of the Estuary Conference, Oakland, CA.
Metrick, A. and M.L. Weitzman. 1998. Conflicts and choices in biodiversity preservation.
Journal of Economic Perspectives 12: 21-34.
Milligan, B. and A. Kraus-Polk. 2016. Human Use of Restored and Naturalized Delta
Landscapes. UC Davis. https://watershed.ucdavis.edu/files/biblio/Human%20
Use%20Report_for%20screen%20viewing%20%28spreads%29.compressed.pdf.
Accessed January 24, 2018.

PUBLC REVIEW DRAFT – MARCH 2018

56

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Milligan, B. and A. Kraus-Polk. 2017a. Evolving the evolving: territory, place and
rewilding in the California Delta. Urban Planning 2(4): 93.
Milligan, B. and A. Kraus-Polk. 2017b. Inhabiting the Delta: A landscape approach to
transformative socio-ecological restoration. San Francisco Estuary and Watershed
Science 15(3). https://escholarship.org/uc/item/9352n7cn. Accessed March 11,
2018.
Mitsch, W.J. and J.G. Gosselink. 2000. The value of wetlands: Importance of scale and
landscape setting. Ecological economics 35(1): 25-33.
Monismith, S. 2016. A Note on Delta outflow. San Francisco Estuary and Watershed
Science 14(3). https://doi.org/10.15447/sfews.2016v14iss3art3. Accessed March
11, 2018.
Moore, J.W. 2014. The end of cheap nature, or, how I learned to stop worrying about
‘the’ environment and love the crisis of capitalism. pp. 285-314 in Structures of the
World Political Economy and the Future of Global Conflict and Cooperation.
https://www.researchgate.net/publication/264707683. Accessed March 11, 2018.
Moore, S.S., N.E. Seavy, and M. Gerhart. 2013. Scenario Planning for Climate Change
Adaptation: A Guidance for Resource Managers. Point Blue Conservation Science
and California Coastal Conservancy.
http://www.prbo.org/refs/files/12263_Moore2013.pdf. Accessed March 11, 2018.
Morelli, T.L., C. Daly, S.Z. Dobrowski, D.M. Dulen, J.L. Ebersole, S.T. Jackson, J.D.
Lundquist, et al. 2017. Managing climate change refugia for climate adaptation.
PLoS ONE 12(1): e0169725. https://doi.org/10.1371/journal.pone.0169725.
Accessed March 11, 2018.
Mount, J., W. Bennett, J. Durand, W. Fleenor, E. Hanak, J. Lund, and P. Moyle. 2012.
Aquatic Ecosystem Stressors in the Sacramento–San Joaquin Delta (No.
R_612JMR). Sacramento: Public Policy Institute of California.
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.367.1509. Accessed
March 11, 2018.
Mount, J. and R. Twiss. 2005. Subsidence, sea level rise, and seismicity in the
Sacramento-San Joaquin Delta. San Francisco Estuary and Watershed Science
3(1). https://escholarship.org/uc/item/4k44725p. Accessed March 11, 2018.
Mount, J., W. Bennett, J. Durand, W. Fleenor, E. Hanak, J. Lund, and P. Moyle. 2012.
Aquatic Ecosystem Stressors in the Sacramento–San Joaquin Delta. Public Policy
Institute of California. http://www.ppic.org/content/pubs/report/R_612JMR.pdf.

PUBLC REVIEW DRAFT – MARCH 2018

57

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Moyle, P., J. Israel, and S. Purdy. 2008. Salmon, Steelhead, and Trout in California:
Status of an Emblematic Fauna. Report prepared for California Trout.
https://watershed.ucdavis.edu/pdf/SOS-Californias-Native-Fish-Crisis-FinalReport.pdf. Accessed March 17, 2018.
Moyle, P.B, J.R. Lund, W.A. Bennett, and W.E. Fleenor. 2010. Habitat variability and
complexity in the Upper San Francisco Estuary. San Francisco Estuary and
Watershed Science, 8(3). https://escholarship.org/uc/item/0kf0d32x. Accessed
March 17, 2018.
Moyle, P., W. Bennett, J. Durand, W, Fleenor, B. Gray, E. Hanak, and J. Mount. 2012.
Where the Wild Things Aren’t: Making the Delta a Better Place for Native Species.
http://www.ppic.org/content/pubs/report/R_612PMR.pdf. Accessed March 11,
2018.
Moyle, P.B., J.D. Kiernan, P.K. Crain, and R.M. Quiñones. 2013. Climate change
vulnerability of native and alien freshwater fishes of California: A systematic
assessment approach. PLoS ONE 8: e63883.
http://dx.doi.org/10.1371/journal.pone.0063883. Accessed March 11, 2018.
Moyle, P.B. and W.A. Bennett. 2008. The Future of the Delta Ecosystem and Its Fish.
Technical Appendix D. Comparing Futures for the Sacramento–San Joaquin Delta.
San Francisco: Public Policy Institute of California.
Murombedzi, J.C. 2007. Community rights and wildlife stewardship: Zimbabwe’s
CAMPFIRE programme. Reclaiming Nature: Environmental Justice and Ecological
Restoration 1: 313.
Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. da Fonseca, and J. Kent. 2000.
Biodiversity hotspots for conservation priorities. Nature 403(6772): 853-858.
Myers, R.A., S.A. Levin, R. Lande, F.C. James, W.W. Murdoch, and R.T. Paine. 2004.
Hatcheries and endangered salmon. Science 303(5666): 1980.
Naess, A. 1973. The shallow and the deep, long‐range ecology movement. A summary.
Inquiry 16:1-4, 95-100. https://doi.org/10.1080/00201747308601682.
Nagarkar, M. and K. Raulund-Rasmussen. 2016. An appraisal of adaptive management
planning and implementation in ecological restoration: case studies from the San
Francisco Bay Delta, USA. Ecology and Society 21(2):43.
http://dx.doi.org/10.5751/ES-08521-210243.

PUBLC REVIEW DRAFT – MARCH 2018

58

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Naiman, R.J., H. Décamps, J. Pastor, and C.A. Johnston. 1988. The potential
importance of boundaries of fluvial ecosystems. Journal of the North American
Benthological Society 7(4): 289-306.
Naiman, R.J., and H. Decamps. 1997. The ecology of interfaces: Riparian zones.
Annual Review of Ecology and Systematics 28: 621-658.
Naiman, R.J., H. Decamps, and M. Pollock. 1993. The role of riparian corridors in
maintaining regional biodiversity. Ecological Applications 3(2): 209-212.
Narain, S. and A. Agarwal. 2007. Harvesting the rain: Fighting ecological poverty
through participatory democracy. Reclaiming Nature: Environmental Justice and
Ecological Restoration, 89.
National Marine Fisheries Service (NMFS). 2009. Biological Opinion and Conference
Opinion on the Long-term Operations of the Central Valley Project and the State
Water Project. National Marine Fisheries Service, Long Beach, California.
National Marine Fisheries Service (NMFS). 2014. Recovery Plan for the Evolutionarily
Significant Units of Sacramento River Winter-Run Chinook Salmon and Central
Valley Spring-Run Chinook Salmon and the Distinct Population Segment of
California Central Valley Steelhead. http://www.westcoast.fisheries.noaa.gov/
publications/recovery_planning/salmon_steelhead/domains/california_
central_valley/final_recovery_plan_07-11-2014.pdf.
The Nature Conservancy (TNC). 2017. California Salmon Snapshots: Why Salmon
matters. http://www.casalmon.org/why-salmon-matter. Accessed January 23,
2018.
Nerem, R.S., B.D. Beckley, J.T. Fasullo, B.D. Hamlington, D. Masters, and G.T.
Mitchum. 2018. Climate-change–driven accelerated sea-level rise detected in the
altimeter era. Proceedings of the National Academy of Sciences, Feb 2018,
201717312; DOI:10.1073/pnas. http://www.pnas.org/content/early/2018/
02/06/1717312115.short. Accessed March 4, 2018.
Nilsson, C. and M. Svedmark. 2002. Basic principles and ecological consequences of
changing water regimes: Riparian plant communities. Environmental Management
30(4): 468-480.
Nobriga, M.L. and F. Feyrer. 2007. Shallow-water piscivore-prey dynamics in
California's Sacramento–San Joaquin Delta. San Francisco Estuary and
Watershed Science 5(2). https://escholarship.org/uc/item/387603c0. Accessed
March 11, 2018.

PUBLC REVIEW DRAFT – MARCH 2018

59

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Norgaard, R B. 2009. The environmental case for a collective assessment of
economism. pp. 114-138 in Holt, R. P. F., Pressman, S., and Spash, C. L., (eds.).
Post Keynesian and Ecological Economics: Confronting Environmental Issues.
Edward Elgar Publishing.
Norgaard, R.B. 2010. Ecosystem services: From eye-opening metaphor to complexity
blinder. Ecological Economics 69: 1219-1227.
Null, S.E., J. Medellin-Azuara, A. Escriba-Bou, M. Lent, and J. Lund. 2014. Optimizing
the dammed: Water supply losses and habitat gains from dam removal in
California. Journal of Environmental Management 136: 121-131.
Ohmart, R.D. 1996. Historical and present impacts of livestock grazing on fish and
wildlife resources in western riparian habitats. pp. 245-279 in Krausman, P. R.,
(ed.). Rangeland Wildlife. Society for Range Management., Denver CO.
Opperman, J.J., R. Luster, B.A. McKenney, M. Roberts, and A.W. Meadows. 2010.
Ecologically Functional Floodplains: Connectivity, Flow Regime, and Scale. Wiley
Online Library. http://onlinelibrary.wiley.com/doi/10.1111/j.1752-1688.2010.
00426.x/full.
Palmer, M.A. and S. Filoso. 2009. Restoration of ecosystem services for environmental
markets. Science 325:575-576.
Palmer, M.A. and J.B. Ruhl. 2015. Aligning restoration science and the law to sustain
ecological infrastructure for the future. Frontiers in Ecology 13(9): 512-519.
Palmer, M.A., E.S. Bernhardt, J.D. Allan, P.S. Lake, G. Alexander, S. Brooks, J. Carr, et
al. 2005. Standards for ecologically successful river restoration. Journal of Applied
Ecology 42(2): 208-217.
Palmer, M.A., J.B. Zedler, and D.A. Falk. 2016a. Foundations of Restoration Ecology.
Society for Ecological Restoration.
Palmer, M.A., J.B. Zedler,. and D.A. Falk. 2016b. Ecological theory and restoration
ecology. pp. 1-10 in Palmer, M.A., J.B. Zedler, D.A. Falk (eds.). Foundations of
Restoration Ecology. Island Press, Washington D.C.
Pastor, M. 2007. Environmental justice: Reflections for the United States. Reclaiming
Nature: Environmental Justice and Ecological Restoration 1: 351.

PUBLC REVIEW DRAFT – MARCH 2018

60

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Peh, K.S.H., A. Balmford, R.H. Field, A. Lamb, J.C. Birch, R.B. Bradbury, C. Brown, et
al. 2014. Benefits and costs of ecological restoration: Rapid assessment of
changing ecosystem service values at a U.K. wetland. Ecology and Evolution 4:
3875-3886. https://onlinelibrary.wiley.com/doi/epdf/10.1002/ece3.1248. Accessed
March 22, 2018.
Peterson, G., C.R. Allen, and C.S. Holling. 1998. Ecological resilience, biodiversity, and
scale. Ecosystems 1: 6-18.
Phalan, B., M. Onial, A. Balmford, and R.E. Green. 2011. Reconciling food production
and biodiversity conservation: Land sharing and land sparing compared. Science
333(6407): 1289-1291.
Philip Williams and Associates. 2003. An Overview of the Potential for Achieving Largescale System-wide Ecologic Restoration Benefits with a Modified Yolo Bypass.
Prepared for Sacramento Flood Control Agency, San Francisco, CA.
Poff, N.L. 2017. Beyond the natural flow regime? Broadening the hydro‐ecological
foundation to meet environmental flows challenges in a non‐stationary world.
Freshwater Biology. Freshwater Biol. 2017 00: 1–11.
https://doi.org/10.1111/fwb.13038. Accessed March 17, 2018.
Poff, N.L., J.D. Allan, M.B. Bain, J.R. Karr, K.L. Prestegaard, B.D. Richter, R.E. Sparks,
et al. 1997. The natural flow regime. BioScience 47(11): 769-784.
Postel, S. and S. Carpenter. 1997. Freshwater ecosystem services. pp. 195–214 in
Daily, G.C. (ed.). Nature’s Services: Societal Dependence on Natural Ecosystems.
Island Press, Washington, DC.
Rahel, F.J. and J.D. Olden. 2008. Assessing the effects of climate change on aquatic
invasive species. Conservation Biology 22(3): 521-533.
Rahman, M.M. and S.F. Minkin. 2007. Net benefits: The ecological restoration of inland
fisheries in Bengladesh. Reclaiming Nature: Environmental Justice and Ecological
Restoration 111.
Reed, D.J. 2002. Understanding tidal marsh sedimentation in the Sacramento-San
Joaquin Delta, California. Journal of Coastal Research 36: 605-611.
Ricketts, T.H., G.C. Daily, P.R. Ehrlich, and J.P. Fay. 2001. Countryside biogeography
of moths in a fragmented landscape: biodiversity in native and agricultural habitats.
Conservation Biology 15: 378–388. doi:10.1046/j.1523-1739.2001.015002378.x.

PUBLC REVIEW DRAFT – MARCH 2018

61

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Riparian Habitat Joint Venture (RHJV). 2004. The Riparian Bird Conservation Plan: A
Strategy for Reversing the Decline of Riparian Associated Birds in California.
California Partners in Flight. http://www.prbo.org/calpif/pdfs/riparian_v-2.pdf.
Roche, M. and C. Rolley. 2011. Workplace wellbeing on Maungataturi Mountain: The
connection between ecological restoration and workplace happiness. The Journal
of Applied Business Research 27(2): 115-125.
Rosenzweig, M.L. 2003. Reconciliation ecology and the future of species diversity. Oryx
37(2): 194-205.
Sandstrom, P.T., D.L. Smith, and B. Mulvey. 2013. Two-Dimensional (2-D) Acoustic
Fish Tracking at River Mile 85, Sacramento River, California. US Army Engineer
Research and Development Center, Environmental Laboratory, Technical Report.
Volume 13, Issue 7. http://www.dtic.mil/dtic/tr/fulltext/u2/a583086.pdf. Accessed
March 20, 2018.
San Francisco Estuary Institute-Aquatic Science Center (SFEI-ASC). 2014. A Delta
Transformed: Ecological Functions, Spatial Metrics, and Landscape Change in the
Sacramento-San Joaquin Delta. Prepared for the California Department of Fish
and Wildlife and Ecosystem Restoration Program. A Report of SFEI-ASC’s
Resilient Landscapes Program, Publication #729. Richmond, CA.
San Francisco Estuary Institute – Aquatic Science Center (SFEI-ASC). 2015.
Landscape Resilience Framework: Operationalizing Ecological Resilience at the
Landscape Scale. Prepared for Google Ecology Program. A Report of SFEI-ASC’s
Resilient Landscapes Program, Publication #752, San Francisco Estuary Institute,
Richmond, CA. http://resilientsv.sfei.org/sites/default/files/general_
content/SFEI_2015_Landscape%20Resilience%20Framework.pdf. Accessed
March 1, 2017.
San Francisco Estuary Institute – Aquatic Science Center (SFEI-ASC). 2016. A Delta
Renewed: A Guide to Science-Based Ecological Restoration in the SacramentoSan Joaquin Delta. Delta Landscapes Project. Prepared for the California
Department of Fish and Wildlife and Ecosystem Restoration Program. A Report of
SFEI-ASC’s Resilient Landscapes Program. http://www.sfei.org/sites/default/files/
biblio_files/DeltaRenewed_v1pt3_111516_lowres.pdf. Accessed November 1,
2017.
Sankey, J.B., J. Kreitler, T.J. Hawbaker, J.L. McVay, M.E. Miller, E.R. Mueller, N.M.
Vaillant, et al. 2017. Climate, wildfire, and erosion ensemble foretells more
sediment in western USA watersheds. Geophysical Research Letters 44: 88848892. https://doi.org/10.1002/2017GL073979. Accessed March 22, 2018.

PUBLC REVIEW DRAFT – MARCH 2018

62

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Schröter, M., E.H. van der Zanden, A.P.E. van Oudenhoven, R.P. Remme, H.M. SernaChavez, R.S. deGroot, and P. Opdam. 2014. Ecosystem services as a contested
concept: a synthesis of critique and counter-arguments. Conservation Letters 7(6):
514-523.
Schumm, S.A. 1977. Evolution and response of the fluvial system, sedimentologic
implications. The Society of Economic Paleontologists and Mineralogists Special
Publication 31:19-29.
Schwarzenbach, R.P., T. Egli, T.B. Hofstetter, U. von Gunten, and B. Wehrli. 2010.
Global water pollution and human health. Annual Review of Environment and
Resources 35: 109-136.
Seastedt, T.R., R. Hobbs, and K.N. Suding. 2008. Management of novel ecosystems:
Are novel approaches required? Frontiers in Ecology and the Environment 6(10):
547-553. http://research-repository.uwa.edu.au/files/1573482/11401_
PID11401.pdf. Accessed March 19, 2018.
Seavy, N.E., T. Gardali, G.H. Golet, T.F. Griggs, C. Howell, R. Kelsey, S. Small. et al.
2009. Why climate change makes riparian restoration more important than ever:
Recommendations for practice and research. Ecological Restoration 27(3).
https://watershed.ucdavis.edu/library/why-climate-change-makes-riparianrestoration-more-important-ever-recommendations-practice. Accessed March 11,
2018.
Shackelford, G. E., R. Kelsey, R.J. Robertson, D.R. Williams, and L.V. Dicks. 2017.
Sustainable Agriculture in California and Mediterranean Climates: Evidence for the
Effects of Selected Interventions. Synopses of Conservation Evidence Series.
University of Cambridge, Cambridge, UK. https://www.researchgate.net/
profile/Rodd_Kelsey/publication/318661234. Accessed March 11, 2018.
Shackelford, N., R.J. Hobbs, J.M. Burgar, T.E. Erickson, J.B. Fontaine, E. Laliberté,
C.E. Ramalho, et al. 2013. Primed for change: developing ecological restoration
for the 21st century. Restoration Ecology 21(3): 297-304.
Sharma, P., C.E. Jones, J. Dudas, G.W. Bawden, and S. Deverel. 2016. Monitoring of
subsidence with UAVSAR on Sherman Island in California’s Sacramento-San
Joaquin Delta. Remote Sensing of Environment 181: 218-236.
Schoellhamer, D.H., S.A. Wright, S.G. Monismith, and B.A. Bergamaschi. 2016. Recent
advances in understanding flow dynamics and transport of water-quality
constituents in the Sacramento–San Joaquin River Delta. San Francisco Estuary
and Watershed Science 14(4).

PUBLC REVIEW DRAFT – MARCH 2018

63

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Shingle Springs Band of Miwok Indians. 2016. Environmental Management Plan.
http://www.shinglespringsrancheria.com/ssr/wp-content/uploads/documents/
policies/Environmental%20Management%20Plan.pdf. Accessed March 20, 2018.
Shuford, W.D. and K.E. Dybala. 2017. Conservation Objectives for Wintering and
Breeding Waterbirds in California’s Central Valley. San Francisco Estuary and
Watershed Science 15(1). http://escholarship.org/uc/item/5tp5m718. Accessed
March 11, 2018.
Shuford, W.D. and M. Hertel. 2017. Bird species at risk in California’s Central Valley: A
framework for setting conservation objectives. San Francisco Estuary and
Watershed Science 15(1). http://escholarship.org/uc/item/63j6s1tb. Accessed
March 11, 2018.
Shuford, W.D., M. Reiter, K. Strum, M. Gilbert, C. Hickey, and G. Golet. 2016. The
benefits of crops and field management practices to wintering waterbirds in the
Sacramento–San Joaquin River Delta of California. Renewable Agriculture and
Food Systems 31(6): 495-506. doi:10.1017/S174217051500040X.
Silvera J.G., F.T. Griggs, D.W. Burkett, K.Y. Buer, D.S. Efseaff, G.H. Golet, S.L. Small,
et al. 2003 An ecological approach to restoring riparian habitats at the Llano Seco
Unit, Sacramento River National Wildlife Refuge. pp. 239-252, in Faber, P.M. (ed).
2003. California Riparian Systems: Processes and Floodplain Management,
Ecology and Restoration. 2001 Riparian Habitat and Floodplains Conference
Proceedings, Riparian Habitat Joint Venture, Sacramento, California.
Singer, P. 2015. Writings on an Ethical Life. Open Road Media.
Smith, P., M.R. Ashmore, H.I. Black, P.J. Burgess, C.D. Evans, T.A. Quine, A.M.
Thomson, et al. 2013. The role of ecosystems and their management in regulating
climate, and soil, water and air quality. Journal of Applied Ecology 50(4): 812-829.
Society for Ecological Restoration (SER) International Science & Policy Working Group.
2004. The SER International Primer on Ecological Restoration. www.ser.org &
Tucson: Society for Ecological Restoration International.
Sommer, T., B. Harrell, M. Nobriga, R. Brown, P. Moyle, W. Kimmerer, and L. Schemel.
2001. California's Yolo Bypass: Evidence that flood control can be compatible with
fisheries, wetlands, wildlife, and agriculture. Fisheries 26(8): 6-16.
Soule, M.E. 1985. What is conservation biology? BioScience 35(11): 727-734.

PUBLC REVIEW DRAFT – MARCH 2018

64

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Speldewinde, P.C., D. Slaney, and P. Weinstein. 2015. Is restoring an ecosystem good
for your health? Science of The Total Environment 502: 276-279.
Stallins, J.A. 2006. Geomorphology and ecology: Unifying themes for complex systems
in biogeomorphology. Geomorphology 77(3-4): 207-216.
Standish, R.J., R.J. Hobbs, M.M. Mayfield, B.T. Bestelmeyer, K.N. Suding, L.L.
Battaglia, V. Eviner, et al. 2014. Resilience in ecology: Abstraction, distraction, or
where the action is? Biological Conservation 177: 43-51.
State Water Resources Control Board (SWRCB). 2017. Scientific Basis Report in
Support of New and Modified Requirements for Inflows from the Sacramento River
and its Tributaries and Eastside Tributaries to the Delta, Delta Outflows, Cold
Water Habitat, and Interior Delta Flows. Prepared by State Water Resources
Control Board, California Environmental Protection Agency, Sacramento, CA, with
assistance from ICF, Sacramento, CA. https://www.waterboards.ca.gov/
water_issues/programs/peer_review/docs/scientific_basis_phase_ii/
201710_bdphaseII_sciencereport.pdf. Accessed March 22, 2018.
Stella, J.C., J.J. Battles, J.R. McBride, and B.K. Orr. 2010. Riparian seedling mortality
from simulated water table recession, and the design of sustainable flow regimes
on regulated rivers. Restoration Ecology 18: 284–294.
https://doi.org/10.1111/j.1526-100X.2010.00651.x.
Stern, M., L. Flint, J. Minear, A. Flint, and S. Wright. 2016. Characterizing changes in
streamflow and sediment supply in the Sacramento River basin, California, using
hydrological simulation program—FORTRAN (HSPF). Water 8(10): 432.
doi:10.3390/w8100432.
Suddeth Grimm, R. and J.R. Lund. 2016. Multi-Purpose Optimization for Reconciliation
Ecology on an Engineered Floodplain--Yolo Bypass, California, USA. San
Francisco Estuary and Watershed Science 14(1).
https://doi.org/10.15447/sfews.2016v14iss1art5. Accessed March 11, 2018.
Suding, K.N. 2011. Toward an era of restoration in ecology: Successes, failures, and
opportunities ahead. Annual Review of Ecology, Evolution, and Systematics
42:465-487.
Suding, K., E. Higgs, M. Palmer, J.B. Callicott, C.B. Anderson, M. Baker, J.J. Gutrich, et
al. 2015. Committing to ecological restoration. Science 348(6235): 638-640.
Svejcar, T. 1997. Riparian zones: 1) What are they and how do they work? Rangelands
19(4): 4-7.

PUBLC REVIEW DRAFT – MARCH 2018

65

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Ta, J., L.W.J. Anderson, M.A. Christman, S. Khanna, D. Kratville, J.D. Madsen, P.J.
Moran, and J.H. Viers. 2017. Invasive aquatic vegetation management in the
Sacramento–San Joaquin River Delta: Status and recommendations. San
Francisco Estuary and Watershed Science 15(4).
https://escholarship.org/uc/item/828355w6. Accessed March 11, 2018.
Tanaka, S.K., C.R. Connell-Buck, K. Madani, J. Medellin-Azuara, J.R. Lund, and E.
Hanak. 2011. Economic Costs and Adaptations for Alternative Regulations of
California's Sacramento–San Joaquin Delta. San Francisco Estuary and
Watershed Science 9(2).
Tear, T.H., P. Karieva, P.L. Angermeier, P. Comer, B. Czech, R. Kautz, L. Landon, D.
Mehlman, et al. 2005. How much is enough? The recurrent problem of setting
measurable objectives in conservation. BioScience 55(10): 835-849.
Tscharntke, T., A.M. Klein, A. Kruess, I. Steffan-Dewenter, and C. Thies. 2005
Landscape perspectives on agricultural intensification and biodiversity: Ecosystem
service management. Ecology Letters 8(8): 857-874.
Turner, R.K. and G.C. Daily. 2008. The ecosystem services framework and natural
capital conservation. Environmental and Resource Economics 39(1): 25-35.
Underwood, E.C., R.A. Hutchinson, J.H. Viers, T.R. Kelsey, T. Distler, and J. Marty.
2017. Quantifying trade-offs among ecosystem services, biodiversity, and
agricultural returns in an agriculturally dominated landscape under future land
management scenarios. San Francisco Estuary and Watershed Science 15(2).
http://escholarship.org/uc/item/8700x95f. Accessed March 11, 2018.
United States Army Corps of Engineers (USACE). 2017. Levee Setbacks: An
Innovative, Cost-Effective, and Sustainable Solution for Improved Flood Risk
Management. June 2017. http://www.dtic.mil/dtic/tr/fulltext/u2/1036398.pdf.
Accessed March 11, 2018.
Vannote, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell, C.E. and Cushing. 1980. The
river continuum concept. Canadian Journal of Fisheries and Aquatic Sciences
37(1): 130-137.
Van Vuren, D.H., M.C. McGrann, and M.A. Ordeñana. 2013. Influence of Adjacent Crop
Type on Occurrence of California Ground Squirrels along Levees in the
Sacramento Valley, California. California Levee Vegetation Research Program,
Sacramento, California. http://www.water.ca.gov/floodsafe/leveeveg/levee_
documents/2013-0313_VanVuren-CLVRP-et-al.-Influence-Adjacent-Crops.pdf.

PUBLC REVIEW DRAFT – MARCH 2018

66

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Virapongse, A., S. Brooks, E. Covelli Metcalf, M. Zedalis, J. Gosz, Kliskey, A. and L.
Alessa, 2016. A social-ecological systems approach for environmental
management. Journal of Environmental Management 178: 83–91.
Walker, B., C.S. Holling, S.R. Carpenter, and A. Kinzig. 2004. Resilience, adaptability
and transformability in social–ecological systems. Ecology and Society 9(2): 5-13.
Walker, G.P. and H. Bulkeley. 2006. Geographies of environmental justice. Geoforum
37(5): 655-659.
Wang, R. and E. Ateljevich. 2012. A continuous surface elevation map for modeling
(Chapter 6). In Methodology for Flow and Salinity Estimates in the SacramentoSan Joaquin Delta and Suisun Marsh, 23rd Annual Progress Report to the State
Water Resources Control Board. California Department of Water Resources, BayDelta Office, Delta Modeling Section.
http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/AR2012/Chapter%206_
2012_Web.pdf. Accessed March 11, 2018.
Ward, J.V. 1989. The four-dimensional nature of lotic ecosystems. Journal of the North
American Benthological Society 8(1): 2-8.
Warlenius, R., G. Pierce, and V. Ramasar. 2015. Reversing the arrow of arrears: The
concept of “ecological debt” and its value for environmental justice. Global
Environmental Change 30: 21-30.
Warren, K.J. 1996. Ecological feminist philosophies: An overview of the issues. Indiana
University Press.
Water Education Foundation (WEF). 2018. Sacramento-San Joaquin Delta.
http://www.watereducation.org/aquapedia/sacramento-san-joaquin-delta.
Accessed January 24, 2018.
West, J.M. and J.B. Zedler. 2000. Marsh-creek connectivity: Fish use of a tidal salt
marsh in Southern California. Estuaries 23:699-710.
Weston, D.P. and M.J. Lydy. 2011. Urban and agricultural sources of pyrethroid
insecticides to the Sacramento–San Joaquin Delta of California. Environmental
Science and Technology 44: 1833–40.

PUBLC REVIEW DRAFT – MARCH 2018

67

TOWARDS THE PROTECTION, RESTORATION, AND ENHANCEMENT
OF THE DELTA ECOSYSTEM: A SYNTHESIS

Whipple, A., R. Grossinger, D. Rankin, B. Stanford, and R. Askevold. 2012.
Sacramento-San Joaquin Delta Historical Ecology Investigation: Exploring Pattern
and Process. San Francisco. San Francisco Estuary Institute.
http://www.sfei.org/sites/default/files/biblio_files/Delta_HistoricalEcologyStudy_SF
EI_ASC_2012_highres.pdf. Accessed March 11, 2018.
Wiens, J.A. 2009. Landscape ecology as a foundation for sustainable conservation.
Landscape Ecology 24(8): 1053-1065.
Wiens, J., L. Grenier, R. Grossinger, and M. Healey. 2016. The Delta as Changing
Landscapes. San Francisco Estuary and Watershed Science, 14(2).
https://escholarship.org/uc/item/7xg4j201. Accessed March 11, 2018.
Williams, J.H. and J. Madsen. 2013. Stakeholder perspectives and values when setting
waterbird population targets: Implications for flyway management planning in a
European context. PLoS ONE 8:e81836.
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081836.
Accessed March 11, 2018.
Williams, S.L. and E.D. Grosholz. 2008. The invasive species challenge in estuarine
and coastal environments: Marrying management and science. Estuaries Coasts
31(1): 3-20. https://doi.org/10.1007/s12237-007-9031-6.
Wilton Rancheria. Date unknown. Department of Environmental Resources.
http://wiltonrancheriansn.gov/TribalOffice/EnvironmentalResource/tabid/316/Default.aspx#. Accessed
March 13, 2018.
World Health Organization (WHO). 2013. Review of Eevidence on Health Aspects of Air
Pollution–REVIHAAP Project. World Health Organization, Copenhagen, Denmark.
Yarnell, S.M., G.E. Petts, J.C. Schmidt, A.A. Whipple, E.E. Beller, C.N. Dahm, P.
Goodwin, et al. 2015. Functional flows in modified riverscapes: Hydrographs,
habitats and opportunities. BioScience 65(10): 963–972.
https://doi.org/10.1093/biosci/biv102.
Yarnell, S., R. Peek, G. Epke, and A. Lind. 2016. Management of the spring snowmelt
recession in regulated systems. Journal of the American Water Resources
Association 52(3): 723–736. https://doi.org/10.1111/1752-1688.12424.
Yocha Dehe Wintun Nation. 2015. Our Story. http://www.yochadehe.org/heritage/ourstory p 14. Accessed March 13, 2018.

PUBLC REVIEW DRAFT – MARCH 2018

68

