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Topic 1: Native Fish Biology and Ecology

Need: One of the main goals of the CALFED Bay-Delta Program is to protect and
recover populations of native fishes that depend on the San Francisco estuary
through ecosystem management and restoration. In spite of considerable
scientific progress, many uncertainties remain about the basic life history,
behavior, and population structure of these fishes, and about the present and
potential future factors that affect their distribution and abundance. Focused and
innovative basic science investigations are needed to address these
uncertainties. This research should be clearly aimed at informing conceptual and
numerical modeling applications and management and restoration strategies.
Research topics include migration and spawning behavior, feeding and diets,
adaptations to local habitats, and physiological tolerances to key environmental
stressors in a changing estuary. Fish species of special interest include delta
smelt, longfin smelt, sacramento splittail, green and white sturgeon, chinook
salmon, and steelhead.

Possible questions to be addressed by this research:

e How do native migratory fishes navigate through the San Francisco
estuary? What factors affect their migratory behavior? What are the
management implications?

e What is the spawning behavior of native fish species, and where do they
spawn? How might climate change and management actions affect
spawning?

e What are the physiological tolerances and adaptive traits of native fish
species that determine their resilience to existing and emerging stressors?

e How do habitat attributes such as geometry, water flow, temperature,
turbidity, contaminants, presence of predators, and food quantity and
guality affect abundance and distribution of native fishes in the estuary? Is
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e How do connectivity between different habitat types and the geographic
extent and arrangement of habitats affect the abundance and distribution
of native fishes in the San Francisco estuary? What are the implications
for management and restoration activities?

Topic 2: Food Webs of Key Delta Species and their Relationship to Water
Quality and other Drivers

Need: Food webs in the Bay-Delta have undergone substantial changes in the
past few decades. The composition of the biota within these new and emerging
food webs needs to be documented and understood more thoroughly.
Particularly important are the effects of variable and changing water quality from
contaminants, sediments and nutrient inputs. Of emerging concern are climate
change effects on water temperature, salinity, and other water quality parameters
that may affect aquatic food webs within the Bay-Delta. Fundamental research is
needed to elucidate these interdependencies in more detail, yielding information
that will inform management actions to protect ecological processes and protect
threatened and endangered species, and reduce the impacts of non-native
species.

Possible questions to be addressed by the research:

e What are the roles of native and non-native species in primary production,
secondary production and tertiary production in Bay-Delta food webs?

e How has nutrient and sediment loading into rivers entering the Delta
affected aquatic food webs within the main aquatic ecosystems of the
Delta?

e What roles do key contaminants and/or nutrients play in determining the
structure of aquatic food webs within the Bay-Delta, and to what extent do
they quantitatively affect populations of key Bay-Delta species?

e What are other critically important drivers of food webs now and in the
near future? For example, how will climate change, increasing population
growth and urbanization, and changes in the local agricultural industry
affect water flows, water quality parameters, and critical food webs?
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Topic 3: Coupled Hydrologic and Ecosystem Models

Need: Hydrodynamic, sediment, particle tracking, and water quality models need
to be coupled with ecosystem models such as those for native species and Delta
and riverine food web dynamics to better inform management planning and
operations. Where appropriate, model developers should consider building on
existing conceptual and quantitative models. Potential model applications
include determining flow requirements for aquatic species and assessing
potential outcomes of water management alternatives. Progress is needed in
linking models that provide information on discharge, water velocities, flow paths,
water quality, residence time, and inundation patterns with ecosystem models
that simulate key ecosystem attributes such as nutrient uptake, rates of primary
and secondary production, habitat responses to inundation, and fish behavior,
growth, and predation. Ecosystem modeling also could be focused on food webs,
predator-prey interactions, and nutrient availability effects on production
dynamics.

Possible questions to be addressed by the research include:

e How are hydrodynamic conditions, water quality, primary and secondary
production, and food web dynamics linked within aquatic ecosystems of
the Delta and its tributaries and floodplains?

e What are flow requirements throughout the annual hydrograph for
sufficient habitat configuration for native fish species?

e How are habitat requirements for aquatic organisms distributed spatially
under different river flow regimes, tidal excursions, alternative water
storage and conveyance scenarios, and climate change scenarios?

e How will direct or indirect losses of organisms from export pumping and
barrier operations be affected by altered flow regimes, proposed
conveyance modifications, or sea level rise projections?

Topic 4: Water and Ecosystem Management Decision Support System
Development

Need: The Bay-Delta ecosystem and water managers and policymakers need
tools that translate state-of-the-science understanding of hydrodynamics and
ecological functions into effective planning and management. These decision
support systems should include visualization components that facilitate the
communication of the complexity and interconnectedness of ecological and
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social systems and allow for assessment of system response to management
alternatives along with changing natural conditions. Resource managers need
tools to 1) evaluate relative merits of alternatives using scientific information
developed across a range of temporal and spatial scales and 2) characterize and
explore potentially important ecological and resource allocation tradeoffs and
implications of various alternatives. Decision support tools that operate in a
desktop mode and that integrate disparate aspects of the system (physical
conditions, ecological conditions, socioeconomic factors) to promote more
rational and transparent decision making are particularly desirable. Focused
research into the usefulness of particular tools will be helpful, but emphasis will
be given to those efforts that integrate emerging tools into a system of effective
communication involving managers, scientists, policymakers, and tool
developers.

Possible questions to be addressed by the research include:

e What approaches best translate scientific understanding into policy-
relevant information that both policymakers and scientists will trust?

e What methods can be used to effectively integrate physical and biological
information with socioeconomic factors for clear communication to non-
scientist decision makers for use in decision-making under adaptive
management?

e What tools best address critical dynamic processes such as river flow,
volume, velocity, residence time, water quality, time series, projected
changes in flood stage and timing, and flow management options?

e What tools best enable advanced graphic and presentation technologies
that enable simultaneous visualization of spatial and temporal variation in
multiple physical and biological properties and accurately convey
uncertainty?
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