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CONCEPTUAL MODEL OF MERCURY IN TOMALES BAY

Carrie Austin, San Francisco Bay Waterboard, caustin@waterboards.ca.gov

This second presentation on mercury in Tomales Bay focuses on hydrodynamics, mercury in
sediment, and provides a conceptual model to support a Total Maximum Daily Load (TMDL) for
mercury in Tomales Bay. (Kat Ridolfi’s first presentation focuses on methylmercury
bioaccumulation in wildife prey.) Tomales Bay is a potential case study for how mine
remediation may benefit the Bay-Delta. Mercury, methylation, and bioaccumulation are issues
common to both Bay-Delta and Tomales Bay. They share sources in common (mercury mining
and atmospheric deposition), although there are no industrial or wastewater discharges to
Tomales Bay. In contrast to the Bay-Delta, mercury mining in Tomales Bay occurred recently (in
the 1960s) and the single mine site was remediated in 2000. Hydrodynamic forces in Tomales
Bay confine mine pollution to a localized area (Walker Creek delta) where it is buried by cleaner
sediments. Our preliminary conceptual model describes that mercury in sediments is methylated
and bioaccumulated through the food web to levels that sometimes exceed safe thresholds for
humans and wildlife. Mean mercury in preferred shell- & sportfish is 0.2 mg/kg (the proposed
target), but in less frequently consumed sportfish (sharks & rays) is 0.8 mg/kg. There are bay-
wide fish consumption advisories for sport fish (but not commercial shellfish). Total mercury
concentrations in sediment decrease with distance from the Walker Creek delta, as do
methylmercury concentrations in benthic biota (limited data). Initially, we plan to leverage
existing mercury control programs. We estimate that mine site remediation reduced loads by 90
percent (see related poster). Previously eroded mine wastes still caught in the downstream
channel will be addressed by other, existing TMDLs. Marin County already has programs in
place to reduce mercury from stormwater runoff. We plan to monitor mercury concentration
trends in biota over time to ensure they decline to safe levels.
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ASSESSING IMPAIRMENT OF TOMALES BAY DUE TO MERCURY

Kat Ridolfi, San Francisco Estuary Institute, kat@sfei.org

Letitia Grenier, San Francisco Estuary Institute, letitia@sfei.org

Carrie Austin, San Francisco Bay Regional Water Quality Control Board,
caustin@waterboards.ca.gov

Lester McKee, San Francisco Estuary Institute, lester@sfei.org

Jay Davis, San Francisco Estuary Institute, jay@sfei.org

Mercury (Hg) contamination is a key challenge impacting ecosystems in the Bay-Delta region of
California. Though Tomales Bay’s relatively localized, recent Hg source and distribution
contrasts with the Bay-Delta’s wide range of Hg sources (dominated by legacy mining) and
larger spatial distribution, management of the two systems have faced similar challenges and
used some of the same methodologies to develop regulatory guidelines. This study offers insights
into better understanding and managing the Bay-Delta ecosystem through the example of
studying mercury contamination in Tomales Bay. Mercury mining occurred in the 1960s on
Walker Creek, a major tributary to Tomales Bay. Since then, storm events transported mercury-
laden sediment into Tomales Bay, resulting in a bay-wide fish consumption advisory for sport
fish. We focused on risk to birds and wildlife from mercury to supplement existing information
on risk to humans. To assess risk to wildlife, we calculated numeric targets based on prey fish
following the same methodology used in the Guadalupe River and Delta TMDLs, and collected
common species of small prey fish to determine if mercury concentrations in fish exceed these
targets. Target prey fish (5-15cm in length) had a mean Hg concentration of 0.05 pg/g ww,
meeting the numeric target for protection of piscivorous wildlife. Additionally, we collected
sediment and water samples to answer key questions regarding the spatial distribution of total
and methylmercury. Since elevated sediment mercury concentrations were confined to the
Walker Creek delta (where mining-contaminated sediments accumulate), we conducted a second
round of biota sampling in that area on a wider range of bird prey to better assess risk to birds
from mercury. The results will be used by the San Francisco Bay Regional Water Quality
Control Board to develop a TMDL for mercury in Tomales Bay, and as a baseline for a long
term monitoring program.
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METHYLMERCURY EXPORT FROM A RESTORED TIDAL MARSH:
CRISSY FIELD, GOLDEN GATE NATIONAL RECREATION AREA, SAN
FRANCISCO, CA

Lisamarie Windham-Myers, U.S. Geological Survey, Iwindham@usgs.gov
Mark Marvin-DiPasquale, U.S. Geological Survey, mmarvin@usgs.gov
Kristen Ward, National Park Service, kristen ward@nps.gov

Jennifer Agee, U.S. Geological Survey, jlagee@usgs.gov

Le Kieu, U.S. Geological Survey, lkieu@usgs.gov

Evangelos Kakouros, U.S. Geological Survey, kakouros@usgs.gov

Due to its small size, a single inlet and outlet, and a tidally-dominated water budget, the restored
salt marsh at Crissy Field, Golden Gate National Recreation Area provides a good opportunity to
construct a total mercury (THg) and methylmercury (MeHg) mass balance for a tidal wetland.
We sought to determine a) the extent to which Crissy Marsh was a source or a sink of MeHg to
San Francisco Bay, b) where and when MeHg is produced within the marsh, and c) the MeHg
concentrations in sediment and water during and outside of periodic extended flooding brought
on by inlet closure events. Surface water at a well-mixed station within Crissy Marsh showed
surprisingly high aqueous MeHg concentrations (>1 ng L") given its low sediment THg
concentrations. A 24-hour sampling event over a full asymmetrical tidal cycle was conducted
during August 2008. Particulate and filter-passing (0.45m) THg and MeHg concentrations were
assessed, along with key water quality parameters including concentrations of chlorophyll a and
total suspended solids. Concentrations of THg and MeHg were coupled to flow calculations from
a USGS-tailored hydrodynamic model developed for tidal prism relationships at this site. The
resulting load calculations demonstrated that for this 24-hour period, the marsh was a net source
of dissolved MeHg to the bay and a net sink of particulate THg from the bay. Overall total Hg
flux was not significant with compounded errors. Spatial and temporal patterns of sediment
%MeHg suggest that microbial production of MeHg was most active in the low intertidal
(cordgrass-dominated) zone. We conclude that mercury present in Crissy Marsh, whether
originating from historic contamination or current atmospheric deposition, is subject to
methylation and a portion is exported as MeHg. With isotopic evidence pointing to the
importance of local sources of MeHg to San Francisco Bay foodwebs, we suggest that these
conservative flux estimates from a small well-constrained wetland system is consistent with the
idea that salt marsh MeHg flux may be a significant source of MeHg to San Francisco Bay.
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MONITORING METHYLMERCURY AT THE BASE OF AQUATIC FOOD
WEBS: ABOTTOM UP, INTEGRATED APPROACH FOR ASSESSING
CHANGE IN MERCURY BIOAVAILABILITY IN NATURE

Amy Kleckner, U.S. Geological Survey, kleckner@usgs.gov

A. Robin Stewart, U.S. Geological Survey, arstewar@usgs.gov
Patrick Moran, U.S. Geological Survey, pwmoran@usgs.gov

Jeffrey Cordell, University of Washington, jcordell@u.washington.edu
Jason Toft, University of Washington, tofty@u.washington.edu

Mercury (Hg) is a naturally occurring trace element in the San Francisco Bay and Delta that has
been mobilized by human activities in sufficient quantities such that it poses a threat to fish,
wildlife, and humans that consume fish. A significant challenge in addressing the problem in San
Francisco Bay has been identifying the relationship among Hg load, biogeochemical
transformation to methylmercury (MeHg) and uptake into the base of the food web. Zooplankton
have been shown to be particularly sensitive to short term changes in dissolved MeHg
concentrations in water and suspended particulate matter within freshwater and more recently
marine and estuarine environments. As part of a larger study evaluating Hg dynamics in Sinclair
Inlet from August 2008-August 2009, WA, we examined monthly and spatial variability of
MeHg concentrations in whole community and species-specific zooplankton samples as well as
the MeHg content of their food. Factors thought to influence the bioavailability and uptake of
MeHg into the base of the food web were also measured (e.g. chlorophyll a concentrations, TSS,
DOC, particulate carbon, particulate nitrogen, and their stable isotopes). A strong seasonal cycle
in MeHg in zooplankton was found that corresponded to changes in food quantity and quality.
Mean zooplankton MeHg concentrations in the summer and autumn of 2008 from Sinclair Inlet
were elevated compared to values in winter. Seasonal variability of chlorophyll a concentrations
ranged from >60 pg/L in summer to <2 ug/L in winter. Further, seasonal variation in
zooplankton MeHg corresponded with changes in MeHg in sediments and porewater (reported
elsewhere). Monitoring MeHg accumulation in base consumers provides a direct measure of
changes in MeHg sources that control accumulation in top predators and thus, could provide a
sensitive tool to manage future potential risks associated with climate change, restoration
projects, and water management practices in San Francisco Estuary.
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A PRELIMINARY FRAMEWORK FOR MONITORING MERCURY IN
WETLAND PROJECTS: TIDAL MARSH MERCURY BIOSENTINELS AS
ADAPTIVE MANAGEMENT TOOLS

Letitia Grenier, San Francisco Estuary Institute, letitia@sfei.org
Josh Collins, San Francisco Estuary Institute, josh@sfei.org

The potential to increase net methylmercury production and bioaccumulation is a concern for
wetland restoration efforts. Wetland projects incorporate different habitat types with distinct food
webs and potentially different mercury cycling regimes. Biosentinels can be effective tools for
monitoring wetland food webs for mercury exposure and distinguishing differences in
methylmercury bioaccumulation in particular geographic areas and food webs, which can in turn,
inform managers and restoration designers in their decision-making about wetland projects. A
case study will be presented from the South Bay Salt Pond Restoration Project. South Bay is
already impacted by contaminants, and has the largest historic mercury mine in North America,
the New Almaden Mine, in its watershed. The South Baylands Mercury Project was a
multifaceted effort to evaluate restoration and management options for a complex of ponds at the
foot of the New Almaden watershed. Water, sediment, and biota were sampled in a three-year
effort to assess changes in mercury bioaccumulation that could occur when the ponds are
restored to tidal action and, eventually, to tidal marsh wetlands. This study included the
development of biosentinel species that indicated mercury exposure at appropriate spatial and
temporal scales, as well as with appropriate habitat specificity to answer the management and
restoration-design questions. Probabilistic ambient surveys and site-specific comparisons of
biosentinel tissues were completed for key habitats in managed pond and tidal marsh. All
scientific results were analyzed within a decision-tree framework to increase the utility of the
project for the restoration project managers.
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GUADALUPE RIVER WATERSHED MODEL: SUPPORT TOOL FOR
REGIONAL HG AND PCB MANAGEMENT

Michelle Lent, San Francisco Estuary Institute, michelle@sfei.org
John Oram, San Francisco Estuary Institute, joram@sfei.org
Lester McKee, San Francisco Estuary Institute, lester@sfei.org

San Francisco Bay is listed as impaired for mercury (Hg) and PCBs, and the associated TMDLs
call for improved regional loads estimates and large load reductions from urbanized small
tributaries, including a >90% load reduction from the Guadalupe River watershed. In order to
address this call, managers need improved information on which BMPs may be effective and
what magnitude of application will be needed to see measurable loads reductions at the
watershed and regional scales. To inform the management questions, the Regional Monitoring
Program for Water Quality in San Francisco Estuary funded a pilot study to develop a dynamic
watershed model of the Guadalupe River Watershed. This watershed offers a unique opportunity
to study legacy Hg from the largest-producing former Hg mine in North America as well as
legacy PCBs from the manufacturing industries of the 1950s and 1960s. The availability of
abundant local data combined with management issues make Guadalupe River Watershed an
ideal location to explore the use of models for better understanding transport of contaminants in
the urban landscape. The objective of the Guadalupe Watershed Model project is to understand
the source, release, and transport of sediment and contaminants from a large mixed land-use,
highly urbanized watershed. The first phase of the project was to develop the underlying
hydrological model in the EPA’s watershed modeling software suite BASINS/HSPF. A
reasonably accurate model (within 20% of annual flow volumes) was developed despite
challenges due to the high degree of watershed hydromodification including numerous reservoirs
and percolation ponds. The second phase, currently underway, is to add sediment, Hg and PCBs
into the model. The final model will serve to improve the accuracy of Hg and PCB load
calculations, to investigate inter-annual load variability due to climate, and to allow scenario
testing for optimizing management practices.
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ANEW WAY OF LOOKING AT CONTAMINANTS IN THE DELTA--
USING THE RMA PARTICLE TRACKING MODEL TO ASSESS THE
FATE AND TRANSPORT OF METHYL MERCURY IN THE DELTA

Mark Stephenson, California Department of Fish and Game - Moss Landing Marine Labs,
mstephenson@mlml.calstate.edu

Autumn Bonnema, Moss Landing Marine Labratories, abonnema@mlml.calstate.edu
Amy Byington, Moss Landing Marine Labratories, abyington@mlml.calstate.edu

Wesley Heim, Moss Landing Marine Labratories, wheim@mlml.calstate.edu

Gary Gill, Pacific Northwest National Laboratory, gary.gill@pnl.gov

Chris Foe, Regional Water Quality Control Board, cfoe@waterboards.ca.gov

Kenneth Coale, Moss Landing Marine Labratories, coale@mlml.calstate.edu

John DiGeorge, Resource Management Associates, jfdigeorge@rmanet.com

Currently about one half of the Delta has top level predator species that are above the EPA
human health guidelines for mercury. There are goals by the California Bay Delta Authority to
create and restore thousands of acres of wetlands and to drastically alter the structure and
functioning of the Delta with additional storage and conveyance (peripheral canals) structures.
The effect of these changes on mercury concentrations in water, sediment and fish are unknown.
Government managers would like to know what areas of the Delta would increase or decrease in
mercury for each of the proposed changes to the Delta. In previous reports a methyl mercury
mass balance model was developed but only allowed predictions between the riverine input sites
and the export sites of the Delta by lumping all the import sites together and export sites
together. In this study the RMA particle tracking model was used to predict the transport routes
and fate of methylmercury in sub regions of the Delta. The findings indicate there are major
processes including photodemethylation and sedimentation that occur in the central Delta as
opposed to the Sacramento River Channel. The particle transport model could be used to predict
how different water conveyance projects and methylmercury control programs would influence
fish mercury concentrations. For example, flow or methyl mercury concentrations could be
reduced in the model from one of the tributaries and predictions could be made on how the fish
would change in mercury concentrations at several downstream areas in the Delta.
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ASSESSMENT OF THE POTENTIAL FOR USING IRON AMENDMENTS
TO DECREASE NET METHYLMERCURY EXPORTS FROM TIDAL
WETLANDS IN SAN FRANCISCO BAY

Patrick Ulrich, University of California, Berkeley, ulrich@berkeley.edu
David Sedlak, University of California, Berkeley, sedlak@ce.berkeley.edu

Many wetland restoration projects are planned or underway within the Bay-Delta System,
including a commitment to restore around 40,000 acres in the Delta by 2030. Because tidal
wetlands can be important sources of methylmercury (MeHg) there is concern that wetland
restoration will increase MeHg loading to sensitive aquatic ecosystems. In recognition of this
potential problem, the Delta Basin Plan and mercury TMDL establish a goal of no significant
increases of MeHg due to restoration activities. While these are laudable goals, the absence of
landscape-scale approaches for to controlling MeHg production in wetlands puts restoration in
conflict with mercury control activities. Amendment of wetland sediments with iron offers a
potential means of limiting the concentration of dissolved, bioavailable mercury-sulfur
complexes in the sediment porewater to the methylating bacteria. We previously demonstrated
the efficacy of this approach in laboratory experiments with sediment slurries. To better
understand the effect of iron amendments on in situ tidal marsh biogeochemistry, microcosm and
field studies have been conducted at a tidal salt marsh along the Petaluma River. Before and after
amending the sediments with iron, porewater from pickleweed-dominated sediments on the high
marsh plain were analyzed for iron, sulfur, and methylmercury. Seasonal variations in MeHg
production and the effect of iron addition on sulfur and iron cycling and MeHg production were
evaluated by following concentration changes over time. Understanding these cycles and the
length of time for which iron amendments are effective is an important step in evaluating the
potential for using this approach to help reduce MeHg production from the restoration of tidal
wetlands.
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BEST MANAGEMENT PRACTICES TO REDUCE METHYLMERCURY
CONCENTRATIONS AND EXPORTS FROM SEASONAL WETLANDS IN
THE YOLO WILDLIFE AREA, CALIFORNIA

Wesley Heim, Moss Landing Marine Laboratories, wheim@mlml.calstate.edu

Mark Stephenson, California Department of Fish and Game, mstephenson@mlml.calstate.edu
Autumn Bonnema, Moss Landing Marine Laboratories, bonnema@mlml.calstate.edu

Amy Byington, Moss Landing Marine Laboratories, abyington@mlml.calstate.edu

Adam Newman, Moss Landing Marine Laboratories, anewman@mlml.calstate.edu

David Feliz, California Department of Fish and Game, dfeliz@dfg.ca.gov

Levi Sousa, California Department of Fish and Game

Kenneth Coale, Moss Landing Marine Laboratories, coale@mlml.calstate.edu

There is widespread mercury contamination in the Sacramento-San Joaquin Delta. The mercury
species of greatest concern to human and wildlife health is monomethylmercury (MeHg). There
is concern that increasing total acreage of wetlands in the Delta will have the unintended
consequence of increasing MeHg contamination. The goal of this study was to develop best
management practices (BMPs) to limit MeHg loads discharged off wetlands in the Yolo Wildlife
Area (YWA). Two experiments were conducted: 1) measured MeHg concentrations in seven
ponds during seasonal flooding, and 2) measured MeHg as seasonal wetlands were drained into
permanent ponds. Results show concentrations of MeHg in most of the seasonal ponds studied
have an initial peak occurring in fall followed by a decrease and a leveling off after January.
Concentrations are high (6-15 ng/L) relative to supply water indicating seasonal wetlands
produce MeHg. Permanent ponds had lower MeHg concentrations than supply water from
seasonal wetlands. Reduction in MeHg concentration occurs once tail water from a seasonal
wetland enters a permanent pond. Permanent pond S5 received water from a seasonal pond high
in MeHg (average 11.3 ng/L) and concentration was reduced by an order of magnitude (average
1.18 ng/L). Permanent ponds acted as treatment ponds and removed an average of 81% of the
MeHg that entered the ponds. Further development of a BMP using permanent ponds to treat
seasonal pond tail water is warranted from data presented in this study. Several factors in
permanent ponds may be important in removal of MeHg and should be investigated to develop
the BMP to implementation stage. These factors include pond design, biological communities,
photodemethylation, hydraulic residence time, and particle settling. Development of BMPs to
reduce MeHg loads from seasonal wetlands is relevant to wetland restorations as they limit an
increase in mercury contamination to surrounding waterways.
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SALINITY CONDITIONS IN THE BAY AND DELTA: NATURAL
VARIABILITY AND ANTHROPOGENIC INFLUENCE

Greg Gartrell, Contra Costa Water District
Deanna Sereno, Contra Costa Water District, dsereno@ccwater.com

Salinity in the San Francisco Bay and Delta, where saline ocean waters meet fresh riverine
waters, is affected by both natural events and human activities. Paleoclimatic evidence, obtained
from proxy information such as tree rings and sediment deposits, provides a history of hydrology
and salinity conditions starting well before human influence, but continuing through the

20th Century. Examination of paleoclimatic studies, together with modern direct instrumental
observations, reveals natural variability and the effect of human interference. Historical salinity
information is recorded in situ in the sediments and determined by quantification and taxonomic
identification of diatoms, plant seeds and roots, and plant pollen, as well as measurement of peat
carbon isotope ratios. Sediment cores at multiple locations in the Bay and Delta reveal site-
specific variability, yet many reconstructions indicate that salinity increased abruptly about 100
years ago, reaching or exceeding salinity levels at any other time in the 2,500 years of
reconstructed records. Furthermore, although multi-century dry periods are evident in Bay
sediments, these long dry periods are not seen in Delta sediments, indicating that salinity did not
intrude as far into the Delta during past droughts as it has during the last 100 years. This suggests
a change in spatial salinity gradient characteristics, and is possibly due to the effect on salinity
intrusion of the vast tidal marshes that existed in the Bay and Delta until the late 19th and early
20thcenturies. This change in salinity distribution is further examined using the earliest salinity
measurements taken within the Bay and Delta (starting in 1908) to provide a finer temporal
resolution and additional insight into the effect of anthropogenic modifications. Comparing time
periods with similar hydrology, during the early 1900’s, fresh water was present farther
downstream and persisted for a longer period during the spring and early summer.
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MODELING THE HISTORICAL DELTA

William Fleenor, University of California, Davis, wefleenor@ucdavis.edu
Laura Doyle, University of California, Davis, ladoyle@ucdavis.edu

Increasing attention has been focused on the Sacramento-San Joaquin Delta as the ecosystem
continues to decline and the water supply reliability suffers Most agree about the complexity of
the Delta (Moyle et al. 2010), but discussions on the solutions continue to be varied. Estimating
human demands for water, both in quantity and quality, is fairly straightforward with well-
established methods. Estimating flows for improving habitat conditions, particularly to support
fishes with different and often conflicting life history strategies, is much more complex and is
hampered by numerous uncertainties. Methods have been proposed that include scientific
evidence to support suggested environmental flows (Fleenor et al. 2010). Anthropogenic
modifications to the Delta began in 1849 and the physical changes to the Delta were mostly
completed over a 60-year period ending in 1910. Upstream consumptive use of Delta water
began during the physical development of the Delta and was mostly developed by 1920
(Thompson 1958, Hundley 2001). Additional hydraulic infrastructure was built during the 1940-
1965 period to control flows and export water south. Manipulation of Delta flows continues
today to control water quality and export levels. More recently, environmental flow requirements
have increased stress between environmental and water supply interests. However, current
efforts all utilize recently collected data to determine what is best for desired biota in the current
Delta configuration. To provide a more historical perspective of the water use changes on Delta
habitat, a modeling effort has been undertaken to reverse engineer the Delta hydraulic regime.
The approach was to examine the changes in the reverse order in which they occurred,
effectively turning the clock backwards. Early results will be presented showing the effects,
against a base case, of the Sacramento Deep Water Ship Channel, the creation of the Stockton
Deep Water Ship Channel, and the early 20th century modifications of channel changes within
the Delta. It is hoped that the approach taken will bring additional information of the habitat
changes to the Delta.
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HYDRODYNAMICS AND TRANSPORT PROCESSES ON THE
HISTORICAL LANDSCAPE: GEOMORPHIC CONTROL OF
FUNCTIONAL COMPLEXITY AND IMPLICATIONS FOR
RESTORATION

Christopher Enright, Delta Science Program, cenright@water.ca.gov

Native fishes and food webs in the Bay-Delta evolved largely in response to the morphology of
the historical landscape. Processes like sedimentation, tidal dynamics, and water temperature
regulation are mediated by the particular morphology of bays, channels, sloughs, and marsh
plains. In turn, morphology is influenced by tidal action, vegetation, and soil dynamics.
Ecosystem functions and services that support nekton depend on both the productive capacity of,
and access to, morphological attributes that support food, refuge, and ontogeny options. This talk
will examine the historical and modern Delta planform and propose that historical landscape
scales, as perceived by nekton, are in some ways much larger, and in other ways much smaller,
than the modern Delta. The straightened and widened, and cut-across channels of the modern
delta tend to preserve tidal energy and produce efficient mixing of scalar gradients and residence
time, while at the same time reducing the distance between any two points. The functional
outcome of the channelized modern Delta is that the distance to different environmental
conditions is generally much larger than in the historical Delta. A combination of data, modeling,
and graphical evidence will be presented to show that modern Delta channel connectivity is high,
yet access to ecotonal gradients and associated habitat options is severely limited. Given this
hyper-degraded state, Delta ecosystem restoration designs must consider the wetland-to-channel
“connectivity rate” to optimize both the capacity to produce ecosystem services, and access to
those services by both marsh and channel preferring organisms.
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HISTORICAL HABITAT VARIABILITY AND COMPLEXITY IN THE
UPPER SAN FRANCISCO ESTUARY

Peter Moyle, University of California, Davis - Center for Watershed Sciences,
jrdurand@ucdavis.edu

John Durand, University of California, Davis, jrdurand@ucdavis.edu

William Bennett, Univeristy of California, Davis

William Fleenor, University of California, Davis, wefleenor@ucdavis.edu
Jay Lund, Unniversity of California, Davis, jrlund@ucdavis.edu

High variability in environmental conditions in both space and time once made the upper San
Francisco Estuary highly productive for native biota. The original Delta was a vast freshwater
marsh interlaced with tidal channels that collected flow from marsh areas through shallow
dendritic drainage systems. There was considerable north-south spatial variability created by
differences in flow patterns and sediment deposition from the Sacramento and San Joaquin
Rivers, as well as east-west variability created by proximity to the inflowing rivers and the more
open and salty lower estuary. Seasonal and annual variation in outflows was created by the
natural variability and strong seasonal patterns of precipitation. The rich aquatic system created
by this variability contributed to the huge populations of Chinook salmon, Sacramento perch and
other fish, large diverse overwintering flocks of waterfowl, and abundant elk and other
mammals, as well as dense populations of Native Americans. This physical system has been
radically changed by water projects, diking and draining, and other human actions, changes
which are irreversible. However, recognizing the conditions under which the native fauna
evolved can guide efforts to create habitat favorable for native fish and fowl.
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HISTORICAL DELTA HABITAT MOSAICS: CONCEPTUAL MODELS
FOR BUILDING A DIVERSE AND RESILIENT FUTURE DELTA

Robin Grossinger, San Francisco Estuary Institute/Aquatic Science Center, robin@sfei.org
Alison Whipple, San Francisco Estuary Institute, alison@sfei.org

Daniel Rankin, California Department of Fish and Game, DRANKIN@dfg.ca.gov

Josh Collins, San Francisco Estuary Institute, josh@sfei.org

The historical Delta supported large and diverse communities of native plants and animals,
including a majority of the State’s migratory birds and anadromous fishes. But there has been
relatively little research into how this support was distributed within the Delta. Since the advent
of Euro-American settlement, much of the historical understanding of the spatial and temporal
distribution of Delta habitats has been forgotten. But, this understanding can be recovered. By
synthesizing the available historical record through conceptual models and GIS, we are
beginning to learn how the Delta looked and functioned prior to significant modification. Useful
data are provided by sources such as federal General Land Office surveys, engineering and
property maps, Mexican land-grant cases, early aerial photography, and 19th century textual
accounts. We find that the historical Delta was spatially very complex, with a variety of
subsystems distinguished by unique habitat mosaics, the composition of which varied along
identifiable physical gradients, especially topography, tidal range, and freshwater input. These
mosaics include dense channel networks occupying low tidal elevations as well as high marsh
ecotones merging into seasonal wetlands and oak savanna. Alkali meadows, small ponds, and
tule patches characterized the South Delta, while perennial floodplain marshes, large ponds, and
riparian gallery forests were more prominent in the North Delta. Ecological function can be
inferred from these reconstructed mosaics through expert interpretation across many scientific
disciplines. As expected, the complexity of each mosaic and their diversity supported an
unusually rich endemic flora as well as large and diverse communities of resident and migratory
wildlife. Furthermore, the historical reconstructions are beginning to reveal how physical
processes that controlled the mosaics were distributed within the Delta, and where the processes
might be nurtured or restored. This information will be important for designing realistic
ecosystem targets for contemporary and projected future Delta conditions.
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SUISUN MARSH IN REVIEW: TRENDS IN ENVIRONMENTAL
CONDITIONS, THE FOOD WEB, AND FISH ABUNDANCE

John Durand, University of California, Davis, jrdurand@ucdavis.edu
Teejay O'Rear, University of California, Davis, taorear@ucdavis.edu
Peter Moyle, University of California, Davis, pbmoyle@ucdavis.edu

Suisun Marsh is important habitat for native and alien fishes of the San Francisco Estuary. While
few species complete their life cycle in the marsh, it supports large populations of many species
by providing both refuge and food. The Suisun Marsh Fish Survey (University of California) has
systematically monitored the marsh's fish populations with otter trawls and beach seines since
1980. The purpose of the study has been to determine environmental factors affecting fish
abundance and distribution, especially in relation to water management activities. While general
trends in fishes show a slow decline, like much of the estuary, abundance in some key regions of
the marsh remain high. These regions contain long, shallow sloughs mostly without functional
levees, complex geomorphology and circulating hydrodynamics, which contribute to high
residence time. When such areas are allowed to maintain high water quality (free from excessive
nitrogen inputs and eutrophication) and are free of destabilizing invasive invertebrates (such as
jellyfish and clams), they remain considerably more productive of native fishes than other
regions of the estuary. Identifying the factors supportive of fish habitat in the marsh can guide
restoration throughout the estuary, and help to anticipate future changes in climate, sea level and
water operations.
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SEX, CLONES, AND SUISUN MARSH: GENETIC DIVERSITY AND
REPRODUCTIVE MODE IN TWO SPECIES OF INVASIVE
HYDROMEDUSAE IN THE UPPER SAN FRANCISCO ESTUARY

Mariah Meek, University of California, Davis, mhmeek@ucdavis.edu
Alpa Wintzer, University of California, Davis, apwintzer@ucdavis.edu
Nicole Elen, University of California, Davis, nmelen@ucdavis.edu
Bernie May, University of California, Davis, bpmay@ucdavis.edu

Three species of non-native hydromedusae have become established in the brackish water
habitats of the San Francisco Estuary (Maeotias marginata, Blackfordia virginica, Moerisia sp.).
Their impact on the aquatic community maybe great, as they are novel predators in this system
with high density seasonal blooms. Despite their likely ecological importance, relatively little is
understood about the ecologies of these non-natives, their impacts, and what makes them so
successful outside their native range. Included in this paucity of understanding is knowledge of
the overall genetic diversity of the population and the relative contribution of asexual and sexual
reproduction to its growth. In this study, we examine these unknowns in M. marginata and the
Moerisia species. We developed microsatellite genetic markers to investigate the clonal diversity
of these species collected from Suisun Marsh in the upper San Francisco Estuary. We quantified
overall genetic diversity and examined clonal diversity. Our results show relatively high genetic
diversity, as would be expected with sexual reproduction, but also a strong presence of asexual
reproduction. Our findings demonstrate the importance of these modes of reproduction to the
invasion and provide insights into characteristics that may make them successful invaders in the
Bay-Delta system.
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LIFE HISTORY AND POPULATION DYNAMICS OF MOERISIASP., A
NON-NATIVE HYDROZOAN IN THE UPPER SAN FRANCISCO
ESTUARY

Alpa Wintzer, University of California, Davis, apwintzer@ucdavis.edu
Mariah Meek, University of California, Davis, mhmeek@ucdavis.edu
Peter Moyle, University of California, Davis, pbmoyle@ucdavis.edu

The goal of this study was to investigate the life history and population dynamics of the small,
non-native Moerisia sp. in Suisun Marsh, within the upper San Francisco Estuary. Medusae and
polyps were collected from 8 and 2 sites, respectively, during 2007 and 2008. Polyps emerged
from a resting stage during June, at a minimum temperature of approximately 14°C. Asexual
reproduction of medusae buds was positively correlated with increasing temperature and salinity
in summer, while the production of polyp buds was positively related to dissolved oxygen and
water transparency levels. Sexual reproduction, defined by the presence of eggs, was related to
the size of medusae. Cessation of reproduction of both polyps and medusae occurred in October,
when temperatures dropped below 17°C. This life history is similar to other hydrozoans and
allows Moersia sp. to reach large numbers seasonally in the San Francisco Estuary, possibly
contributing to the recent declines noted of pelagic fish and zooplankton.
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DISTRIBUTION AND IMPLICATIONS OF ALIEN CLAMS IN SUISUN
MARSH, CA

Robert Schroeter, University of California, Davis, reschroeter@ucdavis.edu
Peter Moyle, University of California, Davis, pbmoyle@ucdavis.edu

Clams can have a large effect on plankton in estuaries. This has been demonstrated in the San
Francisco Estuary by the invasion of Corbula amurensis, which through its efficient filtering
capabilities and high densities has contributed to the decline in phytoplankton in the upper
estuary. This study investigates the distribution of C. amurensis and its freshwater counterpart
Corbicula fluminea in Suisun Marsh with the goal of elucidating factors that may be constraining
their abundance in this highly productive marsh. The effect of clam grazing on the phytoplankton
biomass in Suisun Marsh is also investigated. This study utilizes data from a 2-year (2003-2005)
CALFED funded investigation on the Suisun Marsh invertebrate community and a 30 year time
trend (1980-2009) on the Suisun Marsh clam distribution using the UCD/IEP Suisun Marsh
monitoring study.
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LANDSCAPE-SCALE CONSIDERATIONS IN RESTORING ECOSYSTEM
FUNCTIONS IN SUISUN MARSH AND BAY

Stuart Siegel, Wetlands and Water Resources, Inc., dan@swampthing.org

Philip Bachand, Bachand & Associates, phil@bachandassociates.com

Daniel Gillenwater, Wetlands and Water Resources, Inc., dan@swampthing.org

Steven Chappell, Suisun Resource Conservation District, schappell@suisunrcd.org

Brian Bergamaschi, U.S. Geological Survey, bbergama@usgs.gov

Bryan Downing, U.S. Geological Survey, bdowning@usgs.gov

Mark Stephenson, California Department of Fish and Game, mstephenson@mlml.calstate.edu
Wesley Heim, California Department of Fish and Game, wheim@mlml.calstate.edu
Christopher Enright, California Department of Water Resources, cenright@water.ca.gov
Peter Moyle, University of California, Davis, pbmoyle@ucdavis.edu

Significant depressions in dissolved oxygen (DO) concentrations and elevated levels of
methylmercury (MeHg) have been observed at certain times of the year in several sloughs in
northwestern Suisun Marsh that coincide with discharges from managed wetlands along these
sloughs. Shifts in aquatic community structure in impacted sloughs to dominance by low-DO
tolerant species, and in some cases even fish kills, have co-occurred with these events. The
purpose of the project was to understand the contribution of managed wetland discharges to low
DO and elevated MeHg events in Suisun Marsh and to develop best management practices for
reducing such events. The study involved two years of data collection at two managed wetlands
in northwest Suisun Marsh and their adjacent sloughs. Within the wetlands we collected data on
water quality, water level, soil properties, topography, and vegetation. Within the sloughs we
collected data on water quality, water level, flow, and aquatic biology. Baseline data were also
collected in three managed wetlands in central Suisun Marsh for comparison. The results indicate
that, following fall flood-up, the water within the managed wetlands routinely has low DO and
elevated levels of dissolved organic carbon and MeHg. This water, when discharged to
surrounding sloughs during fall drain events, causes an immediate drop in slough DO levels. Fall
flood-up also causes net upstream flow in these sloughs, thereby reducing mixing with larger
sloughs. Water quality within the wetlands and sloughs generally improves by winter, but spring
drain events from the wetlands still result in DO sags within the sloughs, though not as severe as
in the fall. We recommend several wetland management changes that may help to reduce the
impacts upon greater Suisun Marsh. These changes are focused on water, vegetation, and soil
management within wetlands and improved communication and coordination between wetland
managers and regulatory/resource agencies.
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CHANGES IN THE QUALITY AND QUANTITY OF NUTRIENTS OVER
TIME AND THE RELATIONSHIPS WITH CHANGES IN
PHYTOPLANKTON COMPOSITION

Pat Glibert, University of Maryland Center for Environmental Science, glibert@hpl.umces.edu

Changes in nutrient loads and imbalances in nutrient ratios can have major effects on food webs.
The extent to which such changes may have impacted food webs in the San Francisco Estuary
over time are of considerable interest due to the relationships between production at the base of
the food web and that of higher trophic levels. The following question was addressed using the
long-term, 30-year, data from numerous sites in the Bay Delta: how have changes in nutrient
loads and forms related to changes in phytoplankton community composition? Changes in the
phytoplankton community have occurred over time in terms of species composition and in terms
of seasonality of blooms. These changes have also differed over time in the different
subembayments of the bay delta system. Different algal functional groups were related with
either total load of a particular nutrient form, or to different nutrient ratios. The ratio of inorganic
nitrogen:inorganic phosphorus (DIN:DIP) was significantly correlated with the availability of
cryptophytes and flagellates; these groups were not abundant when the ratio was above Redfield
proportions. Cyanobacteria, on the other hand, were not well correlated with the ratio of
inorganic nitrogen:inorganic phosphorus, and occurred across the spectrum of observed ratios.
They were the dominant functional group at high DIN:DIP ratios. The ratio of nitrate:ammonium
was related to diatom abundance. These relationships are consistent with nutrient physiological
strategies that differ among these algal groups. These findings have management implications
because they can help inform the process of nutrient criteria development and can help to
identify which forms, as well as loads, are most important to target for nutrient reduction.
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CAUSES OF SEASONAL AND SPATIAL VARIATION IN WATER
CHEMISTRY IN THE SACRAMENTO RIVER, DELTA, AND EASTERN
SAN FRANCISCO BAY AND THEIR EFFECTS ON CHLOROPHYLL
LEVELS

Carol Kendall, U.S. Geological Survey, ckendall@usgs.gov

Steve Silva, U.S. Geological Survey, srsilva@usgs.gov

Megan Young, U.S. Geological Survey, mbyoung@usgs.gov

Tamara Kraus, U.S. Geological Survey, tkraus@usgs.gov

Marianne Guerin, Resource Management Associates, maguerin@rmanet.com

Alex Parker, San Francisco State Univeristy - Romberg Tiburon Center, aeparker@sfsu.edu
Chris Foe, Central Valley Regional Water Quality Control Board, cfoe@waterboards.ca.gov

High concentrations of NH,4 have been hypothesized to suppress phytoplankton blooms,
contributing to pelagic organism decline (POD) in the San Francisco Estuary (Dugdale et al.
2007). To obtain more data on the critical region downstream of the Sacramento wastewater
treatment plant (SRWTP), water samples were collected along ~30 transects of the Sacramento
River (SR) from July 2008 to April 2010. Depending on transect, water samples were collected
from 6-25 sites extending from >10 miles upstream of SRWTP downstream to Rio Vista and
usually further downstream. Data were also obtained from an additional 8 sites between Rio
Vista and Angel Island from monthly excursions by the USGS RV Polaris. All samples were
analyzed for EC, nutrients, chlorophyll, and many were also analyzed for DOC, DON, and N and
C uptake rates. A comprehensive suite of isotope analyses has been made for 3 transects and
analyses of samples from other transects are in progress. Efforts thus far have focused on
evaluating (1) how NHy4, NO3, and organic matter concentrations vary under different hydrologic
conditions, and (2) how nitrification rates (the main biogeochemical process responsible for
lowering NHy levels) vary seasonally and in different reaches of the SR and upper estuary.
Examination of these transects has revealed that NH4 and NOj; concentrations at any particular
site and date downstream of SRWTP are the product of a large number of time-varying factors,
including flow, interruptions in effluent discharge, apparent variations in effluent composition,
water chemistry upstream of SRWTP, nitrification rates, and changing inputs from tributaries,
the San Joaquin River, and point-sources to the Bay. This kind of detailed examination of
processes along transects complements the statistical approaches (Glibert 2010) and lumped
approaches (Foe et al. 2010) currently being utilized to evaluate the linkage between NH,, algae,
and POD.
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DIFFERENT RESPONSE TYPES OF PHYTOPLANKTON TO
CHANGING NUTRIENT REGIMES IN SUISUN BAY: BOTTOM-UP
EFFECTS OF AMMONIUM AND NITRATE

Frances Wilkerson, San Francisco State Univeristy-Romberg Tiburon Center, fwilkers@sfsu.edu
Alex Parker, San Francisco State Univeristy - Romberg Tiburon Center, aeparker@sfsu.edu
Richard Dugdale, San Francisco State Univeristy - Romberg Tiburon Center, rdugdale@sfsu.edu
Al Marchi, San Francisco State Univeristy - Romberg Tiburon Center, amarchi@sfsu.edu

Worldwide, estuaries receive large fluxes of nutrients including reduced forms of nitrogen (e.g.
ammonium) as the result of human activities. One major source is effluent from municipal waste
water treatment plants. A high relative contribution of ammonium versus nitrate to the dissolved
inorganic nitrogen (DIN) pool may have detrimental consequences on primary production and
phytoplankton accumulation. Elevated ammonium precludes phytoplankton use of nitrate (the
largest pool of DIN in the SFE) limiting the magnitude of phytoplankton biomass accumulation.
In the northern San Francisco Estuary/Delta these bottom-up effects impact the food web and
may contribute to the Pelagic Organism Decline. To assess how SFE phytoplankton in the
northern estuary and Delta respond to elevated ammonium concentrations supplied by the
Sacramento River, enclosure experiments were conducted with water from Suisun Bay and Rio
Vista. Nutrient drawdown and uptake, primary production, and chlorophyll accumulation were
tracked and compared to measurements made in enclosures with Central Bay water. Three types
of response were identified; Type I in Central Bay was characteristic of healthy phytoplankton in
low ammonium, that were able to drawdown all available DIN (all ammonium and nitrate) and
accumulate chlorophyll within 72 hours. Type II response in Suisun Bay was delayed in time,
usually with ammonium drawdown by 96 hours, little nitrate uptake and chlorophyll
accumulation peak by 144 hours. Type III in Rio Vista, where ammonium was the highest
concentration, there was a very poor response by the phytoplankton with little DIN drawdown or
chlorophyll accumulation, even after 144 hours. This approach allows a way to classify the
productivity potential or quality of the water and may suggest a management tool for increasing
production. Evaluating the role of ammonium, that is likely a WWTP product, on the SFE food
web is essential for long term ecosystem sustainability.
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HOW WELL DO WE UNDERSTAND THE FEEDING ECOLOGY OF
ESTUARINE MESOZOOPLANKTON? A SURVEY OF THE DIRECT
EVIDENCE

Diana Engle, Larry Walker Associates, dianae(@lwa.com

Over the last three decades, a shift in phytoplankton composition has been observed in the upper
San Francisco Estuary (the brackish and freshwater Delta) characterized by a decline in the
relative abundance of diatoms, especially centric diatoms belonging to the order Thalassiosirales,
and an increase in other taxa including flagellates, green algae, and cyanobacteria. A central
assumption underlying recent food-web-based hypotheses for the recent decline in several
pelagic fish species (the Pelagic Organism Decline, or POD) is that these changes in
phytoplankton composition signal a deterioration in the quality of food for estuarine
mesozooplankton, and calanoid copepods in particular, that may have repercussions for
organisms at higher trophic levels. Direct evidence of feeding preferences of mesozooplankton
from the San Francisco Estuary is provided by a few studies of gut contents and feeding trials
which indicate that the trophic status of copepods in the estuary is complex and that motile food
sources (including heterotrophic cilliates) and non-diatom phytoplankton are potentially well-
utilized by ecologically important zooplankton taxa. In this study, the status of our knowledge
regarding the feeding behavior of copepods and other key zooplankton taxa is evaluated using an
extensive survey of published literature and pertinent unpublished studies from the San Francisco
Estuary and other systems. Evidence from feeding trials and gut analyses of field caught
zooplankton are compared, and data gaps identified. The availability of information regarding
the nutritional value of heterotrophic and autotrophic food resources for pertinent zooplankton
taxa is described.
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USING CLIMATOLOGICAL ANOMALIES TO UNDERSTAND THE
OCCURRENCE OF SPRING BLOOMS IN SUISUN BAY

Richard Dugdale, San Francisco State Univeristy - Romberg Tiburon Center, rdugdale@sfsu.edu
Al MArchi, San Francisco State Univeristy - Romberg Tiburon Center, amarchi@sfsu.edu

Spring phytoplankton blooms rarely occur in Suisun Bay in spite of high inorganic nutrient
concentrations delivered to the Bay by the Sacramento River. Recent research suggests that
access to nitrate, the largest pool of dissolved inorganic nitrogen, is a necessary condition for
rapid intense blooms to occur in the northern San Francisco Estuary. However, in Suisun Bay
ammonium concentrations are typically too high (at inhibitory levels) to allow access to nitrate
by the phytoplankton. Blooms may be initiated when ammonium concentrations fall below 4 M
partially relieving this inhibition of nitrate uptake. A further decrease of ammonium
concentration to 1 M fully relieves ammonium inhibition resulting in high rates of nitrate uptake
and intense chlorophyll accumulation. In the last decade, two large phytoplankton blooms were
observed in Suisun Bay (in spring 2000 and spring 2010) with shared features of low ammonium
concentrations and low salinity. The reason(s) for the low ammonium concentrations are not
clear, although it is known that the source of the ammonium arises from the discharge of sewage
effluent upstream in the Sacramento River that may be variable. Within the river some of the
introduced ammonium is oxidized to nitrate (nitrification) but little ammonium is used by
phytoplankton. To reveal changes related to bloom formation, climatological anomalies of
variables from long term data sets for Suisun Bay will be analyzed.
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FACTORS THAT HAVE INFLUENCED THE INCREASE OF
MICROCYSTIS BLOOMS IN THE SAN FRANCISCO ESTUARY SINCE
2003

Peggy Lehman, California Department of Water Resources, plehman@water.ca.gov
Greg Boyer, College of Environmental Science and Forestry, glboyer@esf.edu
Shawn Acuna, University of California, Davis, scacuna@ucdavis.edu

kevin Marr, California Department of Water Resources, kmarr@water.ca.gov

Swee Teh, University of California, Davis, sjteh@ucdavis.edu

Blooms of the toxic cyanobacterium Microcystis were first observed in the San Francisco
Estuary in 1999. Field studies were conducted between 2003 and 2008 to determine the
magnitude, duration and rate of bloom increase over time and the factors affecting bloom
development and toxin concentration. Data suggest there has been a 20 to 40 fold increase in
Microcystis cell density, chlorophyll a concentration and microcystin toxin concentration in the
surface layer of the estuary during the summer between 2003 and 2008. The increase in bloom
density was associated with decreased water flow and increased water temperature, water
transparency, specific conductance, and nitrogen concentration. The initiation and duration of the
bloom was influenced by the presence of water temperature above 20°C, water flow below 36
m’/s, nitrogen to phosphorus molar ratios below 16, total dissolved solids below 500 mg/L and
total suspended solids below 10 mg/L. The study confirmed the increase in both magnitude and
distribution of Microcystis blooms in the estuary over time and the potential impact of water
quality conditions on this increase. Understanding the impact of environmental conditions on
Microcystis blooms is an important need for development of management plans under the Bay
Delta Conservation Plan (BDCP).
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WHAT CONTROLS MICROCYSTIS BLOOM AND TOXICITY IN THE
SAN FRANCISCO BAY-DELTA?

Cecile Mioni, UCSC - Bay-Delta Postdoctoral Fellow, cmioni@ucsc.edu
Adina Paytan, UCSC

The potential adverse impact of the bloom-forming cyanobacterium Microcystis on the estuary is
large. Water from the northern region is used directly for drinking water and irrigation and the
region is an important recreational area for sport fishing and water contact sports. The estuary is
habitat for many anadromous, commercial and recreational fish including and is a feeding
ground for marine mammals. The estuary also contains many threatened or endangered aquatic
organisms and many of these species are declining (e.g. Delta Smelt).
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USE OF STABLE ISOTOPES FOR EVALUATING ENVIRONMENTAL
CONDITIONS ASSOCIATED WITH MICROCYSTIS BLOOMS IN THE
DELTA

Carol Kendall, U.S. Geological Survey, ckendall@usgs.gov
Steve Silva, U.S. Geological Survey, srsilva@usgs.gov
Peggy Lehman, California Department of Water Resources, plehman@water.ca.gov

The toxic cyanobacteria Microcystis aeruginosa first appeared in the San Francisco San Joaquin
Delta in 1999, and now poses a serious water quality concern. As part of a larger study aimed at
determining the impact of Microcystis on ecosystem structure and function, human and wildlife
health, and environmental conditions in the Sacramento-San Joaquin River Delta, isotope
samples were collected from 12 sites that were experiencing annual Microcystis blooms. These
sites represented a range of typical fresh and brackish water habitats. All sites were sampled
every two weeks in summer 2007 and in January 2008, and 5 were also sampled every two
weeks in summer 2008. All samples were analyzed for d15N, d13C, and C:N of seston, and
d180 and d2H of water. A subset was analyzed for d13C of dissolved organic matter (DOM),
and samples were archived for future nitrate and DOM isotope analyses. The goal of the study
was to evaluate the usefulness of isotopes for answering questions such as: what is the source of
the Microcystis biomass (internal islands or external rivers), what is the source of N utilized by
Microcystis, and does Microcystis affect the quality of the DOM available for the microbial food
web. As seen in earlier CALFED-funded studies of organic matter in the Delta, we find that
seston and DOM show seasonal and spatial variations in isotopic composition related to source
of the organic matter (terrestrial/macrophyte vs algae), the source of the N used by the algae, and
biogeochemical processes affecting dissolved nitrogen and carbon species. Two sites, Antioch
and Collinsville, showed strong inverse correlations of seston d15N and C:N, and positive
correlations of d15N and [NHy] and/or [NOs]. Other sites showed more complex correlations
among seston d13C and d15N, chlorophyll concentrations, and nutrient levels.
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MICROCYSTIS IN THE SAN FRANCISCO ESTUARY: ABUNDANCE OF
TOXIC AND NONTOXIC STRAINS, INITIAL ESTABLISHMENT OF
LABORATORY CULTURES, AND LOCALIZATION IN FISH EXPOSED
TO BLOOMS AND SPIKED DIETS

Dolores Baxa, University of California, Davis - School of Veterinary Medicine, Department of
Anatomy, Physiology, and Cell Biology, dvbaxa@ucdavis.edu

Ida Flores, University of California, Davis, ijflores@ucdavis.edu

Shawn Acuna, University of California, Davis, scacuna@ucdavis.edu

Tomofumi Kurobe, University of California, Davis, tkurobe@ucdavis.edu

Swee Teh, University of California, Davis, sjteh@ucdavis.edu

Microcystin (MC) levels in the San Francisco Estuary (SFE) — Delta, produced mainly by
recurring Microcystis aeruginosa, are theoretically governed by two key mechanisms in the
ecosystem: regulating the abundance of toxic strains, and regulating microcystin (MC)
production from toxin-producing strains. Two studies were initiated to address these
assumptions. First, the abundance of MC-producing (toxic) and MC-lacking (nontoxic)
Microcystis were determined during the bloom season in the SFE in 2007. The proportion of
toxic and nontoxic Microcystis across sites and stages of bloom development in the estuary was
assessed by qPCR that we developed based on local Microcystis strains. Second, pilot studies are
in progress to generate mass cultures of local Microcystis species. Establishing laboratory
cultures is central to evaluating the role of key environmental factors on the growth, survival,
and MC production of local Microcystis strains. Initial results on abundance of toxic and
nontoxic strains of Microcystis cultures from the estuary will be described. Lastly, retrospective
analyses of key species in the Delta such as delta smelt and striped bass previously exposed to
blooms in 2005 were initiated to determine the fate of Microcystis among these fish. In parallel,
biological effects of Microcystis on threadfin shad and Sacramento splittail were examined by
feeding Microcystis-spiked diets in the laboratory. Using DNA probes specific to local
Microcystis and specific antibodies to MC-LR, localization of Microcystis and MCs were
analyzed by in situ hybridization and immunohistochemistry, respectively among fish exposed in
the field and in the laboratory. Monitoring blooms using qPCR can reveal trends in the sources
and magnitude of toxic and nontoxic Microcystis in the estuary. As such, rapid risk assessment
and strategies can be designed to manage the adverse effects of cyanobacterial blooms to the
ecosystem and its fishery resources. Forthcoming evaluation of manipulated physicochemical
stressors using Microcystis cultures will provide the knowledge to predict conditions that will
enhance or decrease MC synthesis. Fish exposed to blooms and Microcystis-spiked diets
demonstrated the bioaccumulation of MCs in high trophic levels and that Microcystis uptake can
be mediated through their zooplankton prey. These results will lay the groundwork for future
studies designed to address how zooplankton and other primary food resources of larval pelagic
fish will respond to expanding Microcystis blooms.

Monday, September 27, 2010: Room 311-313 Microcystis in the SF Estuary - Order: 4

28



EFFECTS OF MICROCYSTIS AERUGINOSA ON THREADFIN SHAD,
DOROSOMA PETENENSE

Shawn Acuna, University of California, Davis, scacuna@ucdavis.edu
Foo-Ching Teh, University of California, Davis, fcteh@ucdavis.edu
Dolores Baxa, University of California, Davis, dvbaxa@ucdavis.edu
Swee Teh, University of California, Davis, sjteh@ucdavis.edu

In the San Francisco Estuary (SFE), the presence of the toxic algal bloom Microcystis
aeruginosa has been suggested as a link to the Pelagic Organism Decline (POD) by the
Interagency Ecology Program (IEP) (2005). The bloom is predominantly of the microcystin LR
strain (MC-LR), a hepatotoxic protein that may impact the survival of fish. The purpose of this
study was to determine whether toxins from M. aeruginosa collected from the SFE were toxic to
POD species, such as threadfin shad, Dorosoma petenense (TFS) and to use the biomarkers of
exposure to link toxicity to exposure in field samples from the SFE. Juvenile TFS, were exposed
to diets containing 5 (D5) and 10 (D10) pg/g MC-LR for 57 days. The treatments were compared
to the control diet, 0 pg/g MC-LR (DO0). Preliminary results revealed that condition factor (CF)
and liver and gonadal lesions were sensitive to exposure. There was a significant inverse
relationship with CF and MC-LR, with exposed fish exhibiting severe cachexia. Liver lesions of
sinusoidal congestion, and glycogen depletion significantly increased with increasing MC-LR
concentrations, indicating hemorrhaging in the liver and poor nutritional status, respectively. In
females, there was a significant increase in severe ovarian atresia with increasing MC-LR
concentration, indicating loss of reproductive potential. The results indicate that chronic
exposure to MC-LR from M. aeruginosa significantly impairs the health and reproductive
potential of threadfin shad. The biomarkers characterized from the dietary study will be
compared with field samples of TFS from the SFE collected during M. aeruginosa blooms to
determine whether the TFS were exposed to MC-LR. The results from this study may help
establish the link suggested by the IEP between the bloom and POD therefore aiding in
determining management protocols for controlling the M. aeruginosa blooms in the SFE.
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MULTI-SCALE, INTEGRATED REPORTING SYSTEM FOR BAY-
DELTA REGIONS

Fraser Shilling, University of California, Davis, fmshilling@ucdavis.edu
Michael Antos, The Los Angeles and San Gabriel Rivers Watershed Council, mike@lasgrwc.org
David Waetjen, University of California, Davis, dwaetjen@ucdavis.edu

California and the Bay-Delta system in particular needs a reporting system that describes
scientific understanding of ecological and socio-economic status and trends in ways that the
public and decision-makers can understand. Reporting conditions and how these conditions
change and are influenced encourages participation in knowledge and policy networks that have
formed around big social and ecological issues in the state (e.g., water management through the
Delta). In 2008, three state-funded regional programs began developing a science and
stakeholder-input based reporting system that included environmental, social, and economic
indicators of whole system status and trends. The North Bay program (led by Napa County)
focused on the Napa River and its watershed as an appropriate model unit for the Bay-Delta; the
Central Valley program (led by the Sacramento River Watershed Program) focused on the
Feather River system, arguably the most important managed water system in the state; the
Southern California program (led by the Los Angeles & San Gabriel Rivers Watershed Council)
focused on the Los Angeles River and the Arroyo Seco in particular. All three programs selected
goals and objectives for ecological, social, and economic conditions from extensive stakeholder
input. Indicator sets were selected for each measurable objective and filtered through selection
criteria to develop feasible, yet scientifically meaningful sets of system-indicators. The programs
collected all available data and measured system-indicator conditions relative to reference
standards for poor and good conditions to normalize indicator “scores” to a 0-100 scale. These
normalizations included non-linear transformations where appropriate (e.g., fish sensitivity to
water temperature). Trends analyses were performed using the Mann-Kendall series of tests
(including the Seasonal and Regional Kendall tests). The outcome was the development of a
consistent and scalable approach for California for measuring and reporting whole system
condition relative to stakeholder expectations for condition, using contemporary scientific
literature and statistical tools.
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ACHIEVING THE CALIFORNIA WATER SUPPLY AND DELTA
ECOLOGICAL IMPROVEMENT SIMULTANEOUSLY

Stacy Li, Aquatic Systems Research, stacy li@sbcglobal.net

It is clear that the current CVP system needs to be fixed. The decision on how it is to be fixed is
critical to spending billions of dollars wisely. This decision must be made now before Delta
levees crumble or before the Delta water supply is exceeded. There is only one alternative that
can achieve the stated dual objectives of securing an ample water supply and improving
ecological conditions in the Delta. The Sacramento River must be used as the sole water source
for water supply and all of the San Joaquin River water must be used to resist salt intrusion
during incoming tides. The peripheral canal is needed because sufficient amounts of Sacramento
River water are unattainable under the present CVP configuration. There are two mandatory
operational conditions that must be kept at all times to avoid continuing adverse ecological
effects: 1) No San Joaquin River water can be used for water export because export of that water
is the chief factor of Delta ecological degradation, and 2) The present level of outflow to San
Francisco Bay shall be maintained because it is already at half its historical levels, would be easy
to use as an operational term condition, and is a necessary control to operate Delta water export
in a sustainable manner.
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INTEGRATED WATER OPERATIONS AND ECOSYSTEM DECISION
SUPPORT MODELLING: THE ECOLOGICAL FLOWS TOOL (EFT)

Campbell Ingram, The Nature Conservancy, cingram@tnc.org
Clint Alexander, ESSA Technologies, calexander@essa.com
Ryan Luster, The Nature Conservancy, rluster@tnc.org

It’s challenging to integrate multi-species and multi-habitat needs when evaluating water
operation scenarios. The Ecological Flows Tool (EFT) is a decision support tool emphasizing
clear communication of trade-offs for key ecosystem targets associated with alternative
conveyance, water operations, and climate change. We take a bottom-up, process-based view of
how flow and related aquatic habitat variables (e.g., salinity, temperature, turbidity) are tied to a
variety of ecosystem functions for representative sets of focal species and habitats (Chinook
salmon, steelhead, green sturgeon, Delta smelt, splittail, tidal wetlands, invasive species
deterrence, bank swallows, Fremont cottonwoods). By leveraging many of the same planning
models used in existing socioeconomic evaluations (e.g., Calsim, DSM2) EFT provides an “eco
plug-in” to the water management studies based on use of these tools. EFT is being used in the
BDCP analysis. We present example results from applying EFT to the mainstem Sacramento
River, exploring the ecological effects of various water and channel management options on five
of the above-listed focal species (results: www.dfg.ca.gov/ERP/signature sacriverecoflows.asp).
Currently, we are extending EFT to the Delta, expanding existing modules for Chinook and
steelhead, and adding components for Delta smelt, splittail, tidal wetlands and invasive species
deterrence. In the above applications we’ve found that it’s difficult to simultaneously meet all
focal species’ objectives in a single year, but this is not necessarily a problem for some species
(e.g. Fremont cottonwood). We have developed a number of approaches to communicate trade-
offs across regions and species to both managers and scientists, and catalyze definition of state-
dependent management practices that promote the development of needed flexibility in the water
management system.
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ASSESSING THE POTENTIAL RESTORATION IMPACTS TO LOCAL
WATER USERS IN THE CACHE SLOUGH COMPLEX: A MODELING
APPROACH

Alexander Rabidoux, Solano County Water Agency, arabidoux@scwa2.com
Chris Bowles, cbec eco engineering, c.bowles@cbecoeng.com
Chris Campbell, cbec eco engineering, c.campbell@cbecoeng.com

The Cache Slough Complex is located in the northwest tidal fringe of the Sacramento — San
Joaquin Delta. The Complex is one of the last areas of the Delta where both tidal marsh areas
exist and Pelagic Organism species such as delta smelt can be found. There is substantial interest
by federal, state, and local agencies to further restore tidal marsh habitat in this area. One
possible negative product of tidal marsh creation is the production of dissolved organic carbon
(DOC), which can be problematic for municipal water users. In the Cache Slough Complex, the
main municipal project is the North Bay Aqueduct (NBA) which serves over 400,000 people in
Napa and Solano counties. With the likely creation of substantial wetlands in the Complex, local
water agencies are concerned with increases in DOC, which could impact public health, lead to
increased regulatory action, and increased water treatment costs. To begin to address these
questions cbec, inc., eco engineering was hired to develop a 2-dimensional hydrodynamic model
of the entire Cache Slough Complex. A series of restoration scenarios were then determined
based upon old reports, current policy discussion with the Bay Delta Conservation Plan, and
local interest. A total of six scenarios were developed, which included scenarios representing the
restoration of Prospect Island, Lower and Upper Egbert Tract, two scenarios at Hastings Tract,
and restoration along Peter’s Pocket and Moore Tract. Computational tracers were applied at
each levee breech to represent sources of DOC and to study the fate and transport of the tracer
through the Complex. Each scenario was modeled for 10-days and a comprehensive scenario was
modeled for 30-days. The model results show that proximity to the NBA is the single biggest
factor. Additionally, local diversions such as the NBA and agricultural diversions substantially
influence the hydrodynamics. The model results also show that likely restoration scenarios a
substantial distance from the NBA, such as Prospect Island, will not likely impact water quality
at the NBA.
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UNDERSTANDING THE STRATEGIES AND DECISION MAKING OF
CALIFORNIA’S URBAN WATER AGENCIES

Sara Hughes, University of California, Santa Barbara, sara.hughes@gmail.com

California’s growing population has long been a driver of water management decisions, and a
competing user for scarce water resources. Today, efforts to adapt water use patterns in cities
have become a cornerstone of water policies, such as Governor Schwarzenegger’s ‘20x2020’
proposal. However, little work has been done to systematically characterize and analyze the
decisions urban water agencies make about water production and distribution. A new database
using the California Department of Water Resource’s Public Water System Survey is used, for
the first time, to further our understanding in these critical areas of water management. This
presentation includes the following analytical results: (1) a description of urban water use and
distribution patterns throughout the state, (2) how these patterns result in different types of
strategies for water agencies, and (3) what we can learn from these patterns about the
effectiveness of various water production strategies in urban water agencies. These results have
significant implications as they use new data to improve our understanding of strategy and
decision making in urban water agencies, and suggest ways that policy reforms and planning
efforts may be more effective in the future.
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DELTA FLOW CRITERIA: REGULATORY AGENCY SYNTHESIS OF
THE SCIENCE

Les Grober, California State Water Resources Control Board, lgrober@waterboards.ca.gov
Adam Ballard, Regional Water Quality Control Board, aballard@waterboards.ca.gov

Phil Crader, Regional Water Quality Control Board, pcrader@waterboards.ca.gov

Chris Foe, Regional Water Quality Control Board, cfoe@waterboards.ca.gov

Mark Gowdy, Regional Water Quality Control Board, mgowdy@waterboards.ca.gov
Dave La Brie, Regional Water Quality Control Board, dlabrie@waterboards.ca.gov
Barbara Leidigh, Regional Water Quality Control Board, bleidigh@waterboards.ca.gov
Erin Mahaney, Regional Water Quality Control Board, emahaney@waterboards.ca.gov
Diane Riddle, Regional Water Quality Control Board, driddle@waterboards.ca.gov

Lucas Sharkey, Regional Water Quality Control Board, Isharkey@waterboards.ca.gov

Senate Bill 1, enacted on November 12, 2009, added the Sacramento-San Joaquin Delta Reform
Act of 2009 to the California Water Code. The Act requires the State Water Board to develop
new flow criteria for the Delta ecosystem necessary to protect public trust resources. In August
2010 the State Water Board considered adopting a staff report that contains recommended delta
flow criteria, and considers the volume, quality, and timing of water necessary for the Delta
ecosystem under different conditions. The staff report reviews existing water quality objectives
and uses the best available scientific information in determining the flow criteria. The staff report
also reviews the utility of adaptive management and considers short versus long-term flow needs.
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DEVELOPING FLOW CRITERIA TO PROTECT PUBLIC TRUST
RESOURCES IN THE SACRAMENTO-SAN JOAQUIN DELTA

Christina Swanson, The Bay Institute, swanson@bay.org
Jonathan Rosenfield, The Bay Institute, rosenfield@bay.org
Gary Bobker, The Bay Institute, bobker@bay.org

Flow is the key physical and ecological driver in riverine and estuarine ecosystems. In
California’s Sacramento-San Joaquin watershed and its Delta, flows are highly altered and
intensively managed for water storage and diversion. The intensity of water management
activities has increased steadily during the past fifty years and there is now substantial scientific
evidence that these flow alterations have contributed to both long-term and recent population
declines of native fish species by degrading habitat conditions and providing favorable
conditions for invasive species. In response to the SWRCB’s request for information regarding
flows necessary to protect ecosystem and fishery resources, we developed quantitative
recommendations for four flow parameters: Delta outflow, inflows from the Sacramento and San
Joaquin basins, and in-Delta hydrodynamic conditions. Our recommendations were designed to
promote adequate levels of four population viability criteria: abundance, productivity, diversity
and spatial structure. We used statistical, mechanistic and retrospective historical analyses of the
relationships between flow and the viability criteria to identify flow levels needed to support
viable populations of public trust species. Numerous other stressors may contribute to recent
declines of fish populations that use the Delta but the effects of altered flow regimes exacerbates
each of them. We assumed that, where necessary, additional actions were taken to address other
known stressors; thus, our recommendations are for flows necessary to protect the public trust if
these other stressors are completely mitigated. Based on these analyses, we recommended
increases in winter-spring Delta outflows and Sacramento and San Joaquin River inflows during
appropriate months and seasons. We also recommended improved Delta hydrodynamic
conditions (positive Old and Middle River flows). These recommendations were tied to specific
population viability objectives for key species.
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ENVIRONMENTAL FLOWS FOR NATIVE FISHES

Jay Lund, University of California, Davis, jrlund@ucdavis.edu
William Fleenor, University of California, Davis, wefleenor@ucdavis.edu

Recent state legislation has required the development of flow prescriptions for supporting habitat
conditions for desirable fishes in the Delta. In the larger professional literature, much is written
on environmental flows for rivers and other water bodies, with little consensus on method
(Richter et al. 1997; King and Louw 1998; others). This stems, in part, from the complexity
involved (Moyle et al. 2010). Estimating human demands for water, both in quantity and quality,
is fairly straightforward with well-established methods. Estimating flows for improving habitat
conditions, particularly to support fishes with different and often conflicting life history
strategies, is much more complex and is hampered by numerous uncertainties. For the Delta,
these difficulties are compounded by major geological, biological, and engineering changes and
transitions, particularly the return of subsided diked lands to aquatic habitat (subtidal, intertidal
and floodplains), changes in water management within and upstream of the Delta, invasive
species, and water contamination from upstream and in-Delta uses. These massive ongoing and
potential changes cast doubt on the long-term value of empirical relationships often used to
establish required Delta flows. As pointed out elsewhere (Lund et al. 2008), we are unlikely to
ever resolve all these uncertainties and issues in the Delta before proactive actions are required —
since courts are already requiring action. Initial flow prescriptions with a habitat and biological
basis need to be developed to move the planning and policy process forward, even knowing that
these prescriptions are based on incomplete data and understanding, and will undoubtedly be
modified in the future. As support to the State Water Resources Control Board, we present a
method for estimating fresh water flows needed to sustain viable populations of native fishes in
the Delta. Three separate approaches to this problem are explored and illustrative quantities of
water are estimated. While it is hoped these estimated flows might have some value in furthering
discussions in light of the justifications and references provided, the greater value, for the time
being, lies in the approach developed and applied here. This approach is developed largely to
facilitate more transparent and scientific discussion of desirable freshwater flows and to suggest
potential methods for their estimation.
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APPLICATION OF DYNAMIC REGIME THEORY TO ASSESS THE
EXTENT OF ESTUARINE ECOSYSTEM CHANGE: OH, YOU DON'T
KNOW, THE SHAPE I'M IN

Bill Bennett, University of California, Davis, wabennett@ucdavis.edu
Peter Moyle, University of California, Davis, pbmoyle@ucdavis.edu

The concept of regime change originated separately in oceanography and in ecological theory.
Ideological and logistical differences led to a focus in oceanography on identifying associations
and breakpoints among time series, i.e. correlations; whereas, a more process-based perspective
developed in ecology due to opportunities for manipulative studies, e.g. in lakes, and
developments in population and system modeling. To aid in unifying these two conceptual
lineages, and better assess the human role in estuarine change, we evaluated the extent to which
dynamic regime changes have occurred in the San Francisco Estuary and Delta. We focus our
evaluation at various regional and whole-system scales, using a variety of long-term data sets
extending back to the 1970s. First we examine relative changes in various ecosystem constituents
in phase space to explore patterns in dynamic behavior consistent with a regime shift, and then
apply two techniques designed to detect “leading indicators” of a pending regime shift; i.e.
evidence for the slowing down of system dynamics. Our results provide robust support for a
regime shift occurring in the Delta region in about 2000-2001. Although less evidence was
observed for similar shifts in other regions or across the entire estuary, the likelihood of future
regime shifts was bolstered by evidence for leading indicators of change in near-by regions such
as Suisun Marsh. Overall, this study underscores the fundamental nature of ecosystems as
continuously changing, which in highly human altered systems is almost always irreversible.
Thus, Delta policies relying on historical abundances as baselines, or targets for restoration of
desired species have little relevance in this new regime. Ongoing efforts to restore or rehabilitate
native species are likely to fail without carefully targeted and prolonged investments to
reestablish habitat conditions that reflect the life history characteristics of native and desirable
fishes.
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HISTORICAL CONTEXT FOR DELTA FLOW AND SALINITY
STANDARDS

Greg Gartrell, Contra Costa Water District

Richard Denton, Richard Denton & Associates, rdenton06(@comcast.net
Leah Orloff, Contra Costa Water District, lorloff@ccwater.com

Deanna M. Sereno, Contra Costa Water District, dsereno@ccwater.com

The watershed of the Sacramento—San Joaquin Delta provides drinking water for more than 23
million Californians as well as irrigation water for millions of acres of agriculture in the Central
Valley. The Delta itself is a complex estuarine ecosystem, with populations of many native
species now in serious decline. Successful revival and sustainability of the Delta ecosystem
requires an understanding of the conditions under which native species evolved. Our detailed
review of monitoring data, scientific reports, and modeling analyses establishes an historical
record of flow and salinity conditions in the Western Delta and Suisun Bay before European
settlement through to the present day. While it is not feasible to remove all human interference
from the system, this review of natural variability provides context for discussion of further
modifications to Delta flows.
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SACRAMENTO RIVER SEDIMENT SOURCES, TRANSPORT, AND
SUPPLY TO THE DELTA

Scott Wright, U.S. Geological Survey, sawright@usgs.gov

The Sacramento River is the primary source of sediment to the Delta. Recent studies indicate that
suspended sediment is an important indicator of habitat quality for endangered native fish. Also,
previous work documented decreases in sediment supply from the Sacramento over the past half
century in response to anthropogenic impacts. Predictions of future sediment supply in response
to climate and water management scenarios require an understanding of sediment sources and
transport in the watershed. To this end, this study reviews sediment data collected during 1979
and 1980 when an intensive monitoring program existed in the Sacramento Valley. These data
serve to illustrate sources and transport processing during below normal (1979) and above
normal (1980) hydrologic conditions. For both years, the primary source of sediment was the
upper reaches between Keswick Dam and Hamilton City. In 1979, spills to Sutter and Yolo
bypasses were minimal such that the sediment generated in the upper reaches was transported
downstream in the main channel to the Delta. Though the Feather River was a significant source
of water, its sediment supply was relatively small compared to the supply from the upper reaches
(for 1979 and 1980). During 1980, substantial spills occurred to the bypasses and this
substantially affected sediment (and water) routing in the system. Sediment loads decreased
substantially in the middle reaches as water and sediment were spilled to Sutter bypass. Above
Verona, Sutter bypass and the Feather join the Sacramento and can spill into Yolo bypass. In
1980, this resulted in a large increase in downstream Sacramento flows but only a modest
increase in sediment loads because of the low sediment load of the Feather as well as deposition
in Sutter bypass. Limited data exist for sediment loads in the Yolo bypass and lower Sacramento,
and this remains an area for further study.
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AN OBSERVED STEP CHANGE IN DELTA TURBIDITY FOLLOWING
1982-1983 EL NINO FLOODS

Erin Hestir, University of California, Davis, elhestir@ucdavis.edu
David Schoellhamer, U.S. Geological Survey, dschoell@usgs.gov
Tara Morgan-King, U.S. Geological Survey, tamorgan@usgs.gov
Susan Ustin, University of California, Davis, slustin@ucdavis.edu

Sediment transport influences the geomorphology, biogeochemical cycling, pollutant load, and
ecology of river deltas and estuaries. In the Sacramento-San Joaquin Delta, turbidity is largely
considered a surrogate of suspended sediment concentration, and has been declining over the
past 30 years. This has contributed to dramatic changes in the ecology of the Delta and to the
decline of the endemic and endangered delta smelt. The declining turbidity trend in the Delta has
been attributed to reduced sediment inputs and expansion of invasive submerged aquatic
vegetation. In this study, we analyzed historic monthly turbidity records collected by the
California Department of Water Resources Environmental Monitoring Program from 1975-2008.
We investigated structural changes in the turbidity trend, and identified a significant step
decrease in turbidity after the beginning of the 1984 water year at nine different sites within the
Delta. This significant decrease in Delta turbidity appears to have been caused by the
combination of large El-Nino driven winter floods from both the San Joaquin and Sacramento
Rivers in 1982-1983 and the high inflows throughout the summer. We suggest that these
extended high flow events flushed the erodible sediment pool from the Delta into the San
Francisco Bay. This event has left the Delta in its current, low-turbidity state. Another study
found that a step decrease in suspended sediment concentration in San Francisco Bay in 1999
may have been caused by depletion of erodible sediment. This indicates that depletion of
erodible sediment may have progressed downstream and, if the erodible sediment pools were
created by hydraulic mining in the late 1800s, sedimentation in the estuary has largely recovered
from hydraulic mining.
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COMPREHENSIVE GEOMORPHIC AND SEDIMENTATION ANALYSES
OF LOWER SACRAMENTO RIVER SHOWS PROMISE FOR SEDIMENT
BUDGET MODELING OF THE DELTA

Brad Hall, Northwest Hydraulic Consultants, bhall@nhcweb.com

Andrey Shvidchenko, Northwest Hydraulic Consultants, ashvidchenko@nhcweb.com
Robert MacArthur, Northwest Hydraulic Consultants, rmacarthur@nhcweb.com
Rene Leclerc, Northwest Hydraulic Consultants, rleclerc@nhcweb.com

Bryce Cruey, Northwest Hydraulic Consultants, beruey@nhcweb.com

Lea Adams, U.S. Army Corps of Engineers, Lea.G.Adams@usace.army.mil

The sediment budget of the Sacramento and San Joaquin Delta system is required for assessing
future adjustments in the morphology of this complex landscape of channels, floodplains, and
islands. To better understand implications of the sediment budget on morphology, comparisons
of the sediment budget with observed morphological adjustments such as bankline adjustment,
channel bed change, and the feedback to channel hydraulics is required to develop reliable
forecasting tools for predicting future changes to the sediment budget. Northwest Hydraulic
Consultants (NHC) completed a sediment budget analysis of the Delta as part of a
comprehensive analysis for subsidence management alternatives on Delta islands (Shvidchenko
et al., 2004). This analysis included estimates of both bed material and suspended wash load, and
identified pathways of sediment inflow, storage, and outflow. More recently, NHC undertook a
systematic analysis of the sediment transport and channel morphology of the Sacramento River
system for the Army Corps of Engineers. This study collected and reviewed available historic
and present-day data related to geomorphology and sediment transport of the Sacramento River
system and assessed implications of channel evolution trends and sediment transport regime on
the river as well as sediment delivery to the Delta. A 1-dimensional numerical model of the
lower Sacramento River was developed that includes sediment routings through the river channel
as well as inflows and diversions to the river from the flood bypass systems. The verified model
provides very good agreement to measured sediment discharge loads, bed material gradations,
stage-discharge rating shifts, and measured bathymetric changes. The computed sediment yield
at the Freeport gaging station shows an excellent correspondence between computed and
measured sediment discharge for the 1997-2008 time period. Combining NHC’s Delta sediment
budget with this new tool provides a means for linking implications of future river management
activities on Delta sedimentation dynamics.
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MODEL BASED INTERPRETATION OF SEDIMENT CONCENTRATION
AND VERTICAL FLUX MEASUREMENTS IN THE SHOALS OF SOUTH
SAN FRANCISCO BAY

Andreas Brand, University of California, Berkeley, andreas brand@berkeley.edu
Steve Gladding, University of California, Berkeley, sgladding@gmail.com
Jessica, R. Lacy, U.S. Geological Survey, jlacy@usgs.gov

Mark T. Stacey, University of California, Berkeley, mstacey@berkeley.edu

Our study focused on the driving factors of sediment resuspension and settling dynamics in the
shoals of South San Francisco Bay. We deployed an array of stations in spring and fall 2009 at a
shallow field site (2.19-2.59 MLLW) to measure horizontal and vertical gradients of turbidity
together with fluid flow, turbulence, and pressure across the shoal-channel transition. Flow
velocities, Reynolds stress, wave properties, sediment concentration and turbulent sediment
fluxes were measured using ADVs. We developed a simple 1-D dispersion-settling model to
interpret the observed sediment concentrations and fluxes. We assumed the existence of two
sediment fractions with differing settling behavior. Sediment resuspension into the water column
was described as a linear function of the observed sediment flux. Our model study showed that
the observed concentrations were best described by a fast settling fraction with a constant settling
velocity ws of 0.003 ms-1 attributed to coarse particles and a slowly settling fraction with a
concentration dependent settling velocity ws=k*CSed with k = 8%10° m* s™' g attributed to fine
particles, suggesting a coagulation mechanism for the settling of the latter fraction. Modeled
sediment concentration profiles showed that the fine sediment fraction can contribute over 70%
of the sediment mass. Still, steeper gradients in the profiles of the coarse particles show that
these particles are the main contributors to the measured sediment flux. Understanding the
sediment transport in the South San Francisco Bay is of crucial importance for the prediction of
contaminant and nutrient dynamics as well as predicting the formation and erosion of wetlands
and intertidal mudflats. Our study highlights the importance of differing particle fractions in the
sediment dynamics of the Bay, especially since these fractions differ in residence time in the
water column. The presented results also provide a good starting point for a fully coupled
sediment bed-water column model.
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UNCERTAINTY ANALYSIS FOR GEOMORPHIC MODELING

Phillip Mineart, URS Corporation, phillip_mineart@urscorp.com
Ram Kulkarni, URS Corporation, ram _kulkarni@urscorp.com

The prediction of changes in long-term sedimentation (decadal time scale) are necessary if the
impacts of projects that affect sedimentation in San Francisco Bay and Delta are to be adequately
estimated. However, the prediction of sedimentation over these time scales is subject to a large
amount of uncertainty. Causes of the uncertainty include unknown inputs, model
approximations, errors in model parameters and method adopted for geomorphic analysis and the
natural variability in sedimentation. This presentation presents a method for quantifying the
uncertainty. The method is then applied to a proposed project in South San Francisco Bay as an
example. An important component of estimating the uncertainty in the prediction of future long
term sedimentation is to estimate the variance in the random error associated with the future
prediction, which is assumed to be equal to the variance of the actual prediction of
sedimentation. This value is estimated by dividing the simulation area in contiguous zones with
similar habitat type, environmental conditions, and project impacts. The variance in the error is
then estimated from point and average estimates of error within each zone based on hindcast
simulations. The variance associated with project impacts can then be estimated based on the
variance in the error in estimating future sedimentation and the expected correlation between no
action and project conditions. An example application of the method is applied to a proposed
projected in the South Bay. The results include a map of the Bay showing the expected changes
in sedimentation, the forecast uncertainty and the coefficient of variation of the forecast error.
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THREE-DIMENSIONAL MODELING OF SEDIMENT DYNAMICS IN
SAN FRANCISCO BAY USING THE SUNTANS MODEL

Oliver Fringer, Stanford University, ofringer@yahoo.com
Y.J. Chou, Stanford University

S. Lee Chua, Stanford University

J.R. Koseft, Stanford University

S.G. Monismith, Stanford University

We employ the unstructured-grid SUNTANS model to simulate hydrodynamics and sediment
transport in San Francisco Bay. The domain extends offshore of the Golden Gate by 25 km
where sea-surface tidal constituents at Point Reyes are imposed, and the Delta is modeled as a
“false Delta” with two rectangular boxes at the confluence of the Sacramento and San Joaquin
Rivers. With an average horizontal resolution of 200 m and a minimum vertical resolution of 25
cm, the model is calibrated to produce accurate predictions of sea-surface height, salinity, and
depth-averaged currents throughout the Bay. Cohesive suspended sediment transport is modeled
with the transport equation with a settling term that accounts for flocculation using results from
observations, and this suspended sediment interacts with a multilayer bed model with five layers
ranging in thickness from 25 mm to 1 m. A phase-averaged wave model is employed to
incorporate the effects of wind-wave induced sediment resuspension. We demonstrate the
behavior of the combined hydrodynamics-sediment-wave model and focus on comparisons to
observations in South Bay, and we demonstrate the sensitivity of the results to the relative effects
of tides and wind-waves.
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SEDIMENT TRANSPORT AND VEGETATION GROWTH SIMULATION
ON THE SAN JOAQUIN RIVER

Blair Greimann, US Bureau of Reclamation, bgreimann@usbr.gov
Lisa Fotherby, US Bureau of Reclamation, Ifotherby@usbr.gov

Sedimentation and River Hydraulics — One Dimension (SRH-1D) is a one dimensional hydraulic
and sediment model used to simulate water surface profiles, sediment transport rates, and erosion
and deposition within rivers and canals. There is also a vegetation module that has been built into
SRH-1D and this version is called SRH-1DV. The vegetation module tracks the establishment,
growth, and survival of various riparian species. The model parameterizes the establishment,
growth, and morality using available information for each species. In addition, a companion
paper in this conference describes laboratory measurements of cottonwood establishment used to
parameterize the model. SRH-1DV has been applied to the San Joaquin River and the flood
bypasses from Friant Dam to the confluence with the Merced River to predict future erosion and
deposition with and without the San Joaquin River Restoration Program (SJRRP). The model
requires several inputs. Cross section information was taken from existing HEC-RAS models of
the system. Bed material data was collected from field samples collected throughout the river
and bypass system. The daily flows used in the simulations were generated by CALSIM II and a
daily time step model. We used the simulated daily flows under with and without SJRRP and we
also simulated the erosion and deposition using historical stream gage data. Some of the main
concerns of the project include improving and maintaining anadromous fish habitat below Friant
Dam and maintaining flood capacity in the project reaches. To this end, we analyzed the
mobilization of gravel, analyzed simulated changes to the bed elevations, and also to the riparian
vegetation. The reach downstream of Friant is primarily gravel and cobble and we analyzed
whether project flows will be able to mobilize this gravel to maintain salmon spawning beds.
This reach is already heavily vegetation and does not have significant levee systems. Further
downstream, the San Joaquin transitions to a sand bed river and several reaches are without
surface water the majority of the year. There is currently little vegetation and the levee system is
already stressed. The resupply of base flow to these dry reaches will potentially cause erosion or
deposition and increase riparian vegetation density. We use SRH-1DV to assess the erosion or
deposition in these reaches and also additional vegetation growth under the San Joaquin River
Restoration Project.
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TECHNICAL DETAILS OF THE DEVELOPMENT OF A SEDIMENT-
TRANSPORT MODULE FOR DSM2

Fabian Bombardelli, University of California, Davis - Department of Civil and Environmental
Engineering, bmbrdll@yahoo.com

Jamie Anderson, California Department of Water Resources, jamiea@water.ca.gov

Eli Atlejevich, California Department of Water Resources, eli@water.ca.gov

Kaveh Zamani, University of California, Davis, kzamani@ucdavis.edu

This presentation describes the development of a one-dimensional Sediment and Transport
Module (STM) for the Delta Simulation Model 2. STM is a general transport model for
conservative and non-conservative constituents with special focus on sediment transport. The
module includes cohesive and non-cohesive sediment transport in tidal channel networks. Both
suspended sediment and bed load are simulated in the module. STM uses a second order
accurate, finite volume numerical solution. To verify that components of the model are coded
properly, a companion testing code has been developed.
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EXPERIENCE MODELING TURBIDITY IN THE SACRAMENTO-SAN
JOAQUIN DELTA FOR THE 2009-2010 WINTER SEASON

Marianne Guerin, Resource Management Associates, maguerin@rmanet.com
John DeGeorge, Resource Management Associates, jfdegeorge@rmanet.com

With funding from the Metropolitan Water District of Southern California (MWD) and in
collaboration with DWR Operations and Maintenance (O&M) staff, Resource Management
Associates (RMA) has developed a 2-D turbidity modeling protocol for short-term forecasting.
Starting in December 2009, many new real-time turbidity monitoring stations became available
in the Delta, providing a rich data set for developing model boundary conditions and evaluating
the performance of turbidity predictions. Using O&M’s DSM2 flow and salinity forecast
boundary conditions as a starting point, flow boundary conditions for the Sacramento and San
Joaquin Rivers and for the Yolo boundary were refined using forecast conditions from the
California-Nevada River Forecasting Center (CNRFC). A simple methodology was developed
for forecasting 50% and 90% exceedance values for turbidity boundary conditions at the
Sacramento and San Joaquin boundaries. The initial application of a simple turbidity model
based on exponential decay gives reasonable results throughout much of the Delta, however,
comparison of model results to the extensive observed data set reveals several factors that should
be included in a more comprehensive model including: wind-driven resuspension in open water
areas; turbidity loading from local rain; ungaged inflows particularly in the Eastern Delta; and
settling and resuspension in channels with low net velocity. Overall, the results indicate that
measured turbidity will be better approximated by a full suspended sediment model with
meteorological inputs for local precipitation and wind, particularly if flow can be measured more
accurately during and shortly after storm events.
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SEDIMENT MODELING FOR THE DELTA ISLANDS AND LEVEES
FEASIBILITY STUDY

Eugene Maak, U.S. Army Corps of Engineers, eugene.c.maak@usace.army.mil
William McAnally, Dynamic Solutions, LLC, whmcanally@dsllc.com

Paul Craig, Dynamic Solutions, LLC, pmcraig@ds-intl.biz

Christopher Wallen, Dynamic Solutions, LLC, cmwallen@dsllc.com

The Sacramento — San Joaquin River Delta consists of a 700-mile network of controlled
channels, 1,100 miles of levees, and 70-plus islands, most of which are well below sea level. The
current system is a patchwork of projects implemented over the last 150 years primarily for land
reclamation, flood control, navigation, and water delivery. Delta water supports $400 billon of
the state economy, supplies two-thirds of the households, and provides habitat for many species.
The Delta as a vital economic and ecologic resource for the residents of California and the nation
is at risk. Continued development, changes in conveyance, subsidence, invasive species, seismic
risk and weather/climate risks are likely going to challenge the system even further. While many
models have been used in the system the 3-dimensional Environmental Fluid Dynamics Code
(EFDC) has been chosen for this work. The 3-D hydrodynamic EFDC model will provide the
necessary detailed predictions of water level and velocity for flooding analyses and all
constituent transport processes from salinity to sediment to dissolved oxygen for existing
conditions and predicted future scenarios, including plan alternatives. The numerical model has
been designed to represent the major hydrodynamic processes, transport pathways and fate of
nutrients, sediments, carbon and contaminants in surface waters and is capable of capturing
subtle circulation patterns such as residual flows and density currents that are essential to
representative transport of dissolved constituents and suspended materials. The purpose of the
work described is to support the Delta Islands and Levees Feasibility Study (DILFS) and
CALFED, specifically through the modeling of sediment transport, deposition and erosion. It is
generally understood that sediment in the Delta can be beneficial, as when it nourishes wetlands
and provides habitat for aquatic species that prefer turbid water or a specific substrate. It can
have adverse effects when it produces a hostile habitat for aquatic species or clogs channels and
outlet works that cause significant expense in the dredging of navigation channels, ports, and
terminals. The EFDC suite of models will be used to support the development of water resource
management plans for the Sacramento-San Joaquin Delta and provide managers with
quantitative evaluations and comparisons of the relative effectiveness of alternative plans to
achieve the objectives in relation to known Delta issues related to water supply, water quality,
flooding, navigation, recreation, sedimentation, ecosystem health, economics, and aesthetics.
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A RE-ASSESSMENT OF THE HISTORIC CHANGES IN SEDIMENT
FLOWS INTO SAN FRANCISCO BAY

Andrew Cohen, Center for Research on Aquatic Bioinvasions (CRAB), acohen@sfei.org

There is good deal of interest in understanding how sediment flows into San Francisco Bay have
changed relative to historic and natural conditions. These changes can affect dredging needs,
erosion rates, the re-suspension of buried contaminants, tidal marsh restoration efforts and the
capacity of the Bay to support oyster and eelgrass beds. They also provide a benchmark for
assessing projected impacts from climate change. The Bay sediment literature uniformly quotes
estimates from Grove Karl Gilbert’s 1917 monograph on hydraulic mining debris as the baseline
for natural (pre-1850) and peak historic (roughly the last half of the 19th century) sediment flows
into the Bay. However, a review of Gilbert’s sediment budget model reveals that his estimates
have been misquoted since he does not actually provide a value for historic sediment inflow to
the Bay, nor can a specific value be calculated from his data (though rough upper and lower
bounds can be determined). More critically, however, incorrect values for bulk sediment density
have been used to convert Gilbert’s sediment volume estimates to mass units for comparison
with modern sediment flow measurements, thereby substantially understating Gilbert’s sediment
flow estimates, possibly by a factor of 3-5. Overall, the baseline estimates of natural and peak
historic sediment inflows are much higher and more uncertain than recent literature has
indicated, which greatly alters our perception of both where we are today and where we are
headed relative to baseline conditions. This in turn affects our understanding of how shifts in
sediment inflows due to dams, diversions, channel alterations, land use, climate change or other
anthropogenic factors may affect shoreline erosion, the ecosystem’s exposure to legacy
contaminants, and the potential to achieve certain types of environmental restoration or
enhancement.
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ENVIRONMENTAL IMPACTS AND REGULATORY IMPLICATIONS OF
THE APPARENT EXPULSION OF THE HYDRAULIC MINING ERA
PULSE OF MERCURY LADEN SEDIMENT FROM SAN FRANCISCO

BAY

Scott Bodensteiner, Weston Solutions, Inc., scott.bodensteiner@westonsolutions.com
Stephen LaMothe, Weston Solutions, Inc, stephen.lamothe@westonsolutions.com
Heidi Pleiss, Weston Solutions, Inc, heidi.pleiss@westonsolutions.com

Samantha Leskie, Weston Solutions, Inc, samantha.leskie@westonsolutions.com

Ian Bruce, Weston Solutions, Inc, ian.bruce@westonsolutions.com

Problem Statement: Over several decades, a significant reduction in the sediment load entering
San Francisco Bay from the Delta and its major river tributaries has spurred an increase in the
resuspension of the Bay’s erodible sediment pool allowing suspended sediment concentrations to
maintain equilibrium. Recently published data (NOAA 2009) suggest that the erodible sediment
pool, consisting primarily of shoaled sediments from Gold Rush era hydraullic mining, may have
been essentially depleted. If ambient mercury concentrations in Bay sediments have been
reduced with the depletion of mining related sediments, how will policy measures aimed at
reducing levels of mercury in San Fracisco Bay (i.e. mercury TMDL) be impacted? Approach:
Recent deepening the Oakland Harbor navigation channels to pre-industrial sediment strata,
make this location an ideal for assessing the trend in mercury concentrations in newly shoaled
sediments in San Francisco Bay. Sediment samples from the Oakland Harbor were collected
prior to maintenance dredging every year since the deepening project was completed and
analyzed for mercury. Results were compared to historic levels documented for Oakland Harbor
and other regions within the Bay. Results: The results of this investigation show that mercury
present sediments newly accreted in Oalkand Harbor every year since the navigation channel
was deepened are consistent with pre-industrial, background concentrations (~0.23 mg/kg).
Conclusions: Under the Clean Water Act's Section 303d, the San Francisco Bay was deemed
impaired for mercury, and a Total Maximum Daily Load (TMDL) for this contaminant was
developed and amended to the San Francisco Bay Regional Water Quality Control Board's Water
Quality Control Plan. A significant reduction in ambient San Francisco Bay mercury sediment
concentrations associated with the apparent dramatic depletion in mining related sediments may
imply that a substanitial reduction in the total Bay Area mercury load, and warrant a
modification to the mercury TMDL implementation plan. This is especially true for Bay Area
dredge permit applicants because the TMDL currently prohibits discharge of dredged material to
the Bay's authorized aquatic disposal sites unless the material exhibits concentrations lower than
the current ambient sediment mecury concentration (0.53 mg/kg).
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NEW ESTIMATES OF SUSPENDED SEDIMENT LOADS TO SAN
FRANCISCO BAY

Lester McKee, San Francisco Estuary Institute, lester@sfei.org
Mikolaj Lewicki, Polish Geological Institute, mlewi@pgi.gov.pl

Information on suspended sediment loads is of paramount importance for managing the Bay-
Delta due to associated degradation of water and sediment quality, recreation amenities, native
species habitat, and disruption of commercial shipping operations. Yet we still have limited
understanding of suspended sediment and contaminant loads in various components of the
ecosystem. Research in the 1970s and 80s provided evidence that approximately 80% of the
sediment supply to the Bay was from the Central Valley. Since then, sediment loads from the
Central Valley have trended downwards, a premise promulgated by Krone (1996) in Hollibaugh
(Ed.) San Francisco Bay: The Ecosystem and confirmed by Wright and Schoellhamer (2004) San
Francisco Estuary and Watershed Science Journal. Based on point and cross section
measurements of turbidity and suspended sediment concentrations at Mallard Island, we
presented evidence that the average annual suspended sediment load passing from the Central
Valley through the Delta past Mallard Island is now 1 million metric t (McKee et al. 2006:
Journal of Hydrology). Recently we completed a new evaluation of suspended sediment loads in
small tributaries of the nine county Bay Area using a combination of 177 station years of
sediment data covering 29 watersheds, regression analysis, and simple modeling (Lewicki and
McKee, 2009: SFEI technical report). Along with updated estimates of Delta loads, this research
shows that an estimated 1.3 million metric t is supplied from the tributaries of the nine-county
Bay Area, and that the balance is tipped even more than Krone had predicted. Our results imply
that the Bay suspended sediment budget is now dominated by supply of fine more highly
contaminated sediment from urbanized nine-county Bay Area tributaries. Managers responsible
for sediment accumulating in shipping channels and restoring wetlands may need to more
carefully account for proximity to urban tributaries and contaminant sources.
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SUSPENDED-SEDIMENT FLUX IN THE SHALLOWS OF SOUTH SAN
FRANCISCO BAY

Jessica Lacy, U.S. Geological Survey, jlacy@usgs.gov

Andreas Brand, University of California, Berkeley, andreas brand@berkeley.edu
Audric Collignon, University of California, Berkeley, audric.collignon@berkeley.edu
Mark Stacey, University of California, Berkeley, mstacey@berkeley.edu

The shallows of San Francisco Bay retain fine sediments, and are thought to serve as a source of
sediments for intertidal mudflats and marshes. Thus sediment transport in the shallows and
shoal-channel exchange are important components of the Bay sediment budget. We evaluated
near-bed suspended-sediment flux (SSF) at two sites in the eastern shallows of South San
Francisco Bay from February 24 to March 16 (spring) and September 9 to October 6, 2009 (fall).
The sites were 0.3 km (ShN) and 1.3 km (Be) from the channel edge, at depths of 2.6 m and 2.2
m MLLW. During both deployments and at both sites, the along-channel component of SSF was
directed down-estuary during calm periods and up-estuary during windy periods. The up-estuary
flux was produced by a correlation of higher suspended-sediment concentration (SSC) with flood
tides, due to enhanced wind-wave resuspension at low water and vertical mixing by the ensuing
flood-tide currents. SSF during two intense wind events at the end of the fall deployment (wave
heights > 0.5 m) was an order of magnitude greater than at any other time during the study. As a
result, cumulative flux in fall was directed up-estuary, whereas in spring it was down-estuary and
much lower in magnitude. Cumulative cross-shore SSF in the spring was directed toward the
channel at ShN, but was toward shore and lower in magnitude at Be. During the fall, cross-
channel SSF was directed toward the channel at both sites and was greater at ShN than Be,
although the total magnitude of cumulative SSF was much lower at ShN than Be. The spatial
variation in cross-channel SSF during both deployments indicates net erosion and transport into
the channel, and suggests that the region of the shoals adjacent to the channel does not supply
sediment to adjacent marshes.
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MEASUREMENTS OF WATER COLUMN AND SEDIMENT BED
INTERACTIONS IN THE SOUTH SAN FRANCISCO BAY ESTUARY

Steven Gladding, University of California, Berkeley, sgladding@gmail.com
Andreas Brand, University of California, Berkeley, andreas brand@berkeley.edu
James Hunt, University of California, Berkeley, hunt@ce.berkeley.edu

Jessica Lacy, U.S. Geological Survey, jlacy@usgs.gov

Mark Stacey, University of California, Berkeley, mstacey@berkeley.edu

Sediments in the South San Francisco Bay in the bed and in the water column are composed
primarily of fine cohesive sediments which are known to be contaminated with a number of new
and legacy contaminants. Changes to the South Bay environment, including sea level rise and
habitat restoration, have increased concerns that the South Bay may be erosive, introducing
additional contaminants into the South Bay ecosystem. Further understanding of the processes
that determine the behavior of fine sediments found in the water column and in the bed are
needed to evaluate and model how the South Bay will respond to the changing environment. A
three week instrument deployment was undertaken in the South Bay to better understand shoal-
channel sediment processes at multiple scales. Instruments deployed at ten stations covering
roughly two square kilometers measured water velocities, suspended sediment concentrations,
salinity and temperature at hourly or shorter intervals. Measurements of the particle size
distribution were also made at one location every 12 minutes for the first five days and sediment
cores were collected at the beginning and end of the deployment from two locations. From these
measurements turbulence and other parameters have also been calculated. Measurements of
suspended sediment concentrations during the deployment usually were in the range of 5-50
mg/L on the shoals, with the lowest concentrations observed during spring tides. Episodic events
driven by wind waves created peaks around 100 mg/L. Analysis of sediment cores indicated
disturbances to the sediment bed of less than 1 cm. Flood tide resuspension of sediments were
affected by several factors including strength, duration and direction of the flood tides. Second
resuspension events were observed during ebb flood tides, subject to the same factors. Particle
size distributions measured during the second resuspension event were different from those
measured during the primary resuspension event.
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CONCENTRATIONS AND LOADS OF TRACE CONTAMINANTS IN THE
ZONE 4 LINE A SMALL TRIBUTARY, HAYWARD, CALIFORNIA:
WATER YEARS 2007-2010

Alicia Gilbreath, San Francisco Estuary Institute, alicia@sfei.org
Lester McKee, San Francisco Estuary Institute, lester@sfei.org
Rand Eads, RiverMetrics, rivermetrics@gmail.com

Urban runoff has been identified in the total maximum daily loads reports (TMDLs) as a large
and potentially controllable source for pollutants of concern (POCs) to San Francisco Bay and
these reports encourage further development of loads information from the Bay’s tributaries. To
investigate the concentrations and loads of mercury (Hg), polychlorinated biphenyls (PCBs),
polybrominated diphenyl ethers (PBDEs), polycyclic aromatic hydrocarbons (PAHs),
organochlorine (OC) pesticides, various metals and other POCs in urban runoff from a small (4.5
sq km) and highly urbanized watershed, storm and base flow samples were collected from a
tributary in Hayward called Zone 4 Line A for Water Years 2007-2010. Loads were calculated
using linear interpolation, regression with turbidity, or a stratified flow-weighted mean
concentration approach. More than 95% of the loads for all contaminants were carried past the
sampling location during storm events, along with over 90% of the total discharge. The organic
contaminant class with the greatest concentrations and loadings were PAHs, which appear to be
mostly associated with automobile and diesel exhaust and brakelining particles. The relative
order of loadings for the other organic contaminant classes was OC Pesticides > PBDEs > PCBs.
Total mercury was primarily particle-associated and exhibited higher concentrations (1-147
ng/L) than reported in previous studies for both an urban creek in the Sacramento Area (Arcade
Creek (90th percentile was approximately 23 ng/L), in Domagalski, 1998) and Sacramento-San
Joaquin River flow from the Delta into the Bay (3 — 75 ng/L, in David et al, 2009). The results
support the premise that the control of non-point source pollution in highly urban areas of the
Bay-Delta ecosystem may reduce loads of bio-accumulative materials such as Hg and PCBs and
improve water and sediment quality to help attain beneficial uses for wildlife and humans.

Tuesday, September 28, 2010: Room 306 Contaminants - Order: 1

55



COPPER RUNOFF TO SAN FRANCISCO BAY FROM BRAKE PAD
WEAR DEBRIS - PHASE 2 WATERSHED MODELING ANALYSES

Anthony Donigian Jr, AQUA TERRA Consultants, donigian@aquaterra.com
Brian Bicknell, AQUA TERRA Consultants, bicknell@aquaterra.com

Kirsten Sinclair Rosselot, Process Profiles, ksrosselot@processprofiles.com

The Brake Pad Partnership has conducted a series of interconnected technical studies to
determine whether or not copper from brake pads contributes significantly to copper in surface
waters in the San Francisco Bay watershed. As part of the Partnership’s studies, air deposition
modeling, watershed modeling (reported at the 2008 Bay-Delta conference), and bay modeling
were conducted. The Partnership’s technical studies showed that brake pad wear debris is a
significant contributor to copper in runoff to the San Francisco Bay, particularly in highly
urbanized sub-watersheds. This paper reports on the Phase 2 of the watershed modeling efforts.
The watershed modeling was conducted using the U.S. EPA's Hydrological Simulation Program-
FORTRAN (HSPF) model to estimate the copper in runoff to the bay. Based on the Phase 1
modeling, the contribution of copper from brake pads to the total copper load in runoff to the bay
is from 10% (for the brakes-low case) to 35% (for the brakes-high case). This follow-on Phase 2
effort was done to better understand the full extent of the contribution of copper from brakes on
copper in runoff, and determine the timeframe over which reductions in copper from brakes will
result in reductions of copper in surface waters. The buildup/washoff modeling technique used in
the Phase 1 watershed modeling effort was modified to capture the copper that is lost from the
buildup/washoff algorithm, and transferring that copper to a roadside buffer area, where it is
subject to washoff to surface waters. Mean annual loads to the Bay increased from 0.5-3.5% over
Phase 1 loads when the buffer area was assumed to be pervious, and 15-30% when impervious.
The final portion of the Phase 2 modeling was conducted in order to help understand the length
of time it will take for brake pad wear debris copper to wash out of California’s urban
watersheds. Based on the model results, the answer to the question “How long will it take copper
from brake pad wear debris to wash out of California’s urban watersheds?” is that it will take
from 0 to 5 years for 80% and from 6 to 15 years for 95% of reductions in releases of copper
from brake pad wear debris to be realized in urban surface waters in the San Francisco Bay area.
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THE OCCURRENCE OF INDICATOR BACTERIA AND WATERBORNE
ZOONOTIC PATHOGENS IN THE CALIFORNIA DELTA

Ronald Bond, University of California, Davis, rfbond@ucdavis.edu
Melissa Partyka, University of California, Davis, mlpartyka@ucdavis.edu
E. R. Atwill, University of California, Davis, ratwill@ucdavis.edu

A two year intensive study was conducted from June 2006 through December 2008 on a section
of the California Delta. This study addressed the use of bacterial indicators, E. coli and
Enterococcus, to identify priority bacterial pathogens potentially shed by livestock populations
located throughout the Delta: Salmonella, Shiga like toxin producing E. coli (SLTEC), and
Campylobacter. Many of these pathogens can be transmitted to humans, other domestic animals,
and wildlife through the waterborne route of transmission. We identified 88 monitoring sites
throughout the sloughs and waterways of the eastern and northwestern Delta, and surveilled them
monthly for bacterial source identification, pathogen load estimations, and standard water quality
metrics. A total of 1740 water samples were taken during three distinct seasons (Rainfall, Nov-
Mar; Snowmelt, Apr-Jun; Dry, Jul-Oct) over the course of the study period. The prevalence of
indicators appears to be seasonally dependent with a higher percentage of samples exceeding the
single sample maximum (SSM) for both E. coli (235 CFU/100 ml) and Enterococcus (61
CFU/100 ml) in the Rainfall season and the Dry season than the Snowmelt season. The
occurrence of pathogens was low to moderate; Salmonella (4.7%, n=1740), Campylobacter
(14.99%, n=1501), and SLTEC (1.24%, n=1366). The average bacterial counts of Salmonella
(MPN/100 ml) and Campylobacter (CFU/100 ml) were not significantly higher in samples that
exceeded the (SSM) for either indicator E. coli (p=0.44, p=0.25 respectively) or Enterococcus
(p=0.39, p=0.08 respectively). Sampling season proved to be a strong predictor for the
occurrence of SLTEC when coupled with exceedance of the Enteroccocus SSM (p=0.014).
Rainfall driven seasonal variations appear to influence the occurrence of both indicator bacteria
and bacterial pathogens. While further sampling may prove beneficial to Delta stakeholders, this
study is one of the most comprehensive examinations of microbial water quality in the California
Delta to date.
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EFFECTS OF WATERBORNE LIPOPHILIC CONTAMINANTS FROM
LOCATIONS IN THE SAN FRANCISCO ESTUARY ON RESIDENT FISH

David Ostrach, University of California, Davis - Pathogiology, Conservation & Popluation
Biology Laboratory, djostrach@gmail.com

Catherine Johnson, U.S. Fish and Wildlife Service, Cathy S Johnson@fws.gov

Kevin Aceituno, U.S. Fish and Wildlife Service

Kota Rama, University of California, Davis

Eric Durieux, University of California, Davis, Eric.Durieux@ifremer.fr

Richard Connon, University of California, Davis, reconnon@ucdavis.edu

Inge Werner, University of California, Davis

In a collaborative research project with United States Fish & Wildlife Service Contaminants
Division, USGS and California Department of Fish and Game we investigated the effects of
waterborne contaminants on resident fish species using striped bass (Morone saxatilis) as a
surrogate for endangered endemic species. The United States Fish and Wildlife Service deployed
semi-permeable membrane devices (SPMD) at five sites in the Delta year-round. SPMDs mimic
fish bioaccumulation of lipophilic contaminants over a 30 day period. Once retrieved the SPMDs
contents are extracted and chemical analysis is performed. Half of the SPMD extract is prepared
in a manner suitable for injection into control juvenile striped bass to assess potential
physiological effects caused by any lipophilic contaminants from the site. To assess these effects
five biochemical and two molecular biomarker assays, histopathology & immunohistochemistry
was used. Results indicate 60% of sites were positive for CYP450-1A1 induction indicating
sublethal contaminant exposure, vitellogenin expression was found at 25% of sites indicating
exposure to estrogenic compounds or their mimics and metallothionein expression at 10% of
sites indicating heavy metal exposure or severe oxidative stress. Multiple biomarkers were
positive at 35% of the sites demonstrating that several types of xenobiotic exposure were
occurring simultaneously. In addition molecular biomarkers HSP-70 and MX were significantly
upregulated in 25% and 10% of the sites respectively and likely biologically significant at
additional sites. Results from these studies will help characterize spatial and temporal patterns of
xenobiotics in the Delta’s water and identify potential adverse effects on resident endangered
fish species.
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USE OF A RESIDENT FISH FOR ASSESSMENT OF ENDOCRINE
DISRUPTION AT SELECTED SITES IN THE SACRAMENTO-SAN
JOAQUIN DELTA

Bryan Cole, University of California, Davis, bjcole@ucdavis.edu

Susanne Brander, University of California, Davis, smbrander@ucdvais.edu
David Sedlak, University of California, Davis, smbrander@ucdvais.edu
Dan Schlenk, University of California, Berkeley

B Bemis, U.S. Geological Survey

Jay Johnson, Applied Marine Sciences Inc.

Gary Cherr, University of California, Davis, gcherr@ucdavis.edu

Here we present the development of Menidia beryllina, the Atlantic Silverside, for use as a
bioindicator of the presence of estrogenic endocrine disrupting compounds. Two sites within the
Sacramento-San Joaquin Delta were chosen for this assay: the Napa River and Walnut Grove on
the Sacramento River. This assay detects the presence of the inappropriate expression of the
choriogenin protein via a polyclonal antibody specific to Menidia. Choriogenin is not normally
produced in juvenile or male fish, therefore its presence is indicative of exposure to estrogenic
compounds in the water. For example, previous exposures to pyrethroid pesticides in the
laboratory showed induction of choriogenins in Menidia. The purpose of this study was to assess
choriogenins in Menidia from Delta field sites as well as in cultured juvenile Menidia exposed to
site water in the laboratory. Adult males were seined from each site. Juvenile fish were exposed
to water collected from each site, or to clean spring water as a control, for two weeks with daily
renewal under laboratory conditions. Whole-body homogenates from lab-exposed juveniles and
plasma from field-collected adults were then analyzed for presence of choriogenin. Results will
be part of a larger study that also assessed vitellogenin response in medaka and rainbow trout
tissues/cells following exposure to water from the same sites. Expression of choriogenin in these
resident fish appears to be a useful indicator of exposure to estrogenic compounds in Delta
waters, and can likely be utilized in other areas, as Menidia are found in rivers and estuaries
nationwide.
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OVERVIEW OF THE SOUTH BAY SALT POND RESTORATION
PROJECT AND APPLIED SCIENCE FOR AN ADAPTIVE
MANAGEMENT PLAN

Laura Valoppi, South Bay Salt Pond Restoration Project, Laura Valoppi@usgs.gov
John Bourgeois, South Bay Salt Pond Restoration Project,
jbourgeois@coastalconservancy.ca.gov

The South Bay Salt Pond Restoration Project (www.southbayrestoration.org) is the largest
wetlands restoration project on the West coast of the United States. It is unique not only for its
size-- over 15,000 acres—but for its location in the middle of one of the nation’s largest urban
areas, home to over 3 million people. The Project is intended to restore and enhance wetlands in
South San Francisco Bay while providing for flood management and wildlife-oriented public
access and recreation. We have identified long-term alternatives for the Project, each
representing a continuum toward different end-states: one end-state at 50% of the existing ponds
converted to managed ponds for waterbirds and 50% restored to salt marsh habitat, and the other
end of the continuum at 10% of the existing ponds converted to managed ponds and 90%
restored to marsh habitat. The final mixture of managed ponds to salt marsh habitat will depend
upon the outcome of the Adaptive Management Plan, which will be implemented over the next
50 years and will allow for lessons learned from earlier phases and applied studies to be
incorporated into subsequent stages as management plans and designs of future actions are
updated. This presentation will provide an overview of the key uncertainties in this first phase of
the restoration, and how applied science is being used to address these uncertainties. Key
uncertainties include sediment dynamics, bird use of changing habitats, effects on non-avian
species, legacy mercury, water quality, invasive and nuisance species, and impacts of public
access.
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SEDIMENT FLUX IN THE SOUTHERN REACH OF SAN FRANCISCO
BAY: IMPLICATIONS FOR HABITAT RESTORATION

Gregory Shellenbarger, U.S. Geological Survey, gshellen@usgs.gov
Scott A. Wright, U.S. Geological Survey, sawright@usgs.gov
David H. Schoellhamer, U.S. Geological Survey, dschoell@usgs.gov

The South Bay Salt Pond Restoration Project is restoring about 6,000 hectares of former
commercial salt-evaporation ponds to tidal marsh or managed wetlands in the southern reach of
San Francisco Bay (SFB). As a result of groundwater overdrafts prior to the 1970s, much of the
project area has subsided below sea-level and will require about 32 million cubic meters of
sediment to raise the surface of the subsided areas to tidal marsh elevations. However, previous
estimates of sediment flux between northern SFB and the southern reach using data from five
bathymetry surveys conducted decades apart are insufficient to estimate the natural sediment
supply from the bay. The specific purpose of this study is to quantify the continuous suspended-
sediment flux (SSF) past Dumbarton Narrows. Data from two optical turbidity sensors and an
acoustic Doppler current profiler mounted in the cross-section are collected every 15-minutes.
Water discharge and velocity-weighted cross-sectionally averaged suspended-sediment
concentrations (SSC) are measured during monthly site visits. Using the “index-velocity”
method for discharge and a combination of turbidity and acoustic backscatter calibrated to SSC,
a continuous (15-minute interval) record of SSF at the measurement cross-section is computed.
Additionally, a high-accuracy pressure transducer and water-quality sonde are deployed on an
adjacent intertidal mudflat to measure wave-height and turbidity, which provide evidence about
the physical processes controlling SSF. Results suggest that, from November 2008 to October
2009, net sediment transport into southern SFB was from the north. Seasonality in SSF shows
the largest southerly flux in the spring during periods of high SSC and not during the summer
when strong diurnal winds from the north originally were thought to control the annual SSF.
Understanding physical controls on sediment flux for this large wetland restoration project can
explain how southern SFB and the project are linked to the rest of the estuary.
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USING REMOTE SENSING TO MAP THE EVOLUTION OF MARSH
VEGETATION IN THE SOUTH BAY OF SAN FRANCISCO

Brian Fulfrost, South Bay Salt Pond Restoration Project, brian@dceplanning.com
David Thomson, U.S. Fish and Wildlife Service, d.x.thomson@gmail.com

The South Bay Salt Pond (SBSP) Restoration Project is the largest Federal restoration effort
outside of the Everglades. The accretion of sediment and subsequent colonization of vegetation
by endemic marsh vegetation is a crucial component of the restoration effort. Classic field
mapping efforts to cover the vast geographic area included in the restoration project would be
extremely time consuming and costly, especially over time. We have implemented a semi-
automated approach to mapping vegetation and sediment on a yearly basis by using supervised
classification (maximum likelihood) of 1 meter Ikonos multispectral imagery accompanied by
extensive ground truthing using sub meter GPS. Our ground truthing includes efforts at
characterizing vegetation associations found in salt, brackish and fresh water marshes within the
study area are supplemented by an iterative systematic manual review of supervised
classifications. After verification of the result of our “habitat model” during year one (of a three
year project), we have achieved approximately 90% accuracy for deriving sediment and slightly
greater then 80% for our vegetation classes. An important challenge is accurately characterizing
the spatial and taxonomic range of vegetation in our classifications that are appropriate to project
needs but within the spectral and spatial limits of the imagery. Despite our difficulties with
timing the satellite acquisition with Mean Lower Low Water (MLLW) as well as issues with
atmospheric effects over time, our semi-automated remote sensing model has great potential to
track changes to marsh vegetation at geographic scales relevant for assisting with the larger
adaptive restoration effort.
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SEDIMENT DYNAMICS AT THE ISLAND PONDS: INDICATIONS FROM
EARLY SALT POND RESTORATION

John Callaway, University of San Francisco, callaway@usfca.edu

Tom Parker, California State University, San Francisco, parker@sfsu.edu
Lisa Schile, University of California, Berkeley

Ellen Herbert, California State University, San Francisco

Evyan Borgnis, University of San Francisco

Lisa Porcella, Santa Clara County Water District

Many potential wetland restoration sites, including the South Bay salt ponds, have subsided
substantially; if levees are breached, significant sediment accumulation will be necessary to
reach threshold elevations for plant establishment. In order to evaluate the early phases of salt
pond restoration, we monitored sediment dynamics at the Island Ponds, with spatially intensive
sampling at Pond A21 (westernmost pond) and less intensive sampling at A20 and A19
(easternmost). We measured vertical rates of sedimentation using both the gypsum layer that is
present across these ponds as a sediment marker and sediment pins. Measurements were made at
1, 3, and 6 mo and then annually at A21 and annually at A20 and A19. Over the first year, we
measured mass-based rates of short-term sedimentation at A21, using a modified filter-paper
method over two-week tidal periods every two months. We also monitored plant recruitment
through general observations at the ponds. There has been substantial sediment accumulation
within Pond A21 since breaching in 2006, with approximately 12-14 cm of sediment
accumulating over the first year in most of the southern half of A21, and variable but lower rates
in the northern half of the pond. Short-term, mass-based accumulation rates over the first year
reflected similar spatial variability across A21. Sedimentation rates at A21 decreased in the
second and third year but still were high compared to well-established marshes. On the broader
spatial scale, sediment accumulation rates decreased from the west to east, with high rates at A21
and A20 and the lowest rates at A19 across all years. Plant recruitment was highest at Pond A21;
in year two, recruitment within A21 was patchy with plants growing primarily along channel and
barrow ditch edges. Substantially more vegetation recruited in year three at Pond A21, but
vegetation remains very patchy at A20 and A19.
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WILL RESTORATION CAUSE LOSS OF MUDFLATS IN SOUTH SAN
FRANCISCO BAY?

Bruce Jaffe, U.S. Geological Survey, bjaffe@usgs.gov
David Finlayson, U.S. Geological Survey, dfinlayson@usgs.gov
Amy Foxgrover, U.S. Geological Survey, afoxgrover@usgs.gov

A key question in salt pond restoration in South San Francisco Bay is whether sediment sinks
created by opening ponds will result in the loss of mudflats. If sediment supply is insufficient,
existing mudflats will erode. A decrease in habitat area and altered inundation regime may result
in changes in food webs on the mudflats that could reduce their value for migratory birds. The
likelihood of salt pond restoration causing mudflat erosion is being evaluated based on long-term
and seasonal mudflat changes. A series of bathymetric surveys collected from 1858 to 2005
reveal long-term changes in mudflat area in both space and time that can be used to better
understand the pre-restoration system. For example, the mudflat south of the Dumbarton Bridge
on the west side of the Bay adjacent to the Ravenswood restoration project narrowed
approximately 200 meters from 1858 to 1931. Since then this mudflat has accumulated sediment
and is now wider than it was in 1858. At this same site, pre-restoration seasonal bathymetric
surveys were collected from 2008 to 2010 using a state-of-the-art interferometric sidescan sonar
for swath mapping in extremely shallow water. These high-resolution surveys provide a pre-
restoration baseline and indicate that, on average, there is little seasonal change on mudflats
adjacent to the Ravenswood ponds. Continued surveying is planned to document changes that
occur during restoration. The causes of the spatial and temporal variability in historical muflat
area offshore of the Ravenswood ponds are not fully understood, but appear related to sediment
redistribution from north to south in the bay and sediment available to deposit on the flats.
Improved understanding of sediment input and redistribution within the Bay are needed and will
aid in separating restoration effects from more regional effects and help in managing restoration
of South San Francisco Bay salt ponds.
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EFFECTS OF MANAGEMENT ON AVIAN POPULATIONS IN THE
SOUTH BAY SALT PONDS: DENSITY CHANGES FROM 2003-2010

L. Arriana Brand, U.S. Geological Survey - Western Ecological Research Center,
arriana_brand@usgs.gov

John Takekawa, U.S. Geological Survey, john takekawa@usgs.gov

Jill Bluso-Demers, San Francisco Bay Bird Observatory

Joel Shinn, U.S. Geological Survey, sharpshinn@gmail.com

Nicole Athearn, U.S. Fish and Wildlife Service

Caitlin Robinson-Nelsen, San Francisco Bay Bird Observatory

Cheryl Strong, U.S. Fish and Wildlife Service, cheryl strong@fws.gov

A long-term goal for the South Bay Salt Pond Restoration Project (SBSPRP) is to restore a mix
of habitats ranging from tidal marsh to open ponds that balance needs of marsh species with
migrating waterbird populations. As the SBSPRP enters its first phase, it is important to take
stock of the effects of early management efforts on avian populations. We conducted monthly
waterbird counts and sampled salinity and dissolved oxygen in three SBSPRP salt pond
complexes since 2003 (53 ponds in Alviso, Eden Landing, and Ravenswood), and in two salt
production pond complexes since 2005 (22 ponds in Newark and Mowry). We used generalized
least-squares regression for clustered data with pond as a random effect to assess temporal trends
in average avian densities, salinity, and dissolved oxygen over years, after adjusting for seasons,
and as a function of pond complexes and pond management types. Over a common temporal
period (2005-2010), small and medium shorebirds and dabbling and diving ducks had higher
densities in restored than production ponds but there were no significant (p < 0.05) density
changes over years. Gulls, terns, fish eating birds and eared grebes had similar or higher densities
in production ponds with few trends over time but gulls decreased in restored ponds and eared
grebes decreased in production ponds over the time period. Over the longer period in restored
ponds (2003-2010), small and medium shorebirds densities were relatively high but decreased in
Ravenswood and increased in Eden Landing. Medium shorebirds and dabbling ducks increased
in breached ponds. Dabbling and diving ducks had highest densities in Alviso intake ponds; both
dabbling duck and fish eater densities increased substantially in Alviso ponds over the study
period, perhaps related with increased dissolved oxygen and decreased salinity. Results from this
study will help managers assess how changing pond characteristics influence avian populations.
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INCREASE OF THE CALIFORNIA GULL POPULATION IN THE SAN
FRANCISCO BAY AND THE IMPACTS ON WESTERN SNOWY
PLOVERS

Caitlin Robinson-Nilsen, San Francisco Bay Bird Observatory, crobinson@stbbo.org
Jill Bluso Demers, San Francisco Bay Bird Observatory, jdemers@sfbbo.org

Cheryl Strong, U.S. Fish and Wildlife Service, cheryl strong@fws.gov

Josh Ackerman, U.S. Geological Survey, jackerman@usgs.gov

Scott Demers, H.T. Harvey & Associates, sdemers@harveyecology.org

California Gulls first bred in the San Francisco Bay in 1980, when 12 nests were found on a dry
salt pond. In 2009, over 43,000 California Gulls were breeding in the Bay. Meanwhile, the
breeding population of the federally threatened Western Snowy Plover in the Bay has remained
at approximately 130 individuals, well below the recovery goal of 500 for the region. California
Gulls in San Francisco Bay depredate the eggs and chicks of waterbirds, but their impacts on
breeding Snowy Plovers are unknown. To determine the extent of gull predation on Snowy
Plover nests, we deployed nest cameras in 2009 and 2010 at Eden Landing Ecological Reserve
(ELER). We tested the effectiveness of habitat enhancements to reduce predation on plover nests
by placing treatment plots (oyster shells) at ELER using a randomized block design. California
Gulls accounted for 25% of Snowy Plover nest predators captured on camera. The oyster shell
enhancements were successful, with 66% of Snowy Plover nests in the oyster shell plots
hatching compared to 50% of nests outside the plots. Only 8% of the nests in the oyster shell
plots were depredated compared to 44% of outside the plots. Despite the success of the oyster
shell enhancements, the growing California Gull population may threaten the recovery of Snowy
Plovers in San Francisco Bay. Over 25,000 California Gulls currently nesting in a former salt
pond (Pond A6) will be displaced when it is restored to tidal marsh under the South Bay Salt
Pond Restoration Project. Our results, along with the recent documentation of the first California
Gull nest in ELER, where 60% of Snowy Plovers in the Bay nest, suggest that gulls may increase
predation on waterbird nests and chicks or encroach on the breeding habitat of other waterbirds
once displaced from Pond A6.
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MERCURY BIOACCUMULATION AND TOXICITY TO BIRDS IN SAN
FRANCISCO BAY ESTUARY

Josh Ackerman, U.S. Geological Survey, jackerman@usgs.gov
Collin Eagles-Smith, U.S. Geological Survey, ceagles-smith@usgs.gov

Mercury contamination in waterbirds is a significant concern in the San Francisco Bay-Delta
because the Estuary has a legacy of mercury contamination from mercury and gold mining and
waterbirds rely heavily on wetland habitats that are known to produce methyl mercury, the most
toxic and bioavailable form of mercury. We examined mercury bioaccumulation and effects on
avian reproductive success in waterbirds that breed within the Estuary and found impaired
reproduction in several species and lifestages. Upon arrival within the Estuary, birds rapidly
accumulated mercury prior to and during the breeding season. We found sublethal effects of
mercury on adult birds, including demethylation of mercury in bird livers. Methylmercury in
adults was then transferred proportionately to offspring, potentially impairing reproduction. In
fish-eating Forster’s Terns, we found that: 1) failed-to-hatch eggs and abandoned eggs had
higher mercury concentrations than randomly sampled eggs, 2) the prevalence of embryo
malpositions increased with egg mercury concentrations, 3) hatching success of eggs decreased
with mercury concentrations, and 4) nest survival decreased with mercury concentrations. In
invertebrate-eating Black-necked Stilts, we found that dead chicks had higher mercury
concentrations than live, randomly sampled chicks of similar age. Altogether, these results
suggest that mercury contamination may currently be impairing bird reproduction and, perhaps,
population growth within the Estuary. In order to ensure that restoration efforts of the South Bay
Salt Pond Restoration Project are successful, it will be valuable to establish a long-term, annual
monitoring program for waterbird mercury concentrations and reproductive success.
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MONITORING THE RESPONSE OF FISH ASSEMBLAGES TO
RESTORATION IN THE SOUTH BAY SALT PONDS

James Hobbs, University of California, Davis, jahobbs@ucdavis.edu
Patrick Crain, University of California, Davis, pkcrain@ucdavis.edu
Peter Moyle, University of California, Davis, pbmoyle@ucdavis.edu

Problem Statement: Greater than 90% of wetland habitats in SF Bay have been lost due to land
reclamation for agricultural and urban development. In South Bay, the largest wetland restoration
effort in the U.S. was established to restore a diversity of habitats in historic salt ponds. The
effects of this restoration on fish fauna is a priority goal of the South Bay Salt Pond Restoration
Program and it’s effects are currently unknown. Approach: In this study we are developing a
flexible, comprehensive monitoring program to evaluate the effects of restoration on the fish
species assemblages and sentinel species health in salt pond habitats located in the Alviso
complex in South San Francisco Bay, California. We employed several commonly used and new
fish sampling techniques in restored pond habitats and adjacent marsh and slough habitats to
monitor salt pond habitats of different restoration age to assess the temporal trajectory of pond
restoration effects on fish assemblages. We also conduct detailed investigations into the health of
the sentinel species Gillichthys mirabilis, measuring indicators of health such as growth,
reproductive output, feeding condition, and survival in pond A8. Our interdisciplinary approach
to assessing fish health will provide novel diagnostic evidence of the potential impacts of re-
introducing legacy contaminants into the environment from restoration activities. This study will
develope a comprehensive, state of the art monitoring program for the Salt Pond Restoration
Program. Relevance: This study provides vital information to the Delta Authority on the effects
of intertidal wetland restoration on fish fauna in SF Bay, and could be used to guide future
restoration efforts and facilitate the effective implementation of the Bay Delta Conservation
Plan.
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PUBLIC ACCESS AND WATERBIRDS: RESEARCH MANAGERS CAN
USE

Lynne Trulio, California State University, San Jose, Itrulio@earthlink.net
Jana Sokale, California State University, San Jose
Heather White, California State University, San Jose

Public access opportunities in and adjacent to wildlife habitats are increasing due to agency
mandates and public demand. Projects, such as the South Bay Salt Pond Restoration Project,
have the dual, and potentially-competing, objectives of providing quality public access and
supporting healthy wildlife populations. We have undertaken a series of studies designed to
assist managers throughout the San Francisco Bay area in meeting both these goals. Current
findings focus on foraging shorebird and waterfowl response to human use of trails located on
levees adjacent to foraging habitat. At 3 tidal locations around the Bay, we observed shorebirds
foraging on mudflats adjacent to trails and adjacent to sites without trails. Despite major
differences in human activity, we found no statistically significant differences in the number of
shorebirds, species richness, or proportion of shorebirds foraging at trail versus non-trail sites.
When comparing weekdays to weekend days, the number of shorebirds showed a decrease as use
at trail sites increased. This study provides information on foraging shorebirds in response to
human use at well-established trails. We are currently investigating shorebird response to human
use of trails at sites not previously open to the public. We also studied waterfowl response to
experimental trail use at 4 former salt ponds in the South Bay not open to public access. Findings
showed that diving ducks moved between 106m and 140m away from levees in response to trail
walkers adjacent to the ponds. At distances up to 120m from the trail, the number of birds and
species richness were statistically significantly lower after walkers passed compared to before
the disturbance. Managers can use these data in trail location and design. We are extending this
study to investigate waterfowl response to well-established trails, adding to the information on
how birds respond to different trail use conditions.
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EXCEPTIONAL TIDES, DEVASTATING EFFECTS: TIDAL MARSH
DYNAMICS AND SPECIES’ HABITATS

Kyle Spragens, U.S. Geological Survey, kspragens@usgs.gov
Karen Thorne, U.S. Geological Survey, kthorne@usgs.gov
John Takekawa, U.S. Geological Survey, john_takekawa@usgs.gov

Sea-level rise poses direct long-term threats to tidal marsh persistence and species habitat
availability. However, the occurrence and synergistic effects of extreme events may prove to
have more devastating consequences in the near future. The San Francisco Bay estuary provides
important habitat for federally and state listed species, including the salt marsh harvest mouse
(Reithrodontomys raviventris), California clapper rail (Rallus longirostris obsoletus), and
California black rail (Laterallus jamaicensis coturniculus). Increases in maximum tide heights,
storm frequency and intensity may create bottleneck events in the form of increased predation
and increased nest failure. We have deployed several water loggers at 11 sites throughout the San
Francisco Bay estuary. Using elevation and vegetation models derived from high resolution
RTK-GPS surveys and species habitat use data we discuss site-specific inundation patterns,
extreme tide events, and potential consequences to tidal marsh habitats and the species reliant
upon them.
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THERMAL VARIABILITY WITHIN A COMPLEX BRANCHING
ESTUARINE SYSTEM

R. Wayne Wagner, University of California, Berkeley, wagnerw(@berkeley.edu
Mark Stacey, University of California, Berkeley, mstacey@berkeley.edu
Erwin Van Nieuwenhuyse, U.S. Bureau of Reclamation, evannieuwenhuyse@mp.usbr.gov

California’s Sacramento-San Joaquin Delta is a complex assemblage of rivers, sloughs, and
flooded islands that confounds simple modeling efforts for resolving small-scale advection and
mixing processes within it. These processes determine the creation and breakdown of gradients
of ecologically important scalars (e.g. salt or temperature). In light of this, field measurements
and work is necessary to inform the effects of within channel transport and mixing on the
region’s thermal environment, including the effects of exchanges between intersecting channels
or between channels and shallow habitats. We present results of two field campaigns to assess
thermal mixing processes within the Cache Slough/Liberty Island complex. For both campaigns,
we deployed thermistors; conductivity, temperature, and depth (CTD) sensors; and an acoustic
Doppler current profiler (ADCP). We observed the creation and breakdown of large thermal
gradients, both vertically and horizontally, on a variety of time scales. Principal component
analysis indicates that although much of the vertical gradients are due to local heating and
cooling, fluxes of thermal gradients from adjoining channels and from shallow habitats are also
important. This work leads to an improved understanding of transport and mixing in Delta
channels near channel junctions and adjacent to channel/island intersections; these features are
some of the dominant physical forms of the Delta.
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SPATIAL CLIMATE CHANGE SCENARIOS FOR SAN FRANCISCO BAY
TIDAL MARSH HABITATS
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Climate change will affect wetlands in San Francisco Bay through sea-level rise and seasonal
salinity increases. These changes are likely to convert tidal freshwater and brackish wetlands into
more fragmented saline systems and result in greater inundation of tidal marshes, changing plant
species composition and habitat structure for birds and other wildlife. To implement effective
conservation strategies, we must understand the potential landscape-scale effects of climate
change on tidal marshes and the birds that depend on them. We adapted a dynamic marsh
accretion model to non-linear sea-level rise projections to develop spatially explicit projections
(maps) of tidal marsh extent and elevation in 20-year intervals over the next 100 years. Using
these projections in combination with projected changes in salinity, we modeled potential change
in the tidal-marsh plant community. Drawing upon our knowledge of bird and plant associations,
we modeled potential changes in the distributions of tidal marsh birds of conservation concern.
To provide detailed information to land managers, conservation planners and policy makers, we
have developed summaries and web-based decision-support tools to allow users to interactively
1) assess and query the potential effects of climate change on tidal marsh habitats, plants, and
bird populations under various scenarios of sediment availability, salinity, sea-level rise, and
levee condition, and 2) identify priority sites for wetland conservation and restoration. The
primary objective of this tool is to facilitate conservation of tidal-marsh habitat in the context of
a rapidly changing environment. Initial results show that the vertical accretion rates necessary for
tidal marshes to keep pace with sea-level rise are strongly affected by our regional assumptions
of future sediment availability. In addition, we found that the potential for landward tidal marsh
migration will likely be extremely limited due to topographic and anthropogenic constraints.
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PRELIMINARY RESULTS OF A PALEOSALINITY MODEL FOR THE
SACRAMENTO-SAN JOAQUIN DELTA
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The extensive marshes in the Sacramento-San Joaquin Delta, which started forming around
~6,700 years ago, are currently freshwater tidal, however, it is unknown whether the salinity
regime in the Delta has varied over time between brackish and fresh conditions. This information
is important to managers considering major changes to the flow regime in the Delta, because
such changes could impact the future sustainability of flora and fauna. The goal of the Rates and
Evolution of PEat Accretion through Time Project (REPEAT II) is to reconstruct paleosalinity at
several locations in the Delta throughout the last 6000+ years. The approach of REPEAT Il is to
use geochemical analyses of peat cores to reconstruct Delta paleosalinity through time and space.
Preliminary analyses of sodium and strontium concentrations in peat indicate a salinity peak
between 1450 CE to 350 BCE at Browns Island and Franks Wetland. In addition, vertical peat
profiles of sodium and strontium concentrations show a spatial trend of decreasing salinity from
west to east (i.e., Browns Island > Sherman Island > Franks Wetland/Bacon Channel Island).
Currently, we are developing a quantitative model of paleosalinity using strontium isotope
signatures (87Sr/86Sr) of peat, ocean water, and sediment from the Sacramento and San Joaquin
rivers. Application of this model to recent peat is complicated by Gold Rush-derived sediments,
which dramatically altered the isotopic and chemical signatures of Sacramento River sediment
during the past ~160 years. The next step in developing a salinity model is to determine the
87Sr/86Sr signatures of peat organic matter, peat sediment, and fresh marsh plants to confirm
that plants, which ultimately become incorporated into peat, effectively integrate the isotopic
signal of the ambient salinity in the Delta.
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GETTING TO THE BOTTOM OF IT: PLANNING FOR SUBTIDAL
HABITATS IN SAN FRANCISCO BAY

Marilyn Latta, State Coastal Conservancy, mlatta@scc.ca.gov
Wiliiam Kimmerer, San Franicso State University, kimmerer@sfsu.edu

Tidal estuaries are intricately linked to the Ocean and Delta and provide numerous ecosystem
services that both contribute to and impact overall ecosystem health. Subtidal habitats are fully
submerged areas that are intrinsically connected to mudflats, wetlands, creeks, and uplands.
Human uses such as fishing, marinas, shipping and ports, dredging, sand mining, transportation
projects, recreational use, and industrial uses have direct impacts on the subtidal habitat of the
Bay. This “hidden underbelly of the bay” is often considered to be a featureless mud bottom in
our urbanized estuary. Despite multiple anthropogenic alterations to the estuarine floor, the
bottom of the bay still includes a suite of unique habitats that provide diverse three-dimensional
structure including: sand waves more than three meters high; eelgrass and shellfish beds that act
as ecosystem engineers and provide reproductive substrate and food resources for species such as
herring and salmon; rocky outcrops covered in seaweeds and invertebrates; and the mixed
sediments in shoals and channel banks utilized by a variety of species. The San Francisco Bay
Subtidal Habitat Goals Project will establish a comprehensive and long-term vision for research,
restoration and management of the subtidal habitats of the San Francisco Bay. The Project is a
collaborative interagency effort between the Bay Conservation and Development Commission
(BCDC), the California Ocean Protection Council/State Coastal Conservancy, National Oceanic
and Atmospheric Administration (NOAA), and the San Francisco Estuary Partnership. The
Project has created the first set of conceptual models and regional comprehensive GIS maps of
subtidal habitats, and specific bold recommendations to protect and sustain subtidal habitats over
the next 50 years. This presentation will highlight key recommendations on adaptive
management, implementation of future projects, and targeted restoration site opportunities that
will be included in the Final San Francisco Bay Subtidal Goals Document and website to be
released in November 2010.
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BUILDING A (MORE) SUSTAINABLE DELTA: LESSONS FROM
PLANTS

Jeff Hart, Hart Restoration, Inc., hartrestoration@mac.com

Pre-gold rush Delta plant life contributed to long-term sustainability by forming the basis of
primary production and species diversity for the food web; sequestering carbon and capturing
sediment that resulted in an accreting land surface elevation concomitant with global seawater
rise; and attenuating physical forces such as wave and current energies. These plant resources are
now greatly diminished. Replenishing these plant resources are one component for overall
restoration needs of the Delta. The appropriate plant species for restoration can be gleaned from
descriptions of the original flora and vegetation still extant on remnant habitats, such as in-
channel islands and scattered sites that haven’t been “reclaimed”. Existing research shows
distinctive plant assemblages - freshwater, brackish, and higher salinity suites of characteristic
species - that vary by regions of historic salinity zones; by micro-site elevations; and by areal
watershed characteristics. These data need to be incorporated into realistic appraisals of overall
restoration planning efforts. The role of plants in levee stability needs to be given higher
visibility to both ecosystem efforts and to flood control activities. A variety of techniques and
approaches include “soft” plantings and brush boxes, to planting techniques compatible with
rock revetment, berms, and stone breakwaters. Minimizing risks of flooding and Delta-wide
hydrologic “regime changes” can be partially lessened by levee plant restoration and thru re-
configuration of internal island levees and plantings. Arresting further island subsidence can be
enhanced through gradual replacement of farming on some highly subsided islands with tule
restoration. Working with the farming community, through implementation of a carbon credit
initiative program will be needed. Incorporating green engineering and sustainable ecosystem
management practices will require a cultural shift from a highly reductionist, Cartesian
perspective to a more holistic approach.
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SEDIMENT TRANSPORT ISSUES IN STREAM RESTORATION -- 12
YEARS OF GEOMORPHIC MONITORING IN LOWER CLEAR CREEK

Smokey Pittman, Graham Matthews and Associates, smokey@gmahydrology.com
Graham Matthews, Graham Matthews and Associates, graham@gmahydrology.com

Clear Creek below Whiskeytown Dam has endured 46 years of flow and sediment impairment
and the historic geomorphic impacts of gold dredging and gravel mining. Critical flow and
sediment issues in Clear Creek include: incomplete routing of coarse sediment, channel
armoring, fine sediment delivery, incision to bedrock, simplified channel form and reduced
alluvial function. Highly impaired geomorphic function threatens many species of concern
including several anadromous salmonid species. Restoration strategies to address these impacts
include: pulse flows; channel realignment; floodplain lowering and gravel injection. Twelve
years of geomorphic monitoring were used to evaluate the effectiveness of these strategies.
Sediment sampling stations were used to develop sediment budgets; repeat topographic and
longitudinal surveys to track channel form; particle size analyses to monitor bed texture and bed
mobility studies to predict alluvial function. Gravel injection and channel/floodplain
modification have restored up to 46% of channel, increasing the areal extent of spawning gravel
by over 500% in one two-mile reach. Floodplain and channel restoration projects have increased
the frequency of overbank flows, increased the deposition of silts on floodplains and reduced
incision to bedrock and lowered thresholds of bed mobility. Following recent wildfires and
subsequent management activities, tributary delivery of fine sediment has dramatically increased.
Bulk sample analyses reveal increases in fine sediment that degrade the quality of injected
spawning gravels. Tracer gravel studies below gravel injections indicate a reduction in the
critical shear stress required to previously-armored mobilize riffles. Measured annual bedload
discharges ranged from 392 to over 6,800 tons/yr and indicated complete routing through
restoration areas. Understanding the relative role of various sediment sources and rates of
transport is paramount to making informed choices regarding gravel additions and planning
restoration designs in Clear Creek. Restoration planning must shift to include upslope actions to
promote the continued success of mainstem projects.
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THE INFLUENCE OF LATERAL EXCHANGE WITH PERIMETER
HABITAT ON THE STRATIFICATION AND MIXING OF SALT IN A
TIDAL CHANNEL

Lissa MacVean, University of California, Berkeley - Civil & Environmental Engineering,
Imacvean@berkeley.edu
Mark Stacey, University of California, Berkeley, mstacey@berkeley.edu

In this study we investigate the impacts of habitat restoration on the salinity dynamics of a tidal
slough in the South San Francisco Bay. The Island Ponds, which are a cluster of three adjacent
salt ponds, were breached to tidal action via Coyote Creek, a macro-tidal channel, in early 2006
as part of the South Bay Salt Pond Restoration project. We collected oceanographic data, such as
flow velocities, salinities, and depths, in Coyote Creek and one of the Island Ponds (A21) in
order to characterize the exchange between them and the influence of this exchange on the salt
field of Coyote Creek. Our results indicate that interaction with the former salt ponds causes a
drastic modification to the pattern of vertical mixing and density stratification that would
normally be expected for a partially-mixed estuary. Instead of a stratified water column on ebb-
tides, which is what estuarine theory predicts, we have observed well-mixed conditions on ebbs
in Coyote Creek. We hypothesize that this is due to a particular sequence of events: the ponds
temporarily trap water on each flood tide and release it out of phase with the main channel on the
ebbs; the difference in phasing sets up cross-channel gradients in salinity; the flow through the
breach on the ebbs strains the lateral salinity gradient, producing convective instabilities and
energetic turbulent mixing. This pattern of stratification could have important implications for
the recovering salt marsh. For example, the salinity of the water highest in the water column may
determine the types of vegetation that establish at the upper elevations of the inter-tidal region.
Under typical circumstances when the ebb tide is stably stratified, the freshest flows are able to
reach the high marsh. However, if ebbs are well-mixed as we’ve observed, saltier water will be
inundating this region.
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FLOODPLAIN RECONNECTION POTENTIAL ON THE SAN JOAQUIN
RIVER AT GREAT VALLEY GRASSLAND STATE PARK, MERCED
COUNTY, CALIFORNIA
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Great Valley Grasslands State Park (GVGSP) preserves one of the few intact native grasslands
(including stands of native bunchgrass prairie) in the California Central Valley. However, these
grasslands have been invaded by exotic species, which has been attributed at least in part to the
disconnection of the grasslands from inundation by high flows from the San Joaquin River. The
California Department of Parks and Recreation is investigating the potential to reconnect the San
Joaquin River and portions of GVGSP to restore floodplain-dependent fluvial geomorphic and
ecological processes, with the primary intention of controlling exotic species invasion and
recreating more natural ecological conditions in the park. The Project Team utilized hydraulic
models and geospatial analyses to evaluate the potential for floodplain reconnection by assessing
the range of flood stages and flood frequencies required to restore an adequate flooding regime
to the park, determining preliminary sizing and preferred locations for two levee breaches,
quantifying the range of hydraulic forces likely to occur at the levee breaches, and characterizing
the hydrodynamics on the inundated floodplain (including residence times of flood waters,
extents and depths of flooding, and the potential for stranding of fish on the floodplain as waters
recede.) The results of this investigation provide valuable insights on the range of considerations
and potential benefits of floodplain reconnection in the Central Valley, an ecosystem restoration
approach that is widely cited in ongoing efforts related to the Delta including the Bay Delta
Conservation Plan (BDCP), the Delta Plan, and the Central Valley Flood Management Planning
Program (CVFMP).
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CRITICAL ROLE OF SEASONAL TRIBUTARIES FOR NATIVE FISH
AND AQUATIC BIOTA IN THE SACRAMENTO RIVER

Michael Marchetti, CSU Chico - Department of Biology, mmarchetti@csuchico.edu
Michael Limm, University of California, Berkeley

Rebecca Walther

Benigno Gina, California Department of Water Resources

Heather Bowen

Due to the Central Valley’s Mediterranean climate, the Sacramento River has an abundance of
small tributaries that contain water only during the winter/spring wet season. Over the past 8
years we examined the ecology of these tributaries in terms of native fishes and aquatic
macroinvertebrates and will highlight the critical role this underappreciated habitat plays in the
overall functioning of the entire riverine ecosystem. In this talk I discuss and summarize data
from five individual studies examining ecological aspects of this habitat. In a study of juvenile
Chinook growth in seasonal tributaries using otolith microstructure we find that fish grow bigger
and faster on the abundant food and warmer temperatures in seasonal tributaries. In a four-year
study on the spatial distribution and abundance of native fish larvae in tributaries of the upper
Sacramento River we find that certain critical tributaries (Mud Creek) produce almost an order of
magnitude more native fish larvae than nearby permanent streams. In a study comparing the
distribution and abundance of aquatic macroinvertebrates in a seasonal tributary with a nearby
permanent stream we find the seasonal tributary contains unique taxa as well as higher drift
densities and an ecologically distinct community. In a cross-watershed comparison of larval fish
drift density we find that a seasonal tributary (Mud Creek) produces more larvae on a per volume
basis than all other streams/rivers we examined. In a comparison of juvenile Chinook growth
morphology between seasonal and permanent streams using geometric morphometrics we find
that salmon growth is characteristically different in seasonal tributaries, possibly leading to a
better and healthier fish morphology. Taken together, this extensive body of work highlights the
critical importance of this habitat and strongly suggests the need for watershed conservation
directed at this neglected aspect of Central Valley stream ecology.
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PROPORTION OF HATCHERY-ORIGIN FISH AMONG FEATHER
RIVER CHINOOK SALMON SPAWNERS, 2002-2008
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Problem Statement: In-river spawning of hatchery-origin Chinook salmon is known to
compromise the genetic integrity of natural-origin populations through outbreeding depression
and genetic homogenization. The abundance of natural-origin Chinook in most Central Valley
tributaries is currently unknown. The recent implementation of a constant fractional marking
program, where 25% of hatchery fall run Chinook are coded wire tagged (CWT) and adipose fin
clipped, is expected to improve future estimates of hatchery composition. However, complexities
of accounting for tag loss, inter-basin straying, age composition, and intermingling of hatchery
fish with different tagging rates (e.g. 100% marking and tagging of Feather River spring run
Chinook, and Mokelumne River/Merced River Hatchery fall run Chinook) mean that precise
estimates of natural-origin fall run Chinook abundance may remain elusive in the absence of
alternate methods. The precise and rapid assessment of natural-origin Chinook population status
is essential for resource managers evaluating habitat restoration efforts, managing hatcheries,
operating water projects, and planning harvest regulations. Approach: To help address these
resource management challenges for Feather River fall and spring run Chinook, we analyzed
microstructure and microchemistry of otoliths collected during seven years of salmon carcass
surveys. Specifically, we analyzed calcium architecture and the Sr isotope ratios (87Sr/86Sr)
determine the proportion of hatchery and wild origin fish spawning, and the spatial distribution
of hatchery and wild origin fish spawning in the river. Results: Our results show that a
significant proportion of in-river spawning Chinook salmon are hatchery-origin fish. High rates
of in-river spawning hatchery-origin Chinook documented in our study indicate that fitness of
natural origin Chinook may be significantly impaired and suggest that introgression between
hatchery and natural origin Chinook may be a factor contributing to the depressed status Central
Valley Chinook salmon. Conclusions: This study supplies managers critical information
regarding the influence of hatchery Chinook salmon on the Central Valley spring and fall run
Chinook population, and highlights the urgent need for better management and monitoring of
salmonid hatcheries.
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QUANTIFYING THE CONTRIBUTION OF JUVENILE MIGRATORY
PHENOTYPES IN A POPULATION OF CHINOOK SALMON
ONCORHYNCHUS TSHAWYTSCHA
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Chinook salmon is an anadromous species that varies in size at freshwater emigration, which is
hypothesized to increase population resiliency under variable environmental regimes. In
California’s Central Valley (USA), the majority of naturally spawned juveniles emigrate in 2
pulses: small juveniles (referred to as fry), typically <55 mm fork length (FL), emigrate from
natal streams in February—March, whereas larger juveniles (smolts), typically >75 mm FL,
emigrate in mid-April-May. In some river systems, there is a smaller pulse of emigrants of
intermediate size (parr), typically 56 to 75 mm FL. Although the relative contribution of these
migratory phenotypes to the adult population is unknown, management activities focus on
survival of larger emigrants and most artificially produced fish (98%) are released from
hatcheries at parr and smolt sizes. We reconstructed individual length at freshwater emigration
for a sample of adult Central Valley Chinook salmon from 2 emigration years using chemical
(Sr:Ca and Ba:Ca) and structural otolith analyses. The adult sample was comprised of individuals
that emigrated as parr (mean = 48%), followed by smolts (32%) and fry (20%). Fry-sized
emigrants likely represent natural production because fish <55 mm FL comprise <2% of the
hatchery production. The distribution of migratory phenotypes represented in the adult sample
was similar in both years despite apparent interannual variation in juvenile production, providing
evidence for the contribution of diverse migratory phenotypes to the adult population. The
contribution of all 3 migratory phenotypes to the adult population indicates that management and
recovery efforts should focus on maintenance of life-history variation rather than the promotion
of a particular phenotype.
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PATHWAYS, TIMING AND RATES OF MIGRATION FOR HATCHERY
AND NATURAL ORIGIN STEELHEAD, ONCORHYNCHUS MYKISS,
FROM THE LOWER MOKELUMNE RIVER, CA

Casey Del Real, East Bay Municipal Utility District, sdelreal@ebmud.com
Michelle Workman, U.S. Fish and Wildlife Service, Michelle Workman@fws.gov
Joseph Merz, Cramer Fish Sciences, jmerz@fishsciences.net

The lower Mokelumne River (LMR), in the Central Valley of California, supports a population
of natural Oncorhynchus mykiss, and the Mokelumne River Fish Hatchery contributes hatchery
produced smolts to the system annually. We compared migratory patterns of LMR O. mykiss of
natural and hatchery origin over a three year period. Specifically we looked at timing, rates, and
pathway utilization under variable release locations in tidal and non-tidal habitats in the
Mokelumne River and Sacramento San Joaquin Estuary. Data reported is recovered from
receiver locations deployed in the non-tidal reaches of the LMR, as well as receivers deployed
throughout the Estuary by participants of the Central Valley Fish Tracking Consortium. Our
study provides valuable information on differences in hatchery and wild O. mykiss migration
characteristics and provides unique insight into migratory behavior of little studied non-
Sacramento River origin salmonids.
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POST-RESCUE MONITORING OF BUTTE CREEK SPRING-RUN
CHINOOK SALMON
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During mid June of 2008 and 2009, some Butte Creek Spring-run Chinook salmon ceased
volitional upstream migration towards critical upstream summer holding habitat, resulting in
agency rescue operations where the stalled salmon were trapped and trucked upstream. In May
2009, regulatory agencies signed a memorandum regarding fish rescues, proposing a set of post-
rescue strategies and acknowledging the lack of information concerning the fate of rescued fish.
The monitoring pilot studies of 2008 and 2009 are a step toward better understanding the
outcomes of fish rescues with respect to the strategy of immediate upstream release. In 2008, 352
adult spring-run Chinook salmon (~3.5% of the estimated return) were rescued and marked by
pelvic fin clip. In 2009, 26 adult spring-run Chinook salmon (~1% of the estimated adult return)
were rescued and implanted with esophageal radio tags and temperature loggers. In both years,
fish were trucked 2.5 miles upstream. Pre-spawn and spawn carcass surveys during 2008
recovered 36 of the 352 marked fish, with the remaining 316 fish having an unknown fate. Radio
tags for 23 of the 26 fish were recovered in 2009. In both years, greater than half of the
recovered fish and tags were recovered within two weeks of release. Only five of the fish were
recovered during the spawning season in 2008. All tag recoveries for 2009 were made within
five weeks of the rescue release, significantly before the spawning season. In both years, pre-
spawn mortality of recovered rescued fish was greater than 85% compared to ~5-10% for non-
rescued fish.
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DO SALMON HATCHERY ‘SOURCES’ LEAD TO IN-RIVER ‘SINKS’ IN
CONSERVATION?: IMPLICATIONS FOR INTEGRATED HATCHERY
MANAGEMENT IN CALIFORNIA
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Maintaining viable populations of salmon in the wild is a primary goal for many recovery
programs. The frequency and extent of connectivity among natal sources defines the
demographic and genetic boundaries of a population. Yet the role that immigration of hatchery
fish may play in altering population dynamics and fitness of natural populations remains largely
unquantified. Quantifying whether natural populations are self-replenishing, function as sources
(births > mortality; r > 1), or potentially sinks (births < mortality; r < 1) is often limited by an
inability to determine how immigration and emigration influence population processes.
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A SYNTHESIS OF 22 TELEMETRY STUDIES TO EVALUATE CHINOOK
SALMON SMOLT MIGRATION AND MORTALITY IN CALIFORNIA’S
SACRAMENTO - SAN JOAQUIN DELTA

David Vogel, Natural Resource Scientists, Inc., dvogel@resourcescientists.com

Detailed information on juvenile Chinook salmon (Oncorhynchus tshawytscha) behavior,
migratory pathways, and survival in the Sacramento — San Joaquin Delta in relation to complex
hydrodynamic conditions and other environmental parameters have been insufficient to
implement specific remedial actions (e.g., water project operational changes) to increase
numbers. As a result, from 1996 through 2010, Natural Resource Scientists, Inc. conducted 22
separate research projects on juvenile salmon (including four studies of predatory fish) using
acoustic or radio telemetry as a means to gain an improved understanding of fish movements and
mortality. The study techniques adaptively evolved based on technological breakthroughs and
extensive field observations throughout the Delta. Recently, highly detailed assessments of
telemetered fish movements included: 1) a near-field environment within the fish transmitter
detection range of telemetry receivers; 2) medium-field observations of movements in a fine-
time scale between receivers in close proximity; and 3) far-field examinations of movements
throughout Delta-wide telemetry arrays. These data were integrated with flow measurements,
site-specific characteristics in migration corridors, and knowledge acquired from prior telemetry
studies. Detailed data on fish route selection, reach survival, mortality sites, and behavior were
acquired. Recent results concluded that numerous detections were actually dead salmon (or the
transmitters) inside predatory fish. Research findings indicate that smolt survival assumptions
and models must incorporate these new conclusions to avoid misinterpretation of data and
improve quantitative estimates of fish survival and movements. To achieve this important goal
will require a new approach, perhaps by seeking changes in the telemetry technology to
determine predation. However, in the absence of a technological breakthrough, highly detailed
data on the behavior of predatory fish movements as compared to juvenile fish movements
remain critically necessary. If implemented and analyzed properly, data derived from this
technology will continue to be a powerful analytical tool to study fish movements in the Delta.
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SURVIVAL AND ROUTE SELECTION OF JUVENILE CHINOOK
SALMON IN THE SOUTHERN SACRAMENTO-SAN JOAQUIN RIVER
DELTA, 2009

Rebecca Buchanan, University of Washington, rabuchan@u.washington.edu
John Skalski, University of Washington, skalski@u.washington.edu

Dave Vogel, Natural Resource Scientists Inc., dvogel@resourcescientists.com
Pat Brandes, U.S. Fish and Wildlife Service, Pat Brandes@fws.gov

Chinook salmon smolts have low survival through the Sacramento-San Joaquin River Delta.
Identifying management actions to improve survival requires detailed information on the
migration routes salmon take through the Delta, and on reaches with high mortality. To address
these questions, in 2009, 933 juvenile hatchery fall/spring Chinook salmon smolts were tagged
with HTT micro acoustic tags and released in the San Joaquin River approximately 12 miles
upstream of the confluence with Old River, as part of the Vernalis Adaptive Management
Program. Tagged smolts were monitored at 18 fixed-site acoustic receivers located throughout
the south Delta. Acoustic-tag detections were analyzed with a release-recapture model to
estimate route entrainment probabilities at the head of Old River and survival probabilities in key
reaches of the San Joaquin and Old rivers. Mortality from the release point to the head of Old
River was estimated to be high (0.55, SE = 0.02) in 2009. Approximately half (53%, SE=3%) of
the fish that arrived at Old River entered that river. Of those fish, an estimated 11.5% (SE=2.3%)
subsequentl