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Safe and Sustainable Seafood Supply

® Understanding Roles of Competing Bacterial Endosymbionts in Abalone Health,
Management and Restoration
R/FISH-208 Feb. 2010-Jan. 2013
Carolyn Friedman, UW, 206.543.9519, carolynf@u.washington.edu
Peter Raimondi, UCSC, 831.459.5674, raimondi@biology.ucsc.edu
Glenn VanBlaricom, UW, 206.543.6475, glennvb@u.washington.edu

A newly discovered rickettsial-like organism (RLO) appears to reduce mortality rates of the
abalone disease known as withering syndrome. In this project, scientists will determine the
geographic distribution of the new pathogen in wild abalone, farmed abalone and seawater.
They will also attempt to identify all RLOs in California and quantify their pathogenic potential
alone and in combinations with each other, as functions of water temperature. One hypothesis
to be tested: transmission of the new RLO and subsequent infection are positively correlated
with ambient water temperature (i.e., warm water). It is also hypothesized that susceptibility

to infection by the new RLO, and subsequent disease, varies among the state’s eight native
abalone species. Five of these eight species are categorized as “species of concern” or are
protected under the Endangered Species Act. A better understanding of the factors influencing
disease will assist in species’ recovery efforts, as well as provide potentially valuable informa-
tion to abalone farms that are vulnerable to outbreaks. The Abalone Farm in Central California
is a collaborator on the project.

® Soft-Egg Syndrome in Farmed White Sturgeon
R/AQ-129 Feb. 2008—Jul. 2011
Kenji Murata, UCD, 530.752.6789, kmurata@ucdavis.edu
Serge Doroshov, UCD, 530.752.7603, sidoroshov@ucdavis.edu
Fred Conte, UCD, 530.752.7689, fsconte@ucdavis.edu

Scientists are in the process of confirming their hypothesis that white sturgeon husbandry
practices (in particular the environmental conditions under which fish are kept, their diet, and
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perhaps stress levels) are the root cause of soft-egg syndrome, an undesired caviar trait that
has become common in some cultured fish in recent years. In a series of controlled
experiments, soft eggs were shown to be the result of physiological problems in the oocyte and/
or ovary during egg envelope formation and oocyte maturation; post-harvest processing tech-
niques could be a contributing factor. Scientists will analyze eggs collected from sturgeon raised
under different environmental conditions and fed different diets to pinpoint husbandry practices
that might alleviate the problem. Besides the project’s applications to sturgeon farming, the
findings will also provide insights into endangered green sturgeon recovery strategies.Sterling
Caviar and The Fishery are collaborating on this project.

® Minimizing the Use of Fishmeal and Fish Oil in the Diet of California Yellowtail, Seriola
lalandi—A Top Candidate for Offshore Aquaculture
R/AQ-130 Feb. 2009-Jan. 2012
Mark A. Drawbridge, H-SWRI, 619.226.3943, mdrawbridge@hswri.org
Frederick A. Barrows, USDA/ARS, 405.587.9265, rbarrows@montana.campuscwix.net
Ronald W. Hardy, UI/ARI, 208.837.9096, rhardy@micron.net

This project seeks to reduce the amount of fish-
meal and fish oil in feeds for yellowtail (Seriola
lalandi) and white seabass (Atractoscion nobilis)
without slowing fish growth rates or otherwise
compromising fish health. The results, to date,
exceed the original goal of reducing fishmeal
protein by 75%, as scientists have already
developed a feed for seabass without any fish
protein in it. Corn, poultry and Spirulina can
replace fishmeal protein effectively. Notably, fish
on the low- or no-fishmeal diets fared as well or
better than those on traditional and commercial
feeds, in terms of growth, survival and feed con-
version rates. Attention is now being focused on
reducing fish oil by at least 50%. Once practical
replacements for fish oil are identified, research-
ers will investigate whether there is a need to optimize mineral supplements in the new feeds.

® Parentage in White Sturgeon
R/AQ-131 Jul. 2010-Jun. 2011
Bernie May, UCD, 530.754.8123, bpmay@ucdavis.edu

Scientists will develop the tools necessary for more accurately identifying the parentage of
farmed white sturgeon, raised for meat and caviar. This objective is more challenging than
might be thought because the sturgeon have eight sets of chromosomes rather than the more
usual two. Scientists will add six microsatellite loci to an existing set of eight and will then
attempt to assign the correct sire and dam to offspring of known parentage. The main goal is
to identify the minimum number of markers needed to assign parentage with 95% accuracy
within each sturgeon family. Results of this project will be used to examine the causes of ovar-
ian adiposity, a condition that reduces the yield and quality of farmed caviar. The heritability of
other traits could also be further examined following the completion of this project.
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Effective Response to Climate Change

® Climate Change and Restoration Factors Affecting Fecal Pathogen Dynamics in
Wetland Systems
R/CONT-206 Feb. 2008-Oct. 2011
Woutrina A. Miller, UCD, 530.219.1369, wamiller@ucdavis.edu
Fred Watson, CSUMB, 831.582.4402, fred_watson@csumb.edu
Patricia A. Conrad, UCD, 530.752.7210, paconrad@ucdavis.edu

As part of a broad effort to understand how climate change may affect pathogen pollution
along the coast, researchers are exploring the fate and transport of fecal pathogens through
different types of wetlands. Fieldwork is being conducted at constructed and tidal wetlands

in Elkhorn Slough in Monterey County, as well as at a nearby wetland adjacent to a dairy
farm. Experiments are testing the influence of water flows, vegetation, water temperatures,
salinities, sediment dynamics and the hydrophobicity of protozoa on pathogen loads. The
pathogens under study include clinically relevant Cryptosporidium parvum, Toxoplasma gondii
and Giardia duodenalis. Findings from this project will help to build and restore wetlands

so as to maintain their natural filtering capacity. Research summaries will be posted on the
NOAA Monterey Bay National Marine Sanctuary’s SIMoN Web site and are expected to be of
interest to California’s nine Regional Water Quality Control Boards, the Southern Sea Otter
Alliance and local watershed-protection groups.

® Climate Change and the Phenology of Plankton and Fish Production in the
California Current
R/FISH-210 Feb. 2010-Jan. 2013
David Checkley, UCSD/SIO, 858.534.4228, dcheckley@ucsd.edu

Surface waters in the California Current are warming and becoming more stratified. This
project examines what this means to the timing of the spring plankton bloom and spawning
of northern anchovy, Pacific sardine and jack mackerel. The hypothesis being explored is
that climate change is altering, perhaps through upwelling dynamics, the timing of the spring
bloom and availability of spawning habitat. Four types of satellite data will be used to moni-
tor seasonal fluctuations in oceanographic conditions and chlorophyll concentration in the
California Current. Scientists will also develop a monthly spawning habitat index for species
using data collected by a continuous, underway fish egg sampler. They will then examine the
relationship between fish reproduction and the timing of the spring bloom and other oceano-
graphic processes. A preliminary analysis of larval fish abundances shows that about 40%
of species are now spawning earlier than they did in the 1950s. These species appear to be
tracking seasonal changes in sea surface temperature, but not upwelling intensities or zoo-
plankton abundances. As a result, the seasonal peak in zooplankton—the main food for larval
fishes—may be out of sync with the new spawning season.
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® Development of Proxies to Evaluate pH and Oxygen Exposures
R/CC-02 Jan. 2011-Dec. 2011
Lisa A. Levin, UCSD/SIO, 858.534.3579, llevin@ucsd.edu

In this project, market squid embryos and early stage mussels will be raised under controlled
pH and oxygen conditions to test the hypothesis that variations in seawater acidity and/or
oxygen exposure leave distinctive chemical fingerprints in the animals’ carbonate structures.
Researchers will also examine differences in squid statoliths (balance organs comparable

to otoliths in fish) and larval mussel shells to further investigate the possibility of assessing
the exposure of these animals to low pH or low oxygen levels. There is increasing evidence
that Eastern Boundary coastlines such as California’s are more vulnerable to ocean acidifica-
tion than Western Boundary coastlines, because of the role that upwelling plays in bringing
relatively acidic water to the surface. What is learned during this project will help managers
identify specific regions and/or populations experiencing stress from acidification.

® Paradigm or Paradox: Can We Attribute Species Changes to Global Climate Change
in Light of Decreasing Water Temperatures in Central California?
R/CC-03 Jul. 2010-Jun. 2011
Laurence C. Breaker, MLML, 831.771.4498, Ibreaker@mlml.calstate.edu
Greg Cailliet, MLML, 831.771.4432, cailliet@mlml.calstate.edu

There are more warm-water fishes off the Central California coast today than there were
three or four decades ago. Their presence is often assumed to be caused by an overall
warming of coastal waters since the late 1970s. This project seeks to determine whether
historical records of water temperatures and fishes (including fish larvae) show a compelling
waxing and waning of warm-water species in concert with temperature changes, caused by,
for example, El Nifio events and the Pacific Decadal Oscillation. The preliminary analysis

for Monterey Bay will guide a larger effort to predict the effects of climate change on species
assemblages in California. Findings have relevance to both fisheries management and ocean
conservation.
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New Technologies and Products

® Exploiting Marine Actinomycete Diversity for Natural Product Discovery
R/NMP-100 Feb. 2010-Jan. 2013
Paul Jensen, UCSD/SIO, 858.534.7322, pjensen@ucsd.edu
Bradley Moore, UCSD/SIO, 858.822.6650, bsmoore@ucsd.edu

Up until recently, few bacteria were known to make a
group of pharmaceutically promising compounds called
hybrid isoprenoids. Notably, the scientists leading this
project have discovered a unique group of marine
bacteria, which they have named MARA4, that make
these compounds. In this project, they will collect marine
sediments around the Channel Islands off the coast of
Santa Barbara to look for new strains of MAR4 bacteria.
These bacteria will then be examined for the production
of new versions of these rare isoprenoid compounds.
Besides prospecting for new microbes and molecules,
molecular techniques will be used to identify the genes
in the MAR4 bacteria that code for the enzymes that
make hybrid isoprenoids. The isolation of these genes
opens the door to being able to engineer new antibiotics
or anticancer therapies.

® Harnessing the Pharmaceutical Potential of Marine Cyanobacteria Through Gene
Regulatory Approaches
R/NMP-103  Jul. 2010-Jun. 2011
William Gerwick, UCSD/SIO, 858.534.0578, wgerwick@ucsd.edu
Lena Gerwick, UCSD/SIO, 858.534.0566, Igerwick@ucsd.edu

This project builds on a previous Sea Grant project to study the biosynthetic pathways in
marine cyanobacteria that produce novel metabolites with therapeutic potential. Scientists will
continue to study the processes regulating metabolite production in these organisms, with the
goal being to figure out how to manipulate and increase metabolite production. The ability to
genetically manipulate gene clusters in a secondary, easily cultured, faster growing host could
be groundbreaking in solving the “supply” problem of natural products from marine cyanobac-
teria, therapies that would otherwise be impossible to create using traditional techniques.

Program Development

® Program Development
M/NP-1
J.E. Eckman/CASG

Conditions in the marine sphere can change rapidly because of both human and natural
causes, and problems that need immediate attention can arise unexpectedly. The program
development project allows prompt support for short-term, marine-related research and other
specific activities. See http://csgc.ucsd.edu/Program_Development for funding details.
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California Ocean Protection Council

California’s Ocean Protection Council (OPC), which was created in accordance with the 2004
California Ocean Protection Act, has awarded funds to California Sea Grant to administer
peer-reviewed, scientific research to address OPC research priorities. The projects below
were selected for 2011 funding.

¢ Parasites as Indicators of Coastal Wetland Health
R/OPCENV-01 Feb. 2007—Feb. 2012
Ryan Hechinger, UCSB, 805.893.3998, hechinger@lifesci.ucsb.edu
Armand Kuris, UCSB, 805.893.3998, kuris@lifesci.ucsb.edu
Kevin Lafferty, USGS, 805.893.8778, jafferty@lifesci.ucsb.edu

How healthy is that wetland? Count the parasites in common snails to find out. The more spe-
cies of parasites, the healthier the marsh. In this project, scientists are testing the validity of this
idea for larval trematode parasites in common horn snails collected from California’s wetlands.
Their hope is that they can develop a snail-parasite index of wetland biodiversity to supplement
or in some cases replace traditional field surveys of fishes and benthic invertebrates. Such a
cost-effective, integrative tool would help managers monitor and adaptively manage the prog-
ress of various wetland restoration sites in the state. To date, scientists have processed field
data on the density of fishes and benthic invertebrates and their relationship to snail parasites
at 13 estuaries and are in continuing dialogs with wetland managers about their findings. As
they finish their analyses, they will establish the most efficient sampling strategy to calibrate the
parasite-as-indicator tool and combine it with standard assessment methods to translate the
results into a characterization of wetland biodiversity. The scientists will then develop training
materials for end-users.

¢ Ecology and Trophic Interactions of Jumbo Squid (Dosidicus gigas) in the California
Current Ecosystem
R/OPCFISH-06 Mar. 2008-Feb. 2011
William F. Gilly, HMS/SU, 831.655.6219, lignje@leland.stanford.edu
John Field, NOAA/SWFSC, 831.420.3907, John.Field@noaa.gov

This project is assembling a picture of the jumbo squid’s life history in the California Current
ecosystem, including an understanding of what its success might mean for other species in
the region—particularly commercial species and/or species of concern that may be part of the
squid’s diet. Findings to date suggest that the squid is probably not reproducing in large num-
bers in the California Current, if at all, as laboratory experiments suggest that the cool waters
north of Point Conception impair early development of embryos. The squid likely migrate to
the region seasonally to feed on a group of highly abundant mid-depth fishes known collec-
tively as lanternfish, and to a lesser extent on commercially important species such as Pacific
hake and rockfishes, and then—it is theorized but not yet proven—migrate south in fall and
winter to spawn in warmer water. The scientists plan to combine dietary, habitat and move-
ment/diving data to model interactions between the squid and other important species.
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® Long-Term Faunal Changes in California Nudibranchs: Climate Change and Local
Ocean Health
R/OPCENV-08 Dec. 2007-Feb. 2012
Jeffrey H.R Goddard, UCSB, 805.688.7041, goddard@lifesci.ucsb.edu
John S. Pearse, UCSC, 831.648.9245, pearse@biology.ucsc.edu
Terrence M. Gosliner, CAS, 415.379.5269, gosliner@calacademy.org

The brightly colored, shallow-water mollusks known as nudibranchs come and go along the
coast in response to changes in ocean conditions, as reported by the project scientists. Popula-
tions of larger, more conspicuous species grow during El Nifio episodes and warm phases of the
Pacific Decadal Oscillation (i.e., when sea surface temperatures rise), when coastal sea levels
are above average, and when coastal upwelling is weak. Consistent with observed, long-term
warming of coastal waters since 1977, biologists have documented northward range expansions
of some species. The observed faunal shifts are likely caused by how warming affects currents
along the coast and thus larval advection. Biologists believe this project’s results are relevant to
forecasting population fluctuations of other species with long pelagic larval periods, including the
commercially important red sea urchin.

® Ocean Acidification Exacerbated by Coastal Upwelling: Monitoring of CO, and O, on
the California Shelf, and Studies of Their Effects on Red Sea Urchins, California
Mussels and Abalone
R/OPCENV-09 Dec. 2009—-Nov. 2012
Victoria Fabry, CSUSM, 760.750.4113, fabry@csusm.edu
Andrew Dickson, UCSD, 858.822.2990, adickson@ucsd.edu
Gretchen Hofmann, UCSB, 858.893.6175, hofmann@lifesci.ucsb.edu

In California’s coastal waters, carbon dioxide levels are rising in rough concert with atmo-
spheric carbon dioxide concentrations and are acidifying coastal waters (lowering its pH).
Greater acidity can, among other things, corrode the calcium carbonate shells of organisms
such as corals, oysters, sea urchins, lobsters and abalone. This shell corrosion is most likely
to occur during the animals’ larval and juvenile stages. Above and beyond the effects of rising
carbon dioxide on ocean pH, decomposing organic matter also releases carbon dioxide. Be-
cause of this, deeper waters off California are more acidic than the rest of the water column,
with upwelling thus having the effect of exacerbating acidification in shallower waters. This
project will explore these concepts and their implications for shelf ecosystems in the California
Current. In particular, a multi-disciplinary team will conduct field and laboratory experiments
to: (1) investigate the extent of ocean acidification at a site in coastal California; (2) examine
the effects of elevated carbon dioxide on calcification rates in red sea urchins, mussels and
abalone at different life stages; (3) use molecular tools to link calcification rates with gene ex-
pression, and (4) document changes in gene expression at elevated seawater carbon dioxide
levels. Findings will be published in peer-reviewed journals and shared with the public through
exhibits at California aquaria.

23



® The Future of the California Chinook Salmon Fishery: Roles of Climate Variation,
Habitat Restoration, Hatchery Practices and Biocomplexity
R/OPCFISH-10 Feb. 2010-Jan. 2013
Brian Wells, NOAA/SWFSC, 831.420.3969, brian.wells@noaa.gov
David Hankin, HSU, 707.826.3447, dgh1@humboldt.edu
Louis Botsford, UCD, 530.752.6169, Iwbotsford@ucdavis.edu

This project seeks to provide managers with tools for weighing pros and cons of various resto-
ration options for Central Valley and Klamath run chinook salmon. The project’s first phase will
involve a retrospective analysis of the links between climate variation, human activities and
salmon numbers. The second phase will be a prospective analysis to determine critical stages
in the life history of salmon that impact fish production. An overarching theme to be explored
is whether promoting a more diverse population structure for chinook salmon could be a
management strategy for boosting salmon survival rates. Specific hypotheses to be examined
include: salmon survival is becoming increasingly variable; climate variability is increasing;
genetic diversity within and among salmon populations is diminishing; improving population
structure diversity will reduce swings in salmon survival, and improving diversity will improve
the economic viability of fishes.

® Forecasts and Projections of Environmental and Anthropogenic Impacts on Harmful
Algal Blooms in Coastal Ecosystems
R/OPCCONT-12 Dec. 2010-Jan. 2013
Raphael Kudela, UCSC, 831.459.3290, kudela@ucsc.edu
Burt Jones, USC, 213.740.5765, bjones@usc.edu
David A. Caron, USC, 213.740.0203, dcaron@usc.edu
Yi Chao, UCLA, 818.354.8168, yi.chao@jpl.nasa.gov

After years of studying and monitoring harmful algal blooms in California’s coastal waters, a
team of researchers will begin developing tools for predicting when toxin-producing algae will
strike again.The first forecasts will be for the diatom Pseudo-nitzschia, which produces domoic
acid, the neurotoxin that causes amnesic shellfish poisoning, as forecasting models for these
algae already exist for Monterey Bay and Santa Barbara. Researchers will expand these two
existing models to the entire coast and develop capabilities for forecasting blooms of the algae
responsible for paralytic shellfish poisoning. The final product will be a web-based tool that can
provide real-time forecasts for state agencies and wildlife managers.

Raphael Kudela. Photo: T. Stevens, UCSC
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North Central Coast MPA Baseline Data Collection Project

This is a collaborative effort between the State Coastal Conservancy, Ocean Protection Coun-
cil, California Department of Fish and Game, California Ocean Science Trust, MPA Monitoring
Enterprise and California Sea Grant Program. The following projects are collecting baseline
data for the North Central Coast marine protected areas designated by the Fish and Game
Commission under the Marine Life Protection Act.

® Baseline Characterization of Newly Established Marine Protected Areas within North
Central Coast Study Region—Seabird Colony and Foraging Studies
R/MPA-6 Mar. 2010-Feb. 2013
Dan Robinette, PRBOCS, 805.735.7300, drobinette@prbo.org
Gerry McChesney, USFWS, 510.792.0222, ext. 222, gerry_mcchesney@fws.gov

The Farallon Islands—“California’s Galapagos”—support nearly a third of the state’s nesting
seabirds. By protecting seabirds’ foraging grounds, prey populations and breeding colonies, the
North Central Coast marine protected areas stand to benefit seabirds such as the pigeon guil-
lemot, pelagic cormorant, Brandt's cormorant, common murre and black oystercatcher. Several
special closure areas, established as part of the marine protected areas network, will require
that vessels keep at least 300 feet or 1,000 feet (depending on the closure) from important
breeding colonies. It is hoped that the special closures will protect birds from disturbances

that can cause breeding failure and even colony abandonment. The goal of this project is to
expand existing seabird monitoring programs, led by U.S. Fish and Wildlife Service and PRBO
Conservation Science, to create a baseline of seabird population sizes, reproductive success
and foraging distributions relative to the newly established marine protected areas, including
the special closures. Expanding these studies will allow scientists to test whether the protected
areas are indeed benefiting seabirds and if not, how to adaptively manage the protected areas
so that they do.

® Baseline Characterization of Newly Established Marine Protected Areas within North
Central Coast Study Region—LiMPETS Intertidal Citizen Science
R/MPA-7 Mar. 2010-Feb. 2013
Amy Dean, FMSA, 415.561.6625 ext. 303, adean@farallones.org

In this project, an existing citizen-science data set, collected through Long-term Monitoring
Program and Experiential Training for Students (LIMPETS), will be analyzed and integrated into
the baseline data being collected by the other research teams. The LIMPETS data include sur-
veys of the Pacific mole crab, a denizen of sandy beaches, at 16 sites within the North Central
Coast study region, including beaches in and around two of the new marine protected areas.

It also includes a more diverse and complex data set of rocky intertidal ecology at four sites in
the region, including areas in and around two of the new marine protected areas. The rocky
intertidal survey data follow trends in 33 key invertebrate and algae species/taxa. Each of the
33 is surveyed for one or more of the following reasons: it is abundant, easily recognized, near
the boundaries of its distribution limits and/or sensitive to trampling, harvesting and pollution. In
addition to the existing LIMPETS survey sites, Farallones Marine Sanctuary Association staff
and student volunteers will receive funding to monitor two existing sites for two years, to further
enhance the creation of a meaningful benchmark for the North Central Coast. The LIMPETS
program, by its very nature, prioritizes the teaching of science literacy and ocean stewardship.
The data collected by volunteers, however, are also scientifically meaningful and complement
the baseline studies being conducted by professional scientists.
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® Baseline Characterization of Newly Established Marine Protected Areas within
North Central Coast Study Region—ROV Surveys of Deep Water Habitats
R/MPA-8 Mar. 2010-Feb. 2013
James Lindholm, CSUMB, 831.582.4662, jlindholm@csumb.edu
Dirk Rosen, MARE, 510.232.1541, dirk@maregroup.org

A remotely operated vehicle (ROV) will be “flown” 75 centimeters above the seafloor in deep
habitats (between depths of 20 meters and 116 meters) along the North Central Coast. The
slowly moving ROV will take video and still images of soft- and hard-bottom biological com-
munities in two annual surveys, each lasting about 20 days. This imagery, collected along fully
geo-referenced transects, will characterize the region’s bathymetry and species associated with
various seafloor features. Researchers will also identify and count fishes, as well as both ses-
sile and mobile larger invertebrates, captured on film. Four study sites will be surveyed during
the project: 1) Montara State Marine Reserve and Pillar Point State Marine Conservation Area;
2) South East Farallon Island State Marine Reserve and State Marine Conservation Area; 3)
Bodega Head Marine Reserve and State Marine Conservation Area, and 4) Point Arena Re-
serve and State Marine Conservation Area. The final baseline characterization will include sum-
mary descriptions of benthic ecosystem structure, processes and habitat characteristics, as well
as species assemblages in the protected areas and adjacent reference sites. In the analysis
phase of the project, scientists will evaluate the draft long-term monitoring plan for the area and
offer recommendations for future monitoring of deep subtidal communities.

® Baseline Characterization of Newly Established Marine Protected Areas within
North Central Coast Study Region—Coastal Beach Citizen Science
R/MPA-9 Mar. 2010-Feb. 2013
Kirsten Lindquist, FMSA, 415.561.6625, ext. 302, klindquist@farallones.org

Data collected by the citizen-science Beach Watch program at sites inside and outside of the new
North Central Coast marine protected areas will be analyzed to understand regional variation in
monitored species. The Beach Watch program is a public-private partnership of NOAA's Gulf of
the Farallones National Marine Sanctuary and the Farallones Marine Sanctuary Association to
study and protect the shoreline of the Gulf of the Farallones and northern portion of Monterey Bay.
Through Beach Watch, volunteers are trained to collect a wide variety of shoreline data, includ-
ing beach deposition rates of seabirds and marine mammals (i.e., counts of dead animals), bird
and mammal species composition and abundance, and estimates of coverage by beach wrack.
Beach Watch volunteers have been surveying the Gulf of the Farallones and Monterey Bay since
1993. The foremost goal of this project is to produce a benchmark for the diversity and abun-
dance of birds and marine mammals along the North Central Coast. A subsequent data analysis
will illuminate historical trends in bird and mammal species of interest. Other project goals include
summarizing human-use data, contributing to an assessment of ecosystem conditions, and edu-
cating the public about scientific methods and marine conservation.

® Baseline Monitoring of Ecosystem and Socioeconomic Indicators for MPAs along
the North Central Coast of California—Rocky Intertidal Ecosystems
R/MPA-11 Mar. 2010-Feb. 2013
Peter Raimondi, UCSC, 831.459.5674, raimondi@biology.ucsc.edu

The goal of this project is to produce a baseline characterization of rocky intertidal ecosys-
tems in all of the marine protected areas and associated reference sites along the North
Central Coast, to enable future comparisons of marine life inside and outside the protected
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areas. Surveys will be conducted in 2010 and 2011, following the same protocols used for
benchmark characterization of the Central Coast study region. These protocols, in turn, repli-
cate those used by two ongoing long-term monitoring programs: Multi-Agency Rocky Intertidal
Network (MARINe) for assessing communities of target species such as abalone, sea palms,
mussels and sea grass; and Partnership for Interdisciplinary Studies of Coastal Oceans
(PISCO) for assessing biodiversity. Thirteen of the sites to be included in the baseline charac-
terization are already part of these two monitoring programs. The data to be collected during
this project will greatly facilitate efforts to understand the impacts of the new marine protected
areas. Following the data collection stage of the project, statistical analyses and geospatial
modeling will be conducted to compare species abundances, patterns of diversity and com-
munity structure among protected areas and reference sites. To better understand the effects
of the protected areas on a broader spatial scale, scientists will analyze the regional data
within the context of rocky intertidal survey data collected along the entire West Coast. The
analysis will explore species and species complexes as ecosystem indicators.

® Baseline Monitoring of Ecosystem and Socioeconomic Indicators for MPAs along
the North Central Coast of California—Kelp Forest Ecosystem Surveys
R/MPA-12 Mar. 2010-Feb. 2013
Mark Carr, UCSC, 831.459.3958, carr@biology.ucsc.edu

In this project, scuba divers will survey kelp forests in Salt Point State Marine Park, Stewart’s
Point State Marine Reserve, Del Mar Landing State Marine Reserve, Saunders Reef State
Marine Conservation Area and Point Arena State Marine Reserve and associated reference
sites for two years beginning in 2010. From the survey data, scientists will estimate fish, kelp
and benthic invertebrate densities, fish size distributions and percent cover of smaller inver-
tebrates and algae. To better explore species-habitat relationships, they will also document
substrate type (e.g., sand, cobble, bedrock and boulder) and vertical relief. Statistical analy-
ses of the data will compare species abundances, guild abundances (e.g., trophic guilds) and
community structure within the protected areas and reference sites. From the analyses, re-
searchers hope to identify ecosystem indicators that might facilitate future monitoring efforts.
The final deliverable will be a baseline characterization of kelp forest ecosystems in the five
marine protected areas and associated reference sites. The project’s design is modeled after
the highly successful Partnership for Interdisciplinary Studies of Coastal Oceans (PISCO)
survey program, which was also used for initial monitoring of kelp forests within the Central
Coast study region.

® Baseline Monitoring of Ecosystem and Socioeconomic Indicators for MPAs along
the North Central Coast of California—Kelp Forest Ecosystem Surveys
R/MPA-13 Mar. 2010-Feb. 2013
Gregor Hodgson, RCF, 310.230.2371, ghodgson@reefcheck.org
Jan Freiwald, RCF, 310.230.2371, jfreiwald@reefcheck.org

Through the Reef Check Foundation’s California program, experienced recreational scuba
divers are taught, tested and certified to collect scientifically robust survey data for 73 rocky
reef indicator species. Its monitoring program, ongoing along the North Central Coast since
2006, is a highly cost-effective means of gathering economically and ecologically important
data, and is invaluable in educating the public about scientific methods and environmental
stewardship. For the baseline project, Reef Check California volunteers will continue to moni-
tor key indicator species annually at their existing five sites within and outside the new marine
protected areas and will add abalone and urchin surveys to four of the protected areas and
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associated reference sites to be surveyed by Mark Carr’s group at the University of Califor-
nia, Santa Cruz. Fish surveys will also be added to four ongoing abalone and urchin surveys,
conducted by the California Department of Fish and Game. During the course of the project,
the Los Angeles-based nonprofit plans to train about 32 new citizen-scientist divers in partner-
ship with the Bodega Marine Laboratory’s scientific diver class and Sonoma State University’s
recreational diver program. Data collected by the highly trained volunteers will be integrated
into the final scientific report and compared to data collected by academic and agency staff to
identify the most appropriate role for citizen science in monitoring protected areas.

® Baseline Monitoring of Ecosystem and Socioeconomic Indicators for MPAs along
the North Central Coast of California—Sandy Beaches and Adjacent Surf Zones
R/MPA-14 Mar. 2010-Feb. 2013
Karina Nielsen, SSU, 707.664.2962, karina.nielsen@sonoma.edu
Steven G. Morgan, BML, 707.875.1920, sgmorgan@ucdavis.edu
Jenifer E. Dugan, UCSB, 805.893.2675, j_dugan@lifesci.ucsb.edu

Researchers will collect a comprehensive baseline description of sandy beach biodiversity
along the North Central Coast. To accomplish this, several marine protected areas (Saunders
Reef, Salt Point and Duxbury State Marine Conservation Areas, and Bodega Head and Mon-
tara Marine Reserves) and six reference sites will be surveyed for abundances of shorebirds
and macrophyte wrack seven times annually for the first two years of the project. Larger
invertebrates will be surveyed, though less frequently. Recreational fishers (using standard-
ized gear and catch-and-release) will gather information on the abundance, diversity and size
structure of surf-zone fishes. A pilot citizen-science project will also be launched in the hopes
of establishing long-term monitoring of target invertebrate species, shorebirds and beach
wrack. In addition, the project has a socioeconomic component in which scientists will docu-
ment common recreational activities (i.e., surfing, dog walking and beach fishing) and their
effects on beach plants and animals. As scientists involved in this project have documented,
sandy beaches provide vital foraging grounds for shorebirds and are an important source of
small invertebrates for several species of surf-zone fishes.

® Baseline Monitoring of Ecosystem and Socioeconomic Indicators for MPAs along
the North Central Coast of California—Integrated Ecosystem Assessment and
Multivariate Indicators
R/MPA-15 Mar. 2010-Feb. 2013
William Sydeman, FIAER, 707.478.1381, wsydeman@comcast.net

A vast amount of new biological and socioeconomic data will be gathered during the North
Central Coast baseline program. In this project, a researcher will conduct statistical analyses
of existing physical and biological data in the study region to assess the status of the ecosys-
tem at the time of the establishment of the marine protected areas. Mathematical techniques
such as Principal Components Analyses will be used to derive indicators of marine life and
oceanic conditions. The primary goal is to place the benchmark data, inside and outside the
marine protected areas, within the context of climate variability such as El Nifio/La Nifia epi-
sodes and flip-flops of the Pacific Decadal Oscillation. The results of this project will facilitate
future monitoring efforts by creating a template for compiling and analyzing groups of data-
sets, while the contextual analysis will help distinguish broad climatic trends from changes
associated with the new regulations.
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® Baseline Monitoring of Ecosystem and Socioeconomic Indicators for MPAs along
the North Central Coast of California—Consumptive and Nonconsumptive
Human Use
R/MPA-16 Mar. 2010-Feb. 2013
Astrid Scholz, EF, 503.467.0758, ascholz@ecotrust.org
Christopher LaFranchi, NE/NMS, 415.602,7302, chris@naturalequity.com

The types and intensities of activities that people engage in along the North Central Coast—
be it surfing, dog walking, fishing or boating—uwiill greatly influence the region’s ecological
response to the new marine protected areas. The purpose of this project is to characterize
human activities, within and outside the protected areas, in terms of their prevalence, spatial
distribution and economic impact. This benchmark of human uses will then be integrated into
the ecological indicators of the protected areas’ performance. Besides the overarching theme
of characterizing coastal-use patterns, specific data to be collected include: vessel operation
costs, trip expenditures, and demographic characteristics of consumptive and nonconsump-
tive users. The three major sectors of coastal user communities to be studied are: 1) private
recreation, consumptive and nonconsumptive; 2) commercial fishing, and 3) commercial
charter, including consumptive and nonconsumptive activities, such as commercial pas-
senger sport fishing and whale watching. The core outcome of this project will be a series of
standardized, fully documented, georeferenced, quantitative socioeconomic datasets, which
together create a benchmark for the current extent, pattern and importance of consumptive
and nonconsumptive human activities along the North Central Coast. The approach will be
such that it may be easily replicated for future long-term monitoring.

® High-Resolution Nearshore Substrate Mapping and Persistence Analysis with
Multispectral Aerial Imagery
R/MPA-17 Mar. 2010-Feb. 2013
Jan Svejkovsky, Ol, 858.792.8529, jan@oceani.com

Aerial imaging technology, coupled with multispectral analyses, will be employed to map habi-
tats and coverage of macroalgae, plants and bottom substrates in subtidal and intertidal eco-
systems along California’s North Central Coast, at resolutions ranging from 40 centimeters to
2 meters. The high-resolution, geo-referenced maps will make it possible to evaluate changes
in kelp coverage and other indicators over time, within and outside the marine protected
areas. Because kelp cover and other indicators may vary on seasonal cycles unrelated to the
new regulations, scientists will conduct time-series analyses to estimate persistent (average)
and variable components of kelp, eelgrass, surf grass and pickleweed distributions. Substrate
will be classified and then validated in the field. The final products will include a set of raw-
image data files, calibrated and assembled, as well as GIS-compatible habitat maps.
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Delta Science Fellows Program

Through the Delta Science Fellows Program (formerly the CALFED Science Fellows Pro-
gram), postdoctoral and graduate researchers collaborate with community and scientific
mentors on targeted Bay-Delta research priorities. As of August 2010, there were 21 active
fellowship projects continuing into 2011.

® Restoring Non-Equilibrium Riparian Communities in Disturbance-Altered
Ecosystems: Implications for River Management and Climate Change
R/SF-14 Dec. 2006—Jun. 2011
John Stella, SUNY/ESF, 315.470.4902, stella@esf.edu

The Fremont cottonwood (Populus fremontii) stabilizes riverbanks, fixes carbon, produces
woody debris, creates complex floodplain habitat for fish and wildlife and is, in short, an
important component of the Central Valley’s native riparian ecosystem. The project’s objective
is to better understand the ecological factors influencing the health, growth and sustainability
of these forests. Data collected have been used to develop conceptual models that incorpo-
rate the climate, hydrologic and topographic factors needed for tree recruitment and surival.
This research is intended to help policymakers and managers prioritize restoration efforts to
reverse the decline of cottonwood populations.
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® Temporal and Spatial Patterns in Abundance and Production in Pelagic Organisms
in the Low Salinity Zone (Suisun Marsh, Bay and Delta) of the San Francisco Estuary
with Insight into Trophic Position and Impacts of Alien Invasive Species
R/SF-19 Dec. 2006—Feb. 2012
Robert Schroeter, UCD, 530.219.9693, reschroeter@ucdavis.edu

This project is exploring the possible ecological factors that may be contributing to species de-
clines in the upper San Francisco Estuary. In particular, the Delta Science Fellow is compar-
ing habitats with extensive population declines (e.g., Suisun, Honker and Grizzly bays and the
lower reaches of the Sacramento and San Joaquin rivers) to similar habitats in Suisun Marsh,
where species declines have been much less pronounced. In the first year of the project, the
fellow determined the spatial and temporal distributions of jellyfishes and key pelagic fishes

in and around Suisun Bay. In the spring and summer of 2011, the fellow plans to quantify the
most abundant invertebrates in and around the marsh.

® Mercury Interactions with Algae: Effects on Mercury Bioavailability in the San
Francisco Bay-Delta
R/SF-22 Jun. 2007-Aug. 2011
Allison Luengen, USF, 415.422.4332, aluengen@usfca.edu

This project seeks to more clearly understand how mercury enters and moves through the food
chain within the San Francisco Bay-Delta. The Delta Science Fellow has shown that the pres-
ence of dissolved organic matter (DOM) in the water decreases methylmercury uptake by phyto-
plankton. It is theorized that DOM binds to the mercury, preventing its absorption. The fellow has
also studied the combined effects of DOM and chlorine (and other factors) on the availability of
mercury to algae and also small invertebrates known as amphipods. Preliminary results show
an inverse relationship between methylmercury accumulation and DOM concentrations in

algae, and that amphipods appear to assimilate 65-70% of the methylmercury in the algae they
consume.

® Measuring and Predicting the Success of Riparian Restoration for Wildlife Populations
R/SF-23 May 2007—Jun. 2011
Nathaniel Seavy, PRBOCS/UCD, 415.868.0655, x311, nseavy@prbo.org

The most recent component of the Delta Science Fellow’s research focuses on determining
the costs and benefits of different riparian restoration options along the Sacramento River. In
particular, he and colleagues attempted to quantify the degree to which planting trees, at differ-
ent densities and with different species, created habitat for six common riparian bird species,
and then examined the relative costs of the different restoration approaches. Findings show
that planting more trees and more species of trees (i.e., willows, cottonwoods and valley oaks,
among others) pays off, in terms of markedly improving habitats for birds. Future work will
continue to look at where and how to most cost effectively restore riparian bird habitats in the
Central Valley.
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® Validation of a New Method for Population Assessment of Pacific Salmonids Using
Genetic Markers
R/SF-24 Jun. 2007-Jun. 2011
Anthony Clemento, UCSC, 831.420.3906, anthony.clemento@noaa.gov

The Delta Science Fellow has identified more than 110 new single nucleotide polymorphism
markers for chinook salmon. In combination with other markers from the peer-reviewed litera-
ture, a panel of 96 optimal markers was assembled. This panel of markers allows scientists to
establish a fish’s parentage (its hatchery and cohort) with exceedingly high accuracy (approxi-
mately one incorrect parent-offspring trio in a trillion comparisons). Scientists are in the process
of genotyping chinook salmon at the 96 markers to more accurately identify stocks and parent-
age. This identification dataset currently includes genetic information from more than 2,700
salmon from 30 populations in California, Oregon, Idaho, Washington, British Columbia and
Alaska. Researchers plan to use the genetic information as a means of tracking salmon to more
fully understand the effects of water policy decisions, fisheries management and climate change
on salmon populations.

® Modeling Physical Drivers and Age Structure of Cottonwood Forest Habitat:
An Integrated Systems Approach
R/SF-25 Mar. 2008—Jun. 2011
Elizabeth Harper, PSC, 518.354.8090, eharper@paulsmiths.edu

This project seeks to improve the long-term prospects for restoring one of the signature species
of the Central Valley’s riparian ecosystem—the Fremont cottonwood. To better prepare for the
potential effects of climate change and water policies on the trees, the Delta Science Fellow is
modeling the physical processes driving river channel migration and cottonwood habitat cre-
ation along the 100-mile stretch of the Sacramento River from Red Bluff to Colusa that is under
restoration by the Nature Conservancy. Findings may help protect cottonwood forests and the
many bird and mammal species that rely on them for food, cover and nesting. To date, the fellow
has conducted a sensitivity analysis showing that physical and not biological variables have the
greatest impact on the fate of the trees. In particular, the timing, volume and velocity of water
flowing through the river and the rate of floodplain accretion all ultimately determine the success
or failure of cottonwood germination, growth and survival. The model will be used to make predic-
tions about the consequences of climate change on river dynamics and its implications for the
future of its cottonwoods.

® Endocrine Disruption in the Delta: Confirming Sites’ Known Estrogenicity with Out-
plants, Histology, and Choriogenin Level Measurements
R/SF-27 Sep. 2007-Aug. 2011
Susanne Brander, UCD, 707.875.1974, smbrander@ucdavis.edu

In laboratory experiments, endocrine disrupting compounds (EDCs) are easily shown to cause
health and reproductive problems for fish. Documenting the impacts of chronic, low-level con-
tamination in the field, however, is more challenging. In this project, the Delta Science Fellow is
investigating the effects of EDCs on the ubiquitous silverside fish (Menidia audens) at two sites

in Suisun Marsh. One site is exposed to treated wastewater effluent and urban runoff, the other
to ranch runoff. EDCs in water samples from both sites have been shown to bind to the estrogen
and androgen receptors in cell-based assays. Immunoanalyses, meanwhile, reveal that wild
male fish exposed to EDCs produce greater amounts of choriogenin (an eggshell protein normal-
ly produced by only females) than control fish. In field experiments in 2009, there were relatively
fewer males and they were smaller at the ranch site, as compared to the urban site. The opposite
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was observed with the females, which were larger and more abundant, relatively speaking, at the
ranch site. The same trends were observed in the first half of 2010.

® Tidal Wetland Vegetation Response to Climate Change in the San Francisco Bay-Delta
R/SF-28 Sep. 2007-Jun. 2011
Lisa Schile, UCB, 415.378.2903, Imschile@gmail.com

If predictions of future sea level rise come true, freshwater marshes in the San Francisco
Estuary stand to be flooded with saltier water and presumably replaced by brackish marshes.
This project explores the potential effects of sea level rise on the distributions of wetland
plants (e.g., California cordgrass, tule, bulrush, pickleweed and cattails). In conjunction with
field surveys to map plant locations as a function of present topography, the Delta Science
Fellow is installing marsh organs—planters set in marsh channels at predetermined eleva-
tions—to simulate higher sea levels and their implications for plant growth and survival. A
series of greenhouse experiments will also be conducted to measure plants’ responses to dif-
ferent salinities and inundation levels. The final product will be a set of GIS maps of predicted
vegetation patterns in the estuary under future climate scenarios.

® Nutrients and Benthic Invasion Dynamics in San Francisco Bay
R/SF-29 Oct. 2007—-Jun. 2011
Heidi Weiskel, UCD, 530.902.0878, hwweiskel@ucdavis.edu

This project explores the consequences of nutrient pollution in San Francisco Bay on two
mud snails. One is an invasive species, llyanassa obsoleta; the other is the bay’s only native
mud snail, Cerithidea californica. Findings to date suggest that nutrients, at low levels, are a
resource to the snails because the nutrients feed microalgae upon which the snails graze. At
higher levels, a transition occurs and nutrients become harmful to the animals. That at least is
the theory being tested. In a separate but related study, the fellow observed a sudden rise in
the number of Batillaria attramentaria (a relatively new invasive mud snail) and is now study-
ing the causes and impacts of its population explosion; the effectiveness of different eradica-
tion methods and their environmental safety will be tested.

® Environmental Water: Developing Indicators and Identifying Opportunities
R/SF-30 Jan. 2008—Jun. 2011
Sara Hughes, UCSB, 805.893.7064, shughes@bren.ucsb.edu

As Twain’s famous saying goes, “Whiskey is for drinking; water is for fighting over.” In this
project, the Delta Science Fellow is compiling 20 years of survey data from more than 300
urban water municipalities in California, collected by the California Department of Water Re-
sources. The survey collects information about a community’s sources of water (i.e., ground-
water, recycled water or purchased water); the amount of water used by the community, and
the community’s size (i.e., number of residents, businesses and farms). The fellow plans to
use the survey data to track communities’ responses to droughts, legal decisions, regulations
and political will, in terms of where and at what price they obtain water. Los Angeles will be
used as a case study of how a city responds when it loses access to some of its traditional
sources of water. What is learned may lead to new approaches for meeting future water-relat-
ed challenges in urban areas of the state.
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® Linking Freshwater Sources of California Chinook Salmon to Their Ocean
Distribution Using Physical and Natural Tags of Origin
R/SF-31 Jun. 2009-May 2011
Rachel Barnett-Johnson, UCSC, 831.239.8782, barnett-johnson@biology.ucsc.edu

How can fishermen harvest healthy salmon stocks without catching endangered salmon spe-
cies? This question is being explored by looking at the degree to which salmon from different
natal rivers or hatcheries aggregate at sea. The Delta Science Fellow is integrating multiple
fish markers—based on isotope ratios, genetics and otolith microstructure—with historical
coded wire-tag data. Based on preliminary findings, ocean salmon appear to be composed
of seven Evolutionarily Significant Units (ESUs), with the vast majority of fish in the Central
Valley Fall ESU originating from the Coleman National Fish Hatchery. Until about the age of
three, salmon appear to maintain a spatial population structure at sea. Continuing analyses
will probe the degree to which different salmon populations mix at sea as the fish age.

® Copper-Binding Organic Ligands in the San Francisco Bay Estuary: Evaluating
Current and Future Likelihood of Copper Toxicity Events in a Perturbed Ecosystem
R/SF-32 Sep. 2008-Jun. 2011
Kristen Buck, BIOS, 441.297.1880 ext. 711, kristen.buck@bios.edu

Where are the different chemical forms, toxicities and sources of copper in San Francisco Bay
and might freshwater diversions exacerbate the heavy metal’s toxicity? To answer these ques-
tions, the Delta Science Fellow is studying the relative contributions of copper-binding organic
ligands from the Sacramento and San Joaquin rivers, Suisun Slough and Sulphur Springs
Creek. The ligands are of interest because they have been shown to reduce the bioavailability
of dissolved copper. In the early stages of the project, the fellow observed high concentrations
of leachable particulate copper and zinc, as well as dissolved copper, in all estuarine water
samples. As expected, the presence of strong organic ligands dramatically reduced the toxic-
ity of the dissolved copper. Notably, however, high concentrations of weaker organic ligands
were also effective at reducing the metal’s bioavailability, particularly at elevated levels of
copper contamination.

® Effects of Freshwater Flow and Population Connectivity on Benthic Community
Dynamics in the San Francisco Estuary
R/SF-33 May 2009-Aug. 2011
Andrew Chang, UCD, 530.400.9410, andchang@ucdavis.edu

Following heavy rains, the salinity of the San Francisco Estuary can drop precipitously, stress-
ing and sometimes even killing native Olympia oysters (Ostrea conchaphila) and non-native
Mediterranean mussels (Mytilus galloprovincialis). As part of a broader effort to restore native
oyster beds and control invasive species that may hinder oyster recovery, the Delta Science
Fellow and colleagues are conducting bimonthly field surveys of the bivalve populations

and their size classes at 12 sites in the estuary’s brackish waters. Scientists now have good
estimates of the species’ populations and have demonstrated the ability to use trace elemen-
tal fingerprinting to determine the birth grounds of newly settled juveniles. They are currently
in the process of trying to determine the spatial scale at which the fingerprinting technique is
valid. In the project’s final months, the fellow will conduct laboratory experiments to further
quantify the stress effects of low salinity water on the animals’ heart rates, reproduction and
survival.
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® Investigating the Frequency and Magnitude of Floods in the Sacramento-San
Joaquin Valleys Under Changing Climate
R/SF-34 Oct. 2008-Jun. 2011
Tapash Das, UCSD, 858.822.3572, tadas@ucsd.edu

How might climate change alter California’s risk of floods in the future? The Delta Science
Fellow is investigating this question by simulating flooding under a range of climate-change
scenarios for the western Sierra Nevada. All three of the General Circulation Models predict
larger floods (with 50-year return intervals) from 2051 to 2099. More intense floods appear

to be a consequence of several factors—bigger storms, more frequent big storms and more
days of precipitation falling as rain instead of snow. Moister winter soils, which are less able to
absorb added water, also play a role in some areas. Results underscore the fact that differ-
ent areas of the state will be exposed to very different degrees of flooding, depending on their
drainage basins and local topography. As a result, forecasts must be made at a local scale if
they are to help communities appropriately plan for and protect themselves from flood events
and changes in water supply.

® Plankton Dynamics in the Sacramento-San Joaquin Delta: Long-Term Trends and
Trophic Interactions
R/SF-36 Oct. 2008—Aug. 2011
Monika Winder, UCD, 530.754.9354, mwinder@ucdavis.edu

In this project, a 33-year record of plankton taxonomy in the San Francisco Bay-Delta is
being analyzed to identify long-term trends, patterns and interactions among the region’s
phytoplankton and zooplankton. To date, the Delta Science Fellow reports that a major shift
in the zooplankton community occurred during the extended drought of 1987—-1994, when
several non-native copepods and mysid species were introduced. These non-native species
displaced local calanoid and rotifer species, resulting in a zooplankton community dominated
by cyclopoids with low mysid biomass. The average size of zooplankton simultaneously
decreased. The changes imply a major reworking of pelagic food-web processes, including
diminished food quality for foraging fish and increased carbon recycling in the microbial food
web. Findings suggest that persistent climatic shifts such as long droughts can dramatically
alter zooplankton communities, facilitate non-native species invasions, and perhaps contribute
to pelagic species declines.

® Frequency, Distribution and Ecological Impact of Cryptic Hybrid Invaders:
Management Tools for Eradication of Invasive Spartina
R/SF-37 Sep. 2008—Jun. 2011
Laura Feinstein, UCD, 530.204.8325, Ifeinstein@ucdavis.edu

The current strategy for eradicating the exotic cordgrass Spartina alterniflora from salt marsh-
es of San Francisco Bay is to apply herbicide to plants that visibly resemble the invasive or
its hybrids. The Delta Science Fellow is investigating whether this management approach is
resulting in the selection of hybrids that bear no external resemblance to the invasive plant
but carry non-native genes that could continue to cross with native cordgrass. Genotyping of
92 plants in four marshes has shown that 78% of plants were cryptic hybrids (i.e., they did not
look like hybrids but were). Among these nonobvious hybrids, only 29% of their genes were
of exotic origin, compared with 55% in the obvious hybrids. Resampling in 2011 will show if
cryptic hybrids are becoming more common in treated marsh areas, while a controlled garden
experiment will look at whether they can thrive under as great a range of intertidal conditions
as the obvious hybrids.
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® Climate Change and In-Stream Flows: Methods for Application of Risk Analysis to
Modeling of Environmental Water Supplies
R/SF-38 Sep. 2008—Jun. 2011
Michael Kiparsky, UCB, 415.806.6656, kiparsky@berkeley.edu

Climate models predict a variety of impacts to the hydrology of the Central Valley in coming
decades. But, what do these changes mean for water managers? How can they best prepare
and respond to uncertainties in water supply? What is an acceptable level of risk for meeting
environmental objectives (e.g., maintaining adequate flows for fishes) and securing a reliable
water source? To address these topics, the Delta Science Fellow and colleagues modeled the
hydrology and water operations in the Stanislaus, Tuolumne and Merced rivers, incorporating
projections of urbanization and population growth through 2099. Consistent with other studies,
climate change alone appears to lead to a greater demand for water and a diminished water
supply by 2050. In the face of continued population growth and urbanization, water demand
declines and the reliability of the water supply increases as farmland is developed. A second
model under development is attempting to simulate resource managers’ risk tolerances to
uncertainties in water supply.

® Scenarios for Restoring Ecologically Functional Floodplains and Providing Flood
Control Services in the Sacramento-San Joaquin Delta
R/SF-39 Sep. 2008—Jul. 2011
Mary Matella, UCB, 510.643.1136, mmatella@nature.berkeley.edu

Are there places in the Central Valley where levees could be set back or bypassed to both
reduce the risk of flooding and improve ecological functioning of riparian systems? How might
climate change alter patterns of flooding and restoration opportunities? The Delta Science
Fellow is using the Hydrologic Engineering Center-Ecosystems Functions Model to simulate
possible future changes in inundation and resulting benefits to floodplains in the south Delta.
Model output will show the viability of restoring floodplain habitats, based on adjustments of
flood stage and topography. The findings may help managers plan and evaluate floodplain
restoration projects—to meet conservation goals, advance flood control strategies and, in
some cases, improve water supply reliability.

® Reconstructing Climate Variability, Acidity and Water Availability in the Sacramento-
San Joaquin Watershed Based on Isotopic Evidence in Sediments from Swamp
Lake, Yosemite
R/SF-40 Jan. 2009-Aug. 2011
Joseph Street, SU, 415.298.2543, jstreet@stanford.edu

This project explores the potential to use hydrogen isotope ratios preserved in leaf material in
lake sediments to back out a timeline of the region’s hydrology. The approach is being applied
to a 20,000-year-old, 10-meter sediment core from Swamp Lake in Yosemite National Park.
Motivating the research is concern that climate change will alter the availability of water by, for
example, melting the snowpack in the Sierra Nevada. In the first year of the project, the Delta
Science Fellow showed that hydrogen isotope ratios are sensitive to the size of the spring
snowpack, and documented a long-term decline in the ratio of deuterium to hydrogen during
the Holocene, coincident with gradual increases in wintertime precipitation. Large oscillations
in the isotope ratio over the last 12,000 years were observed and interpreted as evidence of
centuries-long cycles in the size of the snowpack. These natural cycles lend further credence
to the idea that droughts in California are linked to oceanic and atmospheric conditions in

the North Pacific. Interestingly, the isotope record also suggests that climate variability in the
Sierra Nevada has intensified during the last 6,000 years, possibly in conjunction with the
intensification of El Nifio cycles over this same period.
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® Pilot-Scale Evaluation of an Iron Sediment Amendment for Control of Mercury
Methylation in Tidal Wetlands
R/SF-41 Jan. 2009-Jun. 2011
Patrick Ulrich, UCB, 510.439.8544, ulrich@berkeley.edu

About 40,000 acres of tidal wetlands in the Bay-Delta are slated for restoration in the next two
decades. Though the restoration will greatly benefit wildlife, there are concerns that all the
earth moving (to build the wetlands) could release methylmercury into the aquatic environ-
ment and cause the Bay-Delta basin to exceed allowable mercury levels. This project is
examining a novel and potentially powerful method for decreasing methylmercury releases
from restored wetlands—the application of an iron-containing sediment amendment to limit
the action of methylating bacteria. Preliminary laboratory experiments have shown, compel-
lingly, that high iron doses can decrease methylmercury concentrations tenfold. The Delta Sci-
ence Fellow is now examining whether the results can be replicated in the field—at a tidal salt
marsh along the Petaluma River. To accomplish this, pore water from pickleweed-dominated
sediments on the high marsh plain is being analyzed for iron, sulfur and methylmercury before
and after iron is added to the sediments.

® Sacramento River Steelhead Trout: An Assessment of Behavioral Differences and
Contributions of Hatchery and Wild Stocks
R/SF-43 Sep. 2008—May 2011
Philip Sandstrom, UCD, 803.466.3172, ptsandstrom@ucdavis.edu

The Delta Science Fellow is tracking acoustically the migratory movements and survival rates of
both wild and hatchery steelhead trout in the Sacramento River watershed, using the California
Fish Tracking Consortium’s telemetry array. In December 2008 and January 2009, about 300
tagged smolts (yearlings) from the Coleman National Fish Hatchery were tagged and released
at three different locations on the Sacramento River above Sacramento. The tracking data show
that 47—63% of wild and hatchery steelhead migrated along the main stem of the Sacramento
River, with 20-28% of fish swimming through Georgiana Slough. About 5-12% of fish