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NUTRIENT EXPORT FOLLOWING REMOVAL OF A LOW-HEAD DAM, MURPHY
CREEK, CA. 

A 2.5 meter dam in the Murphy Creek catchment (1,338 hectares) located in the lower
Mokelumne River watershed was removed in August 2003 in an effort to restore fluvial
habitat for anadromous fishes. The goal of this study was to quantify the impacts of this
dam removal on water quality and to characterize the processes driving the
hydrobiogeochemistry of the restored reach. During the restoration process organic-rich
sediment behind the dam was left undisturbed. Prior to removal N mineralization from
this organic-rich sediment created high ammonium concentrations that were largely
retained by the benthic deposits. After the pond was drained this pool of ammonium was
exposed to oxic conditions and nitrification created high nitrate export from the restored
reservoir reach. Longitudinal transect data of sediments and overlying channel water
reveal a seasonal pattern where high sediment ammonium (max = 58.9 mg/kg) is
correlated with elevated nitrate (max = 0.7 mg/l) and ammonium (max = 1.1 mg/l) in
overlying waters during the fall and early winter. Later in the winter microbial activity
slows and so does the nitrification process; transects reveal minimal nitrate production
through the restored reach during this period. In the spring and summer aquatic plant
communities take up N masking any N production from sediments. Input and output flux
analysis indicates that the restored reach yields substantial amounts of N. Our analyses
suggest that nitrogen mineralization in the sediments is the source of this N and that
future restoration projects should be aware of the possibility of nitrogen leaching from
reservoir sediments following dam removal. 
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TOWARDS PROTECTING SACRAMENTO-SAN JOAQUIN WATERSHED GREEN
STURGEON: SWIMMING PERFORMANCE RELATIONSHIPS WITH SEAWATER
TOLERANCE AND TEMPERATURE 

Juvenile, anadromous green sturgeon (Acipenser medirostris) move from riverine
freshwater habitats downstream into the ocean. This transition is very similar to those of
many juvenile salmonid species during their parr-smolt transformation, when they
achieve seawater tolerance. Smolting salmonids generally show a marked decrease in
maximum aerobic swimming performance (Ucrit) compared to freshwater parr. We tested
the hypothesis that juvenile green sturgeon decrease Ucrit during a corresponding
developmental period. Swimming experiments were run concurrently with salinity
tolerance studies (both at 19ºC), which showed increasing tolerance to full-strength sea
water (33 ppt) during the ages (73-177 days post hatch) and sizes (15-45 cm total length
[TL]) studied. Younger and smaller juvenile green sturgeon, which had not reached
seawater tolerance, had a positive relationship (p<0.0007, n= 59) of Ucrit (cm/s) with TL.
However, the older and larger sturgeon, which had reached seawater tolerance (>30.9 cm
TL), had a negative relationship of Ucrit with TL (p<0.029, n=19). Presumably this
decreased aerobic swimming performance facilitates their downstream migration to the
ocean, via a decreased ability to resist strong river currents. The similarity of this Ucrit –
seawater tolerance relationship to that seen in many smolting salmonids indicates either
the repeated evolutionary emergence or a long-term (>200 million years) conservation of
this pattern in present-day anadromous fishes. In a second experiment, seawater-tolerant
juveniles tested at elevated (24ºC) temperatures showed significantly increased Ucrit,
compared with those tested at 19ºC. These results could indicate either overall, enhanced
aerobic swimming or potentially reduced downstream migration in strong currents, at the
warmer temperature. In conclusion, environmental variables such as water velocity and
water temperature should be considered in efforts to protect Sacramento-San Joaquin
Watershed green sturgeon. We thank the Anadromous Fish Restoration Program
(USFWS & USBR) and CALFED for funding, and the Yurok Tribe for brood fish.
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MERCURY AND METHYLMERCURY IN THE UPPER YUBA RIVER WATERSHED:
FLUVIAL TRANSPORT AND RESERVOIR SEDIMENTATION 

The potential introduction of anadromous fish to the upper Yuba River watershed
(upstream of Englebright Dam) has raised questions concerning possible risks associated
with exposure to mercury contamination from historical gold mining.  These concerns
were investigated by monitoring mercury (Hg) and methylmercury (MeHg)
concentrations in water, suspended sediment, and reservoir-bed sediment during 2001–
2003.

Concentrations of Hg and MeHg were determined in both unfiltered and 0.45-
micrometer-filtered water, along with suspended-sediment concentration (SSC) at gaging
stations on the South Yuba River (SY), the Middle Yuba River (MY), and the Yuba River
below Englebright Dam.  At SY and MY, there were positive correlations between
discharge, SSC, and Hg in unfiltered water.  Average Hg in suspended silt and clay at SY
was about 350 nanograms per gram (ng/g) dry sediment.  The highest concentrations of
Hg and SSC relative to discharge at SY and MY occurred during rising limbs of early-
wet-season storms. About 25% of unfiltered MeHg analyses were > 0.10 nanograms per
liter, mostly during storms.

Deep sediment coring during 2002 penetrated the entire post-dam sediment pile at six
locations in Englebright Lake. Sediment thickness ranged from 6 m near Englebright
Dam to 33 m in the mid-reservoir area.  Sediment Hg concentrations ranged from 2 to
1,150 ng/g (median 139 ng/g, n=166); MeHg concentrations ranged from 0.007 to 6.8
ng/g (median 0.36 ng/g; n=166). The persistence of moderately elevated MeHg
concentrations throughout the sediment pile suggests several causative factors, including
rapid burial and preservation of the deposited MeHg, moderately low rates of MeHg
demethylation, and (or) persistent Hg methylation in relatively organic-rich sediments. 

Exposure levels of MeHg in water and sediment in upper Yuba River watershed may
represent significant ecological risk to aquatic species.  Potential MeHg exposure and
associated risk should be considered in the development of anadromous-fish-introduction
scenarios above Englebright Dam.
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IMPACTS OF CLIMATE CHANGE ON MANAGEMENT OF CALIFORNIA’S WATER
RESOURCES: PART III-DELTA WATER QUALITY 

Problem Statement: A joint California Department of Water Resources (DWR) and U. S.
Bureau of Reclamation (USBR) Climate Change Work Team is investigating methods for
assessing potential impacts of climate change on California’s water resources using a
framework that provides results that are relevant to water resources planners (see Part I).
One component of those investigations focuses on evaluating potential impacts of climate
change on water quality in the Sacramento-San Joaquin Delta. 

Approach: Impacts of climate change on Delta water quality are being investigated using
a multi-step modeling approach: 1) identify climate change scenarios, 2) determine
changes in natural runoff for each scenario, 3) assess changes in CVP and SWP
operations using CALSIM II, and 4) evaluate impacts on Delta water quality using the
Delta Simulation Model 2 (DSM2). This study examines climate predictions from two
General Circulation Models (GCMs) and three scenarios that represent incremental
changes in air temperature of 1.5°C, 3.0°C, and 5.0°C, representative of short, mid, and
long term climate change, respectively. Delta inflows for each scenario are provided by
simulation results from the operations model CALSIM II which was run for the D1641
regulatory environment for each of the selected scenarios at a future level of land use
development (see Part II). DSM2 utilizes those Delta inflows to simulate water quality for
each scenario. 

Results: Assessment of water quality impacts of climate change focuses on municipal and
agricultural standards for chlorides and electro conductivity (EC). Results are presented
for the four urban intakes and for four D1641 agricultural standard sites. Effects of
projected land use changes on water quality are compared to the potential climate change
impacts to determine their relative impacts on Delta water quality. 

Relevance: These results are relevant to the CALFED objectives of water quality and
water supply reliability. 
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INTEGRATING INDICATORS OF TOXICANT EXPOSURE AND EFFECT IN SALT
MARSH SPECIES: COMPLEMENTING THE ECO-RISK PARADIGM. 

Ecological risk assessment in estuarine systems relies heavily on use of toxicity tests,
analytical chemistry, and ecosystem census to estimate risk to aquatic life. While this
approach has been valuable for many management goals over at least two decades,
complementary approaches are needed. These should provide improved: linkage to the
ecological system under investigation, assessment of multiple stressors, procedures for
spatial, temporal, or biological scaling. We propose a complementary framework in
which chemical exposures and effects are characterized in strategically-selected salt
marsh species at multiple scales. This makes possible: 1) direct evaluation of
ecologically-relevant responses and 2) analysis and diagnosis of multiple stressors. We
sampled several marsh sites in Northern and Southern California for population-level,
and biomarker responses in wetland plants, shore crabs (Pachygrapsus crassipes), and
mudsucker fish (Gillichthys mirabilis). We also conducted analytical chemistry and
ecosystem censuses at each site. A comparison to toxicity test responses has been
performed at a more limited number of stations. Data for a key marsh restoration site
indicate that the application of toxicity tests to the salt marsh environment is limited by
ammonia interferences; however, toxicity attributable to organic compounds is
implicated. Data on resident species includes: decreased biomass (by remote sensing and
field measurement) of wetland plants as well as endocrine disruption and apoptosis in
mudsuckers. More preliminary findings also point to decreased reproductive success in
shore crabs and depressed growth rates of fish relative to reference sites. These data
indicate that an integrated suite of techniques linking sublethal effects to ecologically
relevant endpoints in resident organisms may provide practical information that can be
used to inform decisions within CALFED about marsh restoration and monitoring. This
research has been supported by a grant from the CALFED Bay-Delta Program to the
Pacific Estuarine Ecosystem Indicator Research (PEEIR) Consortium under State
Resources Agency Agreement #4600002051. 
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FUNCTIONAL FLOODPLAINS: HOW MUCH DO WE HAVE NOW, HOW MUCH CAN
WE RESTORE? 

The Ecosystem Restoration Program Plan (CALFED 2000) identifies re-establishment of
significant areas of active, ecologically-significant, floodplain inundation. Such
floodplains must be recognizable in terms of both landscape and process to be
“functional” for ecological purposes. Yet a scientifically-defensible definition of
functional floodplain has not been proposed or adopted for the purpose of evaluating this
goal. In addition, no data exists that quantifies the amount of physically-available
floodplain that might be available if reconnected, or even the amount of functional
floodplain presently remaining in the Central Valley. 

Using current estimates of riparian and riparian wetland areas as proxies for floodplain
area (an imprecise approach, as there is not an exact correspondence), there may be as
little as 3% of the Central Valley’s historic floodplains still in existence and active at the
present time. There are significant constraints to restoring floodplain areas, including
urbanization, the development of infrastructure, and the widespread loss of physical
accessibility to floodplains as a result of both hydrologic modification (reduced floods)
and morphologic change (incised channels). This presentation will propose an approach
to defining a functional floodplain and explore potential methods to identify and quantify
both existing and potential areas of functional floodplain in the Central Valley. The
critical value of this information will be to not only highlight the best areas for potential
restoration activities, but also the methods and scale at which such activities must be
undertaken to achieve the Ecosystem Restoration Program’s floodplain connectivity and
ecosystem enhancement goals in the Central Valley. This information is necessary to
effectively target program dollars and act on floodplain restoration opportunities before
they are lost. 
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MERCURY ASSOCIATED WITH GOLD DREDGE TAILINGS IN THE CLEAR CREEK
AND TRINITY RIVER WATERSHEDS, CALIFORNIA 

From 1900 until the 1960s placer gold deposits in northern California were mined mainly
by dredging. The alluvial material processed was screened and coarse clasts (usually >1
cm) were discharged using a stacker. The finer material was washed through sluice boxes
charged with mercury to capture fine gold by amalgamation. Thus release of mercury and
subsequent uptake by biota is of concern in restoration projects that involve moving or
using mercury-contaminated dredge tailings. The purpose of this study is to determine
distribution, speciation, and mobility of mercury in tailings from floating dredges
operated on lower Clear Creek and the middle Trinity River, in the eastern Klamath
Mountains. Stacker tailings deposited above water level have relatively low mercury
concentrations, no more than about twice background values (10-60 ng/g). Stacker
tailings deposited below water level contain fine interstitial material (silt-clay), which
was released into the dredge pond during digging or cycled through the sluices, and
dispersed into the coarser tailings by infiltration. These fines, which also settled to form
lenses in the coarser tailings, have as much as 150 ng/g mercury. Pebbly sand lenses in
the tailings, which represent discharge from the dredge sluices, contain as much as 4000
ng/g mercury.  Thus mercury concentrations vary widely in dredge tailings, but materials
that may be of concern such as sluice sands can be recognized in the field, using
knowledge of tailings stratigraphy and history of dredging operations. Sequential
extraction studies reveal that 40-60% of the elemental mercury introduced to the tailings
has been converted to soluble and base-leachable organically bound forms; 5-20% has
been converted to mercury sulfide (HgS).  Although methylmercury concentrations in
undisturbed dry tailings are generally very low, fines released from tailings and
introduced to methylating environments result in high methylmercury levels in water,
sediments, and biota. 
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RAPID RESPONSE OF AVIAN COMMUNITIES TO HYDROLOGIC CHANGES IN THE
NAPA-SONOMA SALT PONDS 

Salt evaporation ponds have been a major component of baylands in the San Francisco
Bay estuary for more than a century. These open water impoundments provide shallow
water habitats used by a large number of waterbirds. In 1994, the California Department
of Fish and Game acquired 4045 ha of salt ponds in San Pablo Bay. The salt ponds were
taken out of commercial production and managed for wildlife habitat as the Napa-
Sonoma Marshes Wildlife Area. The U. S. Geological Survey initiated a research and
monitoring program on the ecology of salt ponds beginning in 1998 to examine the
biophysical parameters of these wetlands and the response of the avian community.
Maintenance of the former salt ponds has proven to be a considerable management
challenge. Levee maintenance problems, failure of water control structures, and pond
breaches have resulted in extensive variation in pond conditions and subsequent shifts in
avian community composition. For example, the “midnight” breaching of Pond 3 in the
summer of 2002 resulted in reduced salinity, a marked decrease in water elevation and
subsequently, a large positive response by shorebirds.   Conversely, increased tidal range
eroded and inundated breeding islands for ground-nesting terns. Thus, supporting current
avian community diversity will require innovative management efforts to respond to
unexpected changes in habitats. Plans are currently underway to initiate tidal marsh
restoration in Pond 4 and 5 under Phase I of the Calfed-supported Napa-Sonoma Marshes
Restoration Project. Objectives include managing pond habitat for birds and creating a
mix of tidal and managed pond habitats; wildlife and habitat monitoring will provide
essential information for adaptive management to meet these objectives.
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EVOLUTION OF INVASIVE SPARTINA HYBRIDS IN SAN FRANCISCO BAY 

Rapid evolution in contemporary time occurs where genetically variable individuals face
strong selection pressures. Just such a conjunction is taking place in the intertidal marshes
of the San Francisco estuary. Scant decades ago, exotic smooth cordgrass, Spartina
alterniflora, was planted in the Bay for erosion control and marsh restoration. The natural
structure of the intertidal leaves vast expanses of open mud flats, critical foraging grounds
for millions of birds. Fringing the upper mud flat margin is the native cordgrass, S.
foliosa, which by dint of small stature and sparse growth is unable to colonize the mud
flats or modify their geomorphology, unlike the alien congener. Shortly after the
introduction, the 2 species hybridized; in the last 20-odd years a broad array of genotypes
has arisen through reciprocal hybridization and introgression. Our research has found that
some hybrids are taller, have more rapid rates of lateral expansion, have higher tolerance
to salinity, have higher rates of self pollinated seed set, and are better sires on the native
species than either parental species. We predict that these traits will result in 1, rampant
colonization of open mud - both in the intertidal and in restoration sites, 2, invasion of the
middle elevation Salicornia-dominated saline marsh plains, 3, isolated self-compatible
plants founding new populations; and 4, hybrid pollen siring the lion’s share of seed in
surrounding S. foliosa plants in native marshes. Natural selection will favor these traits in
a positive feedback that will result in an accelerating population growth rate of the fittest,
most invasive hybrid genotypes. We predict these processes will result in gross alterations
to the intertidal ecosystem, and the extinction of the native cordgrass.
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A TALE OF SPLITS: GENETIC ANALYSIS REVEALS SEPARATION BETWEEN
SACRAMENTO SPLITTAIL POPULATIONS 

The Sacramento splittail is an endemic cyprinid in the Sacramento-San Joaquin estuary.
Splittail are the only extant member of their genus and listed as a California Species of
Special Concern due to a considerable reduction in habitat range and population size. In
the winter and spring, adult splittail generally migrate from the Delta into associated
tributaries to spawn. Most splittail are believed to return to the Delta to forage during the
summer and fall. It is currently unknown if splittail are opportunistic spawners and enter
any river system with appropriate flow rates or if they return to their natal river to spawn.
If the latter is true, populations will genetically diverge and could be on separate
evolutionary paths. Therefore it is important to learn if the populations are genetically
distinct and merit protection as separate entities. In this study we developed cyprinid-
specific tetranucleotide microsatellite markers and used twelve of these markers to
genotype over 450 young-of-year splittail from five river systems (Cosumnes, Napa,
Petaluma, Sacramento, San Joaquin) originating from the Delta. The study revealed a
genetic distinction between splittail from the Napa and Petaluma rivers compared to
splittail from the other three rivers. These results indicate that splittail in the Delta do not
randomly enter a tributary to spawn but instead chose tributaries based on their natal
origin. The population structure revealed in this study should be taken into account for
future management decisions concerning the conservation of the splittail. 
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ONE FISH, TWO FISH, THREE FISH, FOUR: ESTIMATING ABUNDANCE AND
MORTALITY FOR THE THREATENED DELTA SMELT. 

Estimating abundance is critical to any effort to assess the vulnerability of threatened
species. For the threatened delta smelt, management has relied on the use of indices of
abundance as a surrogate for estimated abundance for a variety of reasons. The abundance
indices identify long-term trends, however, they are essentially dimension-less numbers
making it is impossible to interpret the abundance of fish. To overcome these limitations,
we are developing abundance estimates in 2 ways. Our first-order estimate extrapolates
catch-per-unit-effort (CPUE) of delta smelt caught during monitoring to the estimated
volume of habitat in Suisun Bay and the Delta. Although these estimates do not account
for changes in habitat volume among years, or for the size-selective nature of the
sampling gears, trends from these estimates mirror those in the indices, but provide a
better understanding of the relative importance of factors influencing mortality when used
with field-based measurements of fish condition. Our second approach relies on
developing resource selection functions. This technique utilizes physical and biological
information collected during sampling with the CPUE to identify relationships between
habitat quality and abundance. These relationships help to define habitat volume among
surveys, and estimate expected abundance at locations where no fish were caught or
sampling occurred. Use of abundance estimates using a variety of methods will provide a
robust approach for assessing population status, as well as understanding various
management concerns, particularly the impacts of water export operations on delta
smelt.     
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A SYNTHESIS OF PROCESSES AFFECTING DOM IN THE SACRAMENTO-SAN
JOAQUIN DELTA: WHAT DO WE KNOW? 

Much new information has become available regarding the sources and cycling of
dissolved organic material (DOM) in the Sacramento-San Joaquin River Delta. An
understanding of baseline trends in DOM concentration and quality in the Delta is
important because prospective large-scale land-use and hydrologic changes will
undoubtedly alter the amount and quality of DOM. Elevated DOM in Delta drinking
water sources affects the cost and efficacy of water treatment for 22 million people.
During treatment, DOM forms disinfection byproducts (DBP) that have been linked to
increased occurrence of cancer and miscarriages. Consequently, the level of DBP
permissible in drinking water is regulated by the U.S.E.P.A. The goals for DOM and
bromide concentrations in Delta drinking-water sources are driven by the need to meet
these mandated DBP levels. 

This synthesis of information from a variety of researchers challenges our understanding
of DOM sources and trends in the Delta. Less DOM is added in the Delta than previously
thought, and DOM derived from agricultural operations on peat islands is not the primary
source of Delta DOM. Rather, DOM in Delta waters is a complicated mixture of material
from different riverine, wetland, algal, and peat island sources that varies in composition
seasonally. A reexamination of historic trends in DOM concentration and quality in light
of these new findings indicates that both vary over interannual time scales in response to
land-use and climate change. However, because seasonal changes in DOM are rapid,
there is a high level of uncertainty in the baseline concentration and quality expected in
Delta and riverine DOM. This uncertainty limits our ability to measure changes in water
quality that may result from future land-use, management, or conveyance changes within
or upstream of the Delta, but the uncertainty may be reduced by increasing the frequency
and altering the distribution of monitoring stations. 
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GENETIC POPULATION STRUCTURE OF CHINOOK SALMON IN THE
CALIFORNIA CENTRAL VALLEY 

Molecular genetic data is an important component of the biological information necessary
to effectively manage populations of conservation or other management concern. They
provide estimates of population parameters such as population boundaries, kin
relatedness and current and historical gene flow. Chinook salmon (Oncorhynchus
tshawytscha) are an abundant component of the ichthyofauna of California's Central
Valley and are currently divided into 3 evolutionarily significant units: fall/late fall,
spring and winter run. There are genetic data available for the evaluation of population
structure and relationships within ESUs, but very limited information on the relationship
of populations of more than one ESU that occur in the same river. Here we present
genetic data on the relationships among Central Valley chinook populations from two
ESUs. We use 24 microsatellite loci, and compare 20 populations of adult chinook
salmon, including comparisons between spring and fall-run populations from the same
watershed. We report population heterogeneity, although genetic distances are low
compared with other salmonid populations in California. Phylogeographic analyses of the
microsatellite data provide a picture that is similar to what would be expected from recent
population radiation, or substantial recent gene flow. The results from the genetic data
indicate that run timing is more important than geography for describing genetic structure
in the upper Sacramento River, where spring-run populations from different watersheds
are more closely related to each other than spring and fall populations from the same
river. These genetic data also indicate that hatchery populations do not necessarily
resemble the naturally spawning populations from the same watershed. For example,
samples from the Mokelumne Hatchery fall run and the Feather Hatchery spring and fall
runs are similar, while these hatchery populations are distinct from the wild Feather River
fall-run sample analyzed. 
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SIMULATION OF DEWATERING TECHNIQUES TO IDENTIFY METHODS TO LIMIT
MERCURY METHYLATION IN UPLAND PLACED SEDIMENTS 

The Long Term Management Strategy for the Placement of Dredged Material in the San
Francisco Bay Region (LTMS) has established a goal of significantly reducing the
volume of in-Bay disposed dredged material. To achieve this goal, the LTMS promotes
maximizing the use of upland reuse sites. An evolving concern related to upland sediment
placement is the potential for enhancing transmission of mercury into Bay Area food
webs. The primary reasons this concern are 1) mercury is ubiquitously present in Bay
Area sediments at concentrations significantly higher than historical background, and 2)
wetlands and bermed uplands may provide conditions that transform elemental mercury
into its bioavailable form at a substantially greater rate than an aquatic environment. This
study involved simulating three separate dewatering methods using sediment laden with
mercury concentrations consistent with Bay ambient levels. The objective was to
determine whether varying the dewatering method would significantly effect the
production of methylated mercury. Sediment samples and an equal proportion of seawater
were placed in three sets of triplicate glass containers. Each was dewatered using three
different methods: stagnant evaporation, aerated evaporation, and continuous flow
evaporation. Once dewatering was completed, the top two centimeters were removed
from each container and submitted for analysis. Results show that the stagnant and flow-
through arrangements produced methylated mercury at a significantly greater rate relative
to the aerated arrangement. Although adherence to the goals of the LTMS will result in a
net loss of mercury from San Francisco Bay, conventional upland dewatering methods
will likely lead to an elevation in the bioavailable form of mercury at the Bay fringe. This
data suggests that upland dewatering may be managed such that production of methylated
mercury may be reduced and potentially eliminated in newly exposed sediments, thus
minimizing the biomagnification of mercury while achieving the goals of the LTMS.
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PROTOZOANS FUEL ZOOPLANKTON PRODUCTION IN THE LOW-SALINITY
ZONE OF THE SAN FRANCISCO ESTUARY 

The cyclopoid copepod Limnoithona tetraspina became the most abundant copepod in the
low-salinity zone of the San Francisco Estuary in 1994 and now makes up ~95%
(median) of the total adult copepods. Despite its relatively small size, its biomass roughly
equals that of two larger, co-occurring calanoid copepods, Pseudodiaptomus forbesi and
Eurytemora affinis. The main goal of our research was to understand what prey L.
tetraspina consumes in its natural environment and whether its diet overlaps with those of
E. affinis and P. forbesi. We ran five natural-water grazing experiments from Suisun Bay
between October 2003 and May 2004, a period that coincided with both the highest and
lowest abundances of L. tetraspina, as well as the seasonal switch between E. affinis and
P. forbesi populations. Ciliates dominated the prey field during these experiments
indicating their potential importance in sustaining zooplankton populations in an
environment with seasonally low diatom production. Overlap in diet among the copepods
occurred but with differences in species-specific clearance rates. We detected feeding by
L. tetraspina on aloricate and loricate ciliates and a smaller form of the mixotroph
Mesodinium rubrum. No feeding was detected on diatoms or the larger form of M.
rubrum. These results are consistent with the fact that L. tetraspina has successfully
established itself at high densities in a low-chlorophyll environment in which food
resources are dominated by small-sized phytoplankton, bacteria, and protozoan grazers.
Copepod predation on protozoan grazers in Suisun Bay is expected to transfer the
production of small-sized phytoplankton and bacteria (which are usually unavailable to
copepods) to higher trophic levels. However, evidence to date shows low rates of
predation on L. tetraspina by consumers such as larval and juvenile fishes, indicating it
may be an energetic dead-end in the foodweb.
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Bowles*, C.B. (1), E.S. Andrews (1,2), J. Haas (1). (1) PWA, Ltd., 928 Second Street,
Suite 300, Sacramento, CA 95814. (2) PWA, Ltd., 720 California Street, Suite 600, San
Francisco, CA 94108. c.bowles@pwa-ltd.com 

FLOODPLAIN RESTORATION: ARTICULATION, TESTING AND REFINEMENT -
CONNECTIVITY BETWEEN THE SAN JOAQUIN RIVER AND ITS FLOODPLAIN 

The San Joaquin River, typical of many of the rivers tributary to the Central Valley, was
significantly blocked, harnessed, and reconfigured, between 1900 and 1950, with long-
term consequences. The 1936 Flood Control Act allowed the U.S. Army Corps of
Engineers to invest massive resources into disconnecting rivers from their floodplain.
Recently, past flood control strategies have been modified to allow floodplain
reconnection, where feasible, critical for flood reduction purposes and ecologic
enhancement. 

As part of the goals of the CBDA, the San Joaquin River National Wildlife Refuge, a
3,000 acre site near Modesto, California, represents a regional signature project. This site
presents an enormous opportunity for the CBDA to test and refine the understanding of
restoration strategies for floodplain processes in lowland rivers. The development of
floodplain habitat evaluation criteria for anadromous fish has been an important step for
the design of this floodplain restoration project. These criteria identify physical
parameters indicative of habitat value that can be predicted for potential floodplain
restoration scenarios. Hydrodynamic models have facilitated the analysis and
understanding of floodplain flow dynamics to weigh the tradeoffs of alternative project
configurations. 

Using habitat evaluation criteria and predictive tools, design restoration strategies are
developed for beneficial conditions in the near-term. Simultaneously, such tools facilitate
better understanding of the changes in flooding pattern driving long-term site evolution.
Levee breach locations provide significantly-varied flooding parameters; these locations
are manipulated to provide maximum benefit to anadromous fish, and to affect the
evolution of the site. Physical parameters are evaluated with respect to the potential for
fish stranding in floodplain restoration projects. Finally, a physical process monitoring
plan is developed to provide feedback to the adaptive management strategies so critical
for the successful rehabilitation of the floodplains of the rivers of the Central Valley.
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Brandes, P.L.* (USFWS), 4001 N. Wilson Way, Stockton, CA 95205
Pat_Brandes@fws.gov 

THE IMPORTANCE OF ESTUARINE REARING TO THE PRODUCTION OF
CHINOOK SALMON IN THE CENTRAL VALLEY 

Understanding the importance of the San Francisco Estuary for rearing juvenile salmon
will enable managers to select appropriate restoration and management actions. A
literature review was conducted on juvenile salmon rearing in estuaries and its
importance relative to the production of Pacific salmon. This presentation summarizes the
reviewed literature, relates findings to local information, and identifies future studies. The
importance of the estuarine habitat to Chinook salmon in the literature was assessed
based on salmon life history characteristics, the hypothesis that expanding rearing habitat
would result in larger salmon populations, specific sets of criteria, the results of two types
of mark and recapture experiments and the examination of scale patterns in returning
adults. The San Francisco Estuary would be considered important to the production of
salmon in Central Valley using most of the methods/criteria discussed in the literature.
However, the relative importance of the Estuary varies by race and run and between the
Delta and Bays. A recent study concluded that Chinook salmon from the Central Valley
show little estuarine dependency (downstream of the freshwater Delta) (MacFarlane and
Norton, 2001). Results from recent and historical studies indicate that the relative
abundance and survival of smaller, rearing juvenile salmon is greater in the Delta than in
the Bays and that residence time in the Delta varies by race, run, life stage and individual
of Chinook salmon in the Central Valley. The importance of the Delta for rearing salmon
also varies between years and water year types. Studies are identified that could help us
better define the importance of estuarine and specifically Delta rearing to the production
of Chinook salmon to help CALFED and others in selecting restoration actions for
salmon in the Delta.
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Breaux*, A.(1), M.Born (2), S.Cochrane (3), R.Looker (1), L.Suer (1). (1)San Francisco
Bay Regional Water Quality Control Board, 1515 Clay Street, Oakland, CA 94612. (2)
Sustainable Land Stewardship Institute, P.O. Box 161585, Sacramento, CA 95816. (3)
San Francisco Estuary Project, 1515 Clay St., Oakland, CA. 94612. ab@rb2.swrcb.ca.gov

BENTHIC MACROINVERTEBRATES AS INDICATORS OF RIPARIAN HABITATS IN
IMPACTED URBAN STREAMS 

     Benthic macroinvertebrates (BMIs) can be excellent indicators of ecosystem health
both for key food web species for steelhead and anadromous fishes as well as for water
quality. Their use is constrained, however, in highly urbanized riparian systems due to the
diverse array of point and non-point sources which may result in different BMI
communities at the same site from year to year. To determine whether BMI communities
were worth the expense of monitoring, i.e., whether they remained stable from year to
year, we looked at significant differences at eleven stations in the San Francisco Bay
Region, covering the elevation gradient in two East Bay Creeks – Wildcat and San
Leandro – over four annual spring sampling events. 

     The results indicate that BMIs can be a useful tool for determining the presence of
high quality prey for fish, and for assessing water quality even in highly impacted creeks.
Analysis of variance of the BMI communities indicated consistent differences between
high and low quality stations over the four annual sampling events. Some stations, within
themselves, still had significant variation even with four years of data, but these
differences would probably decrease with continued sampling. The most reliable metrics
were taxa richness and tolerance value. Other useful metrics with consistently low
coefficients of variation on both creeks included percent dominant taxa, Shannon
Diversity index, and percent collectors. 

     The scientific and management implications of these findings support the state-wide
efforts of the State Water Resources Control Board and the Department of Fish and Game
to conduct effective creek and watershed monitoring and assessment throughout
California following the protocols of the Surface Water Ambient Monitoring Program.
The results are relevant to Bay-Delta Program goals and objectives because they support
the use of scientifically valid techniques to assess and monitor riparian ecosystems
throughout the region.
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Brekke*, L.D. (1), J. Medina (2), Martyn Clark (3). (1) U.S. Bureau of Reclamation, MP-
700, 2800 Cottage Way, Sacramento, CA 95825. (2) U.S. Bureau of Reclamation, TSC,
Denver Federal Center, Denver, CO 80225. (3) University of Colorado/NOAA-CIRES,
Boulder, 1333 Grandview Ave, CO 80309. lbrekke@mp.usbr.gov 

ENHANCED WATER SUPPLY FORECASTING IN CENTRAL VALLEY BASINS USING
CLIMATE SIGNALS 

Problem Statement:     There is evidence of correlation between antecedent climate
signals and melt-season runoff responses in Central Valley headwater basins. Despite
such evidence, these signals remain unused by state/federal operations planners due to
absence of two assessments: (1) uniqueness of information relative to local basin
predictors (for signals arriving during Fall/Winter), and (2) benefits/impacts when water
supply forecasts and operations plans are steered by these signals. 

Approach: A study is being funded by Reclamation’s Science and Technology Program to
identify signals and assess their utility. Signals are being identified through basic
methods: define signal and response possibilities, compute 1952-2000 correlations, and
apply evaluation criteria (|r| passes “p<0.01” significance and signal relates to land/ocean
surface conditions). Signal possibilities include 2- to 6-month samplings of either
conventional ENSO indices or location-specific “pressure height” time series in the
Pacific “Mid-Latitudes”. Response possibilities include melt-season runoff volumes
assumed for operations planning in the following basins: Trinity, Shasta, Oroville,
Folsom, and New Melones. 

Results: Signals have been identified for Shasta, Oroville, Folsom, and New Melones
basins. Nearly all signals are based on Mid-Latitudes’ pressure height information,
arriving as late as Fall/Winter (short-lead) and as early as the previous Summer (long-
lead). Pressure-height signal locations include NE Pacific during Winter, NC Pacific
during Fall, W Pacific and Subtropical NE Pacific during preceding Summer. 

Conclusions/Relevance: Results are relevant to the CALFED goal of enhancing water
supply reliability. Signals might be used to enhance or enable earlier water supply
forecasting. Beneficiaries might include asset planners for the Environmental Water
Account, or water market participants. DWR Flood and CNRFC indicate comfort with
the methodology and interest in on-going assessments on uniqueness-of-information and
hypothetical usage. Pending benefits with neglible impact, Reclamation will explore
producing experimental signal-based forecasts with DWR and CNRFC. 
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Brekke*, L. U.S. Bureau of Reclamation, MP-700, Reservoir Systems Analysis Branch,
2800 Cottage Way, Rm W-2830, Sacramento, CA 95825. lbrekke@mp.usbr.gov 

IMPACTS OF CLIMATE CHANGE ON MANAGEMENT OF CALIFORNIA’S WATER
RESOURCES: PART I - WORK PLAN OVERVIEW 

Problem Statement: Water resources planners are requiring more information to assess
climate change risks for California’s water resources and management capabilities.
Assessment incentives range from subjective concern to legislative mandate (e.g.,
Bulletin 160 Update – Statewide Water Plan). Potential impacts on major reservoir
systems and the Bay-Delta are described in literature. However, planners remain unable
to weigh decisions using impacts information without complimentary information on
climate projection uncertainty and management flexibility. 

Approach: To address the need for planning information, a joint California Department of
Water Resources (DWR) and U. S. Bureau of Reclamation (USBR) Climate Change
Work Team has been established. Team objectives include: (a) demonstrate capability
and apply agency planning tools to conduct impacts assessments by applying and
extending established methods, (b) build coalitions with CA climate research groups to
track developments in climate projection uncertainty, and (c) conduct operational
analyses to identify magnitudes of climate change that can be accommodated through
operational adaptations and flexibility. 

Results: Objectives (a) and (b) have been initiated. CALSIM II has been used to assess
impacts to the Central Valley and State Water Project systems (see Part II). Results from
those studies serve as boundary conditions for DSM2 studies to investigate Delta water
quality impacts (see Part III). 

Conclusions/Relevance: Team work products demonstrate growth in Agency capability to
provide planners with relevant information on potential climate change effects. A
secondary benefit is that the information is produced using familiar agency planning
tools. Team interactions with CA climate research groups are improving Agency
knowledge on climate modeling and projection uncertainties. Future products include
system flexibility analyses and risk assessments, each potentially contributing to
Statewide Water Plan and CALFED storage investigations. 
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Breuer*,R.S. (1) California Department of Water Resources (DWR)Duvall, R. (1)
California Department of Water Resources (DWR).(1) DWR 901 P street,
Sacramento,CA 95814 rich@water.ca.gov 

RTDF: REAL TIME AND FORECASTED WATER QUALITY DATA FROM THE
WATERSHED TO THE TREATMENT PLANT 

Traditionally water quality and other environmental data from the Sacramento San
Joaquin Delta and its tributaries has been largely collected manually and presented
through a historical analysis. With the continual development of real time sensors and the
Internet, the ability to capture, transfer, view, and analyze water quality data in real and
near real time is now possible. The side benefit of the continuous data is the use in
forecasting. The robust data sets permit refinement of modeling tools for forecasting
water quality. The integration of hydrology data, water quality data, modeling data, and
operations data will create opportunities for operations planning based on foreknowledge
of delivered water quality. Other applications include contaminant source load tracing,
and accurate change detection from watershed land use changes and water project
implementation. 

The goals of the RTDF Project are to: (1) provide water quality data relevant to managers,
scientists, and stakeholders in a timely manner for decision making, research, and
planning purposes and (2) provide water quality forecasts that assist utilities in
operational decisions and advanced planning efforts to optimize use of their water
supplies while meeting increasingly stringent drinking water regulations. 

With CALFED funding assistance, the Municipal Water Quality Investigations program
has enhanced the real time drinking water quality monitoring system in the Delta, and is
currently adapting technologies for in-situ carbon and anion analyses at boundary
locations in the Delta. The program has also begun generating a weekly E mail report
which integrates water quality, operations, and hydrology data and visualizes the data for
easy interpretation by managers, operators, and other stakeholders. Additional resources
are being devoted to model development to fingerprint sources of water at Delta export
locations, and to model transport in the State Water Project. 
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ASSESSMENT OF DELTA RECREATION IMPACTS ON DRINKING WATER QUALITY

A monitoring study was conducted in 2003 and 2004 to assess potential impacts to
drinking water quality and pubic health from contaminant loading associated with Delta
recreation. 

While providing a drinking water source for 23 million Californians, the Sacramento-San
Joaquin Delta is an active recreation destination for thousands of boaters, swimmers, and
fishermen. Peak recreation days include the use of over 8,000 powered watercraft
(California Department of Boating and Waterways, 2000), with significant usage
occurring near drinking water intakes in the south Delta. 

The present study involves episodic grab sampling of Delta water for compounds
associated with powered watercraft (benzene, toluene, ethyl benzene, xylene, and MTBE)
and body contact recreation (fecal coliforms, e. coli, and enterococcus). Within the Delta,
several marinas and other peak usage areas are sampled along with locations near
drinking water intakes during a control period and during peak summer events (Memorial
Day weekend, Independence Day weekend, and Labor Day weekend). 

To better assess the linkage between non-conservative contaminants discharged into the
Delta and potential impacts to drinking water supply, fate and transport of these
constituents of interest are also estimated. Additionally, data from other sampling
programs, aerial surveys, and surveys of boaters and boating use were integrated into the
study. Load estimates of fuel-related compounds and pathogens discharged into the Delta
are made and the potential impact to drinking water supplies is estimated. 
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ENVIRONMENTAL JUSTICE AND DEVELOPING CALIFORNIA FISH
CONSUMPTION ADVISORIES 

Potentially unsafe levels of chemical contaminants (e.g., mercury) have been found in
fish that people catch and eat from the Bay-Delta. The Office of Environmental Health
Hazard Assessment (OEHHA) issues fish consumption advisories to protect consumers
from contaminants in fish. Developing a protocol for fish consumption advisories that is
applicable for different water bodies and chemicals and that incorporates principles of
Environmental Justice is challenging. Resources to assess available data for fish
advisories are limited, and since data are dispersed and must be compiled and scrutinized
before they can be used, many areas have not been assessed. From an Environmental
Justice perspective, incomplete data for fishing sites, fish species, and chemicals (e.g.,
pesticides and PCBs) means that fish advisories may not be completely protective. 

OEHHA has developed an advisory protocol for fish consumption that yields consistent
advice for water bodies statewide and provides a standard against which all consumers
can measure their exposure to contaminants in fish. This protocol applies science-based
risk assessment methods to data that meet quality control/quality assurance criteria for
human health assessments to establish “safe” consumption levels for fish species caught
in the Bay-Delta. This protocol has enabled OEHHA to more rapidly develop and issue
advisories based on mercury levels in fish for sixteen water bodies in the Bay-Delta area.
OEHHA’s protocol also incorporates advice that promotes safer eating habits as health
protective measures for consumers.      

It is critical that OEHHA continue to develop and revise advisories in the Bay-Delta area
to give consumers sound health protective advice on safe fish consumption. OEHHA’s
advisories are needed to protect all consumers during long-term efforts to reduce
chemical contaminants in the Bay-Delta. Following consumption recommendations will
keep consumers at an exposure level that is expected to be without risk of harmful
effects.
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STORMINESS VARIABILITY ALONG THE CALIFORNIA COAST: 1858 - 2000 

Increased coastal erosion and flooding from intense storm activity along the California
coast occurred during the great El Nino's of 1982-83 and 1997-98. How does this level of
``storminess" compare with other strong El Nino's over the past century? Has storminess
increased along the West Coast? Knowing whether storminess is increasing is important
for coastal planning and establishing design criteria for future coastal development, as
well as being an indicator of potential anthropogenically-forced or naturally occurring
climate change. The longest available hourly tide gauge record along the U.S. West Coast
at San Francisco yields meteorologically- forced non-tide residuals (NTR), providing an
estimate of the variation in ``storminess" from 1858-2000. Mean monthly positive NTR
(associated with low sea level pressure) show no substantial change along the central
California coast since 1858 or over the last 50 yr. However, in contrast, the highest 2% of
extreme winter NTR levels exhibit a significant increasing trend since about 1950.
Extreme winter NTR also show pronounced quasi-periodic decadal-scale variability that
is relatively consistent over the last 140 yr. Atmospheric sea level pressure anomalies
(associated with years having high winter NTR) take the form of a distinct, large-scale
atmospheric circulation pattern, with intense storminess associated with a broad,
southeasterly-displaced, deep Aleutian Low that directs storm tracks towards the
California coast.

Abstracts.doc          10/1/2004   5:58 pm                        24 of 245
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Park, CA 94025 clbrown@usgs.gov 

SPATIAL AND TEMPORAL DISTRIBUTION OF COPPER IN THE BIOINDICATOR
CLAM, CORBICULA FLUMINEA, IN THE DELTA 

Egeria densa is a non-native submerged aquatic weed that grows in dense mats, covering
up to 8% of Delta surface area. Copper is an ingredient in the herbicide Komeen which is
being tested for E. densa eradication in the Delta. An important question is whether or not
Cu in the herbicide is persistent in the Delta ecosystem and affects non-target species.  At
present, trials of herbicide effects use indicators such as abundance, distribution and
health of organisms, and levels of Cu in sediment and water.  No indicators of Cu
bioavailability have been considered. Our study evaluated accumulation of Cu in the
bivalve Corbicula fluminea monthly (March 2002 – April 2003) at sites near the Komeen
application (Franks Tract), and once throughout the Delta, eight months after the Komeen
application.  Concentrations in clams near Franks Tract increased from 100 µg g-1 to over
200 µg g-1 following an application, then declined slightly.  Concentrations in clams from
Franks Tract and in the sloughs and rivers to the east had 125-200 µg g-1 Cu in their
tissues, eight months after the application.  Clams from locations west and north, as well
as the Merced and Tuolumne Rivers, had concentrations from 25-125 µg g-1.  Copper in
Komeen appeared to be bioavailable to Corbicula, accumulating to high concentrations in
clams near the herbicide trials.  Copper in water rapidly decreased within 48 hours
following a Komeen application.  The Cu persisted in clam tissues either because of slow
loss rates (as demonstrated in laboratory studies) or environmental recycling.  Birds and
fish that consume Corbicula in and around Franks Tract could be exposed to high
concentrations of Cu after a Komeen application.  To meet the CALFED goal of
managing invasive species, understanding species-specific exposures to Cu after an
application is essential in evaluating eradication effects on the ecosystem.
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NEARSHORE FISHES OF THE SACRAMENTO-SAN JOAQUIN DELTA, CALIFORNIA 

Restoration of native fish populations is a priority of resource management agencies in
the Sacramento-San Joaquin Delta (Delta) of central California. Some current and future
restoration projects are based on an assumption that restoration of nearshore habitats,
particularly tidal wetlands, will increase populations of native fishes; however, few
published data exist on utilization of nearshore habitats by native fishes. We analyzed
boat electrofishing data from two time periods (May 1980–April 1983 and April 2001–
April 2003) to characterize the fishes utilizing nearshore habitats and to document
changes between the two time periods. Sampling was done in five regions of the Delta
designated North, South, East, West, and Central. Alien fishes were more common than
native fishes during both time periods: 1980s (24 of 39 species) and 2000s (23 of 41
species). Alien fishes also were a high percentage of the total catch during the 1980s (86
percent) and 2000s (96 percent). In addition, catch per unit distance (fish/km) of alien
fishes was higher (P<0.05), and catch of native fishes was lower (P<0.05), during the
2000s as compared with the 1980s. Ordinations revealed regional differences in the fish
assemblage, with native fishes more common in the North Delta than the other regions
during both time periods. Our results show that native fish populations have declined
between the 1980s and the 2000s and suggest that restoration efforts should focus in the
North Delta, where native fishes still are relatively common.
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SPRING CHINOOK RESTORATION AND MONITORING IN CLEAR CREEK,
CALIFORNIA. 

Central Valley spring Chinook salmon Oncorhynchus tshawytscha are listed as threatened
under the federal Endangered Species Act. Actions to restore spring Chinook to Clear
Creek have included include hatchery supplementation, dam removal, increased instream
flows, pulse flows, spawning gravel supplementation, and the temporary installation of a
barrier weir to spatially separate fall and spring Chinook spawning areas. The number of
live Chinook observed during August snorkel surveys was used as an index of annual
adult spring-run abundance. August index survey counts were 35 in 1999, 9 in 2000, 0 in
2001, 66 in 2002, and 25 in 2003. The founding Clear Creek population has included a
mixture of strays from other watersheds, including spring and fall Chinook from the
Feather River Hatchery. Removal of Saeltzer Dam successfully opened access to 12 miles
of habitat. Monitoring has demonstrated that managed flow releases provide suitable
water temperatures in target reaches of Clear Creek for all life stages of spring Chinook.
Snorkel surveys and barrier studies including experimental pulse flows, showed there was
considerable spatial and temporal overlap in spring and fall Chinook spawning and that
the potential exists for hybridization of these runs without the temporary installation of a
barrier weir. A barrier weir installed in 2003 appeared to be effective in blocking fall
chinook. A second juvenile fish trap was installed above the weir in 2003. The commonly
used run designation criteria mis-assigned 95% of the captured juvenile spring Chinook
as fall run, assuming that all the Chinook spawning above the barrier weir were spring
run. Therefore, spring Chinook juvenile production indices based on the downstream trap
were likely inaccurate in most years. These indices could be improved by genetic run
designation of existing and future tissue samples and continued operation of the barrier
weir and second fish trap.
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THE FEATHER RIVER HATCHERY AND CENTRAL VALLEY, CALIFORNIA
CHINOOK SALMON AND STEELHEAD 

The California Department of Fish and Game has operated the Feather River Hatchery
(FRH) for the Department of Water Resources (DWR) since 1967. The hatchery rears
spring and fall Chinook salmon and steelhead to mitigate for habitat lost due to
construction of the Oroville Dam complex – an integral component of the State Water
Project.     In the early 90s DWR began intensive studies to assess the impacts of hatchery
operations on Chinook salmon and steelhead in the Feather River and other Central
Valley streams. These studies included juvenile fish trapping in the river, estimating the
numbers of spawning salmon, tagging and recovering tags from significant numbers of
FRH fall and spring Chinook, and genetic studies of Chinook salmon in the Feather
River, the hatchery and from other Central Valley streams. The results of these studies
show that hatchery practices and an impassable fish barrier dam have: (1) changed
steelhead run timing – from fall to winter spawners; (2) resulted in hybridization between
fall and spring Chinook runs to the Feather River; (3) increased the straying rate due to
off-site production releases, and; (4) resulted in more than half the salmon in annual
spawning runs to the Feather River being of direct hatchery origin.     Use of marked FRH
juvenile fall Chinook for studies in the Delta and elsewhere has also increased straying of
returning adults to non-natal streams and exacerbated the problem of homogenization of
Central Valley fall Chinook runs. FRH production has provided a significant contribution
to the ocean and inland fisheries and Feather River escapement. The studies demonstrate
the need for modification of FRH practices, continued research and monitoring, and
better coordination among Central Valley salmonid hatchery staff and fisheries managers.
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BIOLOGY OF CENTRAL VALLEY SALMONIDS – SESSION SUMMARY 

The papers in this session demonstrate the expansion of the science base needed to
understand the life history of Central Valley salmonids and the factors affecting their
abundance and distribution. The diversity of the papers is emblematic of the technical
issues surrounding managing these at-risk species.      

- Hatchery impacts. Marking programs are now providing useful estimates of stray rates
and fishery contribution of hatchery releases. A supplementation winter Chinook hatchery
appears to be benefiting recovery of this race. 

- Genetics. Researchers continue to develop and refine genetic tools used to identify
individual runs and assess hatchery impacts. 

- Biology and life history. There are new data on the importance of the estuary for salmon
rearing, the divergent life history strategies of spring Chinook, and population structure of
spring and fall Chinook populations. Especially encouraging were the two papers looking
at the early life history of the enigmatic steelhead. 

- Salmon recovery programs. Several papers provide valuable data for consideration in
planning and at-risk population recovery projects – eg specific recovery programs on
Battle and Clear creeks, assessing winter Chinook juvenile emigration patterns and
numbers, and a conceptual winter run model. 

- Water project impacts. The paper on the Vernalis Adaptive Management Plan shows the
importance and difficulty of assessing the combined effects of river flow and exports on
survival of juvenile salmon leaving the San Joaquin system. 

The concluding paper on monitoring is a call for additional action in salmonid science.
Salmonid are making progress but are still missing many pieces of the puzzle. CALFED,
agencies and stakeholders must move towards a comprehensive monitoring, research and
analytical program to assess the success of protection and recovery efforts. I suggest a
framework for developing such a program.
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EVALUATION OF BATTLE CREEK CHINOOK AND STEELHEAD RESTORATION
PROJECT EFFECTIVENESS: FISH HABITAT AND PRODUCTION MODELING 

A fish habitat and juvenile production model was developed for chinook (winter, spring,
late fall runs) and steelhead to facilitate assessment of each alternative in the Battle Creek
Salmon and Steelhead Restoration Project. The model calculates the habitat capacity and
fish production that depends on streamflow and water temperature conditions that govern
suitable habitat quantity and survival. Estimates of fry and juvenile or smolt production
are provided for each reach. A similar habitat modeling approach could be used to
evaluate the effectiveness of the implemented project and guide development of fish
monitoring to interpret restored habitat conditions and fish production estimates. 

Flow-habitat relationships for Battle Creek were based on a 1988 IFIM study.
Relationships can be improved with detailed hydraulic-geometry measurements and
observations of actual spawning and rearing habitat use. Survival rates for eggs, larvae,
and juveniles can be estimated from actual temperature data and focused research to
determine survival rates of fry and juveniles. Observations of actual spawning and rearing
will improve our understanding of temporal and spatial habitat relationships. 

A hydrology and hydropower model and a water temperature model were required to
estimate flows and temperatures for the assessment of alternatives. Measured flow and
temperature data will confirm the initial expectations of environmental conditions.
Measured fish abundance will confirm estimates of spawning and rearing success, as well
as juvenile production. The fish habitat and fish production estimates for the restoration
project can then be compared with the fish habitat and production estimates without the
project. Fish monitoring of escapement, distribution of redds, and juvenile migration
from each reach should be compared with these modeled habitat and production estimates
to determine the cumulative success of the restoration project.

Abstracts.doc          10/1/2004   5:58 pm                        30 of 245



Buckley*, M.C. University of California, Environmental Studies, 1156 High Street, Santa
Cruz, CA 95064 mbuckley@ucsc.edu 

FARMERS AND RESTORATION: STRATEGIC DECISION MODELS USING SURVEY
DATA FOR THE SACRAMENTO RIVER CONSERVATION AREA 

Environmental restoration projects by their nature often occur in multi-use mosaic
landscapes and consequently face challenges of cross-boundary impacts, both real and
perceived. The Sacramento River Conservation Area consists of a mix of natural areas,
agricultural sites, restoration projects, and other land uses. Land-use decisions by farmers
influence the overall goals of restoration and conservation within the river corridor. Some
farmers experience or expect benefits or damages from nearby restoration activities, and
therefore change their land management strategies. For example, farmers might
experience increased natural pollination or deer grazing. Restoration decisions can have
impacts on decisions outside the restoration sites, possibly eliciting feedbacks. Thus, the
overall success of the restoration efforts is the result of a dynamic multi-stage process
influenced by a number of players. Game theory provides a methodological framework
and set of tools to understand and prescribe decisions for strategic interactive decision-
making. I conducted a survey of farmers, restorationists, and government officials to
assess likely outcomes to scenarios. I used the information from this survey to simulate a
variety of games between different hypothetical farmers and restorationists to generate
likely strategic outcomes. Strategic outcomes of non-cooperative games provide means
for identifying stable cooperative bargaining outcomes that produce welfare gains for
farmers and restorationists.
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Burkhard, Wm. California Department of Water Resources, Delta Levees Branch, 901 P
Street, Sacramento, CA 95814, burkhard@water.ca.gov 

LESSONS LEARNED FROM THE JONES TRACT LEVEE BREAK

On the warm summer morning of June 3, 2004, the west levee of Upper Jones Tract
failed within one hour of the detection of a leak, reinforcing prior lessons learned on
Brannan-Andrus, McDonald, and Lower Jones Tract.  Oddly, this section of the levee is
remembered as “one of the best sections of levee on the Island”.  The cause of this rapid
and unseasonable failure is currently unknown and since evidence in the immediate area
has been washed away, it is highly doubtful the cause will ever be known.

The Department of Water Resources mounted a response within hours of the breach, in a
form closely following the mandated SEMS guidelines.  By late July, the Department’s
response included closing the breach, raising Trapper Slough Levee, protecting the inside
slope of the levees from wave wash, and pumping out the island.

The last flood fight undertaken by the Department was in 1998.  Although the technology
of flood fight has remained virtually unchanged in the past six years, a major change in
the political climate forced the Department to mount a more collaborative effort to
respect an ever increasing number of jurisdictions, regulations, and considerations.

Although the islands flooded, the lessons learned at Jones Tract are being used to
reformulate the flood fight planning within the Department.  This presentation is a
compendium of these lessons learned from this unusual and irregular event.

Abstracts.doc          10/1/2004   5:58 pm                        32 of 245



Burnett*, R.D. Point Reyes Bird Observatory, 4990 Shoreline Hwy. Stinson Beach, CA
94970. rburnett@prbo.org 

LANDBIRD RESPONSE TO RESTORATION: INTEGRATING MONITORING RESULTS
INTO RESTORATION ACTIONS AT CLEAR CREEK. 

A restoration effort, originally conceived to improve habitat for anadromous fish, is
occurring along sections of lower Clear Creek, Shasta County, California. To monitor the
effects of restoration and help guide future efforts the Point Reyes Bird Observatory has
implemented a multi-faceted songbird monitoring study. We have collected five years of
data on abundance, densities, reproductive success, and survival of a suite of breeding
bird species. Our data suggests that while Clear Creek supports many riparian bird
species that are rare to absent elsewhere in the Central Valley (e.g. Yellow Warbler, Song
Sparrow, and Yellow-breasted Chat), the health and long-term viability of these
populations are at risk. With this information, we have been able to provide the
restoration team with focused management and restoration recommendations to create
and enhance habitat for these at risk species and the riparian bird community as a whole.
Specific results based recommendations include increasing understory foliage volume by
including herbaceous plant species into planting mixes, increasing the amount of wetland
habitat within the active floodplain, and increasing the amount and density of the shrub
layer at restoration plots. Our results have also provided a measure of the effectiveness of
early restoration phases and critical information that will help guide future restoration
design in order to create higher quality riparian habitat. We have also employed an
extensive outreach and education component to our study in order to inform the local
community about the Clear Creek project, the significance of riparian habitat to birds, and
the importance of restoring these ecologically valuable lands. Landbird monitoring has
proven a pragmatic and cost-effective feedback and outreach tool at Clear Creek and
other CalFed area projects.

Abstracts.doc          10/1/2004   5:58 pm                        33 of 245



Cain*, J. (1), and Kondolf, G.M. (2).  (1) Natural Heritage Institute, 2140 Shattuck Ave,
Berkeley CA 94704, (2) University of California, 202 Wurster Hall, Berkeley 94720-
2000.  jcain@n-h-i.org

CHANNEL CHANGES AND BED MOBILITY ON THE SAN JOAQUIN RIVER BELOW
FRIANT DAM

Construction of Friant Dam on the San Joaquin River in 1942 exterminated spring-run
chinook salmon (Oncorhynchus tshawytscha) by blocking access to upstream spawning
grounds and diverting so much water that the river now dries up near Gravelly Ford,
preventing access to potential spawning areas below Friant Dam.  We analyzed historical
changes to the flow regime and sediment budget from dam construction and gravel
mining, comparing pre- and post-dam gauging data, using available sediment yield data,
estimating volumes of gravel extracted, and resurveying channel cross sections and long
profiles to develop pre-and post-dam sediment budgets, and conducted tracer gravel
studies to empirically measure bed mobility. Our results showed extensive channel
incision of 1-2 m since 1940 from 10 to 50 km downstream of Friant Dam, concentrated
in reaches experiencing gravel mining, but also upstream and downstream of actual
extraction sites, implying active bed mobility and transport in the channel.  

The restoration potential of the river below Friant Dam to support chinook salmon has
been a controversial topic.  A sediment transport model predicted that the gravel bed
mobilizes only under rate, very high flows, and these predictions have been widely
accepted, raising questions about the the restoration potential of the river.  However, the
model was not calibrated by field data of bed mobility and bedload transport, and its
predictions are inconsistent with the mobility thresholds from our bed mobility studies
and with the historically observed channel incision.  Our results suggest that as the
opportunities and constraints to ecological restoration in rivers of the Central Valley are
investigated, modeling efforts should be calibrated by empirical field observations of bed
mobility and augmented by analysis of historical channel change.   
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Cavallo*, B., R. Kurth, J. Kindopp, A. Seesholtz. California Department of Water
Resources (CDWR), 3251 S Street, Sacramento CA 95816. bcavallo@water.ca.gov 

FEATHER RIVER JUVENILE STEELHEAD: ABUNDANCE AND REARING HABITS IN
A REGULATED, HATCHERY INFLUENCED RIVER SYSTEM

From 1999 to 2003, DWR conducted intensive steelhead studies in the Feather River
below Oroville Dam. Investigations sought to describe characteristics of the wild
steelhead population and identify factors potentially limiting steelhead success in the
lower Feather River. Habitat, water temperature, flow conditions, predation, and food
availability were all considered potentially important factors. To address these topics we
applied multi-scale snorkeling surveys and seining. Results show that most steelhead
spawning and early rearing occurs at the upstream end of the low flow channel (LFC),
near the Feather River Hatchery. In-river spawning by hatchery steelhead in the vicinity
of the Feather River Hatchery may explain this skewed distribution. Over time juvenile
steelhead disperse to suitable habitats throughout the LFC, especially cover-rich side
channels. Steelhead rearing in the downstream portion of the LFC appeared to grow
faster, and were generally larger than fish further upstream. The abundance of steelhead
less than 100 mm declined throughout the summer in each survey year. This may reflect
the tendency of young-of-the-year steelhead to rapidly grow over 100 mm while rearing
in the downstream portion of the LFC. However, larger juvenile steelhead (putative age-
1+) or resident rainbow trout were relatively rare, suggesting few steelhead remain in the
Feather River through their first year. Since LFC water temperatures and flow conditions
appear suitable for steelhead, the seemingly low production of juveniles suggests other
limiting factors. For example, suitable mesohabitats, such as cover rich side channels,
shallow channel margins and mid-channel bars provide the best rearing habitat yet these
habitats are currently relatively rare in the lower Feather River.
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Cayan*, D.R. (1,2), D. H. Peterson (3) and M. D. Dettinger(2,1). (1) Scripps Insitution of
Oceanography, La Jolla, CA 92093-0224. (2) U.S. Geological Survey (USGS),La Jolla,
CA 92093-0224. (3) U.S. Geological Survey (USGS), Menlo Park, 345 Middlefield Dr.
Mail Stop 496. Menlo Park, CA 94025. dcayan@ucsd.edu 

SPRING SNOWMELT RUNOFF SURGES IN SIERRA WATERSHEDS. 

Runoff from snowmelt in mountainous watersheds such as California's Sierra Nevada do
not occur evenly through the spring and summer snowmelt season, but rather in surges
that typically last a few days to a couple of weeks. As a consequence, only a fraction of
the days within the melt season often contribut a dominant portion of the year's discharge.
It is not a surprise that these surges are usually associated with warm spells--periods when
the atmospheric circulation has settled into a high pressure regime over the state, and
often over a large portion of the western United States. Because our climate may be
warming, it is important that we have a reference state, to understand the potential
changes in the structure of this snowmelt variabilty. This paper describes the spatial
pattern and the temporal nature of these snowmelt surges. The data considered are from
US Geological Survey stream gage records covering the period from 1948 through 2002
within mountainous catchments of California's Sierra Nevada and beyond over the
western United States.
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Cherr*, G.N. (1), S.A. Anderson (1), S.G. Morgan (1), R.M. Higashi (2), C.A. Vines (1).
(1) University of California Davis Bodega Marine Lab, P.O. Box 247, Bodega Bay, CA
94923. (2) Center for Health and the Environment, University of California Davis, One
Shields Ave., Davis, CA 95616 gncherr@ucdaavis.edu 

BIOMARKER RESPONSES IN NATIVE SPECIES: LINKAGE TO SEDIMENT
CHEMISTRY AND POPULATION PARAMETERS 

One of the primary challenges facing CalFed protection and restoration efforts is the
assessment of wetland condition. Although chemical analyses of these critical habitats
provides an overall measure of contaminant load, bioavailability and effects cannot be
determined without linkage to physiological/biochemical responses in resident organisms.
These biomarker responses, in turn, need to be linked to population-level impacts in order
to establish their utility. We are employing a suite of indicators in two indigenous
indicator species, the lined shorecrab (Pachygrapsus crassipes) and the longjawed
mudsucker (Gillichthys mirabilis), in order to evaluate the exposure and responses of
individuals to contaminants in local salt marshes. The indicators include: 1) Plasma
choriogenins (eggshell proteins) in male/non-reproductive fish, combined with a cell
reporter assay (CALUX), in order to establish an index of endocrine disruption in wetland
sites; 2) DNA damage in blood/hemolymph using the single-cell Comet assay; 3)
cytochrome P450 expression in liver/ hepatopancreas; 4) apoptosis (TUNEL assay) in
fish liver; 5) histology of fish liver and gonads; 6) analysis of fish body condition
(liver/somatic indices and gonadal/somatic indices), age, and growth; and 7) analysis of
reproductive success in crabs. Some or all of these parameters have been measured in
individuals collected from sites, as well as in those outplanted at selected stations within
study sites. Results indicate that endocrine disruption, DNA damage, reproductive
abnormalities and poor condition of organisms occurs at contaminated sites. Sediments
from the study sites, as well as selected tissues, are being analyzed for organic and
inorganic contamination. These indicators/analyses, when combined with and population
measures, will eventually be examined using both multivariate statistics and dynamic
energy budget models. These indicators and predictive models will be valuable tools for
CalFed’s efforts in assessment and restoration of marshes.
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Christophel*,D.B.(1), R. Fris (2), J. Clerici (3), T. Frink (4). (1) CH2M HILL, 2485
Natomas Park Dr., Ste. 600, Sacramento, CA 95833. (2) California Bay-Delta Authority
(CBDA), 650 Capitol Mall, 5th floor, Sacramento, CA 95814, (3) Public Affairs
Management, 455 Capitol Mall, Suite 305, Sacramento, CA 95814 (4) California
Department of Water Resources (DWR), 901 P Street, 2nd Floor, Sacramento, CA 95814
dchristo@ch2m.com 

UPPER YUBA RIVER STUDIES PROGRAM: SCIENCE AND DECISION MAKING IN
A COLLABORATIVE ENVIRONMENT 

Large-scale ecosystem projects are dependent upon quality data to provide a sound
technical foundation and to facilitate informed decision-making. This is particularly true
in collaborative efforts between implementing agencies and local stakeholders where
multiple physical, biological, and social issues must be addressed simultaneously. One
common problem in approaching these complex ecosystem projects is appropriately
scaling the level of data collection and analysis needed to inform decisions and meet
project goals. 

The Upper Yuba River Studies Program is an effort supported by the California Bay-
Delta Authority involving agencies and local stakeholders in the Yuba River watershed to
determine the feasibility of introducing wild Chinook salmon (Oncorhynchus
tshawytscha) and steelhead (O. mykiss) into the upper Yuba River upstream of
Englebright Dam. Addressing feasibility required the development of a comprehensive
study program to examine habitat and the nature of sediment deposits and water quality in
the system. The study program also addresses the possible consequences of implementing
a project on water supply and hydropower production, downstream flood risk, habitat,
water quality, social values, and economics. 

To focus the program, we developed a structured process that helped ensure that the right
questions were asked and that the answers to those questions were directly relevant to
decision making and meeting project goals. This process, which included review by a
panel of experts, resulted in a technical framework that identified data gaps and focused
study elements on relevant information gathering. The process also provided stakeholders
with a broad understanding of the technical elements of the program and how each
component fits into the ultimate decision. 

The technical framework and the process for engaging stakeholders in the identification
of scientific questions focused on decision making has direct application to other large,
collaborative ecosystem projects. We will summarize important findings and current
status, and describe important lessons learned.
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Cole, L., Center on Race, Poverty & the Environment, 450 Geary Street, Suite 500, San
Francisco, CA 94102, luke@igc.org

THE SCIENCE OF ENVIRONMENTAL JUSTICE

Environmental hazards in the United States are not distributed equitably: poor people,
and people of color, bear the brunt of environmental dangers.  This intuitive idea has been
confirmed by hundreds of empirical studies that cross academic disciplines from
sociology to public health, study geographic areas from the neighborhood to the national,
and investigate hazards from lead poisoning to the distribution of toxic waste sites.
Science, and scientists, have played a key role in discovering and defining this problem,
and they can play a singular role in addressing and ameliorating it.  The Movement for
Environmental Justice in general, and the Center on Race, Poverty & the Environment in
particular, has used science as part of a three-part approach to solving environmental
problems faced by disadvantaged communities.  With community-based organizing and
mobilization, and legal advocacy, we bring scientific and technical investigation and
critique to bear on hazards faced by our client communities.  This approach is
community-driven, with those affected by the hazard playing a central role in designing,
and carrying out, the strategy.  For the past 15 years, the Center has refined this model.
Empirical scientific data is a key component of successful and effective environmental
justice advocacy.  By itself, it is of little value to affected communities; as part of a
broader campaign including political, legal and economic actions, it is invaluable.  The
challenge is to deepen the scientific understanding of the Environmental Justice
Movement, and broaden the justice work undertaken by the scientific community, and in
tandem with other tactics, provide an important foundation for community efforts, both in
identifying issues of concern and in designing solutions.  Specific case studies from three
communities -- Kettleman City, California; Kivalina, Alaska; and Buttonwillow,
California illustrate the role of science in the community efforts.  
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Collins*, J.N. (1), E. Wittner (1), C. Grosso (1), D. Stalberg (2), N.M. Kelly (3).(1) San
Francisco Estuary Institute (SFEI), 7770 Pardee Lane, Oakland, CA 94621. (2)PRBO
Conservation Science (PRBO), 4990 Shoreline Hwy., Stinson Beach, CA 94970. (3)
University of California at Berkeley (UCB), 145 Mulford Hall, Berkeley, CA 94720.
josh@sfei.org 

UNDERSTANDING TIDAL MARSH FRAGMENTATION: ANALYTICAL APPROACH,
EMERGING HYPOTHESES, AND RELEVANCE TO TIDAL MARSH RESTORATION 

More than 85 percent of the historical amount of tidal marshland in the San Francisco
Bay Area has been lost due to reclamation and land use conversion. Whether or not this
loss in habitat increases the risk of local wildlife extinction depends on species-specific
requirements for patch size, shape, and distance between patches, as well as the total
amount of effective habitat. Based on professional judgment about these requirements for
wildlife species that are commonly cited to justify tidal marsh restoration, we have
developed regional habitat maps for existing and pre-contact conditions. These maps
illustrate hypotheses about habitat fragmentation that can be genetically tested for key
wildlife species at the landscape scale. We have also used the habitat maps of historical
conditions to generate guidelines for sizing, shaping, and locating restoration and
mitigation projects in the context of regional tidal marsh conservation planning.
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Collins*, J.N. (1), C. Wilcox (2). (1) San Francisco Estuary Institute (SFEI), 7770 Pardee
Lane, Oakland, CA 94621. (2) California Department of Fish and Game (CDFG), Region
3 Headquarters, P.O. Box 47, Yountville, CA 94599 josh@sfei.org 

THE MEANING OF METHYLMERCURY TO WETLAND MANAGERS: HELPING
MAKE SCIENCE RELEVANT TO MANAGEMENT. 

Mercury bioaccumulation is broadly recognized as a health risk in the waters of San
Francisco Bay. There has been a health advisory for human consumption of Bay fish
since 1994. The Bay has been on California State's 303d list for mercury since 1998. The
Bay Area Water Quality Control Board is developing a Total Maximum Daily Load
(TMDL) to identify mercury control strategies. During this same time period, wetland
restoration in the region has gained more public support and funding than ever before.
Now scientists have raised concerns that wetland restoration might substantially increase
the load of methymercury into the greater Bay ecosystem. Wetland managers must face
the mercury issue with a clear understanding of its effect on the overall environmental
costs and benefits of wetland restoration. This understanding depends on technical
answers to the managers’ basic questions: how is the mercury problem defined, and what
can be done through project location or design to reduce the problem in measurable
terms? If the answers aren’t available now, then how can projects be used to learn the
answers? This presentation will summarize the response of wetland scientists and
engineers to the management questions.

Abstracts.doc          10/1/2004   5:58 pm                        41 of 245



Connor*, M., C. Werme, J. Leatherbarrow, D. Yee, and J. Davis. San Francisco Estuary
Institute, 7770 Pardee Lane, Oakland, CA 94621 mikec@sfei.org 

MANAGING BAY PRIORITY POLLUTANTS: CONCEPTUAL MODELS FOR
MERCURY, PCBS, LEGACY PESTICIDES, DIOXINS, DIAZINON, AND SELENIUM 

The Clean Estuary Partnership, a stakeholder partnership that facilitates efforts to
improve water quality in San Francisco Bay, is using conceptual models of the pollutants
that fail water quality standards in the Bay as the first step in developing wasteload
allocations and water quality attainment strategies. Six conceptual models have been
completed—mercury, PCBs, legacy pesticides, diazinon, dioxins, and selenium. A
comparison of the sources, fates, and effects of the six contaminants yields some common
observations: 

· Due to major investments in wastewater treatment in the past 30 years, industrial and
municipal wastewaters are generally not significant sources for any of these contaminants
compared to agricultural and urban runoff. 

· Most of these high priority contaminants partition more to sediments than to water.
Because (1) the Bay’s sediments can remain biologically available for many decades, (2)
the amount of contamination stored in the biologically active layer is more than 30 times
current loadings, and (3) the degradation rate of these contaminants can take years to
decades; most of the feasible water quality attainment strategies will take many years to
show results. The contaminants that have higher degradation rates or partition into water
rather than sediments show significantly less “legacy” behavior and are more responsive
to existing regulatory strategies. 

· Most of these priority contaminants (except diazinon) threaten beneficial uses of the Bay
by their accumulation in the food chain, and the resulting risk to humans consuming fish
or wildlife from the Bay. Our data so far suggest that the current goal for protecting
human consumers is sufficient to protect other parts of the food chain. 

The current conceptual models are the first step in developing more effective
management strategies that adapt to our improved understanding of the Bay.
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Constantine*,C.R.(1), T. Dunne (2,1), M.B. Singer (2). (1)Department of Geological
Sciences, University of California, Santa Barbara, CA 93106-9630. (2)Donald Bren
School of Environmental Science and Management, University of California, Santa
Barbara, CA 93106-5131. cconstantine@bren.ucsb.edu 

CONTROLS ON MIGRATION RATES IN THE SACRAMENTO RIVER AND
IMPLICATIONS FOR IMPROVING PREDICTION OF MEANDER MIGRATION 

Accurate prediction of meander migration requires a thorough understanding of the
factors controlling bank erosion in a given system. Often these factors vary spatially,
giving rise to longitudinal differences in migration rates. We measured migration rates in
the Sacramento River between Red Bluff and Colusa for two 50-yr time periods, one
before and one after the construction of Shasta dam. By identifying longitudinal trends in
migration rates and determining the causes of these trends, we were able to distinguish
the elements that control bank erosion rates in the Sacramento River. Our results show
two temporally persistent patterns in migration rates: a previously recognized downstream
alternation of active and stable reaches, and a mid-basin peak in migration rates. Stable
reaches form where the river contacts resistant bank material, and these reaches follow a
distinctive temporal evolution. Among active reaches, migration rates increase through a
zone of declining bed shear stress and stream power and peak at river mile 165 to 167.5
where sinuosity and bankfull discharge are greatest. Downstream of river mile 165,
bankfull discharge and migration rates decline where frequent overbank flooding occurs.
Between river mile 165 and Colusa, increasing interaction of the channel with levees may
contribute to the decline of migration rates. These results suggest that both point bar
growth and curvature drive migration in active portions of the river and that discharge
plays a role in controlling migration rates by limiting the river’s ability to erode and
transport bank material. This information will help guide attempts to predict the response
of the Sacramento River to proposed restoration scenarios such as levee setbacks.
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Coulston*, P.J., California Department of Fish and Game, Central Valley Bay-Delta
Branch, 4001 N. Wilson Way, Stockton, CA 95205 pcoulsto@delta.dfg.ca.gov 

FISHERY EFFECTS OF THE 2004 JONES TRACT LEVEE FAILURE

During the June 3, 2004 levee failure approximately 150,000 acre-feet of water flowed
rapidly from Sacramento-San Joaquin Delta channels on to Upper and Lower Jones tracts.
This region of the Delta is habitat for many species of fish, including the recreationally
important striped bass and the native delta smelt, a species listed as threatened under the
state and federal endangered species acts.  This region is also transited by upstream
migrating adult and emigrating juvenile Chinook salmon.  Water export facility fish
salvage data and field survey data coincidentally gathered around the time of the levee
failure were used, along with hydrodynamic and water project operations information, to
evaluate probable direct and indirect effects of the event on fish.  The levee failure
occurred in close proximity to one of the major spawning areas for striped bass, but after
the primary spawning period.  Similarly, the seasonal emigration of juvenile salmon
through the delta was largely complete by the date of the levee failure.  At the time of the
failure the centers of distribution for the 2004 cohorts of delta smelt and striped bass were
several miles northwest of Jones Tract near the confluence of the Sacramento and San
Joaquin rivers.  Measures of direct loss derived from nearfield larval and juvenile fish
densities and the volume of water flooding Jones Tract suggest that roughly 1.5 million
striped bass and 100,000 delta smelt were lost directly to the flooding, a small proportion
of the cohort for both species.  The failure resulted in alterations of planned water export
operations that likely had a small positive effect on direct fish losses.  The failure also
influenced upstream water project operations and water quality in the Delta.  The
fisheries effects of upstream operations and the modification of standards have yet to be
evaluated.
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Cramer*, S.P. S.P. Cramer and Associates, 600 NW Fariss Rd., Gresham, OR, 97030.
SteveC@spcramer.com 

CENTRAL VALLEY WINTER RUN CHINOOK SALMON MODEL 

A winter run life-cycle model developed to estimate escapement indices facilitates the
comparison of alternative restoration and other actions. The present version of the
spreadsheet model, developed in collaboration with fisheries agencies and others, has an
annual time step and considers survival effects of conditions in the upper and lower
Sacramento River, Delta and ocean. The model simulates the effects on future spawner
abundance of alternative management actions such as changes in hatchery production, the
Environmental Water Account, Delta exports or harvest. Current results will be presented
during the talk.
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Creel, C., A. Hinojosa, J. Leahigh*, California Department of Water Resources, State
Water Project Operations Planning Branch, 3310 El Camino Ave., Sacramento, CA
95821-9000 clcreel@water.ca.gov 

EFFECTS OF THE JONES TRACK LEVEE FAILURE ON CENTRAL VALLEY
PROJECT AND STATE WATER PROJECT OPERATIONS

The June 3, 2004 levee failure along Middle River resulted in immediate and drastic
changes to the Central Valley Project and State Water Project operations.  Over the
course of a week, Operations staff monitored, modeled, and generally fretted over Delta
water quality conditions to ensure impacts to the Projects’ water supply was minimized.
Although nearly “normal” operations continued after one week, consequences to water
supply of the break continued to be felt and may not be completely understood until later
this year.  Throughout the period when Jones Track was open to the adjacent water way,
hydrodynamic and salinity transport modeling was used to develop new operational
strategies to combat on going changes in water quality.
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COMBINING MODELS TO EXPLORE HYDROLOGY-MEDIATED VARIABILITY IN
SACRAMENTO SPLITTAIL POPULATIONS: INTERDISCIPLINARY PROBLEM
SOLVING 

For species such as Sacramento splittail, Pogonichthys macrolepidotus, there is
considerable uncertainty in predicting relative population benefits of different
management strategies including California Bay-Delta Authority restoration actions.
Simulation models of population trends and ecosystem dynamics provide a possible
approach to address this issue. 

In this study we are combining hydrodynamic models of Estuary sub-regions with habitat
suitability simulation models to influence a regional Sacramento splittail population
model. We illustrate the use of a Leslie Matrix modeling approach to population
estimation, and simulate Estuary splittail population dynamics using monthly
parameterization of key driving variables. Population estimates are evaluated annually
over a 50-year time horizon. 

Numerical simulation results show that Estuary splittail population dynamics are
fundamentally linked to the fecundity and longevity of the species, and that the species is
likely to persist in the face of future environmental variability. However, population
effects of hydrologic variability are significant, and the availability of seasonal floodplain
spawning areas strongly effect yearly changes in reproduction. Sub-regional rearing
preferences contribute to varying recruitment success in any given year, and may provide
an important population buffer against regional environmental variability.
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Curtis*,J.A, L.E. Flint, and C.N. Alpers, U.S. Geological Survey, Placer Hall, 6000 J
Street, Sacramento, CA 95819 jacurtis@usgs.gov 

SEDIMENT TRANSPORT IN THE UPPER YUBA RIVER WATERSHED, 2001–03 

The CALFED Upper Yuba River Studies Program (UYRSP) is evaluating options for
introducing spring-run Chinook salmon and steelhead trout upstream of Englebright
Dam.  USGS sediment-transport studies provide baseline annual and event-based data
used to assess sediment loads that may affect the viability of long-term fish introduction
strategies.  This presentation focuses on studies conducted in the Middle Yuba (MYR)
and South Yuba (SYR) Rivers during water years (WY) with below-average (2001) and
average (2002, 2003) annual precipitation.  Rating curves for seasonal suspended-
sediment concentrations (SSC) were developed using daily SSC samples, and bedload
rating curves were developed using predictions from surface-based transport relations.
These rating curves were then used to estimate total annual sediment discharge for the
MYR and SYR for WY 2001, 2002, and 2003.  Synoptic sampling and calibrated optical
backscatter data were used to estimate event-based suspended-sediment transport.  

Sediment discharge calculations indicate that bedload represents less than one percent of
total load, and analysis of SSC data reveals distinct seasonal variations resulting from
seasonal changes in suspended-sediment supply and type of hydrologic events (e.g., first
flush, winter precipitation, snowmelt).  More importantly, throughout the study period
SSC was generally less than 100 mg/L, a threshold above which sublethal effects, such as
decreased fish growth and impaired feeding responses, can be expected.  On the MYR the
threshold was exceeded 0 days in WY 2001, 2 days in WY 2002 and 6 days in WY 2003.
On the SYR the threshold was exceeded 0 days in WY 2001, 17 days in WY 2002, and
27 days in WY 2003.  Duration of exposure is also an important criterion in determining
ill effects on aquatic life.  Event-based data indicate that SSC levels remained above the
threshold on the SYR for up to 7 days.
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SPATIAL AND TEMPORAL DYNAMICS OF SESTONIC ALGAE IN THE SAN
JOAQUIN RIVER 

Hypoxia can occur at any time of year in the lower San Joaquin River (SJR), California,
but especially in the late summer and fall. The dissolved oxygen (DO) deficit can stress
and kill aquatic organisms and inhibit upstream migration of fall-run Chinook salmon.
Algal biomass is a major source of biological oxygen demand. Thus, understanding the
temporal and spatial dynamics of algal biomass loading, as estimated from chlorophyll-a
concentration (Chl) and discharge, is an important goal of the DO TMDL for the lower
SJR. We have measured Chl biweekly at 13 sites in the San Joaquin River watershed
since October 1999. We also used in vivo fluorescence to continuously record Chl during
the summers of 2003 and 2004. While east-side tributary streams (Merced, Tuolumne,
Stanislaus) provide the majority (50-60%) of the total streamflow at Vernalis during the
summer, these rivers provide <5% of the chlorophyll load. The remaining stream flow
originates primarily from agricultural return flows. These data suggest that agricultural
return flows and in-stream algae production contribute disproportionately to the
chlorophyll and BOD loads at Vernalis. Chl in the SJR varies seasonally with summer
peaks ranging up to 150 ppb. Summer fluorescence data reveal a strong diel fluctuation
with minimums between 10:00 and noon and maximum values between 18:00 and 20:00.
Grab samples collected every 2 hours throughout a diel cycle confirm that the
fluorescence signal is accurately tracking Chl. The mechanisms responsible for this diel
fluctuation are poorly understood. Longitudinally, Chl load increases 1.4-fold between
Crows Landing and Grayson (27 river km) and 2.4-fold between Grayson and Vernalis
(30 river km). A better understanding of algae dynamics will help guide efforts to
improve DO conditions in the lower SJR.
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ECONOMIC IMPACTS OF CHANGING CLIMATE AND WATER SUPPLY 

The latest generation of Global Climate Change Models project increasing temperatures
and rising snow levels by the end of the Century. The decline in snow pack will affect
both the April-July period runoff and State dry period water supply. The spring runoff in
the major rivers of the State currently averages about 14 million acre-feet. By the end of
the Century, spring runoff quantity is forecast to decline 7.6 – 8.8 maf. Past experience
suggests that this will lead to a significant drop in dependable dry year water supply. The
change in natural streamflow and the reduction in reservoir storage could have a
significant impact on water users. It could disrupt the existing pattern of seniority in water
rights and substantially increase incentives to develop new storage capacity of all forms.
Users without water storage, including many riparian and non-agricultural users, may face
particularly large shortages due to earlier river flows. Water shortages could lower
farmland values, raise water supply and storage costs and impose drought shortages on
urban areas throughtout the State. Such economic impacts will be exacerbated by
significantly higher urban demand and temperature driven crop water requirements.
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SPORT FISH CONTAMINATION IN THE BAY-DELTA WATERSHED 

Sport fish contamination is a widespread and persistent problem in the Bay-Delta
watershed. Mercury is the most pervasive problem, with a large proportion of the
watershed impacted by the legacy of mercury and gold mining in the Coast Range and the
Sierra Nevada. One region with low mercury concentrations has been identified,
suggesting that not all areas downstream of historic mining activity are problematic.
Other areas upstream of mining may also have low mercury concentrations. Some species
have also been found to have consistently low mercury concentrations, even in areas
where species at the top of the food web have high concentrations. Mercury
concentrations in general do not appear to be declining over the long term. PCB
contamination is patchy, associated with hotspots of contamination. Legacy pesticides
such as DDT are more of a regional problem, particularly in the lower San Joaquin Valley
and other areas of historical use in agriculture. Concentrations of PCBs and legacy
pesticides appear to be declining slowly over the long term. One emerging contaminant,
PBDEs, appears to be increasing in Bay-Delta food webs, raising concern for possible
effects on human and wildlife health. Fish species with high fat content in their muscle
tissue accumulate higher concentrations of PCBs and legacy pesticides. Minimizing
human exposure to contaminants from fish consumption in the watershed will depend on
a sound understanding of spatial patterns in contamination and variation among fish
species, management actions to clean up sources of contamination, and effective
communication of health risks while we wait for concentrations to fall below thresholds
for concern.
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FISH MERCURY IN THE BAY-DELTA WATERSHED: A DARK CLOUD WITH A
SILVER LINING. 

Sport fish are a key indicator of mercury contamination in aquatic food webs because of
their direct connection with human health risks. Sport fish have also proven to be useful
in delineating spatial patterns in mercury contamination. Extensive sampling of mercury
in sport fish has been conducted in the Bay-Delta watershed over the past few years. The
largest study was funded by CALFED, with sampling conducted in 1999 and 2000. Other
major studies have been conducted by USGS and UC Davis. Several general findings are
supported by these recent studies. 1) We have a significant mercury problem in the
watershed. Several species (including largemouth bass, striped bass, Sacramento
pikeminnow, channel catfish, and white catfish) have mercury concentrations that
commonly exceed a threshold for human health concern, and frequently exceed the
threshold by 3-fold or more. 2) Significant spatial variation exists in the watershed,
including some locations with unexpectedly low mercury. Mercury concentrations in
largemouth bass from the Feather River, northern Delta, lower Cosumnes River, San
Joaquin River, and Sierra foothill reservoirs were significantly elevated and in the 1 ppm
range. The good news was that concentrations in the central Delta were significantly
lower than other locations, and usually below the human health threshold, in spite of
abundant wetlands and apparently high rates of methylmercury production in sediment in
this same area. 3) Mercury in the food web appears to have changed little over the long
term. Mercury concentrations in striped bass, which are integrative indicators of mercury
in the watershed, have not changed perceptibly in the past 30 years.
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NUMERICAL MODELING OF HYDRODYNAMIC AND SALINITY IMPACTS OF THE
UPPER JONES TRACT LEVEE BREACH

On June 3rd, 2004 a levee breach occurred on Upper Jones tract that lead to the filling
both Upper and Lower Jones tract, an area over 12,000 acres.  The levee breach had
immediate and dramatic impacts not only on the flow in the channels near the breach, but
throughout the central Delta.  Initial filling of Upper and Lower Jones tract consumed
approximately 140,000 ac-ft of fresh water, consequently drawing higher salinity water
from Suisun Bay towards the central Delta.

The Department of Water Resources called upon RMA to simulate the dynamic impact of
the levee breach and subsequent repair period using the RMA Bay Delta Model.  RMA
had recently developed methodology for simulation of dynamic breach and repair of Delta
islands as part of the on-going CALFED Levee Risk Assessment Project.  The dynamics
of the Upper Jones Tract levee breach modeling included the rapid expansion of the
breach over a few hours, initial overland flow and filling of Upper Jones Tract, flow
through the railroad trestle subsequent flooding of Lower Jones Tract.

Model simulations were performed within a few days of the breach event with operations
estimates though the end of July, comparing without breach, with breach, and with breach
and repair cases.  Analysis of model results focused on initial salinity intrusion, changes
in tidal flows, and the evolution of Delta salinity during and after the repair period.
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EVALUATION OF AN ALASKAN WEIR AND VAKI INFRARED SYSTEM TO COUNT
AND CHARACTERIZE ADULT SALMONIDS 

The Anadromous Fish Restoration Program (AFRP) is evaluating the practicality of using
a portable resistance board weir (a.k.a., Alaskan weir) to enumerate adult salmonids in
the Central Valley. This three year evaluation of an Alaskan weir and Vaki RiverWatcher
system (i.e., combined infrared scanner and digital camera) began in late fall of 2002 on
the Stanislaus River, a tributary to the San Joaquin River. The objectives of the project
are to collect abundance and timing data for Chinook salmon and steelhead, compare
Chinook salmon escapement estimates derived by electronic weir counts to those derived
by a traditional carcass survey, and determine the ability of the Vaki system to provide
accurate information on biological characteristics such as length, sex, and presence or
absence of adipose fins. Technical problems with the Vaki infrared and camera systems
prevented statistical comparisons, however, preliminary 2002/03 results suggest that the
Jolly-Seber and Schaeffer carcass survey estimates were 18% and 37% higher than the
electronic weir counts, respectively. Several topics of interest to the future application of
this technology within other Central Valley tributaries were identified, including (1) the
level of flows and debris loading that this type of weir can withstand, (2) the costs
associated with construction and operation of the weir and Vaki, and (3) associated
maintenance needs and performance issues. With minor modifications, the weir and Vaki
system have the potential to become an important adult salmonid population monitoring
tool that can assist in the planning and evaluation of CALFED’s Ecosystem Restoration
Program restoration efforts.
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THE EFFECTS OF DELTA OPERATIONS ON DELTA DRINKING WATER QUALITY 

Regulations designed to protect aquatic species in the Bay-Delta system play a major role
in how the Delta is operated. At times these regulations improve source water quality for
the more than 23 million Californian's that rely on the Sacramento-San Joaquin Delta for
their drinking water but at other times they result in significant degradation of water
quality. The science behind fish protection actions and the effects of the operation of
project reservoirs, flow barriers, and diversion and export facilities is currently under
review by the State Water Resources Control Board and CALFED. Protection and
improvement of drinking water quality needs to be an important consideration for this
review. For example, the State Water Resources Control Board's estuarine habitat (X2)
objective requires higher Delta outflows during February-June, which results in better
water quality at urban intakes. However, more recent fish abundance versus X2 data may
suggest modification of this objective. Historical water quality data will also be presented
that illustrate how actions to protect endangered species in the spring have shifted exports
to the fall resulting in degradation of Delta water quality in the fall. The presentation will
review historical operations and water quality data and discuss ways to balance the
competing needs for drinking water quality, ecosystem restoration and water supply
reliability and while still making progress toward meeting CALFED's goal of continuous
improvement in drinking water quality.
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CHARACTERIZING THE UNCERTAINTIES ASSOCIATED WITH 21ST CENTURY
CLIMATE PROJECTIONS FOR CALIFORNIA 

Problem Statement: The uncertainties associated with climate- change projections for
California are unlikely to disappear any time soon, and yet important long-term decisions
will be needed to accommodate those potential changes. Approach: Projection
uncertainties have typically been addressed by analysis of a few scenarios, chosen based
on availability or to capture the extreme cases among available projections. However, we
now are focusing on more common projections rather than the most extreme projections.
Our analysis is characterizing the evolution of consenses and differences among a wide
range of current projections of 21st Century climate, by using a newly developed
resampling method applied to projections by multiple climate models under multiple
greenhouse-gas emission scenarios. Results: From this analysis, several new insights into
current projections emerge: (i) uncertainties associated with future emissions are
comparable with the differences among models, so that neither source of uncertainties
should be neglected or underrepresented; (ii) 21st Century temperature projections spread
more, overall, than do precipitation scenarios; (iii) projections of extremely wet futures
for California are true outliers among current projections; and (iv) current projections that
are warmest tend, overall, to yield a moderately drier California, while the cooler
projections yield a somewhat wetter future. The resampling approach developed here also
provides a natural opportunity to objectively incorporate measures of model skill and the
likelihoods of various emission scenarios into future assessments. Relevance: A focus on
the more common projections and findings—rather than on the most extreme (and, by
definition, least common) projections—provides avenues for objective and even-handed
scenario definitions for use in California Bay-Delta Authority decisionmaking.
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PROCESSES AFFECTING AGRICULTURAL DRAIN FLOW AND WATER QUALITY
ON TWITCHELL ISLAND 

Through physical and chemical data collection and modeling, we attempted to quantify
processes affecting agricultural drain flow and water quality and organic carbon and
disinfection byproduct (DBP) loads for Twitchell Island. For over 3 years, we collected
data for drain flow and chemistry, groundwater chemistry, groundwater levels and
hydraulic conductivity. Results elucidate processes affecting drain flow, concentrations
and loads under varying hydrologic conditions. During the late spring, summer and fall,
anoxic groundwater from deep organic deposits and the underlying aquifer flows to
drainage ditches resulting in drain-water chemistry similar to the groundwater. In contrast
during winter high groundwater levels, partially evaporated and oxidized groundwater
from variably saturated organic soils predominates drain flow. Increased winter DOC and
trihalomethane precursor (THMFP) concentrations and loads during winter high drain
flow result from increasing groundwater levels and mobilization of organic carbon
present in the shallow variably saturated peat layers. Drain DOC and THMFP
concentrations and loads are higher for recently cultivated, less decomposed organic soils
relative to more decomposed soils that have been farmed longer. 

A three dimensional groundwater flow model for the entire island elucidates physical
processes and is a tool for evaluating the effects of land and water management practices.
The model effectively simulates measured island drain flow and groundwater levels.
Model hydraulic conductivity values are within ranges determined using single well
response tests, tidal analysis and groundwater age dating. We used the model to quantify
seepage onto the island via flow through the aquifer underlying the organic deposits and
through levees and evaluate how drain water and groundwater chemistry and loads may
change under current and changing management practices. Preliminary model results
indicate that continuing subsidence may increase seepage and drain flow and wetlands for
subsidence mitigation may result in increased drain water DOC concentrations for
decades. 
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THREE YEARS OF SAMPLING RESTORED HABITAT AS PART OF THE NAPA RIVER
FLOOD PROTECTION PROJECT 

The objective of the Napa River Fisheries Monitoring Program is to document fish
species composition, life stage, seasonality, and environmental correlations associated
with fish use of habitat created by the U.S. Army Corps of Engineers’ Napa River/Napa
Creek Flood Protection Project. The project provides flood protection using structural and
nonstructural methods, including breaching levees, restoring tidal wetlands, constructing
riverside marsh terraces, and restoring flood plains. 

Sampling involved capturing fish at various sites using beach seines, otter trawls, purse
seines, and fyke nets. The otter trawl and purse seine were fished actively in the open
water, marsh plain, and flood plain terrace sites during high tide slack water. The beach
seine was fished in the marsh plain and flood plain terraces at varying high tidal heights.
Fyke nets were used in small channels in the marsh plain terrace where fish were likely to
be concentrated during a falling tide. The number of fish captured varied widely between
sampling sites within the project area. 

Sampling results document that restoration of the area is already providing habitat for
native and nonnative fish species. In 2003, a total of 4,007 larval fish and 2,922 juvenile
and adult fish were captured. The larval catch was dominated by longfin smelt, and the
juvenile and adult species were dominated by Pacific herring and threadfin shad. The
sampling program to date (March 2001 to July 2002 and January to July 2003) has
documented the use of the project area by a total of 69,801 larval, juvenile, and adult fish
of 34 species. 

Results of the Napa Fisheries Monitoring Program may influence CALFED’s goals and
objectives of science and ecosystem management. Results may directly influence
ecosystem restoration site designs within the Bay/Delta and specifically the nearby U.S
Army Corps of Engineer's Napa Salt Marsh Restoration Feasibility Study.
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RESOLVING AQUATIC/TERRESTRIAL SOURCES OF DISSOLVED ORGANIC
MATTER IN THE SACRAMENTO-SAN JOAQUIN DELTA BY RADIOCARBON
DATING 

This is a CALFED-funded study using radiocarbon dating to estimate the relative
contribution of dissolved organic carbon (DOC) from agricultural peat-lands and riverine
sources to DOC loads in the California State Water Project (SWP). Organic carbon
loading to the SWP is a concern for water utilities due to the formation of harmful
disinfection by-products from DOC. An accurate conceptual understanding of carbon
dynamics within the Sacramento-San Joaquin Delta and SWP is critically needed to
integrate the impact of proposed CALFED ecosystem restoration activities for
management of DOC in drinking water. The 14C content of DOC was measured in
riverine input to the Delta and in three agricultural drains during the spring runoff period
(April 2003) and at the start of the irrigation season (June 2003). DOC fractions measured
included bulk DOC and dissolved hydrophobic acids (HPOA). In the agricultural drains
the 14C content of HPOA compounds and bulk DOC overlapped and ranged from 0.73 to
0.86 pmc. The 14C content of bulk DOC and HPOA fractions in riverine input to the Delta
was higher, ranging from 0.96 to 1.07 pmc. The 14C content of SWP waters, ca. 1.00 pmc,
was bracketed by the riverine and agricultural values and showed little variation between
the two sampling dates. In contrast, mean 14C content of HPOA in the rivers increased
from 0.96 to 1.08 pmc between April and June, while in the agricultural drains mean
values declined slightly from 0.81 to 0.79 pmc. Using HPOA 14C and a simple two-
component mixing model we estimated that, during April 2003, 93% of the carbon in the
SWP was derived from riverine inputs. During June 2003 DOC loading to the SWP was
split about equally between riverine inputs and agricultural drainage. These results are
serving as management tools to enhance current Delta modeling activities.
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CRYPTOSPORIDIUM AND GIARDIA RECOVERIES IN DELTA AND STATE WATER
PROJECT WATERS USING EPA METHOD 1623 

In this study we evaluated filtration capacity and recovery efficiencies of the Gelman
EnvirocheckTM (standard filter) and the Gelman EnvirocheckTM High Volume (HV)
Sampling Capsules in Delta and State Water Project waters using EPA Method 1623 and
environmentally realistic organism spiking doses of Cryptosporidium and Giardia spp.
These protozoan parasites can cause mild to severe diarrhea and potentially shorten the
life span of immunocompromised individuals. The importance of understanding their
occurrence and distribution is magnified by their potential to infect a large population via
drinking water supplies. Any method evaluating these organism’s distribution must
perform reliably under ambient conditions. Developed originally for finished water, the
HV filter’s filtration capacity could be an improvement over the standard filter if it could
filter turbid waters without clogging. Under turbid conditions, the HV filter filtered
approximately twice the volume as the standard filter, but neither filter could filter 10 L.
In low turbidity waters, oocyst, but not cyst, recoveries were significantly higher using the
HV filter. In turbid waters, organism recoveries were lower and not significantly different
for either filter. Overall, using the HV filter, Cryptosporidium recoveries ranged from
36% to 75%. Giardia recoveries ranged from 0.5% to 53%. For both organisms, recovery
varied significantly by site. Turbidity could explain Giardia recoveries (r2 = 0.80) but not
variation in Cryptosporidium recoveries (r2= 0.16). The inconsistent recoveries across
sites suggested that ambient water matrices affected Method 1623 recovery. A control
sample collected at the height of the winter rainy season detected one organism,
highlighting the difficulty of using this method to accurately measure pathogen
abundance under ambient conditions. Our findings support the use of the HV filter under
field conditions but suggest that designing a cost-effective, statistically valid monitoring
program to evaluate sources and loads of protozoan pathogens may be difficult.
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ALTERNATION OF ANADROMOUS AND NON-ANADROMOUS LIFE HISTORIES IN
RAINBOW TROUT (ONCORHYNCHUS MYKISS) FROM CALIFORNIA RIVERS 

Rainbow trout (Oncorhynchus mykiss) exhibit both anadromous (steelhead) and non-
anadromous (resident) life history forms. Both forms can produce progeny of the alternate
type and the two forms can interbreed, but the rates of these exchanges have been difficult
to estimate. Several studies have shown that life history form of an individual O. mykiss
and its mother can be inferred from the ratio of strontium to calcium (Sr/Ca) in the
otolith. We examined otolith Sr/Ca ratios of 375 adult O. mykiss and 425 juvenile
progeny of anadromous (A) and non-anadromous (NA) hatchery broodstock, including
four NA strains commonly stocked in California. The goals were to validate the otolith
Sr/Ca method for northern California streams and estimate exchange rates as the
proportion of O. mykiss that adopt the alternate life history form of their mother. Progeny
of A females generally had higher Sr/Ca ratios in otolith primordia than did progeny of
NA females, but progeny of one NA strain (Shasta) had Sr/Ca ratios that overlapped
progeny of some A fish. Sr/Ca ratios of progeny from A hatcheries decreased with
distance of the hatchery from the ocean, making interpretation of the maternal form
difficult for some hatcheries (e.g. Iron Gate and Coleman NFH). The proportion of adults
that adopted the alternate life history of the mother differed among hatcheries. All 4
possible mother-progeny pairs were observed. At 5 hatcheries, nearly all adults were A
and the progeny of A females. At Coleman NFH, ~ 40% of adults were NA progeny of A
females. At Iron Gate Hatchery, a significant proportion appear to be A progeny of NA
females. These results suggest that life history form in O. mykiss is flexible and
influenced by local conditions. Exchange rates between A and NA forms influence the
dynamics and extinction risk of steelhead populations.
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USING IN-SITU OPTICAL INSTRUMENTATION TO MEASURE DOC CHARACTER
AND FLUXES FROM A TIDAL WETLAND. 

The effect of tidal wetlands on dissolved organic carbon (DOC) concentrations and the
chemical composition (quality) of DOC in the Sacramento-San Joaquin Delta (Delta)
waters is not well understood. Quantifying the fluxes of DOC from tidal wetlands is
important because DOC can adversely affect drinking water quality (contributes
disinfection byproduct precursors, DBPP), but also contributes energy to the base of the
ecological foodweb. Both of these contributions are important concerns to CALFED. A
CALFED-funded study currently is underway to measure fluxes and chemical
composition of wetland-derived DOC from Brown’s Island, a natural tidal wetland in the
western Delta. To accomplish this, the U.S. Geological Survey has implemented an
optical instrumentation system capable of high frequency measurement of DOC
concentration and quality on temporal scales of minutes during spring neap tidal cycles in
the main sloughs of the Island. 

The system consists of a nine-channel spectral photometer, a fluorometer, a conductivity-
temperature-depth meter, and a datalogger. The fluorometer measures the intensity of
chromophoric DOM (CDOM), a proxy for DOC concentration. The photometer measures
absorbance intensities that provide information about DOC quality. For example, a
wavelength of 440 nm (ag440) indicates absorption by CDOM and is used to determine
the contributions of riverine and wetland derived DOC. The ag440 correlates well with
fluorescence, indicating that both fluorescence and absorbance (ag440) measurements can
estimate the bulk DOC pool. The slope of ag 440 indicated a significant change in
chemical quality of the DOC during tidal cycles. Fulvic-like, low-molecular-weight
material dominated on the flood tide, whereas humic-like, high-molecular-weight
material dominated during peak ebb. The spectral slope is related to known chemical
characteristics of the DOC pool, such as DBPP and biological lability. Thus this
measurement technique is capable of providing a continuous record of these variables.
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APPLICATION OF A MULTI-MODEL COMBINATION APPROACH IN PREDICTING
WATER SUPPLY FOR CALIFORNIA WATERSHEDS 

All computer-based hydrologic models are imperfect simplifications of the real world
processes. Predictions based on a single model tend to underestimate the total predictive
uncertainty. A number of studies have shown that a synthesis of multiple model
predictions through some optimal model combination techniques such as the Bayesian
Model Averaging (BMA) scheme possesses better predictive skills than any single model
predictions. Furthermore, multi-model combination approach provides a better
description of the total predictive uncertainty needed by model users and decision makers.
This presentation demonstrates how multi-model combination approach such as BMA
can be used to predict water supply for watersheds in California. We will employ a
number of hydrologic models, including the Sacramento Soil Moisture Accounting
(SAC-SMA) model and the Simple Water Balance (SWB) model of National Weather
Service, the Noah Land Surface Model of National Center for Environmental Predictions,
among others. The BMA technique will be described. The American River will be the test
basin. We will provide analysis of the consensus water supply prediction and those made
by individual models. Furthermore, we will illustrate how the BMA technique can be
used to provide uncertainty information for water managers.
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USING EXPERIMENTAL ENCLOSURES TO MONITOR WATER QUALITY OF THE
SAN FRANCISCO BAY-DELTA FOR MANAGEMENT PURPOSES 

The chemical form of nitrogen loading/eutrophication (e.g. ammonium versus nitrate) has
critical consequences for Bay-Delta ecosystem health, since whenever ammonium
concentrations are above a threshold level, nitrate uptake by phytoplankton is severely
suppressed with potential negative impacts on the food chain. Increased anthropogenic
ammonium disrupts spring bloom development. Funded by USC SeaGrant we have used
experimental 300L enclosures, filled with San Francisco Estuary water, to monitor
changes in ambient nutrients, phytoplankton biomass and algal productivity –both in
control enclosures and in experimental enclosures with added nutrients. Ambient
nutrients were drawn down to near zero within two days, with nitrate drawdown starting
only when ammonium had been depleted. The chain-forming diatom, Skeletenoma
costatum responded and formed a bloom of almost 30 (micro)g/L within three days. This
typical temporal response of the phytoplankton can be used as an indication of the
“health” of the algae, and could be assessed using smaller “bottle” enclosures. With less
nutrients, less light or more ammonium or possibly contaminants, the phytoplankton
response is delayed. These data advance our understanding of biogeochemical processes
in the Bay-Delta and ecosystem effects with implications for management in in
controlling the relative level of ammonium in DIN loading.
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USING RIPARIAN-STREAM METRICS TO MEASURE CHANGE AND DEVELOP
RESTORATION GOALS FOR THE LOWER MOKELUMNE RIVER 

Restoring ecological health to riparian ecosystems requires an understanding of how the
river’s channel, floodplain and vegetation have changed due to natural processes and
human alteration. Riparian-stream metrics provide a method for measuring functionally
important structural attributes that can be used to characterize river reaches, develop
restoration goals and monitor progress. This CalFed funded project conducted a time-
series spatial analysis (1910-2001) of the Lower Mokelumne River (LMR) using riparian-
stream metrics to measure structural attributes of the riparian system. Over 70% of the
LMR floodplains have been cleared of riparian forest and shrub communities.
Fragmentation of the riparian buffer ranged from 3% to over 80%, while mean width of
woody vegetation varied from 12 m to 36 m. Lateral composition metrics indicate that a
high percentage of riparian forests were converted to agriculture. All secondary channels
were removed from the floodplain and over 80% of seasonal lakes were converted to
agriculture. Channel width of reaches immediately below Camanche Dam decreased,
while downstream reaches increased. Currently, riparian vegetation adjacent to the river
has regenerated in many areas and indicates a promising trend for restoration of the
riparian buffer. Based on pre-dam measurements from relatively undisturbed reaches,
restoration efforts should strive to reduce buffer fragmentation to 5% or below, with a
mean width of at least 30 m. The first 20-30 m of the buffer should be composed of at
least 75% riparian forest and 20% riparian shrub. Restoration efforts can be monitored by
applying the same set of metrics to future vegetation coverages of the riparian corridor.
Correlations between vegetation structure and indicator species (fish, birds, mammals)
should also be investigated. Metrics used in this study should be standardized allowing
comparisons of different corridors across the broader landscape and facilitating
restoration of the Bay-Delta system.
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CALCLIM: AN ACCESSIBLE DATA ARCHIVE TO MONITOR CALIFORNIA CLIMATE

Problem Statement:  California climate data for CALFED researchers and decision
makers are currently spread over various agency and organization websites, often
requiring time-consuming searching for the most useful information.

Approach:  The CalClim California Climate Data Archive (CCDA) provides centralized
climate data access to assist those interested in monitoring California climate variability
and change.  The CalClim website (http://www.calclim.dri.edu) is a gateway to a number
of climate observation networks that operate in California, including NWS Cooperative
Network, SNOTEL, RAWS, CIMIS and CDEC.  This archive enables scientists, state
agencies and others with California interests to retrieve climate data at their convenience,
for any period of time, and from one or multiple networks.  Software on the website can
also produce summaries of data, including long-term averages of temperature and
precipitation for user-defined periods, and graphs of daily or monthly data with options
such as running means.  Currently a limited selection of data is available, but additional
datasets will be added over the next several months to one year.  Other products available
at the website include the monthly California Climate Watch online newsletter and recent
climate maps for periods ranging from the last week to 3 years, updated daily.  Additional
aspects of CalClim involve a coastal climate data archive and support of an enhanced
California climate monitoring network.

Results:  Daily data from the NWS Cooperative Network are currently accessible through
the CCDA free of charge.  The incorporation of other terrestrial and coastal region
databases encourages the use and application of other climate information available
online.

Relevance:  The climate data, products and information available at the CalClim website
can support researchers and other interested parties in many CALFED target areas,
including investigations of physical, biological and ecological processes in the Bay-Delta
region.
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INCORPORATING NATIVE GRASS INTO RIPARIAN RESTORATION ON THE
SACRAMENTO RIVER: A FIVE-YEAR REVIEW. 

In fall 1999, River Partners planted native grass seeds and plugs on 50 acres of the US
Fish and Wildlife Service’s Ord Bend Unit in Glenn County, California. The Ord Bend
Unit is part of the Sacramento River National Wildlife Refuge, which includes 12,000
acres along a 90-mile stretch of the river between Red Bluff and Princeton. Native grasses
support a wide variety of wildlife species and provide important ecological benefits, yet
until recently, native grasses were not integrated with riparian restoration projects. The
Ord Bend Unit was among the first large-scale plantings of native grass within a riparian
restoration project in California. 

This project intended to: 1) demonstrate that native grass could be successfully
incorporated within a riparian restoration project, 2) use an ensemble of cultural strategies
to provide a selective advantage to native grasses (and woody riparian species), and 3) to
quantitatively compare the relative success of ten different species planted in replicated
test plots on the Unit. Riparian restoration activities were completed in 2003. Native
grasses appear to be well established with native grass cover estimated at well over 50%.
Species response to soil type, field conditions, and time, provided results that have
influenced subsequent plantings, and spawned experiments on competition and
fertilization on the Llano Seco Unit. We will review the success of the project five years
after planting and focus on the response of the 10 different species planted in the test
plots. 

With nearly 500 acres of native grass now incorporated into various riparian restoration
projects, the challenges of successful establishment have been replaced by the challenges
of long-term maintenance and monitoring, wildlife-usage, and the incorporation of forbs.
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IMPACTS OF CLIMATE CHANGE ON MANAGEMENT OF CALIFORNIA’S WATER
RESOURCES: PART II-CVP AND SWP OPERATIONS 

Problem Statement: A joint California Department of Water Resources (DWR) and U. S.
Bureau of Reclamation (USBR) Climate Change Work Team is analyzing the impact of
potential climate change scenarios on California’s water resources to provide results that
are relevant to water resources planners (see Part I). Initial investigations focus on
evaluating the potential impacts of climate change on California’s water supply system. 

Approach: Based on research undertaken by various institutions on future climate change,
five scenarios are identified to study their impact on the Central Valley Project (CVP) and
State Water Project (SWP) operations. The selected scenarios include three different air
temperature increases of 1.5, 3.0 and 5.0 oC and two general circulation model (GCM)
predictions. Stream flows in major rivers in the Sacramento valley are perturbed by
predicted future to historical runoff ratios for these scenarios. The perturbed stream flows
are used to modify major reservoir inflow forecasts and water year type classifications
according to current criteria. The water resources operations model CALSIM II is run
using these modified inputs, and the results of these scenarios are analyzed to determine
potential impacts of climate change on CVP and SWP operations at a future level of land
use development. 

Results: Results are presented in terms of impacts on south of Delta CVP and SWP
deliveries, reservoir storages and Delta outflow. Additionally, relative impacts of climate
change are compared to impacts due to projected modifications in land use practices.
Delta inflows and outflow from the CALSIM II studies will be used in a coordinated
project to assess potential impacts of climate change on Sacramento-San Joaquin Delta
water quality (see Part III). 

Relevance: These results are relevant to CALFED’s general objective of a water supply
reliability study that considers climate change.
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THE ESTUARY GEOMETRY IS NOT STATIC: PERSPECITVE ON SALINITY TRENDS
FROM NATURAL AND HUMAN INFLUENCES. 

Salinity control is a primary objective for water project operators attempting to balance
Sacramento San Joaquin delta inflows, water exports, and ecosystem salinity habitat. The
historical emphasis on reservoir releases and export modulation for controlling Delta
salinity is evolving toward more reliance on using tidal hydrodynamics for salinity
control and fish protection. This evolving paradigm has arisen from new understanding
about how tidal motions interact with Delta geometry to mix ocean salt upstream. 

Less well understood is the fact that Delta and Suisun Bay geometry is not static. Rather,
the particular arrangements of channels, sloughs, and open embayments change over time
as the result of both human and natural influences. The Delta salinity regime is a direct
result of relatively few human decisions made for a variety of reasons other than salinity
control. For example, individual landowner decisions to repair levee breaches, early
reclamation district decisions to establish channel cuts, and long established programs for
levee maintenance and ship channel dredging, have each modified the Delta salinity
regime in significant ways. The estuary also undergoes both gradual and punctuated
geometry changes due to seismic events, flood runoff, subsidence, sea level rise, and
coastal ocean conditions. 

Water project storage and export operations change Delta salinity mixing and net Delta
outflow. This work seeks to put into perspective the many other mechanisms that affect
salinity trends over time. We used a two-dimensional finite element model of the San
Francisco Estuary to investigate the salinity mixing characteristics of historical Suisun
Bay and Delta geometry. We found that long-term salinity trends are likely influenced by
estuary sediment input, ship channel maintenance, and historical channel modifications,
as much or more than project operations.
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LEVEE INTEGRITY AND SUBSIDENCE: TIED AT THE HIP FOR THE FUTURE OF
THE DELTA

The Jones Tract levee breach may be remembered as one of those fortunate catastrophes
that moves society toward more sound water policy.  Maybe.  As costly as the event has
been for landowners, farm workers, responsible agencies, and ultimately State and federal
taxpayers, the renewed attention to levee integrity and their linkage to water quality
protection is adding some balance and perspective to Delta resource planning.  While this
window of public attention exits, it behooves us to examine all the lessons the event
offers.  Because, like awareness of flood, and earthquake vulnerability, societies
consistently demonstrate short attention spans for this sort of risk, and it will pass from
the collective awareness quickly.  

While media coverage highlighted the under-appreciated importance of levees to the
water system, virtually no one connected the deeply related issues of levee integrity and
land subsidence.  Levees are earth and rock dams that must withstand hydrostatic pressure
forces imposed by outboard tidal water levels.  The strength required to avoid levee
failure is directly linked to the height of water pressing against them.  The trends are not
hopeful:  Sea level rise is progressing at ~1.5 mm per year and likely accelerating.  More
ominous is the fact that Delta subsidence is about 1 inch per year.  The key point is that
adequate levee strength today becomes incrementally inadequate as subsidence
progresses.  The incremental cost of maintaining levees to a given standard is a geometric
function of subsidence rate.

High priority research efforts should be mounted to stop and reverse subsidence.
Research needs include accurate tidal datums, spatial land elevation measurement and
change detection, and land use practice alternatives that minimize peat oxidation, and
maximize soil building.  Applied research and large-scale demonstration projects must
follow.  Short of this, we need honest assessments of the future increasing cost of levee
integrity.
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DESALINATED AGRICULTURAL DRAINAGE WATER: A POTENTIAL NEW WATER
SUPPLY RESOURCE IN CALIFORNIA 

Problem Statement:  The disposition of over 300,000 AF/yr of saline drainwater from 1.0
million acres of prime farmland in western San Joaquin Valley has been a problem since
CVP water deliveries to this area commenced in the 1960s.  Farm drainage flows from
the northern part of this area reach the San Joaquin River and carry over 100,000 tons per
year of selenium, boron and other salts into the Bay Delta ecosystem. 

Approach: Rather than viewing this water as a “disposal problem” requiring the
construction of hundreds of miles of collection ditches, regional salt dumps, and large
evaporation ponds, WATERTECH PARTNERS and PCI MEMBRANE SYSTEM have
developed and pilot tested a new membrane-based desalination process that recovers over
90% of this water as high quality irrigation water.  This work was funded in part by a
grant from the CALFED ECOSYSTEM RESTORATION PROGRAM.

Results: The CALFED-funded pilot tests showed that agricultural drainwater with up to
8,000 mg/L of total dissolved solids can be desalinated at >90% recovery rate at about the
same or less costs as seawater desalination ($900 to $1,200 per AF).  If applied as part of
a zero-discharge farm drainage management system, the <10% brine stream can be sent to
an on-farm solar evaporator under a new state law (SB 1372) that specifically allows such
facilities.  After desiccation, the immobilized selenium and other salts would be buried-
in-place in these lined and bermed salt repositories.  About 20% of the salts would be
recovered as part of the desalination process and sold as wallboard-grade gypsum.

Conclusions/Relevance:  Although as expensive as seawater desalination, this new
agricultural-drainage desalination process has the potential to simultaneously (i) solve the
long-standing drainage problems in western San Joaquin Valley, (ii) improve the Bay
Delta ecosystem and drinking water quality, and (iii) create over 200,000 AF/yr of “new
water” which, via exchange of CVP water, could be supplied to water-short urban areas.  
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3251 S Street, Sacramento, CA 95816.

INTRODUCTION TO THE SESSION: IMPLICATIONS FOR CONSERVATION AND
RESTORATION IN THE SAN FRANCISCO ESTUARY

The CALFED ERP proposed shallow water habitat restoration (SWHR) as part of a
comprehensive restoration strategy for at-risk and sport fishes of the San Francisco
Estuary.  Previous research produced mixed results regarding responses of target species
to SWHR.  Potential benefits of seasonal floodplain were reported for migratory salmon
and splittail, but concerns were raised regarding freshwater tidal wetlands, which harbor
high abundances of invasive aquatic plants and non-native fishes.  This session will
facilitate the exchange of breaking research on the ecology of native and resident fishes,
emphasizing how this information applies to restoration and species conservation. The
session has three parts: (1) community ecology of the upper estuary, (2) biology and
management of splittail, and (3) biology and management of delta smelt.  Two
overarching themes emerge from the presentations.  First, the response of target fishes or
assemblages to SWHR will be influenced by factors interacting at multiple spatial scales,
ranging from site-specific habitat structure to system-wide productivity.  Of particular
concern is the population dynamics of invasive aquatic plants, and how restoration
projects influence aquatic plant distribution.  Second, more specificity is needed by
restoration proponents when discussing alternatives for San Francisco Estuary native
fishes, which have a diverse array of life history characteristics and habitat needs.  This
problem is illustrated well by splittail and delta smelt.  Both are spring-spawning fishes
associated with freshwater and low salinity habitats.  Splittail is a relatively long-lived
shallow-water/tidal marsh fish.  Generally, the presentations suggest the species is faring
well and has fairly robust population dynamics in the current configuration of the system.
In contrast, the delta smelt presentations suggest this annual, pelagic fish has a less
certain future.  Delta smelt recovery may require substantial re-thinking of water
operations and/or improvements in habitat characteristics that may not be easy to achieve.
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ECOLOGY OF AGE-0 SPLITTAIL IN THE LOWER SAN FRANCISCO ESTUARY
WATERSHED 

The splittail is a cyprinid endemic to the San Francisco Estuary and its lower watershed.
Although it was recently removed from the Federal Endangered Species Act threatened
species list, it is still a species of concern due to uncertainties regarding its abundance and
distribution. During winter and spring, adults migrate from the upper San Francisco
Estuary and the Sacramento-San Joaquin Delta upstream into freshwater tributaries and
floodplains to spawn. Catch data of age-0 splittail (< 50 mm fork length) during a 28-year
monitoring program (1976-2003) indicate that the upstream-most distribution in the
Sacramento River has remained persistent within 232-296 km upstream from the estuary.
However, centers of distribution in the Sacramento and San Joaquin Rivers vary
according to hydrology; distance upstream is similar in years of high and intermediate
river flows but, increases during low flow years. In all years, age-0 splittail become
abundant in April or May and by June and July have a center of distribution downstream
at the margin of the Sacramento-San Joaquin Delta. Complimentary field sampling during
2002 and 2003 showed that, in addition to these two primary tributaries, substantial
spawning also occurs in other smaller tributaries with previously uncertain importance to
splittail production, namely the Petaluma River, Napa River, and Butte Slough. Age-0
splittail favor low velocity shallow-water habitats; in upstream riverine locations they are
most abundant in backwaters, and in downstream tidal locations they are most abundant
in offchannel intertidal habitats. Preliminary data suggest that diet composition and
growth rates vary among habitats. These finding have important implications for the
conservation of splittail as well as habitat restoration directed at enhancing native fish
populations.  
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SHALLOW WATER HABITAT FISH ASSEMBLAGES IN THE SACRAMENTO-SAN
JOAQUIN DELTA: WHAT FACTORS REALLY MATTER? 

Restoration of shallow water habitat in the Sacramento-San Joaquin Delta is a primary
goal of the CALFED Bay-Delta Program. However, there is relatively little available
information on the fish assemblages of these habitats, which lends uncertainty to the
likely response of such restoration projects. We intensively sampled with beach seines
and gill nets from spring through fall in 2001 and 2003 to characterize fish assemblages
at five sites in the Sacramento-San Joaquin Delta. The overall assemblage consisted of 38
species, 13 of which were native. Direct gradient multivariate ordinations indicated that
both site and time of year significantly influenced the observed fish assemblages. Further,
there was also a significant interaction between these variables in that the importance of
time of year was site-specific; some sites hosted a suite of seasonally abundant native
species while others did not. Our results suggest that location within the system, habitat
type within location, and biotic interactions within habitats all interact to influence fish
assemblage structure, and should be considered jointly for habitat restoration. 
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CARBON AND DISINFECTION BYPRODUCT PRECURSOR LOADS FROM A
RESTORED WETLAND IN THE SACRAMENTO-SAN JOAQUIN DELTA 

One strategy of subsidence mitigation in the Sacramento-San Joaquin Delta focuses on
restoring wetlands on currently tilled peat soils. However, flooding of these altered
organic soils may contribute to high dissolved organic carbon (DOC) loads in Delta
channel waters. DOC in Delta water threatens drinking-water quality because it reacts
with chlorine, added as a disinfectant, to form disinfection byproducts such as
trihalomethanes (THMs), which can be harmful to human health. 

To determine the effects that wetland restoration practices have on DOC loadings to
Delta waterways, we conducted a field-scale study in a wetland restoration project
established on Twitchell Island in 1997. We collected physical data for wetland inlet and
outlet flow, ground-water levels, pond-water depth, and we analyzed water samples from
wells, wetland surfaces and the inlet/outlet for inorganic and organic constituents. 

Results indicate that hydrologic conditions dominate DOC and THM precursor loads
from Delta islands. Because of the high flux of water through the subsurface of the
wetland and the large pool of mobile DOC in the soils, subsurface loads constitute the
majority of the total wetland loads to the drains and river. Wetland surface-water DOC
loads are comparable to agricultural loads on an annual basis, but there is a change in the
timing of high DOC and THM precursor loadings. Agricultural practices contribute to
high DOC in winter flows, whereas wetland restoration contributes a majority of surface-
water loads in the summer. This change in the timing of DOC pulses could be important
to drinking-water utilities in the Delta that have large winter DOC spikes. There may be a
beneficial result of wetland restoration for drinking-water quality if subsurface DOC
loads to Delta channel waters can be minimized.
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STATUS OF DELTA SMELT: MULTI-DECADAL TRENDS IN ABUNDANCE,
DISTRIBUTION, AND WATER MANAGEMENT 

The delta smelt, Hypomesus transpacificus, is an endemic osmerid of the San Francisco
Estuary, California, USA. It was listed as a threatened species in 1993 under both state
and federal endangered species acts. The delta smelt completes its typically annual life
cycle within the fresh and low salinity waters of the estuary, which are heavily managed
for multiple human uses. We updated and summarized the abundance and distributional
trends of previously published time series of delta smelt abundance, with particular
attention to the reliability of the Townet Survey (TNS). Then, because of its ecological
and management importance we explored linkages between the position of the 2‰
isohaline position (X2) and delta smelt ecology relevant to fresh water management,
focusing on three questions: (1) how does variation in the longitudinal position of X2
influence juvenile delta smelt distribution, (2) how does variation in the longitudinal
position of X2 influence entrainment mortality of juvenile delta smelt, and (3) how has
freshwater management affected X2 position through time? We (1) demonstrated a
virtual disappearance of juvenile smelt from the delta south of the San Joaquin River, (2)
quantified previous qualitative statements regarding the relationship between longitudinal
position of the 2‰ isohaline and the population distribution, and relative entrainment
mortality, (3) suggest modifications to previous conceptual models of delta smelt
population dynamics based on evaluation of abundance during summer and fall, and (4)
suggest what the new findings mean for delta smelt protection. 
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MERCURY OCCURRENCE IN DREDGER TAILINGS, SEDIMENT AND BIOTA ON
THE LOWER MERCED RIVER 

This study assessed the occurrence and distribution of mercury in dredger tailings at the
Merced River Ranch, located on the lower Merced River, California. To provide
information in support of floodplain restoration and gravel augmentation projects for
resident salmonids, we sampled sediment, water and bioindicator organisms along the
Merced River at locations above, within, and below the dredger tailings. MeHg in
Hydropsychid caddisfly (8 to 25ƒnng/g wet wt) and prickly sculpin (13 to 195ƒnng/g wet
wt) were low compared with regional reference values. Raw water THg at the sampling
sites was 0.5 to 170 ng/l (n=8), while MeHg ranged <0.03 to 3 ng/l (n=8). To reduce the
risk of mercury mobilization and uptake into the aquatic food web, the feasibility of
processing the dredger tailings was assessed by selectively removing mercury-laden size
fractions through dry sorting and washing. Overall results indicated low total mercury
(THg) in dredger fines (22„b16 ng/g dry wt, n=31), while fine sediments collected at in-
channel and backwater sites (n=5) ranged from 48 to 138 ng/g dry wt THg and 0.1 to 3.5
ng/g dry wt methyl mercury (MeHg). Although the low mercury levels found in the
dredger tailings may allow direct re-use in floodplain reconstruction projects away from
the channel, removal of the mercury associated fines from the dredger tailings by sorting
will further reduce the risk of mercury mobilization. Calculations based on the
experimental data suggest that dry sorting of dredger tailings would result in a 50%
reduction of the potential near-term mercury release and a 72% reduction of long-term
maximum theoretical release. Ecosystem restoration and water quality improvement goals
of the Bay-Delta Program are supported through science-based management
recommendations for in-basin use of the Merced River Ranch dredger tailings, and a
further understanding of current and potential mercury impacts to the Bay-Delta
ecosystem. 
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(USGS), Placer Hall, 6000 J Street, Sacramento, CA 95819 lflint@usgs.gov 

SPATIALLY DISTRIBUTED MODEL OF FLOW AND SEDIMENT TRANSPORT IN
THE UPPER YUBA RIVER WATERSHED 

The CalFed Upper Yuba River Studies Program (UYRSP) is evaluating the feasibility of
introducing anadromous fish into the Middle and South Yuba rivers above Englebright
Dam. A distributed-parameter model was developed for the watershed as a tool for
assessing the spatial distribution of sediment transport as it relates to fish habitat and
influences of land-use practices, dam management, and climate. The USGS/EPA code,
Hydrologic Simulation Program-Fortran (HSPF) was used to simulate water flow and
sediment transport in the watershed above the dam. 

The watershed is 1,560 square kilometers, with more than 500 kilometers of mainstem
river and tributaries. Spatial properties for the model domain were developed from GIS
coverages of terrain, soils, vegetation, mines, and roads. Aerial photos were used to
extrapolate channel characteristics from surveyed cross sections and to identify areas of
mass wasting. Estimates of vegetation coverage, hillslope erosion and mass-wasting
processes, and channel sediment storage were verified in the field. Atmospheric data
needed to simulate snow processes, runoff, and channel flow were distributed spatially.
Sediment loads were estimated using the revised universal soil-loss equation method for
model calibration. Boundary conditions were defined by measured flow at five stream
gaging locations. Channel flow in each river was calibrated to measured river discharge.
Preliminary simulations of sediment transport compared reasonably well to suspended-
sediment concentrations collected at two gaging stations, and to the total mass of coarse
and fine sediment accumulated in the reservoir in the approximately 60 years since dam
construction was completed, based on results of deep coring in 2002. The final model
will be a tool for estimating sediment transport in channels, and its accumulation in Lake
Englebright.  This will provide the required boundary conditions for reservoir sediment
modeling under various management options for the UYRSP project.   
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METHYLMERCURY MASS BALANCE FOR THE FRESHWATER SACRAMENTO-SAN
JOAQUIN BAY-DELTA ESTUARY. 

A human health advisory has been posted for the Delta because of elevated
methylmercury concentrations in game fish. A positive correlation has been found
between annual median unfiltered methylmercury concentrations in water and trophic
level 3 and 4 fish composites from different regions of the Delta. The correlation suggests
that reducing fish tissue levels will require decreases in water concentrations and this will
necessitate a good understanding of the major sources and sinks of methylmercury. An
18-month methylmercury mass balance was constructed for the Delta. Major incoming
loads were from Central Valley Rivers, from in situ Delta sediment production, and from
point sources. Major exports were to San Francisco Bay and to southern California. The
estuary was found to be a net methylmercury sink. The Sacramento River was the major
source of methylmercury and accounted for 60-85 percent of the river load. The
combined input from all rivers was about 10-gms per day. Average sediment flux was
about 6-gms per day. The input from all 13 sewage treatment plants discharging directly
to the Delta was about 0.7-gms per day while urban runoff contributed about 0.1-gms per
day. Exports from the Delta were about 6-gms per day with most of the methylmercury
going to San Francisco Bay. The difference between the sum of all inputs (16-gm per day)
and exports (6-gm per day) was 10-gms per day. This is our best estimate of the present
methylmercury loss rate in the Delta.
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FISH PASSAGE, GROUNDWATER, AND BASEFLOW - THE CASE OF THE
COSUMNES RIVER 

Fall runs of endangered Chinook salmon in the Cosumnes River have been declining in
recent years, and fish passage has increasingly been hindered by insufficient fall flows.
Severe overdraft of the regional aquifer has eliminated baseflows along extended reaches
of the river. Efforts to restore fall flows to revitalize Chinook fall runs hinge on the
interaction between the river and the aquifer. 

To evaluate the effectiveness of measures to restore fall flows through timed releases
from Folsom South Canal and through groundwater management, a heterogeneous
groundwater flow model was built around the river, loosley coupled to a regional model.
The model was developed based on detailed geostatistical simulations of the Cosumnes
alluvial fan hydrostratigraphy. River aquifer interactions were modeled with a version of
MODFLOW that includes the ability to simulate unsaturated flow between the river and
the aquifer. 

Results suggest that flow releases from Folsom South Canal to augment natural flows
during the Chinook salmon migration period (October-December) can open the river for
fish passage. Recharging the regional aquifer through the river channel in order to
reinitiate baseflows would require large and continuous augmentations. It was further
found that geologic heterogeneity causes significant spatial variability of seepage along
the river channel, indicating that knowledge of this heterogeneity is important for
efficient and successful streambed recharge operations. Perched aquifers can develop
above the regional water table causing local reconnections between the river and aquifer,
which could reduce seepage losses. Similar situations exist in other alluvial river basins
throughout California. A better understanding of the dynamics of river aquifer exchange
in heterogeneous alluvial fan systems will be important in the development of flow
augmentation and river recharge scenarios on the Cosumnes River and for conjunctive
use schemes in other parts of California. 
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INFECTIOUS HEMATOPOIETIC NECROSIS VIRUS (IHNV) IN CALIFORNIA:
EPIDEMIOLOGY AND EVOLUTION. 

Problem Statement: Hatchery epidemics and mortality of juvenile Chinook salmon due to
infectious hematopoietic necrosis virus (IHNV) have occurred in the upper Sacramento
River since1941. The impacts of IHNV infections among hatchery-reared juvenile and
adult salmon on wild salmon restoration programs remain largely unknown.      

Approach: Combined genetic analyses of IHNV isolates and laboratory and field trials
were used to evaluate patterns and mechanisms of virus transmission. 

Results: There were 14 recognized groups (genogroups) of IHNV detected in California.
The relationships among the genogroups suggest a temporal trend for viral divergence
from older to the most recent isolates. Viruses from different genogroups had similar
virulence for Chinook salmon and were in general less virulent for rainbow trout.
Experimental trials with high virus doses induced infections and mortality among
juvenile Chinook salmon but low dose, cohabitation or flow through exposures did not.
The skin and gills appear to be key sites for infection in young fish. Virus was not
transmitted from Chinook salmon with subclinical infections with IHNV to cohabited
rainbow trout.      

Conclusions/Relevance: Current isolates of IHNV have diverged from ancestral strains
but with little change in virulence for Chinook salmon. Route and dose of virus exposure
and life stage of the fish influence the response to IHNV exposure. Transmission of the
virus can occur at low dose exposures resulting in subclinical infections but despite close
contact the virus is not easily transmitted to other juvenile fish. This suggests (and is
supported by field studies) that under more natural exposure conditions transmission of
the virus to young wild salmonids is unlikely. Instead, the susceptibility of adult Chinook
salmon to infection and the temporally overlaping runs may be the principal means by
which IHNV is maintained in California watersheds.
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DIFFERENCES BETWEEN HATCHERY AND WILD STEELHEAD: EVIDENCE FROM
DELTA FISH MONITORING PROGRAMS 

Data from three monitoring programs, the USFWS Chipps Island Midwater Trawl
(Chipps Trawl), the State Water Project’s Skinner Delta Fish Protective Facility (SWP),
and the Central Valley Project’s Tracy Fish Collection Facility (CVP), were used to
investigate aspects of juvenile steelhead emigration in the Sacramento-San Joaquin Delta
from 1998-2003. Specifically, I attempted to: 1) determine the proportion of emigrating
Central Valley steelhead of hatchery origin; 2) discern life history differences among
hatchery and wild steelhead; 3) relate environmental factors to the salvage of hatchery
and wild steelhead at the CVP and SWP; 4) calculate the percentages of emigrating
hatchery and wild steelhead smolts salvaged at the CVP and SWP fish facilities; and 5)
estimate the annual population of wild juvenile steelhead in the Delta. Annual percent of
hatchery fish in the Chipps Trawl CPUE ranged from 65% to 86%, but annual percent of
hatchery fish at the salvage facilities varied more widely, ranging from 3% to 82%.
Hatchery steelhead tended to emigrate sooner than their wild counterparts. Salvage of
hatchery steelhead occurred earlier than salvage of wild steelhead at both facilities.
Monthly SWP salvage of all steelhead was highly positively related to monthly SWP
water exports. There was no significant difference between mean lengths of hatchery and
wild steelhead. Estimates of wild juvenile steelhead ranged from 1.52 million in the
2001-2002 season to 2.18 million in the 1997-1998 season. The seasonal percentage of
the total population of both wild and hatchery steelhead salvaged at SWP and CVP fish
facilities ranged from only 0.02% in 1997-1998 to 0.36% in 2000-2001. This
investigation provides evidence of differences in the migratory behavior of wild and
hatchery steelhead. Hatchery releases and water management practices, especially
SWP/CVP exports, should be coordinated to maximize emigration survival.
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DIRECT AND INDIRECT METHODS FOR ESTIMATING JUVENILE WINTER
CHINOOK PRODUCTION IN THE UPPER SACRAMENTO RIVER 

Accurate estimates of juvenile fish production are essential in determining if the
California Bay-Delta Authority is meeting its objective of restoring the ecological health
of the Bay-Delta. Therefore, we evaluated the reliability of direct and indirect techniques
for estimating juvenile winter Chinook production in the Sacramento River, CA. Juvenile
production indices (JPI's) from rotary-screw trap sampling at Red Bluff Diversion Dam
(RBDD) were compared to juvenile production estimates (JPE's) derived using the
NOAA Fisheries JPE model. Two separate JPE's were calculated, the first using adult
escapement estimates from the RBDD fish ladders, and the second using escapement
estimates from the winter Chinook carcass survey. Rotary-screw trap JPI's were strongly
correlated in trend to carcass survey JPE's (r2 = 0.98) and, to a lesser extent, fish ladder
JPE's (r2= 0.82). Significant differences in production estimates were not detected among
JPI's and fish ladder JPE's (P = 0.079) or carcass survey JPE's (P = 0.816). However, fish
ladder JPE's fell below the lower 90% confidence interval (C.I.) about the rotary-trap JPI
in six of seven years evaluated. Conversely, carcass survey JPE's fell within the 90% C.I.
for JPI's in five of six years evaluated. We concluded that the JPE model consistently
underestimated juvenile production using fish ladder escapement estimates, and that the
model was much more reliable using carcass survey escapement estimates. We further
concluded that NOAA Fisheries should consider using JPI's rather than the JPE model to
estimate winter Chinook production for two primary reasons. First, the accuracy of JPI's
is not contingent upon accurate estimates of adult females, fecundity, sex ratios, egg-to-
fry survival, egg viability, egg loss due to high water temperature or pre-spawn mortality,
as the JPE model is. Secondly, the JPI provides information about reproductive success
and life-history strategies that can't be provided from carcass survey data.
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FLOODPLAIN HYDROBIOGEOCHEMISTRY AS REVEALED BY HIGH RESOLUTION
SPATIOTEMPORAL SAMPLING. 

Previous weekly water quality monitoring performed at the Cosumnes River Preserve
experimental floodplain confirms that biogeochemical floodplain processes are dynamic
and occur over a spatiotemporal gradient. Although weekly data collection proved to be
useful for explaining floodplain processes over longer time scale, it does not assess fine-
scale temporal floodplain dynamics. The objective of this study was to monitor water
quality on a fine spatiotemporal scale during and after flooding in order to fill in our fine-
scale knowledge gaps. We collected water quality samples using autosamplers at the
entrance and exit breaches of the floodplain and collected grab samples along a transect
with varying degrees of hydrologic residence time during two storm events in 2004.
Water quality analyses included total and volatile suspended solids (TSS, VSS); dissolved
organic carbon (DOC) and dissolved inorganic nitrogen and phosphorous (DIN, DIP).
During flood pulses, TSS at the entrance breach was 0.5 to 10 times greater than at the
exit breach (5 - 45 mg/L) and decreased as hydrologic residence time increased; while
VSS% increased with hydrologic residence time (up to 90% of TSS). During river-
floodplain connectivity the ratio of DOC inputs to outputs was between 0.8 and 1.2,
suggesting a transport of DOC through the floodplain. However, during hydrologic
disconnection DOC increased from 4.5 to 16 mg/L reaching the highest concentrations at
high residence time and at vegetated sites. DIN:DIP decreased during floodplain draining
from 7 to 1.5, suggesting an initial nitrogen limitation; and increased during floodplain
ponding from 1.5 to 3, suggesting a shift to phosphorous limitation as hydrologic
residence time increases. Our data demonstrate that nutrient uptake and cycling are
dependent on connectivity phase and hydrologic residence time. In addition, we
hypothesize that the microbial loop plays a larger role in floodplain biogeochemistry than
previously considered. 
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CHANGES IN SALMON SPAWNING AND REARING HABITAT ASSOCIATED WITH
CHANNEL RESTORATION 

We used the River2D two-dimensional hydraulic and habitat model to simulate chinook
salmon spawning and juvenile rearing habitat before and after restoration of stream
channel sites for a range of streamflows on the Merced River and Clear Creek, California.
For the Merced River, we collected hydraulic and structural data for four sites before and
after restoration, and extrapolated from the sites to the entire restoration reach using
habitat mapping data. For Clear Creek, we collected hydraulic and structural data for four
sites before restoration to simulate pre-restoration conditions, and used the topographic
plan for the restoration to simulate habitat after restoration. While the restoration
generally increased spawning habitat, it was less successful for rearing habitat. We show
how the results of this modeling can be used in an adaptive management framework to
change the design of restoration projects to better achieve the goals of the restoration. 
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METEOROLOGICAL DROUGHT IN CALIFORNIA AND THE GREATER WEST 

We examine meteorological drought in California in the climatic context of North
America and adjacent ocean basins. A drought index that describes the spatial extent of
dry conditions is calculated from station precipitation data at thousands of stations across
North America, but with highest station density and best quality data in the contiguous
United States. Drought years are identified at each station and for each season. The
frequency with which each year on record is identified as drought is computed and
displayed for each season. This is done for all North American stations as well as
geographically specific subsets progressively focusing on California. This allows us to
examine recent California drought history in the context of the western and entire North
America. Additionally, we examine drought for subsets of stations at high and low
altitudes of the mountainous West. The evolution of regional drought histories is then
examined in the context of climatic variability of the Pacific and Atlantic Basins as
described by dominant sea surface temperature and atmospheric pressure patterns. By
documenting and understanding regional drought – large-scale climate relationships, we
seek to gain insight into the mechanisms that cause drought in California. We aim
especially to understand the causes of the current persistent dry condition and in so doing
project the likely future evolution of California’s hydrology. 
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ABUNDANCE PATTERNS OF LANDBIRDS IN RESTORED AND REMNANT
RIPARIAN FORESTS ON THE SACRAMENTO RIVER, CALIFORNIA 

Abstract. In order to evaluate large-scale efforts to restore riparian vegetation along the
Sacramento River, we conducted systematic point count surveys of landbirds on
revegetated and remnant riparian plots from 1993 to 2003, at 27 sites along ~100 river
miles. Our specific objectives were to estimate overall population trends of landbirds,
compare abundance patterns over time on revegetated and remnant riparian forests, and
evaluate abundance in relation to restoration age (i.e., number of years since planting). Of
the 20 species examined across all sites, 11 were increasing, 1 decreasing (Lazuli
Bunting, , Passerina amoena ), and 8 showed no trend. Negative trend for Lazuli Bunting
is consistent with other information on reproductive success at Sacramento River sites
and Breeding Bird Survey results from the Central Valley. Nine species were increasing
on revegetated and remnant plots, 4 were increasing on revegetated plots but not on
remnant plots, 4 were increasing on remnant plots but not on revegetated plots, the Lazuli
Bunting was decreasing at a similar rate on both, and 2 species were stable on both. There
was no apparent guild association (e.g., foraging style) common to species with
increasing trends. Although many species were increasing at a faster rate on revegetated
plots, their abundance never reached that of remnant plots. For revegetated plots, ‘year
since restoration’ was a strong predictor for trends in abundance for 13 species: positive
for 12 species, negative for 1. We conclude that current restoration activities along the
Sacramento River appear to be successfully providing habitat for a diverse community of
landbirds and may be increasing population size of many species on remnant plots.
However, further support for research and monitoring are necessary to reveal important
information on long-term response and population viability. 
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MODELING TECHNIQUES THAT ACCOUNT FOR TRANSPORT AND DISTRIBUTED
DOSE IN ENVIRONMENTAL POPULATION DYNAMICS 

Problem statement. The exposure of aquatic organisms to anthropogenic organic
chemicals in rivers and estuaries can have significant effects on ecosystem populations,
through acute toxicity and/or chronic health effects. The response of juvenile chinook
salmon to pesticides is one such example. The impacts of such exposure are typically
characterized through dose-response models in well-mixed (laboratory) conditions, and
there is currently no formal model approach to keep track of the effects of such conditions
when components of the ecosystem (e.g., salmon, organic contaminants, pathogens) are
mobile and not well-mixed, as occurs in the real world. Approach. We introduce a new
variable for dose and show how to express classical population dynamics models in terms
of this variable, over which population density is distributed by both motion of species
and dose-response effects. In the jargon of population dynamics we introduce dose as a
structural variable. A simple and classical model of infectious disease is thus structured
on dose and applied to data from disease challenge studies involving juvenile chinook
salmon in waterways of the Pacific Northwest. Results. This modeling approach
illustrates the coupling of environmental transport of fish and of organic contaminants in
a way that allows laboratory-calibrated dose-response models to be used in the field. A
key aspect of the modelled species is that the fish population exhibits various fractions
with different levels of dose, instead of a single dose, that is induced by the dual effects of
transport and exposure. Conclusions/ Relevance. The model provides a consistent
definition of dose that successfully mimics the effect of organochemical exposure on
immune system function in juvenile salmon of the Pacific Northwest. The application
demonstrates how this model approach may be applied to San Francisco Bay ecosystems
to predict impacts of ecosystem changes on species population dynamics. 
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ELPH , MULTIPLE BARRIERS, AND DRINKING WATER QUALITY

This talk will introduce the Drinking Water Quality session with an overview of the
multiple barriers approach to drinking water quality protection and the CALFED Bay-
Delta Program Equivalent Level of Public Health Protection (ELPH) concept. The
“multiple barriers” approach to drinking water quality has been variously described but
generally includes protecting source water quality, effective treatment, and distribution
system integrity. With increased pressures on California’s water resources and increased
pressure to reduce health risk from drinking water, actions must be taken in all of these
areas to provide the “safe” drinking water that the public expects – while at the same time
achieving the other programmatic goals of the Bay-Delta Authority. The ELPH concept is
the multiple barriers approach applied to the specific circumstances of the Bay-Delta
system. The papers presented in this first CALFED Science Conference Drinking Water
Quality session reflect the program’s focus on improving our understanding of
contaminant sources and processes and advances in treatment technology. Dr. Glaze, a
member of the Bay-Delta Authority’s Independent Science Board, will give an overview
of some of the unique challenges of the Delta as a source of drinking water, how the work
to be presented in this session addresses those challenges, and a national perspective on
water quality improvement efforts in California.     
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HABITAT ASSOCIATIONS OF GRASSLAND BIRDS IN NATIVE AND EXOTIC
CALIFORNIA GRASSLANDS. 

California’s grasslands underwent a major type-conversion in the early 1800’s from
grasslands dominated by perennial bunchgrasses to grasslands dominated by exotic
annual grass species. Although the demise of California’s native grasslands has received
much attention in the last decade, differences in grassland bird use between native and
exotic grasslands has not been studied. The recent increase in grassland restoration
projects provides excellent opportunities to investigate changes in the avian community
in response to these restoration activities. I am investigating current patterns of grassland
bird use on native perennial bunchgrass, exotic annual, and restored grasslands
throughout California. Abundance of two grassland generalist species is significantly
greater during the winter months than during the breeding season. Savannah Sparrows
(Passerculus sandwichensis) and Western Meadowlarks (Sturnella neglecta) were the
most abundant grassland species throughout the winter in the Sacramento Valley.
Savannah Sparrow abundance tended to be greatest in grasslands that had a forb
component, irrespective of grassland type. No clear patterns were observed for Western
Meadowlarks with respect to grassland type, however clear patterns emerged with respect
to grassland structure.   Western Grasshopper Sparrows (Ammodramus savannarum
perpallidus), a grassland specialist species, were consistently more abundant in perennial
bunchgrass grasslands than in grasslands dominated by exotic annual grasses during the
winter, and breeding territories occurred exclusively in native or restored grasslands.
Grass species composition used in restoration projects and grassland management can
influence the avian community using restored grasslands.
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ADDRESSING ENVIRONMENTAL JUSTICE CONCERNS IN SCIENTIFIC
ENVIRONMENTAL POLICY DISCOURSES 

In 2001, the Governor and legislature called for the Department of Health Services, in
cooperation with California Environmental Protection Agency and the University of
California to establish a working group of technical experts to devise possible approaches
to establish a reliable environmental health surveillance system in California. One central
issue identified by the Expert Working Group was the role of disproportionately impacted
communities in the establishment, operation and evaluation of a highly technical tracking
system. This issue highlights the role of the public in a highly technical, data driven effort
and specifically focuses on the role of Environmental Justice populations and identifies
their stake and possible roles in the public policy process.  The Legislature, in
establishing the Expert Working Group, explicitly mandated the inclusion of
Environmental Justice perspectives in the formative stage of the effort.  The resultant
findings of the Expert Working Group were released in a final report in February 2004.
The recommendations include the role of an open public policy process in establishing a
highly technical health tracking system and the involvement of the Environmental Justice
communities.  This open process should also include the availability of technical data in
forms which are culturally appropriate and accessible to the lay person, as well as the
inclusion of the many Environmental Justice communities that are engaged in
participatory research projects to determine the nature, extent and impacts of toxic
pollution on their populations.  The CALFED Bay-Delta Program’s goals and efforts
have encountered similar concerns and have attempted to identify, involve and address
Environmental Justice concerns in a frequently highly technical and scientifically driven
process and the experience gained by the Expert Working Group may provide insights
useful to the CALFED Bay-Delta Program management needs.
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RAPID ANALYSIS OF SALT EXUDATES FROM MARSH PLANTS: IMPLICATIONS TO
ECOTOXICITY AND BIOAVAILABILITY. 

Vascular plants can profoundly alter bioavailability of sediment toxic metals through bio-
conduits of transport which CalFed needs to consider. Described is a combined chemical-
biological approach to toxic metal bioavailability assessment from coastal soils, in two
steps. First, salts exuded by two species of estuarine marsh grasses, Distichlis spicata (salt
grass) and Spartina sp. (cord grass), are simply and rapidly sampled and analyzed by
ICPMS. Second, toxicity of the salts are assayed with sea urchin embryos which exhibit
abnormal development and are highly sensitive to environmental contaminants. We have
also used the metals content of the leaf exudates to survey several coastal marshes in
California. Metals eluted from rhizospheric soil associated with the plant were analyzed
in parallel. The two sets of data revealed dramatic variations in element bioavailability to
plants, greatly aiding CalFed’s need to assess existing and planned wetlands and their
impacts. Moreover, we conducted experiments with Spartina in sand culture with added
cadmium (Cd) with the goal of understanding the process physiologically. We have
experimentally exposed Spartina to levels of Cd representative of levels found in coastal
California salt marshes. Leaf exudates were collected at three time points during the six
week Cd exposure. The bioavailability and ecotoxicity of the exuded metals was
investigated using an ecologically sensitive model organism: the sea urchin. As with
CalFed, the land and sea are connected: the ability of Spartina to mobilize metals within
the rhizosphere can negatively impact the development of sea urchins.
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SPATIAL ORGANIZATION IN A PACIFIC SALT MARSH FOOD WEB:
IMPLICATIONS FOR TROPHIC TRANSFERS BETWEEN HABITATS 

Salt marshes along the Atlantic and Gulf coasts have been well studied, while those on
the Pacific, which have quite different physical and ecological characteristics, are poorly
known. We used stable isotopes of carbon and nitrogen to investigate the trophic ecology
of a San Francisco Bay tidal marsh to determine how the food web was organized during
the summer season of high productivity. Our approach was to use the isotopic signals of
primary consumers to integrate the complex primary producer inputs. We sampled top
resident consumers in the most terrestrial (high marsh) and most aquatic (tidal channel)
habitats to study trophic transfers across the elevation gradient. We hypothesized that
during this time of greatest extremes in tides, trophic transfers between the high marsh
and tidal channels would be large. On the contrary, we found that the food web was
spatially organized, with separate compartments in different marsh habitats. We found
little evidence for significant use of high marsh productivity by resident fish or of tidal
channel productivity by resident birds. We suspect that the compartmentalization of the
salt marsh food web may vary depending on the elevation of the marsh plain. These
results are compared to food web models from eastern USA marshes, and the
implications for invasion by hybrid Spartina, movement of contaminants, and wildlife
conservation are discussed.
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DIFFERENCES IN SOIL QUALITY AND PLANT CHARACTERISTICS AMONG
RESTORED AND NON-RESTORED SITES USING NATIVE PERENNIAL GRASSES 

Restoration of native perennial grasses into California grasslands dominated by non-
native and invasive weed species is desirable to improve rangeland productivity and
health. Research plots were established at four locations: two sites had no native grass
species present (AGR), one was sown with native grasses in 2002 (NPGR), and another
in 1992 (EPGR). Changes in plant species composition, plant biomass, and selected soil
quality and plant growth characteristics were determined. The species sown at NPGR
were Nassella pulchra, N. lepida, Elymus glaucus, Bromus carinatus, and Melica
californica, and at EPGR was N. pulchra, E. glaucus, Hordeum brachyantherum, and Poa
secunda. After one year, N. pulchra (5% cover) was the only species present at NPGR and
at EPGR, only N. pulchra (41% cover), E. glaucus (3% cover), and H. brachyantherum
(2% cover). At EPGR, P. secunda failed to establish and H. brachyantherum showed
weak persistence 3 to 4 years following establishment. In 2003, NPGR produced the
greatest aboveground biomass, 7.4 tons/ac, compared to 5.3 tons/ac for EPGR and 4.3
tons/ac for AGR. Only half as much biomass was produced in 2002, a drier year, but
relative proportions remained the same among the sites. Early season plant growth and
possibly soil and plant factors associated with planting contributed to higher stand
biomass production at NPGR and EPGR, compared to AGR. Differences in observed soil
quality parameters among treatments will be discussed. If restoration of native perennial
grass species is to succeed under California dryland conditions, improvements in plant
establishment and persistence must be developed. 
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HYDRAULIC MODELING TO DESIGN FLOOD-NEUTRAL RIPARIAN
REVEGETATION PLANTINGS 

The large rivers below dams in California are also designated floodways that must move
floodwaters efficiently. On these rivers, floodways are also the only place that physical
river processes still operate, albeit modified by the timing of releases from the dam. Thus,
in order to meet CALFED’s Ecosystem Restoration Program goals, riparian restoration
that will result in quality biological habitat, must take place in the designated floodway.
The challenge of designing a revegetation project within a designated floodway is one of
not impeding the flows (thereby causing any increase in the river surface elevation), and
not redirecting the flow such that flood-control structures are compromised during flood
events.      

Two-dimensional hydraulic modeling is a planning tool that can help design revegetation
plantings that will actually assist in flood-damage control. Using the O’Connor Lakes
(DFG) restoration project on the Feather River as an example, we will show how the
planting design was laid out using the information about water surface elevation and
water velocity generated by the model under different planting layouts. For example,
altering the species composition from trees to low shrubs at one bend in the river changed
flow patterns such that high velocity flows were directed to the center of the channel and
away from levees. 

Floodway soils are rich, productive substrates. Invasive non-native weeds will rapidly
colonize any non-vegetated surface. Current floodway management of invasive weeds,
such as Arundo, Tree-of-heaven, Salt-cedar, and pepperweed, is a costly exercise that
must be repeated every few years to be effective. Furthermore, invasive exotic plant
species provide low-value wildlife habitat. A revegetation design based upon two-
dimensional modeling can be used to design flood-friendly wildlife habitat, while
reducing floodway maintenance costs.
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Grosholz*, E. D. (1), E. Gallo (1), A. Mueller-Solger (2), A. Welch (1), C. Jannusch (1),
S. Kwok (1). (1) University of California, Davis, CA 95616, (2) Department of Water
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RESTORING THE COSUMNES RIVER FLOODPLAIN: HOW OFTEN SHOULD IT
FLOOD AND WHAT CONSTITUTES SUCCESS? 

River floodplains are ecologically important, but vanishingly rare habitats in California,
and are, therefore, important targets for restoration. We studied the spatial and temporal
dynamics of flooding over the past three years on the Cosumnes River Floodplain and
how this has influenced planktonic food webs. Our results indicate that zooplankton
biomass is generally highest approximately 3 weeks after disconnection of the floodplain
from the main river channel. This result appears to be independent of both the time of
year and the magnitude of flooding. Declines in biomass after 3 weeks are the result of a
seasonally dependent mix of nutrient limitation of phytoplankton growth and fish
predation on zooplankton. Our results also raise the issue of whether simply maximizing
biomass of lower trophic levels is an appropriate measure of ecosystem function. We
review the measures of ecological function used in various systems and examine how
appropriate these are for use in floodplain systems. We also evaluate criteria used to
measure ecosystem function and restoration success in other of floodplain systems. We
discuss our results in light of various criteria for restoration success.
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PHYSICAL AND ECOLOGICAL CHARACTERISTICS OF THE HISTORICAL
BAYLANDS OF SOUTH SAN FRANCISCO BAY 

The reclamation of South San Francisco Bay's tidal marshlands during the 19th and 20th
centuries has resulted in little living memory of how these systems looked and functioned
under more natural conditions. Substantial information can often be recovered from
historical materials, but this approach can be hindered by the difficulty of converting such
data into an accurate, GIS-based dataset. While previous work by SFEI used early records
to establish the historical boundaries of tidal marshes and large sloughs, the work
presented here establishes for the first time a detailed picture of the historical tidal marsh
channel network of the South Bay. We converted nine historical maps by the United
States Coast Survey (“T-sheets”) into GIS coverages by developing new methodologies
for georectifying and the vectorizing the line detail of the original T-sheets. This new
detail provides an accurate basis for identifying previously hidden causes for such
concerns as local levee weakness, differential subsidence, and subterranean contaminant
flows for diked and filled baylands. This dataset will also provide a basis to analyze
whole tidal marsh channel systems and regional ponding patterns as templates for marsh
restoration. Further analysis of this new dataset will yield valuable information about
subregional patterns in South Bay tidal hydrology, changes in shoreline position, and
technical specifications for restoration design. Many of these methodologies can be
applied to inform restoration in other parts of the Bay-Delta.
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FOOD RESOURCES FOR CALANOID COPEPODS IN THE SACRAMENTO-SAN
JOAQUIN RIVER DELTA, CA. 

The Sacramento-San Joaquin River Delta is a varied expanse of tidal freshwater habitats
including channels and flooded islands. Within the Delta, various native and harvestable
fish species and their food resources, such as zooplankton, are in decline. The reasons for
many of these losses are uncertain, but may be linked to changes in food resources for the
zooplankton community. Calanoid copepods, including Pseudodiaptomus forbesi and
Eurytemora affinis, are an important food source for fish in the Delta. Monitoring data
shows seasonal and spatial variations in the abundance and distribution of these copepods
among Delta habitats. We assessed the quality of the available food by measuring
nutritional indicators such as seston fatty acid composition. Laboratory experiments
found significant differences in grazing rates on seston collected from different Delta
habitat types. We also observed differences in the egg production rates of copepods
feeding on seston from various habitats. We conclude that there are significant
differences in food quality and quantity for calanoid copepods among different Delta
habitats that may affect population dynamics. 
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VERNALIS ADAPTIVE MANGEMENT PLAN (VAMP) - 2000 THROUGH 2004 

In addition to providing improved protection for juvenile Chinook salmon migrating from
the San Joaquin River system, specific experimental objectives of VAMP include
quantification of juvenile salmon smolt survival under a set of six San Joaquin River flow
rates (3,200 to 7,000 cfs) and SWP/CVP export rates (1,500 to 3,000 cfs). 

Absolute survival estimates are calculated and used to evaluate relationships between
salmon survival and each combination of flow and export rates. Results of the salmon
survival studies suggest a general trend in which survival improves as San Joaquin River
flows increase and as the ratio between SWP/CVP exports and San Joaquin River flow
decreases. These relationships, based on data between 2000 and 2004, however, are not
statistically significant. Hydrologic conditions occurring within the San Joaquin River
watershed between 2000 and 2004 have limited the experimental flow conditions to a
relatively narrow range. Further tests, using the combination of higher San Joaquin River
flow rates and two different levels of export rates, are needed to evaluate the respective
roles of San Joaquin River flow and SWP/CVP exports on juvenile Chinook salmon
smolt survival. 

Results of salmon migration monitoring in the San Joaquin River at Mossdale have
shown that approximately 75 - 85% of the juvenile Chinook salmon smolts migrate
downstream from the San Joaquin River tributaries during the VAMP period and were,
therefore protected by increased San Joaquin River flows, installation of the Head of Old
River Barrier, and decreased export rates. The VAMP program provides improved
protection for juvenile salmon when compared to "without-VAMP" conditions. 

The VAMP program has also demonstrated the value of an interdisciplinary approach,
integrating fisheries and hydrology adaptively in response to current environmental
conditions, in providing protection while experimenting to define and improve protection
in the future. 
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Harader*, S., California Bay-Delta Authority, Sacramento, CA 95814
sharader@calwater.ca.gov 

INTEGRATING SCIENCE AND MANAGEMENT IN THE CBDA DRINKING WATER
QUALITY PROGRAM 

This is one of a series of brief opening panel presentations for a proposed Drinking Water
Quality session. It will give an overview of science in the CALFED Drinking Water
Quality Program. 

Water quality is an inherently scientific part of the program. We can say little about
drinking water quality without the benefit of laboratory and field measurements and an
understanding of the human health implications of these results. From the start, the
program has been shaped by water managers, scientists, and stakeholders. This input has
focused program efforts in four broad technical areas; source improvement, water
management, treatment technology, and monitoring with the ultimate goal of improving
water quality at the tap. 

The overall CALFED program investment in science projects related to drinking water
quality is more than $80 million. The CALFED program (including the CALFED
agencies) has funded: 

• Four projects investigating application of advanced treatment technology to
Sacramento-San Joaquin Delta waters 

• Eleven monitoring projects 

• Forty eight source investigation/improvement projects (including water management) 

Beyond funding projects, one of the most important program functions is facilitating
communication between scientists, managers, and the public. This has been accomplished
(working with the CALFED Science Program) through science boards, workshops,
committees, white papers, conferences, publications, and proposal solicitations. The
Drinking Water Subcommittee of the Bay-Delta Public Advisory Committee has
frequently been a forum for presenting science information to water managers. 
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The program is just beginning to see the results of its investments this year but we are
already seeing some interesting and important results. Significant progress has been made
in understanding the potential for treatment to address the unique challenges of Delta
water and we have gained a new awareness of the potential for conveyance actions to
improve drinking water quality.
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Harris*, M.H. Western Shasta Resource Conservation District (WSRCD) 6270 parallel
roadAnderson CA. 96096 michael@westernshastarcd.org 

MEETING THE GOALS OF ECOSYSTEM RESTORATION: A BALANCING ACT 

The CALFED mission of restoration of ecosystem health and the primary objective of
ecosystem quality provides a challenge for managers and restoration teams working in the
Bay Delta system. The CALFED funded Lower Clear Creek Floodway Rehabilitation
Project is restoring a 1.8 mile long section of the most heavily degraded stream corridor
using an ecosystem approach. Lower Clear Creek contains spring, fall, and late fall
chinook salmon, and Central Valley steelhead, and is the last major tributary available for
anadromous fish below Shasta and Keswick Dams on the Sacramento River. Large scale
disruption to the stream corridor and uplands has occurred as a result of historic gold and
in-channel gravel mining and Whiskeytown Dam. Using an ecosystem approach to
restoration on Lower Clear Creek has created challenging management decisions
regarding the desires of multiple scientific disciplines to create a balanced working
ecological environment while staying within the regulations outlined in the permitting
process. The problems in creating this balance manifest itself during design and through
post construction monitoring. Desired restoration outcomes such as increased riparian
vegetation for riparian wildlife species and meeting permit requirements may directly
contradict the desire to reduce vegetation encroachment on the channel and
geomorphologic goals. Floodplain topographical features including scour channel
creation that supports the recruitment of native vegetation versus potential fish stranding
issues. By developing adaptively managed and designed projects to be implemented in
stages,with each new stage developed based on monitoring and evaluation of project
performance, the goals of multiple disciplines within an ecosystem restoration are likely
to be obtained. However, even within such projects there has to be prioritization of goals
and objectives defining the outcomes for restoration within the ecosystem.
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LEVEES, VEGETATION AND HABITAT IN THE SACRAMENTO - SAN JOAQUIN
DELTA -- CAN THEY COEXIST? 

The existence of habitat on levees is often considered problematic to local reclamation
districts, State and Federal Agencies charged with maintenance of floodways. While
plants are recognized by resource agencies as integral for wildlife habitat, the role of
vegetation in erosion protection and levee stability is under appreciated. Of the
approximately 1,100 linear miles of levees in the Delta, more than 90% are covered with
rock revetment of which most support sparse habitat value. This paper draws on CalFed
sponsored research and levee habitat restoration projects, literature surveys, field
observations and interviews with floodway mangers at numerous locations within the
Sacramento – San Joaquin Delta. Several avenues are explored: plant size and
architecture; root systems of different plant groups; use of biotechnical bank protection
methods; vegetation in rock revetment; weed and vegetation management, including
herbicide application and grazing; levee size and allowable planting; and mechanisms of
erosion and levee failure. Several conclusions and suggestions are made: 1) biotechnical
bank protection can be effectively used in some but not all levee environments; 2) smaller
sized trees, shrubs and rhizomatous herbaceous plants provide greater levee stability than
either large sized trees alone or levee environments with no vegetation; 3) the
combination of rock revetment and vegetation may provide greater levee stability than a)
levees with no revetment and certain kinds of vegetation or b) levees with no vegetation;
and, 3) Current vegetation management on levees – exclusively using herbicides or
grazing animals - may be more costly and less effective over the long run than the
development of sustainable and desirable vegetation.
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EFFECTS OF A CONTROLLED WATER RELEASE ON WATER QUALITY IN THE
MOKELUMNE RIVER, CALIFORNIA 

Managed water releases from reservoirs (i.e., controlled flood events) help to restore
impounded rivers to more “natural” ecological conditions. Periodic high discharge can
remove fine sediments and algae from spawning gravels, mobilize gravel bars, and clear
brush encroaching from the stream banks. The effects of a managed release event on
water quality were investigated on the lower Mokelumne River in the western Sierra
Nevada, central California. Discharge varied from 440 to 2000 cfs over the 11 day
release. Four automatic pump samplers were placed along a 55 km stretch of the
Mokelumne River below Camanche Dam: 0.7, 16.4, 37.4, 54.4 km below the dam. One
sampling site was immediately below Lake Lodi, a small reservoir 36 km downstream of
the dam. Water was collected over the 12 day release and was analyzed for total
suspended solids (TSS), total nitrogen, ammonium (NH4-N), nitrate (NO3-N), total
phosphorus, soluble reactive ortho-phosphate (PO4-P), DOC, chlorophyll, and selected
pathogens. The chemograph of the rising limb exhibited spikes in TSS, total N, total P,
dissolved nutrients, DOC, chlorophyll, and fecal coliforms. Due to the attenuation of the
flood wave as it moved downstream similar trends with respect to the upper site were
observed at the lower sites but with less pronounced concentration spikes. The two
unimpounded reaches, between 0.7 and 16 km and between 37.4 and 54.4 km, were
found to be sources of TSS, TN, DOC, and TP and sinks for dissolved nutrients NO3-N,
NH4-N, and PO4-P. Lake Lodi acted as a sink for TSS, TN, DOC, and TP and as a source
for dissolved nutrients NO3-N, NH4-N, and PO4-P. These trends allow for a thorough
characterization of lotic and lentic system response to increased discharge.
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VARIABILITY OF AGRICULTURAL WATER DEMANDS AS CONTAINED IN
POTENTIAL EVAPOTRANSPIRATION ESTIMATES FROM THE CIMIS SYSTEM. 

The objectives of this study are to 1) determine the spatial and temporal variability of
daily potential evapotranspiration (ETo) estimates (1990 to 2002) and related
meteorological variables from a set of stations from the California Irrigation Management
System (CIMIS), 2) to determine atmospheric circulations associated with ETo variability
and 3) to use this information to provide insights about the effects of climate change in
these variables. The data was analyzed using several types of statistical analyses. Results
showed that daily ETo anomalies are strongly correlated with net radiation (Rn)
anomalies, relative humidity (RH) and cloud cover, and less with average daily
temperature (Tavg). The highest intraseasonal variability of ETo daily anomalies occurs
during the spring. A shared circulation pattern is associated with anomalies of ETo and its
driving meteorological inputs, Rn, RH and Tavg at daily to seasonal time-scales. This
pattern is dominated by 700 hPa geopotential high anomalies over a region off the west
coast of North America, approximately between 32 and 44 degrees latitude, referred as
the California Pressure Anomaly (CPA). High (low) cloudiness and lower (higher) than
normal ETo are associated with the low (high) height phase of the CPA pattern. It was
estimated that a potential uniform increase in Tavg of 3oC such as the one projected over
the next several decades from climate change (with no change in the other variables),
would increase the annual ETo totals in around 6%. Conversely, a decrease of 10% in Rn
(with no change in other variables) would decrease the annual ETo totals in more than
8%. This research is relevant to the objectives to the Bay-Delta Program, as it is directly
related to current and future agricultural water use in the Central Valley, one of the key
factors affecting the environment of the San Francisco Bay and estuary.
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SPATIAL ANALYSIS OF SEDIMENT AGES IN NORTH SAN FRANCISCO BAY 

Anthropogenic contaminants entering an estuary tend to be stored in bay sediments where
they can persist long after the source of contamination has been identified and removed.
The fate of these legacy contaminants (and the fate of overall sediment quality) is largely
determined by sediment dynamics in the periods following contaminant input.
Subsequent deposition of cleaner sediments reduces the interaction between contaminated
sediments and the water column. However, contaminated sediments can be remobilized
by erosional processes or dredging. 

We present a GIS tool designed to assist environmental managers in addressing concerns
regarding the remobilization of buried sediments. By modeling the spatial distribution
and depositional history of recent sediments in the estuary, the tool can be used to analyze
a time series of bathymetric surfaces to provide insight into potential hazards from stored
contaminants. 

This approach utilizes raster surface models derived from historical hydrographic survey
data to analyze decadal-scale patterns of sedimentation and erosion. The sediment
gains/losses throughout the historic record are synthesized to reconstruct depositional
horizons. Preliminary applications of this approach include: mapping the spatial
distribution and depth of sediments deposited during periods of high contaminant input,
mapping the age of near surface sediments, and predicting the stratigraphy of a core
sample for a given geographic location. 

Model results for San Pablo and Suisun Bays are highlighted to illustrate the potential
remobilization of hydraulic mining debris. Approximately 400 million cubic meters of
mining debris (associated with elevated mercury levels) were deposited in North San
Francisco Bay during the 1800s. The model reveals that about half of this deposition
remains on the bay floor. Analyzing the spatial distribution of these sediments can aid in
assessing the degree to which this layer affects sediment quality. Model results are
evaluated with comparisons to sediment ages derived from radioisotope profiles.
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GEOMORPHIC AND GEOLOGIC MAPPING FOR RESTORATION PLANNING,
SACRAMENTO-SAN JOAQUIN DELTA REGION 

Our ongoing study consists of GIS-based geologic and geomorphic mapping that
delineates the distribution and composition of deposits of the lower Sacramento River,
including historic floodplains adjacent to the active confined flood channel. This mapping
is intended to provide the geomorphic and geologic framework necessary for; (1)
floodplain restoration, (2) evaluation of selective levee breaching, and, (3) planning for
set-back levee construction on the lower Sacramento River. Our research provides a
record of long-term changes along the lower Sacramento River that have shaped current
conditions. Our maps, covering nine USGS quadrangles from Courtland to Rio Vista,
identify geomorphic landforms along the river and associated sediments, including older,
denser sediments that are stable foundations for set back levees. We are interpreting the
mapped distribution of geologic deposits to characterize the composition of foundation
conditions beneath man-made levees along the lower Sacramento River and possible
historical sources of materials used to construct older levees. These data are needed for
evaluation of the relative susceptibility of the levees, and underlying deposits, to failure
during large flood events and earthquakes. In addition, our mapping shows the
distribution of remnant sediments from historic hydraulic mining that washed
downstream into river floodplains during the 19th century. These historic sediments, with
potentially high mercury contents, currently are stored along the margins of, and within
historic floodplains of, the Sacramento River, and are separated from the current river
system by the modern levee system. Identification of these historic deposits is vital to
preventing remobilization of mercury into the San Francisco Bay during future flood
events or reconfigurations of the river system.
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USE OF OTOLITH CHEMISTRY TO DETERMINE NATAL SOURCES FOR DELTA
SMELT IN THE SFE. 

The delta smelt (hypomesus transpacificus) is a small osmerid fish, endemic to the San
Francisco Estuary, USA. In the early 1980’s the delta smelt population declined
dramatically resulting in its listing as a threatened species under the Federal and State
Endangered Species Acts in 1992.  Investigations into the decline have revealed many
potential factors that may be leading to poor recruitment success. Several of these factors
operate at specific locations, (e.g. water export mortality, predation). In this study we
quantified the strontium isotope ratios with LA-MC-ICPMS and trace elemental ratios
using Laser Ablation-Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) near
the core of larval otoliths from potential natal habitats, as well as for individuals that have
successfully recruited to the adult stage. The strontium isotopes successfully identified
five regions within the SFE were delta smelt rear, however only two sources were
prevalent for adult delta smelt, suggesting considerable spatial variability in recruitment
success. Moreover, growth rates during the larval stage exhibited considerable variability,
and were related to natal site. This result suggests there may be a considerable spatial
component to growth and mortality, with several spawning areas acting as sink habitats.
Understanding the apparent spatial component of recruitment success may provide key
insights for guiding conservation and restoration efforts for the delta smelt population. 
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MODELING THE CANARY: HOW DO WE ASSESS POPULATION VIABILITY FOR
THE THREATENED DELTA SMELT? 

To understand various natural and anthropogenic effects on the delta smelt population,
especially the potential impacts of water export operations, it is necessary to develop
quantitative models. Population viability analysis (PVA) offers a broad suite of
quantitative methods, including stage-structured population models that can bring a
variety of data sources into a common context to predict the likely future status as well as
guide our understanding of multiple influences on the population. PVA, however, has
been under-utilized as a tool for delta smelt management. We use recently developed
delta smelt abundance estimates with traditional abundance indices to estimate key life-
history parameters. Cumulative distribution functions (CDF) indicate that the population
has a significant potential to fall below designated quasi-extinction thresholds over the
next decade. Stage-structured models suggest that the environment drives a major portion
of the extreme variation in abundance exhibited by this primarily annual species.
Elasticities from the models also suggest that juvenile-to-adult survival is a key life stage.
These analyses use new methods, viability metrics, and distinct assumptions, but support
similar results from previous stock-recruitment and statistical analysis. Further
development within this quantitative modeling framework will integrate new scientific
understanding and eventually may help managers to assess the relative impacts of water
export operations and guide effective policy.
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PARTICLE-SIZE DISTRIBUTION AND MERCURY GEOCHEMISTRY OF SEDIMENTS
AFFECTED BY LARGE-SCALE GOLD DREDGING, YUBA RIVER, CALIFORNIA 

Several hundred thousand cubic meters of hydraulic mining debris and dredge tailings,
potentially contaminated with mercury and other trace metals, are trapped behind
Daguerre Point Dam in the lower Yuba River. Management alternatives ranging from
dam modification to removal are being considered to improve conditions for the passage
of anadromous fish.  Potential impacts from disturbance of contaminated sediments are of
concern.

This USGS study evaluated sediments from drilling at six locations upstream of Daguerre
Point Dam.  Samples were divided into size fractions that were analyzed for total mercury
(Hg), methylmercury (MeHg), other trace metals, and particle-size distribution. Potential
rates of Hg methylation and demethylation were evaluated using radiotracer methods on
the < 2-millimeter size fraction.  Scanning electron microscopy was used to determine the
distribution of elemental Hg and gold-mercury amalgam. 

Concentrations of Hg ranged from 6.8 to 1,100 ng/g (nanograms per gram). Mercury and
amalgam were observed on gold grain surfaces. Spherules of liquid Hg up to 6
micrometers in diameter were associated with fine-grained aluminosilicate and iron-
oxide minerals. Concentrations of MeHg ranged from < 0.001 ng/g to 0.611 ng/g in
samples of the clay-silt size fraction.  Laboratory rates of mercury-methylation potential
were generally low, ranging from < 0.15 to 1.57 ng/g/d (nanogram per gram of dry
sediment per day).  Mercury-demethylation potential rates were moderately high, ranging
from 1.0 to 2.2 ng/g/d. Concentrations of arsenic, chromium, copper, lead, mercury,
nickel, and zinc are of potential concern with regard to ecological toxicity. 

Mercury concentrations were higher in the finer size fractions. Although MeHg
concentrations were low, Hg released from fine-grained sediments behind Daguerre Point
Dam could methylate in downstream environments. Results of this study will be used by
local, state, and federal agencies responsible for assessing the potential risks associated
with mobilizing sediments in conjunction with fish passage improvement projects.
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USING THE EWA TO PROTECT DELTA SMELT: DO THE “SHOULDERS ON VAMP”
MAKE A DIFFERENCE? 

The delta smelt (Hypomesus transpacificus) is an annual species endemic to the San
Francisco Estuary. It is listed as a threatened species under the Federal and State
Endangered Species acts due to reduced abundance and continuing threats to its
existence. Direct entrainment of young delta smelt into waters exported from the
Sacramento-San Joaquin Delta is considered a major threat to the species. 

Since 2001, the Environmental Water Account (EWA) has been used to protect delta
smelt from entrainment by curtailing State and Federal water project exports at specific
times. Between 2001 and 2003, approximately 437.9 million-m3 (355,000 acre-feet) of
EWA water was used to protect delta smelt from entrainment in the last two weeks of
May. This application of EWA water is called the “shoulders on VAMP” because it
extends the one-month curtailment of Delta exports undertaken as part of the Vernalis
Adaptive Management Plan (VAMP). 

Assessing the results of EWA actions is critical to maximizing the potential protection
afforded by this limited water supply. I examined water project operations, fish salvage,
and environmental conditions before, during, and after the shoulders on VAMP to
elucidate the level of protection provided to delta smelt. The number of delta smelt
collected at fish salvage facilities is the only method available to estimate entrainment.
Fish salvage between 2001 and 2003 shows a substantial numbers of young delta smelt
are collected at the State water project during the shoulders on VAMP. Water temperature
and the particular configuration of the State water project facilities appear to be important
in initiating abrupt increases in the collection of delta smelt. If correct, these analyses
suggest the shoulders on VAMP has provided limited protection to delta smelt. Using
water temperatures to predict spawning events and curtailing water project exports soon
after spawning might provide more protection. 
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Israel*, J.A. and B.P. May. Genomic Variation Laboratory, Department of
AnimalScience, University of California, Davis, CA 95616. jaisrael@ucdavis.edu 

IS THE SACRAMENTO RIVER THE SOURCE OF GREEN STURGEON
AGGREGATING IN SAN PABLO BAY? 

Green sturgeon (Acipenser medirostris) have three known breeding populations along the
western North American coast. The Klamath River and Rogue River stocks are
designated the Northern distinct population segment, and the single spawning stock in the
Sacramento River is considered the Southern distinct population segment. The
abundance, productivity, and life history diversity of this Southern population is
unknown. Green sturgeon are considered a Candidate Species by NOAA-Fisheries, and
on the Sacramento River they are classified as a CALFED At-Risk Species (Priority
Group I). During the summer, these anadromous fish aggregate as subadults and non-
spawning adults in coastal estuaries and the natal origins of these fish is unknown. Green
sturgeon return to their natal rivers to spawn after 20 years of marine residence. Mark-
recapture studies have not clarified the relationship of San Pablo Bay fish to reproducing
populations in California, although an occasional recapture from tagging studies and
genetic data suggest a distal connection between green sturgeon concentrations in San
Pablo Bay and the Columbia River and Willapa Bay. We used microsatellite DNA
markers and assignment testing procedures to determine the relationship between green
sturgeon larvae captured at Red Bluff Diversion Dam and those oversummering in San
Pablo Bay. This research provides new information on the geographic relationship among
green sturgeon for consideration by managers assessing impacts to populations occurring
outside of their natal rivers. These impacts, principally fishing, on migratory Southern
green sturgeon in locations outside the CALFED management area may be critical to
conserving this unique stock.
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Ivey*, G. L. (1), C. P. Herziger (2). (1) PO Box 2213, Corvallis, OR 97339. (2) 5929
Normar Place, Blaine, WA 98230. ivey@oregonvos.net 

ASSESSMENT OF SANDHILL CRANE ECOLOGY IN THE SACRAMENTO-SAN
JOAQUIN DELTA, CALIFORNIA, 2002-03. 

A study of wintering sandhill crane (Grus canadensis) ecology was conducted in 2002-03
in the Sacramento-San Joaquin Delta (Delta), with Staten Island (Staten) being the focus.
This project was funded by a CALFED grant to The Nature Conservancy to address the
problem of defining conservation needs for cranes, including the state-threatened greater
subspecies ( G. c. tabida ). Research was conducted through intensive surveys of crane
foraging and roosting behavior. 

Staten supported approximately 15% of the Pacific Flyway greater population, 36% of all
crane foraging use in the Delta through the entire winter, and 53% for the core period
(November-January). Use of crops shifted in response to availability, with high
preference for wheat, while corn was the most important crop through the entire winter.
Winter home ranges of greaters averaged less than one square mile; and some marked
individuals have been using the same site for at least 18 years. Flight distances from roost
sites to foraging areas also averaged less than one mile. In contrast, lesser sandhill cranes
( G. c. canadensis ) had much larger winter ranges and foraged further from roost sites. 

Traditional crane wintering areas such as the Delta are vital to the welfare of cranes.
Staten has increased in importance, while habitat loss continues to occur at other sites.
Further decline of crane habitat could result in population-level effects, and because
relevant findings in our study indicate small winter home ranges and strong site fidelity,
very local habitat mitigation would be necessary to minimize these impacts. Other results
demonstrate that crane welfare could be enhanced by provision of crane-compatible crops
and roost sites in close proximity, implementing crane-friendly agricultural practices, and
minimizing disturbance.
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Jacobs,K.C.(1),V*. Connor(2),(1) DWR 3251 "S" St Sacramento CA 95816.(2) SWRCB
1001 "I" St. Sacramento CA 95812. kjacobs@water.ca.gov 

DATA MANAGEMENT AND SHARING INFRASTRUCTURE 

Many groups working on problems in the San Francisco Bay Delta and its tributaries,
including multiple governmental agencies and academic, private, and stakeholder entities,
collect large amounts of environmental data. Sharing these data facilitates a
comprehensive understanding of the status and trends of environmental problems and
their processes and mechanisms, and helps guide adaptive management of natural
resources in the estuary and its watersheds.     Rapid and effective information sharing
necessitates that data be easily and seamlessly stored, integrated, versioned and
distributed to data users for analyses including GIS and modeling. However, much
environmental data still exists in diverse formats in different databases that are not
compatible with each other and may be difficult to access. 

The goal of the California Environmental Data Exchange Network (CEDEN) is to
promote collaboration and interaction among data providers. CEDEN provides data
management and sharing infrastructure using a combination of three major components: 

• Data architecture; 

• Standards; and 

• Applications 

Data architecture includes a distributed network of data sets, which, in most cases, reside
with the groups that collect and share them with others by linking their data to the
network. Data architecture for CEDEN is provided, in most cases by the Bay/Delta and
Tributaries Cooperative Data Management System (BDAT) and the groups that work
with it. 

Data standards include naming conventions for monitored attributes and objects and an
agreed upon set of dependencies. Standards are being developed, as a work in progress,
by the Surface Water Ambient Monitoring Program (SWAMP). 
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Special software applications provide comprehensive analysis to users once data from
multiple sources are consolidated into one place and format, such as in BDAT. This
availability and convenience greatly facilitates more rapid and comprehensive data
analyses, which, in turn, improve our understanding of environmental problems and their
solutions. 
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Pacific Science Center, 400 Natural Bridges Drive, Santa Cruz, CA, 95060. (2) U.S.
Geological Survey, 345 Middlefield, MS 946, Menlo Park, CA, 94025. bjaffe@usgs.gov 

SEDIMENT SUPPLY CONTROL ON INTERTIDAL MUDFLAT AND SUBTIDAL
HABITATS IN NORTH SAN FRANCISCO BAY 

Sediment delivery from the Sacramento and San Joaquin Rivers and associated Delta
complex exerts a primary control on the distribution and extent of intertidal and subtidal
habitats in northern San Francisco Bay. Human activities have altered the pre-settlement
sediment delivery rate, and, as a consequence, changed habitats and related ecosystems.
In the middle to late 1800s, hydraulic gold mining in the Sierra Nevada greatly increased
sediment supply to the North Bay. From 1856 to 1887, high sediment delivery (14.1 x 106

m3/yr) to San Francisco Bay during the hydraulic-gold- mining period created new
intertidal mudflats and decreased shallow subtidal habitat in San Pablo Bay. Intertidal
mudflat area increased 60%, from 37.4 ± 3.4 km2 in 1856 to 60.6 ± 6.2 km2 in 1887. In
the 1900s, damming of rivers and riverbank protection resulted in a reduced sediment
supply. From 1951 to 1983, sediment delivery from the Sacramento and San Joaquin
Rivers decreased to 2.8 x 106 m3 /yr resulting in a loss of intertidal mudflats and a gain of
shallow subtidal habitat. By 1983, intertidal mudflat area had decreased to 31.8 ± 3.9 km2

, an area similar to that in 1856. Intertidal mudflat distribution in 1983, however, was
fairly uniform throughout the bay whereas most of the intertidal mudflats were in the
western part of San Pablo Bay in 1856. Future changes to the flow/sediment system that
alter sediment delivery to the North Bay will result in a change in the extent and
distribution of intertidal mudflat and subtidal habitats.
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Jin*,J. (1) and N.L. Miller (1)(1) UC-Berkeley National Laboratory, 1 Cyclotron Road,
Berkeley, CA 94720 jimingjin@lbl.gov 

RELATIONSHIP BETWEEN ATMOSPHERIC CIRCULATION AND SNOWPACK IN
THE WESTERN UNITED STATES 

Snow anomalies in the western United States (U.S.) have been widely investigated by
many researchers due to its impact on water availability. This study focuses on how
anomalous atmospheric circulation affects snowpack accumulation in the western U.S.
using observations and output from the National Center for Atmospheric Research
(NCAR) Community Climate Model version 3 (CCM3). Our results indicate that the mid-
latitude atmospheric circulation anomalies induced by the El Nino-Southern Oscillation
(ENSO) tend to drive winter precipitation shifts, leading to an anomalous snowpack
distribution in the western U.S. The warm phase of ENSO produces increased snowpack
in the Southwest, while the cold phase of ENSO generates increased snowpack in the
Northwest. Temperature has a secondary impact on the anomalous snowpack distribution
during ENSO episodes. Additionally, the non-linear atmospheric dynamics-related
Pacific-North American (PNA) pattern is found to strongly affect snow anomalies in the
western U.S. independent from ENSO. The positive phase of the PNA pattern produces
colder temperature and stronger precipitation due to the lower pressure in the region,
leading to an above normal snowpack. Conversely, the negative phase of the PNA pattern
generates warmer temperature and weaker precipitation resulting from the higher
pressure, producing below normal snowpack in the western U.S. In general, the NCAR-
CCM3 reproduces the observed processes. However, model biases are identified and
reported. The information provided in this study strengthens our understanding of climate
and water supply variability in the western U.S.
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THE DEVELOPMENT OF WEHY FOR THE LAST CHANCE CREEK WATERSHED 

Ten percent of the Feather River watershed area is occupied by meadows and valleys
which in the past have served as water, sediment and nutrient sinks buffering the
watershed from extremes of flood, drought and landscape disturbance. Over the last 150
years these meadows and valleys have degraded due to anthropogenic activities resulting
in buffering function loss. 

Since 1995, the Feather River Coordinated Resource Management (FRCRM) group has
been implementing restoration projects that restore meadow functions including recent
restoration work on a landscape scale in the Last Chance Creek (LCC) watershed under a
CALFED ERP grant. The LCC Modeling Project aims to integrate use of the UC Davis
Hydrologic Research Laboratory watershed model WEHY (Watershed Environmental
Hydrology Model) with the LCC Restoration Project to assist in quantifying the
cumulative effects of restoration efforts on the hydrologic and sediment regimes of the
Feather River watershed. This tool will quantify for decision-makers the relative systemic
benefits of proposed projects on-site and downstream and will assist project investors in
evaluating and prioritizing future project funding.     The project contributes to
CALFED’s goals of monitoring changes in watershed conditions in terms of their impact
on the Bay-Delta system. 

WEHY is a physically based watershed hydrology model based upon areally-averaged
conservation equations that account for spatial heterogeneity in land surface and
subsurface conditions on hydrologic flow processes. WEHY may be run with
precipitation, radiation, wind speed, and air temperature provided as inputs, or it can be
run over the platform of a regional atmospheric model which would provide WEHY the
above-mentioned data at hourly increments. WEHY describes the interception,
evapotranspiration, infiltration and unsaturated flow, subsurface stormflow, interacting
rill/gully flow and sheet flow, groundwater flow, snowmelt, and channel flow for a given
watershed. The development of the WEHY model for the LCC Project will be presented.
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BASS MONITORING AT TUOLUMNE RIVER RESTORATION SITES AS AN
INDICATOR OF CHINOOK SALMON PREDATION RISK 

The Tuolumne River Special Run Pool (SRP) 9 restoration project is the first of several
channel and floodplain reconfiguration projects designed to restore physical and
biological processes and reduce predation by largemouth and smallmouth bass on
juvenile Chinook salmon in the lower Tuolumne River. Pre-project monitoring of bass
abundance at multiple project and control sites, including SRP 9, occurred in 1998 and
1999. Construction at SRP 9 was completed in 2002, and the first year of post-project
monitoring occurred in 2003. Because bass populations are known to fluctuate from year
to year, presumably in response to varying flow and temperature regimes, we used a
Before-After, Control-Impact (BACI) study design to account for temporal and spatial
variability. Preliminary analysis of piscivore-sized bass (180–380 mm FL) indicates that
the density of largemouth bass at SRP 9 was not reduced relative to control sites and
smallmouth bass density may have increased following project construction. Although
additional years of data will be needed to confirm this assessment, examination of
hydraulic conditions after reconfiguration at SRP 9 confirms that substantial bass habitat
is still present. Relatively minor changes to the channel design could greatly reduce bass
habitat. Additional project objectives included (1) reducing bass predation efficiency by
reducing travel time of juvenile salmon outmigrating through the site, (2) increasing
seasonal floodplain habitat for fish, and (3) increasing riparian recruitment on newly
created floodplains. Hydraulic modeling has indicated that increased water velocity
through the reconfigured channel is likely to reduce bass predation efficiency during
smolt outmigration pulse flows, and reconstructed floodplains are inundated more
frequently and at lower flows compared to pre-project conditions. Initial vegetation
monitoring indicates that the project has benefited riparian recruitment on newly created
floodplains. These results, together with additional monitoring data, will be used to guide
ongoing and future restoration efforts.
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TRACING SOURCES OF ORGANIC MATTER AND NITRATE IN THE SAN
FRANCISCO BAY-DELTA-RIVER ECOSYSTEM USING ISOTOPIC TECHNIQUES 

Understanding the sources and sinks for organics and nitrate is critical for devising
effective strategies for reducing their loads in the ecosystem and solving local problems
with low dissolved oxygen levels and production of disinfection byproducts during water
treatment. Since isotopic techniques are often effective methods for quantifying the
sources and sinks of organics and nutrients, we have analyzed dissolved and particulate
organic matter (DOM, POM) and nitrate isotope samples from selected sites since 2000.
Organic matter and/or nitrate samples were collected at various times in 2000-2003 from
~20 sites on or near the San Joaquin River (SJR) and ~10 sites in the Delta. POM from
Delta and SJR sites had similar ranges of d15N and d13C values. SJR sites have nitrate-
d15N ranging from +9 to +14 (avg. +11%o) whereas samples from drains, creeks, and
tributaries range from 0 to +12 (avg. +6%o). SJR POM samples have d15N values ~ 4%o
lower than the co-existing nitrate. Depending on season, the nitrate-d15N may increase or
decrease up to 3%o downstream, due to changing mixtures of sources, while nitrate-d18O
almost always decreases downstream as the proportion of Sierran water increases. 

The main conclusions from our preliminary investigations are: (1) POM at main SJR sites
is mainly algal in origin except during major storms, whereas POM from the creeks and
drains contains appreciable terrestrial detritus, (2) most of the algae in the SJR appears to
be produced in situ, (3) groundwater is a significant source of nitrate to the river, (4)
much of the nitrate in the SJR appears to be derived from animal or human waste, and (5)
algae in the Bay in October 2002 (during a whole-system transect) seems to be N-limited.
Hence, isotope data are a useful adjunct to traditional methods for assessing and
monitoring sources of organics and nutrients.
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94920 kimmerer@sfsu.edu 

ECOSYSTEM-LEVEL CHANGES FOLLOWING FOODWEB DISRUPTION BY AN
INTRODUCED CLAM IN THE SAN FRANCISCO ESTUARY 

The ecosystem of the upper San Francisco Estuary changed markedly following the
invasion by the clam Potamocorbula amurensis in the late 1980s. The principal change
was a ~5-fold decrease in chlorophyll concentrations through summer in Suisun Bay, due
principally to the loss of diatoms. Several zooplankton species nearly disappeared from
the summer plankton, but copepods were replaced by introduced species, and only a few
species of fish declined. I summarize recent research on large-scale changes in the
foodweb and how the zooplankton assemblage appears to have adjusted to low-food
conditions in the estuary. A surprising finding was that total biomass of fish declined by
~4-fold, mainly through a seaward shift in distribution of northern anchovy, presumably
stimulated by the decline in food. The resulting decline in total consumption by all
planktivorous fish reduced mortality of zooplankton, allowing two copepod species to
survive through each summer. The cyclopoid copepod Limnoithona tetraspina feeds
primarily on motile phytoplankton and microzooplankton, and is small and rather cryptic
which may minimize its consumption by most planktivorous fish. Thus, the current low
level of predation by filter-feeders (fish or gelatinous plankton) may allow this species to
thrive. The larger calanoid copepod Pseudodiaptomus forbesi replaces the similar
Eurytemora affinis each summer, and experimental work showed that these species were
equally vulnerable to ingestion by clams. However, P. forbesi may be better able to use
the non-diatom food resources of the upper estuary. It has a low reproductive rate and
also a low mortality rate through summer, indicating a similar strategy to that of L.
tetraspina. Thus, the foodweb of the upper estuary appears to have shifted from a state of
high growth rate of zooplankton and high consumption by fish, to low growth rate and
low consumption by fish.
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POPULATION TRENDS AND THE INFLUENCE OF RESTORATION ACTIONS ON
WINTER-RUN CHINOOK SALMON 

The endangered winter-run Chinook salmon, Oncorhynchus tshawytscha, is a genetically
distinct race with a life history pattern found in no other Pacific salmon. Because of small
and declining run sizes in the 1980s, winter-run salmon has been a focus of research,
protection, and restoration in the Sacramento Valley, Delta, and ocean, notably
restoration efforts under the Central Valley Project Improvement Act and the CALFED
Bay-Delta Program. Areas of improved knowledge include run size, juvenile production,
emigration patterns, ocean harvest, and genetics. The protection and restoration efforts
appear to have reversed the trend in run size from an annual rate of decline of 9 ± 2% y-1

to an annual rate of increase of 15 ± 6% y-1. We examined the likely relative effects of
various actions on run size, including the opening of the Red Bluff Diversion Dam
(RBDD) gates during juvenile and adult migration periods, reduction in summer
temperature in the upper Sacramento River by a temperature control structure on Shasta
Dam, reduction in inputs of toxic metals from Spring Creek, take limits at Delta pumping
facilities, and reduction in ocean harvest. All of these may have had an influence but the
most effective measures appear to have been the change in operation of RBDD and the
change in ocean conditions, including harvest. Management and operation of the
Livingston Stone National Fish Hatchery, intended to supplement the winter-run
population with minimal adverse biological effects, has had a positive but relatively
minor effect on the recent population trend. The Environmental Water Account, a
CALFED program aimed mostly at reducing take at the Delta pumps, appears to have
had, at most, a small effect on the population trajectory of winter-run salmon.
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MACROINVERTEBRATE AND FISH ABUNDANCES COMPARED IN RESTORED
AND HISTORICAL MARSHES OF SAN FRANCISCO ESTUARY 

Multiple gear types extensively sampled aquatic animal abundances in replicate restored
and historical low-salinity marshes in northern San Francisco Estuary during 1999-2004.
Year-round comparisons among sites uncovered large, persistent differences in
abundances of major species found at different marsh sites. Comparisons of abundances
of hypothetically major predators (fishes) and benthic prey (macroinvertebrates) among
sites may indicate a negative association (as possible prey depletion) or a positive
association, as possible indicators of suitable environments for diverse animals. 

Maximum macroinvertebrate densities were 100~100,000 per m2, very common in four
of the 12 marshes sampled extensively. These high densities of small gastropod mollusks
and diverse crustaceans corresponded to at least moderate fish densities, mostly
mosquitofish, voracious gobies, two native sculpins, and native three-spine stickleback.
One pair of marshes with abundant invertebrates also yielded >~40 postlarval Pacific
herring per m3, in March two years in a row. Major taxa of invertebrates also were found
>~100 years down in sediment cores, suggesting such taxa are in a native fauna. 

Minimum macroinvertebrate densities corresponded to minimum fish densities.
Maximum fish densities, including natives, corresponded to moderate macroinvertebrate
densities. Among sites, macroinvertebrate and fish abundances were positively
associated.     Thus, major fishes do not appear to detectably crop major invertebrates in
these marshes. Instead, each group of animals is positively associated among different
marshes. Each dense assemblage is associated with marsh tidal pools on tidal channels
and apparently, with small benthic algae. Transplantings in field bioassay experiments
can test for mechanisms accounting for the paucity of virtually all fishes and
macroinvertebrates in low-salinity marshes without marsh tidal pools along tidal
channels. But regardless of the mechanism, it is prudent to restore rich low-salinity
marshes by providing marsh tidal pools on tidal channels, to greatly increase abundances
of diverse native (and non-native) aquatic animals.
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SURVEYING AND ASSESSING RIVER RESTORATION IN CALIFORNIA: A
PROGRESS REPORT 

The National River Restoration Science Synthesis (NRRSS) is a nation-wide research
effort to systematically compile available information on river restoration projects in
eight regions of the US and Australia, and to the extent possible with available
information, to assess project performance. The California node of the national NRRSS
effort has compiled basic data for over 5000 projects in the state (mostly from 1990 or
later), and is following up selected projects for which more information is available.
Despite limited record keeping and reporting for many projects, existing data base
incompatibilitiess, we can summarize some trends. Projects completed to date have
emphasized (in order of decreasing numbers of projects) fisheries/instream habitat
enhancement, bank stabilization/erosion control, education/outreach, and fish
passage/instream species management. Fewer than five percent of projects had explicit
monitoring components, and when the monitoring data were examined closely, they
commonly provided an inadequate basis for project assessment because the variables
measured were inconsistent or not appropriate to answer the questions, the monitoring
period was too short, etc. Our follow-up studies have included detailed post-project
appraisals (PPAs) of selected projects involving channel reconstruction, levee setback,
dam removal, and environmentally-sensitive flood control. In conjunction with staff of
the Resources Agency, we propose that data be collected for future projects following the
format established for the national NRRSS study and submitted for review and entry into
a supervised statewide data base, so that experiences from project performance can be
more easily shared and drawn upon by those designing future projects, and so
practitioners, funders, and proposal reviewers in California can more easily access
experiences on similar projects in other states.
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PESTICIDES IN CALIFORNIA WETLANDS: INTEGRATING EXPOSURE AND
EFFECTS 

Wetland ecosystem health is affected by a variety of stressors including toxic
contaminants. The goal of this interdisciplinary project is to develop indicators of wetland
health by evaluating the response of wetland biota to specific stressors such as pesticides. 

Surface sediment samples from five coastal California wetlands were analyzed for 41
current-use pesticides by microwave-assisted solvent extraction and gas
chromatography/mass spectrometry. Pesticides were detected at Carpinteria Marsh near
Santa Barbara and Stege Marsh near Richmond, but not at the marshes in San Francisco
Bay (China Camp) and Tomales Bay (Tom’s Point and Walker Creek). 

Two pyrethroid insecticides (bifenthrin and permethrin) and one organophosphate
insecticide (chlorpyrifos) were detected at Carpinteria Marsh, with maximum
concentrations of 24, 51, and 31 ng/g dry weight, respectively. The highest concentrations
were detected at the edge of the marsh that receives input from areas where these
insecticides are applied to nurseries, greenhouses, and row crops. Laboratory studies and
bioassays will be used to estimate the bioavailability and effects of these insecticides on
aquatic organisms. 

In contrast to Carpinteria Marsh, two thiocarbamate herbicides (eptam and molinate)
were detected at Stege Marsh. The highest concentrations were detected at the most
inland site, with eptam at 205 ng/g and molinate at 61 ng/g, dry weight. These herbicides
are not used in the surrounding watershed; therefore, the nearby former agrochemical
plant that manufactured these chemicals is the likely source of contamination. Future
studies will estimate the potential effect of these herbicides on wetland plants. 

The results of this integrated field and laboratory study will improve our understanding of
pesticide exposure and effects in wetlands and provide valuable information to CALFED
and other resource managers for planning wetland restoration projects.
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DIET PREFERENCE OF SHEEP GRAZING BROMUS HORDEACEUS AND
NASSELLA PULCHRA 

Livestock producers may hesitate to plant Nassella pulchra (purple needle grass) in large
areas because its forage value for livestock is unknown. Sheep select Nassella sp. in the
summer, suggesting the species is palatable. Consumption of Nassella sp. has not been
documented for other seasons. We tested sheep's preference for Nassella sp. at the UC
Hopland Research and Extension Center by using an alkane marker method of diet
determination. Eight plots of varying proportions of Nassella sp. were grazed by four
yearling ewes each for four weeks during August and March. Dry matter intake was
determined for each plot. Nassella sp. was preferred in most plots during summer and
avoided in most plots during spring. To validate the alkane method, we also tested
sheep’s preference for Nassella sp. by allowing six yearling ewes to graze two pots after
an overnight fast. Treatments were all binary combinations of Bromus hordeaceus (soft
chess), a palatable exotic annual grass, Nassella sp. one month after clipping, and
unclipped two-year-old Nassella sp. Each sheep took 20 bites from each pair of species
twice, alternating sides of species. Preference was the proportion of bites taken, or
proportion of mass consumed from each species relative to proportion offered. Bromus
sp. was preferred when Nassella sp. was unclipped or flowering but was not preferred
when Nassella sp. was clipped and not flowering. Land managers should consider the
growth stage of grasses, nutritional content, grazing history of Nassella sp., and
availability of Nassella sp. before making decisions concerning the management of
livestock grazing when restoring this native grass on their lands.
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THE OCCURRENCE AND TRANSPORT OF PERSISTENT ORGANIC
CONTAMINANTS IN URBAN RUNOFF DISCHARGED TO SAN FRANCISCO BAY. 

Beneficial uses of San Francisco Bay-Delta are impaired by polychlorinated biphenyls
(PCBs) and the organochlorine (OC) pesticides, DDT, chlordane, and dieldrin. Urban
runoff from Bay watersheds is a significant transport pathway of these organic
contaminants compared to other contaminant inputs; however, the magnitudes of
contaminant loading and the overall impacts on Bay water quality from urban runoff have
not been accurately determined. In this study, developed through the San Francisco
Estuary Regional Monitoring Program for Trace Substances (RMP) and funded by the
Clean Estuary Partnership and RMP, concentrations of PCBs and OC pesticides were
measured in water samples collected during water years (WYs) 2003 and 2004 in a highly
urbanized reach of the Guadalupe River, South San Francisco Bay. In addition, turbidity
was measured on 15-minute intervals and related to frequent measurements of suspended
sediment concentrations (SSC) to understand the temporal variation in the transport of
sediment in relation to PCBs and OC pesticides. In WY 2003, contaminants followed
patterns of sediment discharge with concentrations spanning an order of magnitude for
total PCBs (3.4 – 90 ng/L), total DDT (1.7 – 71 ng/L), total chlordanes (1.6 – 64 ng/L),
and dieldrin (0.3 – 6.0 ng/L). Least squares regressions between contaminant
concentrations and SSC were used to derive continuous (15-minute interval) records of
contaminant concentrations and preliminary estimates of WY 2003 contaminant loads
discharged to the Bay from Guadalupe River: 1.1 ± 0.3 kg total PCBs, 0.91 ± 0.26 kg
total DDT, 0.69 ± 0.12 kg total chlordanes, and 0.075 ± 0.017 kg dieldrin. Preliminary
data from WY 2004 suggest that sediment and contaminant loads are approximately 60%
of the estimated loads in WY 2003. Findings from this study have important implications
in developing and refining numerical models of contaminant fate and management
strategies to improve water quality in the Bay-Delta system.
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THE INVASIVE POTENTIAL AND ECOLOGICAL TOLERANCE OF THE RECENTLY
DISCOVERED SPARTINA DENISFLORA X FOLIOSA HYBRID 

Introductions of the cordgrass Spartina have resulted in major biological invasions in salt
marshes around the world. Two of these invasions are driven by hybrids between native
and introduced species. Our laboratory has discovered a third Spartina hybridization in
San Francisco Bay between native California cordgrass, S. foliosa, and S. densiflora,
from Chile. Given the history of Spartina invasions and hybridizations, the goal of this
project was to investigate the whether the S. densiflora x foliosa hybrids have potential to
spread and invade surrounding marshes in the Bay. This requires that hybrids tolerate
marsh salinity and reproduce. A greenhouse experiment was performed with ten hybrid
genotypes to assess their salinity tolerance against the parental S. foliosa (low elevation,
low salinity) and S. densiflora (higher elevation, higher salinity) species. Salinity was
increased by 10 ppt/week, and we measured several fitness indicators (tillars, height,
inflorescences) for 10 weeks. A series of measurements (salinity, elevation, location)
were also taken from the field to compare with the performance of the greenhouse hybrids
with their counterparts in the field. We also collected inflorescences from the field to
measure their reproductive rate (seedset). We found that the some of the genotypes were
transgressive; salinity tolerance and other traits exceeded that of the parental species.
However, the hybrids also had zero seedset and inviable pollen, which hinders their
invasive potential despite being transgressive. 
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RECOMMENDED APPROACH FOR SOLVING THE LOW-DO PROBLEM IN THE SJR
DWSC 

The California Central Valley Regional Water Quality Control Board is required to
develop a TMDL to control dissolved oxygen (DO) concentrations in the San Joaquin
River (SJR) Deep Water Ship Channel (DWSC) that fall below the water quality
objective. Based on the approximately $4 million of studies conducted over the past four
years, it has been found that the low-DO problem is caused by excessive algal loads to the
DWSC that develop on nutrients derived from irrigated agriculture tail water discharges
and city of Stockton domestic wastewater ammonia, the existence and maintenance
dredging of the DWSC, and agricultural and domestic water supply diversion of the SJR
upstream of the DWSC. The development of the TMDL to solve the SJR DWSC low-DO
problem will require gaining financial support of stakeholders that benefit from the
existence of the Port of Stockton/DWSC. Further, those who divert SJR flows, which
leads to long residence times of oxygen demand constituents in the DWSC, must alter
flow diversions or provide financial support for aeration. The recommended approach for
establishing the TMDL for solving the SJR DWSC low-DO problem is: 

•Establish the maximum minimum flow of the SJR through the DWSC, 

•Evaluate the cost of aeration of the DWSC at various SJR DWSC flow levels, 

•Gain federal funding to mitigate for the development of the DWSC and its maintenance
dredging, 

•Evaluate the potential for controlling the nutrients within the Mud and Salt Slough
watersheds that develop into algae in these watersheds and contribute to DWSC DO
concentrations below the WQO, 

•Control the city of Stockton’s domestic wastewater ammonia discharges. 

Information on each of these approaches is presented as well as an approach for
integration of each of these TMDL components into a TMDL to solve the low-DO
problem in the DWSC.
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CONTROLLING INVASIVE SPECIES WITHIN NATIVE COMMUNITIES:
MONITORING AND MANAGEMENT IN A VALLEY VERNAL POOL/GRASSLAND
HABITAT 

Managing invasive species is difficult, but when they are growing with rare native
species, controlling them in a way that does not harm native species is a particularly
delicate art. We are testing methods of eradicating five invasive species on a 320-acre
vernal pool and upland complex in Yolo County, CA. These species- yellow starthistle
(Centaurea solstitialis), medusahead (Taeniatherum caput-medusae), goatgrass (Aegilops
triuncialus), perennial pepperweed (Lepidium latifolium), and swampgrass (Crypsis
schoenoides)- are actively spreading at the site and are priorities for management. All of
these species co-occur within range of delicate resources, in some cases growing in direct
competition with CALFED at-risk species. We have implemented a series of multi-year
experiments designed to test the effects of various control methods (mowing, burning,
hand-pulling, and careful herbicide application) on both the target invasive species and
co-occurring native plants. The first year of controls have been completed, and we will
present results of our management activities to date. This project highlights an important
component of invasive species control that is critical for all CALFED invasive species
projects – management must be paired with careful monitoring and planning if we are to
ensure our weed control methods are both effective and ultimately beneficial for native
species.
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CARBON PRODUCTION IN THE YOLO BYPASS FLOODPLAIN, CALIFORNIA 

Primary productivity, chlorophyll a concentration phytoplankton species composition and
a suite of environmental variables was measured in the Yolo Bypass floodplain,
California between January and June 2003 in order to obtain information on the seasonal
variation in the quantity and quality of net carbon available for fishery production in the
floodplain. Net productivity was autotrophic and accompanied by high concentrations of
diatom and green phytoplankton species carbon and large diameter cells in the early
spring. Heterotrophy characterized the late spring and was associated with high
respiration and a shift to small flagellate species. This combination of positive net
productivity and abundance of high quality food resources may be an important
mechanism supporting the abundance of native fish in the floodplain in early spring.
Higher areal net water column productivity in the floodplain than the adjacent river
channel despite a higher respiration rate per unit chlorophyll a indicated the floodplain
also produced more total carbon for fishery production than river channels. Floodplain
productivity was potentially important for estuarine food web production downstream
because it provided 10% to 40% percent of the combined floodplain and river load of
chlorophyll a, diatom, green and cryptophyte phytoplankton species carbon and wide
diameter phytoplankton cells. The study suggested the floodplain was an important source
of total and high quality carbon for fishery production both locally and downstream and
that management could include diversion of water into the floodplain early in the spring
in order to promote carbon production at the base of the food web needed to support
native fish species.
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A KINEMATIC ANALYSIS OF FISH SWIMMING BEHAVIOR WITHIN LOUVERED
CHANNELS: IDENTIFYING SOURCES OF ATTRACTION/REPULSION. 

We undertake a kinematic approach to discerning the swimming behavior of Salmonids
in louvered channels by filming Rainbow trout, Oncorhynchus mykiss,mean FL = 9.7 cm
± 0.92) swimming in a channel containing a louver array. We contrast fish swimming
behavior along the existing louver design of the Tracy Fish Collection Facility (TFCF) in
Tracy, CA (15o louver array – angled from the current), with a leaky 45o louver array. A
kinematic approach assists in determining the avoidance behavior displayed by fish in
such louvered channels, and provides data for the escape behaviors of a Lagrangian-based
movement model. Avoidance behavior is defined as the acceleration vector displayed
during repulsion from a structure (wall or panel array). Swim paths from 10 separate fish
for each louver trial were standardized by randomly selecting a continuous set of
displacement values based on the shortest usable sequence (6 s in duration). All fish
display positive rheotaxis, but subjects in the 45o louvered channel display a greater
orientation against the oncoming flow than did those subjects in the 15o channel (20o vs.
3o ). Fish rarely display large acceleration values, with most falling between 0.2 to 1 body
length/s2 , indicating that collision avoidance is predominantly a passive process
conducted with a sustainable swimming speed. The attraction/repulsion of the subjects
relative to the louver array is done by projecting their acceleration vectors onto this focus
as a function of the relative distance. Fish in the 15o louvered channel display repulsion
from the panels at a distance greater than those in the 45o louvered channel (9 vs. 4 body
lengths). We use the flow fields from our empirical laboratory trials to compare estimated
escape behaviors with observed escape behaviors as a part of our model validation.
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HISTORICAL POPULATION STRUCTURE AND CURRENT STATUS OF CHINOOK
SALMON AND STEELHEAD IN THE CENTRAL VALLEY 

To guide recovery planning for threatened and endangered evolutionarily significant units
(ESUs) of Pacific salmonids, NOAA Fisheries is documenting the historical population
structure of ESUs, assessing the status of these structures, and determining the biological
characteristics of these structures that could form part of the criteria for removing these
ESUs from the Federal list of endangered species. To characterize the historical structure
of listed ESUs in the Central Valley domain, we relied primarily on geographic analyses
to identify natural breaks among freshwater habitat that would be likely to isolate
spawners and create independent populations. We identified 18 independent populations
of spring chinook, four populations of winter chinook, and more than 70 populations of
steelhead. Within the spring chinook and steelhead ESUs, we also identified several
geographically-based groupings that are hypothesized to capture genetic substructure and
diversity between the independent population and ESU level. To assess viability of the
independent populations, we followed the approach of the World Conservation Union
(IUCN), with modifications of Allendorf et al (1997). The majority of historical
populations are extinct, including entire groups such as Southern Sierra spring chinook.
Most of the extant independent populations of spring and winter chinook are at low risk
of extinction. The viability of chinook ESUs, however, is probably low because of the
substantial loss of diversity and spatial structure. Little can be said of the current status of
independent populations of steelhead because of lack of data, although consideration of
habitat loss suggests a severe problem. For Central Valley chinook ESUs to achieve the
viability levels being pursued in other recovery domains in the Pacific Northwest,
additional viable populations will need to be established.
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MATERNAL TRANSPORT AND DEVELOPMENTAL TOXICITY OF SELENIUM IN
WHITE STURGEON, ACIPENSER TRANSMONTANUS. 

Selenium (Se) is an environmental reproductive toxin that leads to impaired embryonic
development, severe malformations, and death in developing birds and fish. White
sturgeon, Acipenser transmontanus, in San Francisco Bay-Delta are exposed to high
levels of Se through their diet. This is evidenced by high tissue selenium levels in
common prey of white sturgeon, as well as in sturgeon muscle, liver and eggs. Sturgeon
are more prone to Se bioaccumulation, compared to other fish, because of their long life-
span and benthic feeding habits. Furthermore, sturgeon have a prolonged (at least 2 years)
period of yolk deposition in their eggs, which is a suspected mechanism of Se maternal
transfer to offspring. 

We investigated the maternal transport mechanism and developmental toxicity of Se in
white sturgeon through two experimental approaches. In the first experiment (October
2001 - June 2002), two groups of eight maturing females were fed diets with normal
(1ppm) and elevated (25 - 30 ppm) organic Se for 6 months. Ovulated eggs were removed
from females and fertilized, and the resulting embryos were allowed to develop to the
point of complete yolk utilization (end of yolk sac larval stage). Se was measured in
maternal tissue, plasma vitellogenin (yolk precursor secreted by maternal liver) and
ovulated eggs, and correlated with embryo/larval development and survival. In the second
experiment (May - July 2004) white sturgeon embryos and yolk sac larvae were
microinjected with Se-L-Methionine to mimic maternal transport of Se, and the dose-
dependent survival and developmental defects were evaluated. Se was found to disrupt
white sturgeon development at environmentally relevant levels. This work is the first to
experimentally investigate the mechanism of Se maternal transport in fish and will
establish threshold levels of Se in egg yolk that may affect reproduction and stock
recruitment of white sturgeon, and possibly other euryhaline fish.
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ECOLOGICAL VALUES OF SHALLOW WATER HABITAT IN THE DELTA 

One goal of the CALFED Bay-Delta Ecosystem Restoration Program is creation of 7000
acres of ‘shallow aquatic habitat’, based on the presumption that shallow habitats provide
critical functions that support populations of fish including species at risk. A presumed
value of shallow aquatic habitats derives from the principle that primary production is
controlled by light availability, which decreases systematically with increasing water
depth. We measured a set of biological indicators across the gradients of water depth
within the central Delta to test the hypothesis that plankton biomass, production and
pelagic energy flow also vary systematically with water depth and are higher in shallow
flooded islands compared to deep channel habitats. Results showed that phytoplankton
growth rate varied inversely with habitat depth, but phytoplankton biomass was not
always higher in shallow vs. deep habitats. This implies that other processes (transport,
grazing) besides population growth can influence the spatial distribution of phytoplankton
and its availability to consumers such as zooplankton (cladocerans, copepods, rotifers).
Mean phytoplankton biomass was significantly higher in shallow vs. deep habitats, but
mean zooplankton biomass was not. The estimated rate of zooplankton ingestion
exceeded phytoplankton production in deep but not shallow habitats. This implies that
zooplankton abundance and secondary production are controlled by processes other than
local primary production, including predation and transport of the phytoplankton food
supply from shallow to deep habitats. Results of this study show that (1) a suite of
indicators (including measures of biomass, production, ecological efficiency) is required
to assess the ecological value of aquatic habitats, and (2) the benefits of some ecosystem
functions are displaced by water movements, so the value of individual habitat types can
only be revealed through a regional perspective that includes connectedness among
habitats.

Abstracts.doc          10/1/2004   5:58 pm                        135 of 245



Lulow*, M.E. (1); Young, T.P. (1); and Wirka, J.L. (2) (1)Department of Environmental
Horticulture, University of California, Davis, CA 95616 USA (2)Audubon California,
Landowner Stewardship Program, 5265 Putah Creek Road Winters, CA 95694
melulow@ucdavis.edu 

VARIATION IN THE SUCCESS OF SEEDED NATIVE BUNCHGRASSES IN
RANGELAND FOOTHILLS OF YOLO COUNTY, CALIFORNIA 

Perennial grassland restoration projects are increasingly common, but rarely carefully
assessed for success. At a native bunchgrass restoration site near Union School Slough,
we investigated correlates of establishment success, controlling for initial weed treatment
and seeding densities.  Six species of native grasses (Elymus glaucus, Elymus multisetus,
Festuca idahoensis, Melica californica, Nassella pulchra,and Poa secunda) were drill
seeded into a highly invaded annual grassland with no remnant perennial grasses. Species
were seeded in the fall of 1999 after the land had been prepared for seeding with a spring
burn and fall application of glyphosate that greatly reduce annual grass cover. Through
the third growing season, cover by planted native grasses was significantly greater on
north-facing aspects than on south-facing slopes. The greater success of most native
grasses on northern aspects was not due to reduced competition with non-natives, but
probably increased soil moisture. Nasella pulchra was an exception, showing no clear
preference for aspect. In addition, N. pulchra had the greatest cover after standardizing for
seeding rates.  In the first growing season, distinct dense patches of Erodium botrys
became apparent. Native bunchgrasses, non-native grasses, and native forbs all had
significantly greater cover outside vs. inside patches of E. botrys.  Cover of grassland
groups was also compared across two soil types- Corning gravelly clay and Sehorn clay.
Although E.botrys occurred at greater cover on sites underlain with Corning soil, there
were no consistent soil effects on other species, including the planted native grasses.
These results reinforce N. pulchra’s reputation as a species with wide ecological
tolerance, but also suggest that its dominance in relict sites may be due in part to their
severity, rather than the general presettlement abundance of N. pulchra. These results will
help direct and inform future restoration of perennial grasslands in this watershed.
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WATER SUPPLY MANAGEMENT WITH CLIMATE WARMING FOR CALIFORNIA:
SOME PRELIMINARY RESULTS 

The water supply delivery, economic, and adaptation consequences of several climate
warming scenarios were examined using the CALVIN model of California’s inter-tied
water supply system. Population and two climate estimates (PCM and HCM2) for the
year 2100 were employed, using the economic-engineering optimization model to adapt a
variety of water management options for such different climate and water demand
conditions occurring well into the future. The approach differs from most water
management studies of climate change in that the water management system is allowed to
employ a wide range of water management options to adapt to climate change, climate
change effects are examined in the context of other major expected changes in the water
system (e.g., water demands and technology), and the range of hydrologic cycle effects of
climate change is considered, including surface and subsurface waters as well as reservoir
evaporation. The results illustrate the adaptability of California’s water supply system,
but point out special vulnerabilities for flood control and Central Valley and Colorado
River agricultural water supplies. These climate change results are useful not only for
“climate change” purposes, but also illustrate the problems and capabilities of large
complex water systems adapting to substantial and complex changes over long periods
into the future.
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MULTIPLE MODES OF LONG-TERM HYDROLOGICAL VARIABILITY: EVIDENCE
FROM HIGH RESOLUTION LAKE RECORDS AND TREE-RINGS 

Instrumental records of hydrological variability and drought in watersheds contributing to
the Bay-Delta system are limited in length to little over 100 years. The short duration of
these records renders them insufficient to represent the potential magnitude and duration
of natural drought episodes or to detect multi-decadal to centennial modes of hydrological
variability. We have used two paleoclimatic approaches to document the occurrence and
modes of temporal variability of long-term drought and hydrological variability in
California. First we have used high temporal resolution studies of the chemical and biotic
components of lake sediments from the Sierra Nevada to reconstruct hydrological records
extending back 15,000 years. Second, we have collected new tree-ring records and
produced dendrohydrological records extending back over 1000 years. Our records
indicate that between 8000 to 4000 years ago the Sierra was consistently drier than
present. Following 4000 years there have been a series of pronounced multi-decadal to
centennial shifts between relatively moist conditions, like the past century, and
significantly drier episodes. Superimposed upon these shifts, at least for the past 1200
years, there has been a multi-decadal pattern of smaller intensity hydrological shifts with
a periodicity on the range of 60 year. This multi-decadal mode of variability is consistent
with forcing by the Pacific Decadal Oscillation. The periodicity of this mode of
variability has been strong in both relatively dry and wet periods, but has not been
constant over the past 1000 years. CALFED management strategies based upon
instrumental records of hydrological variability will underestimate the potential
magnitude and duration of future droughts. However, the periodic components in some
modes of hydrological variability may assist in development of effective long-term
management strategies.
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DRINKING WATER REGULATORY CHALLENGES TO BAY DELTA WATER USERS 

Compliance with federal and California drinking water regulations is a function of both
source water quality and possible treatment technologies. As CBDA participants consider
solutions that may profoundly alter source water characteristics, regulations and water
treatment continue to evolve. Pre-ROD worries for extremely stringent controls for
Cryptosporidium and for certain disinfection byproducts have not come to pass; however,
other contaminants (NDMA, persistent organics)have entered the regulatory scene.
Ultraviolet light and chlorine dioxide are now possible disinfection replacements for
chlorine. These changes can alter concerns for specific source water constituents. This
report documents the regulatory changes and their scientific underpinnings from 1998 to
now. It will also include scientific and technical considerations influencing ongoing
development of future regulations. The report will conclude with an analysis of the
implications of these developments for the next decade and beyond.
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SPAWNING GRAVEL AUGMENTATION: ADD IT AND THEY WILL COME 

The loss of large sediment transport on dam-controlled rivers has an adverse affect upon
the availability of spawning habitat for Chinook salmon. The addition of appropriately
sized cobble for riffles is an effective means to provide spawning habitat for salmon on
Central Valley rivers. On the Merced River, 65,600 cubic yards of spawning sized gravel
has been added since 1990 in channel restoration projects and existing riffles. 

To determine preference in utilization of engineered riffles and the most effective design,
four different designs were randomly assigned to twelve engineered riffles within the
Robinson Reach of the Merced River Salmon Habitat Restoration Project. Surveys were
conducted every ten days over the fall spawning season and the location of the redds
marked by GPS and on aerial photographs. Flow velocities were measured at the redds.
Data was compared to riffles adjacent to the project site, other constructed riffles on the
river, and on natural riffles. 

Annual surveys conducted during spawning seasons 2001-2003 indicate a high degree of
use on the placed gravels and account for 21-30% of the Merced River's total annual
spawning. Use of newly placed gravel is minimal by spawning salmon, but within two
years the number of redds increase dramatically as use on marginal spawning riffles
nearby declines. The heads of riffles accounted for 60% of observed redds. Flow
measurements taken at redds indicate that riffles with velocities 2.1-2.9 fps contain 72%
of the redds in the studied areas. Annual geomorphic monitoring of the planted gravel has
measured the downstream transport of the cobble, the consequent formation of point bars
downstream, and determines the schedule for further augmentaion of gravel. Periodic
maintenance and gravel addition is crucial to the continuation of these sites, but with this
maintenance these riffles are an efficient means to creating viable spawning habitat for
Chinook salmon.
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LIBERTY ISLAND: FROM TOMATOES TO TULES IN SEVEN YEARS 

Liberty Island is a 5,200 acre island inundated since 1997 located in the northern
Sacramento-San Joaquin Delta at the southern outlet of the Yolo Bypass. The mean tide
line runs diagonally across the northern third of the island, making it an ideal site for the
natural development of tidal shallow- water, tidal emergent wetlands, seasonal wetlands,
delta sloughs, and riparian habitats. It is planned by USFWS, DFG and CBDA to manage
this area as a vital link to a broad landscape corridor with similar habitats stretching from
the Yolo Basin to the Cosumnes Basin. Little information is available as to the status of
habitat use, current conditions, and how habitat and processes have changed since
inundation of the island. A multi-agency monitoring team from USFWS, CDFG and
CDWR, funded by CBDA through FWS, is undertaking a two-year pilot study to
characterize the changes that have taken place since1997. This will help determine the
indicators that will be needed to develop a comprehensive, long-term monitoring program
for Liberty Island, Little Holland Tract and Prospect Island. Data collected by the team
from October 2003 through August 2004 indicates an area that has undergone profound
transformation since 1997. Over 300 acres of tidal shallow-water, tidal emergent
wetlands, and seasonal wetlands have naturally developed since 1997. This habitat is
populated with otters, beaver, muskrat and numerous species of ducks and geese. Native
fish species include Chinook salmon, splittail, longfin and delta smelt, tule perch,
Sacramento pike minnow, starry flounder and others. In some areas, native species
account for up to 21% of the samples. Gravid delta smelt have been collected as late as
May and adhesive smelt eggs observed on submerged woody debris. Chinook salmon
smolts collected are highly robust with large condition factors.
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SEDIMENT SOURCES FOR LOCAL TIDAL MARSHES IN THE SAN FRANCISCO
ESTUARY 

The primary objective of this research is to evaluate the sources of inorganic sediments to
local the San Francisco Estuary marshes over space and time. The contribution of organic
versus inorganic sediments to marsh development is also addressed. Determining the
sources of sediments is of interest because current mitigation and restoration projects
around the Bay-Delta must consider whether the sediment supply will be sufficient for
projects, or if opening diked wetlands to tidal flow will result in salt water intrusion
further up-estuary (into the Delta). Results of trace element analyses of suspended loads
from the Sacramento and San Joaquin rivers, the Delta, and local tributaries to the estuary
reflect differences in bedrock lithology. Concentrations of K, Nd, Sm, Rb and Sr are
significantly lower in the Sacramento river sediments than those of the San Joaquin river
and can be used to differentiate further the Delta input . Results from marsh surface
samples throughout the North Bay and preliminary results from 4 1-m long sediment
cores collected along a transect of the Novato creek marsh reflect local versus Delta
sediment source patterns. The suspended sediment samples from the Sacramento and San
Joaquin rivers and from local creeks reflect the end members of the sediment supply for
local marshes.  The marsh surface samples represent the most recent period (last few
years or so) and reflect the extent of Delta influence into the estuary. Finally, the cores
collected from the Novato creek marsh provide details on the gradient of dominant source
supply (i.e., are the sediments well inland predominantly from the local watershed and
how far does that influence extend downstream), as well as a history of how the sediment
supply conditions have changed, comparing pre-Gold Rush and agriculture era (before
about 150 years) to post.
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USING REMOTE SENSING TO HELP LANDOWNERS ASSESS THE IMPACT OF
MANAGEMENT STRATEGIES ON RANGELAND RESTORATION 

Remote sensing techniques are invaluable for monitoring and analyzing grassland
dynamics over large areas, because of the broad coverage available from satellite
platforms. In this project, we used remote sensing to quantify the effects of different
management techniques on forage dynamics and weed distribution in a large rangeland
watershed. The grassland communities in this watershed are comprised primarily of
annual introduced grasses, native perennial bunchgrasses, and three noxious weeds:
yellow starthistle (Centaurea solstitialis), medusa-head (Taeniatherum caput-medusae),
and goatgrass (Aegilops spp.).  Audubon-California has spearheaded restoration efforts,
which have included reseeding with native bunchgrasses and prescribed burning. To
conduct the remote sensing analyses, we first calibrated algorithms for quantifying forage
biomass by taking measurements on the ground with a field spectroradiometer and
harvesting biomass in test plots. The calibrated algorithms were then used to produce a
time series of biomass estimates from imagery data from the Enhanced Thematic Mapper
onboard Landsat. Field-by-field analyses were conducted and made available directly to
landowners through a password-protected website. Among other findings, these analyses
demonstrate increased forage production in response to burning, when precipitation is
adequate. We then quantified weed distribution by using a novel multi-temporal
classification of imagery that allowed us to distinguish weed species by seasonal
differences in their growth patterns.  Weed abundance varied by property and
management regime, but all three target species were found distributed over notable areas
of the watershed. The landowners’ response to the remote sensing analyses was
enthusiastic and indicated that such analyses enhanced their ability to evaluate the impact
of management activities. This project demonstrates how remote sensing offers powerful
tools for developing and sharing scientific understanding of landscape function with
managers who make decisions on the ground.
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A MULTIPLE WATERSHED APPROACH TO ASSESSING THE EFFECTS OF
HABITAT RESTORATION ACTIONS ON FISH POPULATIONS 

Habitat protection and restoration is a cornerstone of current strategies to restore
ecosystems, recover endangered fish species, and rebuild fish stocks within Western
North America. There is however little quantitative information about the effectiveness of
different habitat restoration techniques. Such information is crucial for helping scientists
and program managers allocate limited funds towards achieving the greatest benefits for
fish populations. We developed a multiple watershed framework to evaluate the
effectiveness of habitat restoration actions for increasing survival rates of endangered
spring-summer chinook salmon and applied this framework on a pilot basis to selected
regions of the Columbia Basin. 

Our 14-month project had three phases: (1) Scoping. We worked with habitat experts and
managers to select candidate watersheds, scope out a set of testable habitat restoration
hypotheses, and recommend key contacts. (2) Data Assembly. We contacted over 80
scientists and managers to help evaluate the suitability of each candidate watershed’s
historical data for assessing the effectiveness of past restoration actions. We eventually
settled on the Yakima, Wenatchee, Clearwater, and Salmon subbasins, and refined the
data and analytical approaches for these watersheds at two workshops. (3) Data Analysis
and Synthesis. We applied various log-linear models to retrospectively analyze the effects
of restoration ‘treatments’ at nested spatial scales across multiple watersheds. Restoration
actions had variable effects in explaining fish survival patterns over space and time across
our four case studies (detailed results at http://www.efw.bpa.gov/fishreports///cgi-
lib.1124.1). 

This three-phase process helped identify both institutional and analytical constraints to
testing habitat restoration hypotheses, and also opportunities to overcome these
constraints through improved experimental designs, monitoring protocols and project
selection strategies. We recommend shifting from implementation of individual
watershed projects towards rigorously designed and monitored, multi-watershed, adaptive
management experiments. Our results are directly applicable to CALFED’s Bay-Delta
watershed restoration objectives, and future restoration project planning. 
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GRAZING MAINTAINS DIVERSITY IN SEASONAL WETLANDS 

Vernal pools occur throughout grasslands in California’s Central Valley. The majority of
these grasslands are currently and have historically been grazed by cattle. Conservation
organizations have traditionally supported grazing as a compatible management practice
in this habitat based only on anecdotal information. This study quantifies the community-
level changes that occur when cattle grazing is removed from vernal pools. Plant and
aquatic invertebrate species abundance and richness were measured in four different
grazing removal treatments. These treatments were replicated six times across two soil
types and a range of vernal pool sizes. After three years of treatment, ungrazed pools had
significantly higher cover of exotic annual grasses than grazed pools. Grazing removal
also contributed to significant changes in pool hydrology in the 2002-2003 field season.
Ungrazed pools were inundated for a shorter period of time and were more likely to dry
and refill multiple times throughout the season than grazed pools. Species richness of
native plants and aquatic invertebrates was significantly higher in grazed versus ungrazed
treatments. The preliminary results of this study suggest that cattle grazing removal from
vernal pool grasslands negatively impacts native plant and aquatic invertebrate species
diversity as well as pool hydrology.
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MERCURY CYCLING CONCEPTS IMPORTANT IN THE ADAPTIVE MANAGEMENT
OF WETLAND RESTORATION PROJECTS 

Wetlands are known to be active zones of toxic methylmercury (MeHg) production,
although the specific processes that drive this are poorly understood. Consequently, there
has been much recent discussion and concern that the extensive amount of ongoing or
planned wetland restoration activities in the San Francisco Bay watershed may lead to a
significant increase in MeHg production. While this possibility cannot be ruled out, the
extent to which enhanced MeHg production will result, and over what temporal and
spatial scales, is currently unknown. Multiple investigations are currently underway to
help us better understand the physical, geochemical, and microbial processes that control
MeHg production in the SFB ecosystem. These investigations are being conducted at
multiple scales (e.g., regional, sub-habitat, microhabitat) as appropriate to address
specific ecological questions. This presentation summarizes a number of these projects,
as a way of illustrating the key environmental factors known to impact net MeHg
production and its bioaccumulation into the food chain. These studies emphasize a
holistic understanding of the processes underlying mercury cycling in the various sub-
habitat components that make up wetland environments (i.e., sloughs, mudflats, low /
high marsh vegetated zones, floodplains, etc…) along the salinity gradient of the
watershed. While simple solutions to the wetland MeHg production dilemma appear
elusive, the management implication of this research is that it may be possible to pursue
wetland restoration design strategies that minimize net MeHg production and
bioaccumulation.
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TRENDS IN SPRING FISH ASSEMBLAGES IN THE LOWER SACRAMENTO AND SAN
JOAQUIN RIVERS AND DELTA, 1994-2002 

Restoration of native fish species assemblages requires information on composition of the
assemblages and trends in their spatial and temporal distribution. Beach seining programs
conducted by the Interagency Ecological Program and the Turlock and Modesto Irrigation
Districts are focused on anadromous salmonid distribution and abundance but also
document catches of other fishes. We analyzed seining data from the lower Sacramento
and San Joaquin Rivers and the Delta to understand nearshore fish assemblages. Twenty-
nine sites were sampled in spring (March through June) from 1994 through 2002.
Sampling sites were separated into four major regions: Lower Sacramento River (LSR),
Northern Delta (ND), Central Delta (CD), and Lower San Joaquin River (SANJ).
Ordination analyses showed that native fishes were more consistently captured in the LSR
and the ND over the nine-year collection period. The total number of alien species (20 of
29 species) and the total percentage catch of alien species (75%) were highest for the
SANJ. The SANJ samples were characterized by large abundances of inland silversides
(Menidia beryllina ) and red shiner (Cyprinella lutrensis ) Splittail (Pogonichthys
macrolepidotus ) ,a species of special concern, was most abundant in the ND and CD
with highest catches observed during 1995, 1998, and 2000. Chinook salmon
(Oncorhynchus tshawytcha ) was most abundant in the ND, and least abundant in the
SANJ. The ND is greatly influenced by the lower Sacramento and American Rivers,
which may serve as vital population sources for native fishes. This dynamic interface
between the LSR and the ND is critical for protecting and restoring native fishes.
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SCALING BIG RIVERS: A LONG-TERM REHABILITATION STRATEGY FOR
CENTRAL VALLEY ALLUVIAL RIVERS? 

The cumulative effect of flow and sediment regulation on Central Valley alluvial rivers
has caused most alluvial river ecosystems to lose their dynamic nature, forever changing
the river character, processes, form, and associated aquatic and terrestrial habitats.
Critical fluvial geomorphic processes responsible for creating and maintaining the
integrity of a healthy alluvial river ecosystem have been lost. Channel migration, channel
avulsion, floodplain formation, channelbed scour and deposition, overbank flows, and
other fluvial and hydrologic processes characteristic of alluvial rivers either occur
infrequently or no longer occur at all. The dams responsible for these changes cannot be
removed, as they provide an important function to society; however, there may be
compromises that can scale down the river ecosystem (compared to unimpaired
conditions) to restore much of the dynamic nature of formerly alluvial rivers. The
fundamental components would include: (1) improved high flow management to increase
the magnitude and frequency of high flow events that are geomorphically significant yet
do not damage human infrastructure, (2) coarse sediment management downstream of
these dams to restore and maintain coarse sediment supply needed for alluvial river
dynamics, (3) reduction of floodway, bankfull channel, low flow channel geometry and
coarse sediment particle size distribution to a size that is scaled to the post-dam flow
regime. CALFED has funded many projects on several Bay-Delta tributaries that address
the physical components of scaling-down rivers, but a focused large-scale experiment,
including the corresponding high flow components, remains elusive. If this large-scale
experiment is carried out, there is considerable uncertainty about certain components of
the scaling process that will need to be addressed. However, scaling rivers as a means to
restore natural fluvial processes and the associated aquatic and terrestrial habitats created
may provide a long-term rehabilitation solution for CALFED, allowing healthy rivers to
co-exist with society’s need for dams.
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RELATIVE MERCURY/METHYLMERCURY CONCENTRATIONS AT WET AND DRY
SEASONS PRIOR TO WETLANDS RECONSTRUCTION AT HAAF 

Dredging ship channels is essential to the economy, but in-Bay disposal of dredged
material has historically been damaging to the San Francisco Bay ecology. Using clean
dredged material to reconstruct lost wetlands is a solution that addresses both economic
and ecological purposes. Dredged material can form the basic shape and substrate of the
wetland, and natural processes of sediment deposition and plant and animal colonization
will follow. However, the devil in the details is mercury, with which the surface of the
entire Bay system is contaminated. Unfortunately, wetlands tend to generate
methylmercury (MeHg) when other forms of mercury are present. Management of
mercury methylation in wetlands reconstruction is essential, and that requires knowledge
of the amounts, rates, and processes of methylation specific to a reconstruction site. At
the Hamilton (HAAF) Wetlands Restoration Site sixty stations were selected representing
gradients from intertidal to upper marsh. Five surficial soil or sediment samples were
taken at each station at peak wet season and were re-sampled at peak dry season. The
samples were analyzed for total mercury (THg) and MeHg. Sample stations represented
gradients from intertidal to upper marsh. THg was similar in soils and sediments at both
seasons (~0.3 mg/g). MHg increased an average of three-fold during the wet season.
Highest THg was consistently found in samples at the intertidal zone but MeHg was
increased less than two-fold in the same samples during the wet season. Highest
methylation occurred in samples taken closer to the levee and less influenced by tidal
fluctuation. In the mid-marsh and upper marsh samples, MeHg averaged up to 9% of
THg, and MeHg concentrations were as high as 23.5 ng/g dw in soil, suggesting that
meteorological or surface water plays a role in mercury methylation of the higher marsh
areas.
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SUSPENDED SEDIMENT AND MERCURY LOADS ENTERING SAN FRANCISCO
BAY FROM THE CENTRAL VALLEY VIA THE DELTA 

The Bay-Delta and San Francisco Bay are listed by the State of California for mercury
impairment. Mercury in the Bay-Delta system is mainly derived from contaminated
sedimentary deposits associated with historic Central Valley mercury and gold mining.
Because mercury is transported into San Francisco Bay attached to suspended sediment,
an understanding of sediment transport helps to enable the estimation of mercury loads.
In 2001, San Francisco Estuary Institute began working with USGS to estimate daily and
annual sediment loads and with UCSC to collect new total Hg concentration data for
mercury load estimation. 

CALFED has funded USGS to measure 15-minute suspended sediment concentration
(SSC) at Mallard Island since water year (WY) 1995 (9 years). Delta outflow (DWR) was
combined with daily average SSC data to estimate daily suspended sediment advective
load. A model was developed to estimate the landward dispersive load using velocity and
SSC data collected during WYs 1994 and 1996. The advective and dispersive loads were
summed to estimate the total daily load. The derived 9-year average load was 1.2 Mt, a
factor of 3 less than previously postulated. Total mercury concentrations were measured
in 30 water samples during WY 2002 and 2003. Least squares regression was used to
derive 15-minute mercury concentrations from SSC. These were averaged and combined
with Delta outflow. The advective loads were adjusted using a modification of the SSC
model. During WY 2002 and 2003 mercury loads were 58 and 97 kg respectfully and
long-term average annual loads are 201 kg. 

This study has important implications for management of the Bay-Delta system.
Decreasing suspended sediment loads may help to increase erosion in the Bay-Delta
system, cause remobilization of buried mercury, and reduce sediment supply to wetland
restoration. New estimates of mercury loads aid the prioritization of management actions
aimed at reducing impairment.
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UTILITY OF JUVENILE SALMON GROWTH MODELS FOR DISCRIMINATION OF
CENTRAL VALLEY SPRING-RUN CHINOOK IN CALIFORNIA 

The four runs or races of Chinook salmon (Oncorhynchus tschawytscha,) found in the
Central Valley of California, spring, fall, late fall, and winter-run, are largely identified by
the time of adult entry into fresh water. Winter and spring-run are listed under the state
and federal endangered species acts as endangered and threatened
respectively.     Management activities affecting juveniles of each of the four runs are
currently guided by two models, the Delta and Fisher (River) model, which define length
by date. Ongoing life history investigations since about 1995 in Mill, Deer and Butte
creeks have included fork length measurements of known migrating spring-run young-of-
the-year and yearlings. Allocation of the known spring-run young-of-the-year by the two
current models classifies 93.5% as fall-run, 3.1% as late-fall-run, and only 3.4% as
spring-run. For known yearling spring-run using the River model, 53% would be
classified as late-fall-run, 43.8% as winter-run, 1.8% as fall-run and only 1.3% as spring-
run. Using the Delta model, known spring-run yearlings would be classified as 77.7%
winter-run, 16.2% late-fall run, 1.8% fall-run and 4.2% spring-run. Based upon these
results, we conclude that the two models do not effectively differentiate spring-run
juveniles by length at date.     
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SPECIES DEPENDENCE OF DENDROHYDROLOGIC DROUGHT SIGNAL IN SAN
JOAQUIN BASIN 

Natural variability of climate on decadal and longer timescales impacts both water supply
and ecosystems.  The watersheds of the Bay-Delta and adjacent areas are unusual for
having several different tree species for inferring hydroclimatic variation on the
millennial timescale. Tree-ring indices from Sequoia gigantea, Pinus balfouriana,
Juniperus occidentalis, and Pinus longaeva are investigated in the context of a
reconstruction of annual flow of the San Joaquin River. A primary objective is to identify
species differences in drought response. The reconstruction model filters the individual
tree-ring chronologies into separate estimates of the streamflow variable as an
intermediate step, and includes safeguards against spurious trend in variance. Indices are
optionally power transformed to handle possibly nonlinear relationships with flow.
Principal components analysis (PCA) is employed to reduce the dimensions of the tree-
ring data in generating the final flow reconstruction, but unlike previous tree-ring studies,
the PCA is run on the covariance matrix; this approach takes advantage of relevant
variance differences in the filtered tree-ring series. Results indicate that the streamflow
signal is strongest for Pinus balfouriana, with individual chronologies of that species
explaining as much as half the variance of annual flow. The different species disagree on
some major time series features related to drought, but generally point to major low-
frequency fluctuations in the period A.D. 1200-1500. The well known North American
megadrought of the late 1500s appears not to be a major feature in the San Joaquin
hydroclimatology; the spatial variation of growth anomalies suggests a gradient toward
more intense drought at that time east of the basin. Results may be relevant in
complementing somewhat shorter (~500 years) climatic reconstructions that will emerge
from an ongoing CALFED project exploring the climatic content and ecological
characteristics of old-growth Quercus douglasii in the Bay-Delta area.
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THE COARSE SEDIMENT CONVEYOR BELT: BEDLOAD SAMPLING AND
MODELING RESULTS, AND RIVER REHABILITATION MANAGEMENT
IMPLICATIONS. 

Coarse sediment augmentation to rivers downstream of sediment trapping dams is
becoming more common in the Central Valley. Historically, the primary objective of
coarse sediment augmentation has been spawning gravel supplementation for anadromous
salmonids; however, coarse sediment augmentation is increasingly targeting fluvial
geomorphic processes and form and the corresponding aquatic habitat provided for a
range of salmonid and other species life history needs. Challenges facing these new
coarse sediment augmentation efforts are to determine: “How much?”, “How often?”,
“Where?”, and “What particle size?”. Recent efforts on the Tuolumne River, Merced
River, Clear Creek, and other streams are attempting to develop long-term coarse
sediment augmentation strategies by: (1) Quickly increasing coarse sediment storage
(“transfusion”) to partially reverse decades of coarse sediment loss from upper
watersheds, and (2) maintaining a long-term coarse sediment budget by augmenting
coarse sediment at a rate equal to transport by high flow releases from upstream dam(s).
The volume of coarse sediment transport during the high flow release is being predicted
by collecting high flow bedload samples, then fitting sediment transport curves and/or
applying sediment transport routing models to those data. Comparison of measured
bedload transport data to predicted transport shows substantial deviation between
measured and predicted transport rates. These results provide insight to possible error and
bias of both sampling methods and model predictions. Additional work is being
conducted to better understand deviations between measured and modeled coarse
sediment transport in order to improve future coarse sediment augmentation efforts.
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CHANNEL RESPONSE TO DAM REMOVAL, CLEAR CREEK, CALIFORNIA 

Clear Creek drains 720 km2, joining the Sacramento River south of Redding, California.
The 4.6-m high Saeltzer Dam blocked upstream migration of chinook salmon
(Oncorhynchus tshawytscha) since it was built in 1912 to divert water for irrigation.
Saeltzer Dam was removed in 2000 to restore anadromous fish access to upstream
reaches. Before the dam was taken down, 19,000 m3 of sediment stored behind the dam
was mechanically removed, but substantial deposits remained. A 2001 monitoring study
detected little channel change in the former reservoir area over the 2001 flow season
(peak flow 35 m3s-1) and based on application of a sediment transport model concluded
that little more sediment would be eroded and transported downstream. We resurveyed
the channel in 2003 following a peak flow 130 m3s-1, and again in 2004 following a peak
flow of 69 m3s-1. Our 2003 survey documented post 2001 incision of more than 1 m,
over about 320 m upstream of the former dam site to an active headcut, and lateral
erosion of 15-18 m, for total erosion of over 3000 m3 from the former reservoir deposit.
Repeat cross section surveys in the Renshaw Riffle downstream show aggradation
sufficient to account for about a tenth of volume eroded from the former reservoir reach,
indicating that most of the sediment has deposited in unsurveyed reaches of Clear Creek
or has been transported downstream to the Sacramento. Dam removal has led to
desiccation of riparian trees (mostly Alnus spp.), with over 50 trees visibly dead or dying,
and lateral bank erosion has removed more trees. Our results suggest that monitoring of
dam removals would be more effective if triggered by the occurrence of flows competent
to transport sediment rather than a fixed schedule.
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PLANT COMMUNITIES AFFECT CARBON DYNAMICS AND ENVIRONMENTAL
FACTORS IN A RESTORED WETLAND IN THE DELTA 

     Subsidence in the Sacramento-San Joaquin Delta is attributed primarily to the aerobic
decomposition of organic soils exposed after the land was drained. Restoring wetlands to
mitigate further subsidence in areas where deep peat remains is a way to decrease levee
maintenance costs in the region, help protect water resources, and provide habitat for
wildlife. In order to see how flooding affects carbon (C) dynamics, we measured plant C
inputs, gaseous C fluxes, and C losses from litter decomposition in a shallowly flooded
wetland restoration project for 6 years after it was flooded. We found that while flooding
effectively halts subsidence, relatively small differences in water depth can have a large
impact on plant colonization and consequent plant-driven environmental effects. For
instance, in water ~55 cm deep, marsh establishment was slow, which resulted in warmer
water and more algae than in the ~25-cm-deep marsh. However, as the emergent marsh
vegetation matured and spread, algal activity, as indicated by water pH and dissolved
oxygen (DO), decreased significantly. The C fluxes in these wetlands were driven largely
by the plant community, and as emergent vegetation spread, C fluxes increased
significantly. Both water depths showed C storage potential, but overall, the ~25-cm
marsh had higher C inputs with less gaseous C emitted as methane than did the ~55-cm
deep marsh. While gaseous C fluxes stabilized over time, consecutive decomposition
studies showed that plant litter losses have decreased as the marsh has matured. This
indicates that these marshes are becoming more effective at storing carbon with time,
which could increase the rate of substrate accretion. In conclusion, restoring wetlands in
areas continuing to subside effectively mitigates further substrate loss, but the wetland
plant community established determines the carbon storage potential and can affect the
water environment by altering factors, including temperature, pH, and DO.
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COUNTING THE SAVINGS: A WATER SAVINGS CALCULATION MODEL FOR
CALIFORNIA’S URBAN WATER CONSERVATION BMPS 

In June of 2002, the California Urban Water Conservation Council decided to automate
the calculation of water savings from the water conservation program activities reported
by water agencies statewide on the Council’s Best Management Practices (BMP)
Reporting Database Website. Since its launching in 2000, the BMP Reporting Website
has enabled water agencies to report online and in great detail their conservation program
accomplishments, with the activities then aggregating in a database to produce statewide
summaries. However, until recently, the numbers reported in the BMP Reporting
Database represented only numbers of specific intervention activities, not any water
savings estimates of those interventions. 

Proclamations of the water savings produced vary widely from water agency to water
agency. Each water agency chooses its own calculation method, assumptions, and factors
and thus develops its own savings representations, which may or may not be truly
accurate. Thus, no reliable savings estimates have ever been produced “from the ground
up” in California, even in the State’s Water Plan. 

The paper will present a savings model that was built in the Spring of 2003 to
automatically calculate the savings for activities reported within the BMP Reporting
database, according to consistent and established criteria. The assumptions and methods
used in the model will be outlined, along with the results obtained. Factors such as
savings decay and free ridership have been incorporated. 

The savings estimates produced by the model are likely to be used in the State of
California’s Water Planning process to summarize the conservation program activity
conducted statewide to date. This model will also enable water suppliers in the CALFED
solution area to more accurately estimate their water conservation goals against the goals
in the CALFED Record of Decision.
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ESCAPEMENT, OCEAN HARVEST AND STRAYING OF HATCHERY AND NATURAL
CHINOOK SALMON IN THE MOKELUMNE RIVER, CALIFORNIA 

One of the goals of the California Bay Delta Authority’s (CBDA’s) Strategic Plan for
Ecosystem Restoration is to maintain and/or enhance populations of selected species,
including Chinook salmon, for sustainable commercial and recreational harvest,
consistent with the other Ecosystem Restoration Program (ERP) strategic goals.
Hatcheries have long been used to sustain the commercial and recreational salmon
fisheries in California, but there is a growing concern over the straying of hatchery fish
affecting the genetic diversity of naturally producing populations throughout the Central
Valley. To examine the possible effects of Mokelumne River Fish Hatchery programs on
naturally produced Chinook salmon, this study evaluated the adult recoveries of coded
wire tagged hatchery and naturally produced fall run Chinook from the Mokelumne River
and hatchery. From 1991 through 2000 approximately 4 million hatchery and 200,000
naturally produced fish were coded wire tagged and released at various sizes and
locations in the Mokelumne River, Delta and San Pablo Bay. The hatchery releases also
represented various broodstock from the Mokelumne, Nimbus and Feather River
hatcheries. The results show releasing Mokelumne origin hatchery smolts in the river
minimizes straying, hatchery post-smolts released in the Bay-Delta contribute at a higher
rate to the ocean fishery, and naturally produced fish stray at a lower rate (7.3%) than
hatchery fish from all release strategies (14.8% to 71.3%). The highest rates of straying in
hatchery fish were from Feather and American River stock imported to the Mokelumne
Hatchery, post smolt releases and releases in the Bay-Delta. Incorporating information
from this study into hatchery practices could help restore natural stocks of Chinook
salmon by minimizing the interaction of hatchery fish with naturally spawning
populations throughout the Central Valley while maintaining sustainable commercial and
recreational harvest.
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WATER DIVERSION AS AN ECOSYSTEM DISTURBANCE: FOUR EXAMPLES FROM
THE DELTA 

The history of water development around the world has taught that hydrologic
manipulations often come with unanticipated consequences, sometimes conflicting with
other societal goals. In this presentation we use observations from our research (both field
work and computer modeling) and monitoring programs in California's Sacramento-San
Joaquin River Delta to illustrate the concept of flow diversion as an ecosystem
disturbance. The prevention of high salt concentrations in the Delta, protection of fish
migration corridors, depletion of dissolved oxygen in the Stockton Deep Water Ship
Channel, and elevation of dissolved organic carbon concentrations at the major export
facilities are areas of concern where diversions are a principle cause of disturbance. We
selected these examples to illustrate how: (1) diversions can reduce the capacity of
aquatic ecosystems to assimilate wastes; (2) local small-scale diversions can have
regional large-scale effects; and (3) interbasin transfers to meet water-supply demands
can conflict with goals of providing safe drinking water and rehabilitating populations of
at-risk species and their supporting functions. Our purpose is to encourage a broader
framework of water-resource management that explicitly recognizes the interconnections
between hydrologic manipulations, water quality, and the status of aquatic ecosystems.
This framework is central to sustainable freshwater development envisioned by Gleick
(2000) as: "the use of water that supports the ability of human society to endure and
flourish into the indefinite future without undermining the integrity of the hydrological
cycle or the ecological systems that depend on it."
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LINED SHORE CRAB AS AN INDICATOR OF REPRODUCTIVE IMPAIRMENT IN
WETLANDS 

Pachygrapsus crassipes was used as a potential indicator of reproductive impairment in
crabs. Field experiments were conducted in northern California along a contamination
gradient at two sites in San Francisco Bay and two sites in Tomales Bay. From June-
August 2003, and continuing in May 2004, reproductive female crabs were captured and
contained in enclosures at their respective sites until just prior to hatching. These
outplanted crabs were used to determine whether reproduction in Pachygrapsus crassipes,
was linked to biomarkers of stress including P450 enzyme in hepatopancreas and DNA
damage to blood cells, at different levels of exposure to contaminants. Embyros were also
assessed for developmental abnormalities and were hatched in separatory funnels to
determine the number unhatched. A relationship between carapace width and clutch mass
was developed. Embryos from Tom’s Point weighed more than those from Stege Marsh.
While clutch weight was positively correlated with carapace width at lightly
contaminated sties, there was no correlation between embryo weight and carapace width
at heavily contaminated sites. A greater number of embryos did not hatch and displayed
abnormal development at heavily contaminated sites. P450 enzyme from crab
hepatopancreas and DNA damage to blood cells were elevated at heavily contaminated
sites. These results indicate that contaminants affect reproduction, and that the
biomarkers of stress used in this study are useful indicators for reproductive impairment
in this species.
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BIOAVAILABILITY AND NUTRITIONAL QUALITY OF ORGANIC MATTER IN A
COSUMNES RIVER FLOODPLAIN 

The Cosumnes River floodplain is a small, restored floodplain of the last unregulated
river in central California. We measured the bioavailability, quantity and quality of
potential food sources for primary consumers in floodplain sites with different inundation
and vegetation patterns. We also explored differences in zooplankton growth rates when
fed seston collected from various floodplain and river sites. Overall, food quantity and
quality was higher in the floodplain than in the river and at lower flows than at higher
flows. Within the floodplain, organic matter concentrations, nutritional quality, and
bioavailability measured over five- and twenty-one-day periods in dark incubations varied
between open and forested sampling sites and between sites with different residence
times. In contrast to results of similar studies in various habitats of the Sacramento-San
Joaquin Delta and the Yolo Bypass floodplain, bulk organic matter concentrations and
various nutritional markers were better predictors of organic matter bioavailability and
zooplankton growth rates than phytoplankton biomass measured as chlorophyll a. The
overall nutritional quality of organic matter may thus be greater in the Cosumnes
floodplain than in the Yolo Bypass or the Delta, potentially leading to greater trophic
efficiencies and greater consumer production. The prevalence of nutritious, bioavailable
food resources for aquatic consumers in the Cosumnes floodplain emphasizes the value
and importance of CALFED preservation and restoration activities targeting floodplain
habitat with more natural flow regimes and varied vegetation and residence time patterns.
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SAN FRANCISCO BAY MERCURY TMDL - A SCIENCE-BASED ADAPTIVE-
IMPLEMENTATION STRATEGY 

The San Francisco Bay Regional Water Quality Control Board has developed a TMDL to
resolve impairment San Francisco Bay by mercury. The success of this endeavor is due to
a science-based collaborative approach. Through a series of reports starting in 1998, the
Water Board iteratively documented the state of knowledge regarding mercury
impairment and promoted an evolving strategy to fill key data gaps and establish a plan of
action.      

Key components of the TMDL include: 

· Numeric targets for mercury in suspended sediment, fish tissue, and bird eggs to protect
sport and subsistence fishing, wildlife and rare and endangered species: 

· Total maximum yearly mercury load to San Francisco Bay of 702 kg on average
(roughly 60% of the existing load); 

· Allocation of load among mercury sources; 

· Plan to implement the TMDL via actions to reduce mercury loads and actions to reduce
methylmercury production; 

· Monitoring program to evaluate progress towards meeting targets and allocations, and
studies to improve technical understanding relevant to the mercury TMDL; and 

· Plan and schedule to review progress and evaluate and revise actions. 

The first three bullets reflect the technical basis of the TMDL, and the last three
collectively reflect an adaptive approach to implementing the TMDL and attaining
mercury water quality standards. Adaptive implementation involves taking early action
commensurate with available data and information while we continuously improve our
understanding of the problem and its solutions. Inherent to this approach is commitment
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to review and revise the TMDL and implementation plan as we gain knowledge,
particularly if we discover unanticipated consequences. Studies called for in the adaptive
implementation plan to improve technical understanding relevant to the mercury TMDL
are consistent with the Calfed Mercury Science Strategy.
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MINIMIZING BROMATE FORMATION IN OZONATED STATE PROJECT WATER
USING CARBON DIOXIDE 

This CalFed-funded project was conducted at the Alameda County Water District’s 28-
MGD Water Treatment Plant #2, located in Fremont, California. The plant uses
preozonation for disinfection and Taste-and-Odor control. The plant treats Sacramento-
San Joaquin Delta water, which can contain high levels of bromide due to salt-water
intrusion into the Delta. Water quality monitoring clearly determined that a bromate-
control strategy needed to be implemented in order to comply with the bromate MCL of
10 mg/L included in the Stage 1 D/DBP Rule. In 2002, the District installed a full-scale
Carbon Dioxide (CO2) feed system to lower the water pH during ozonation in order to
reduce bromate formation. At that time, there was little to no information available on the
use of CO2 for bromate control. In 2002, the District, along with Water Quality &
Treatment Solutions, Inc. (WQTS), applied for and received a grant from CalFed to
evaluate the performance of CO2 for bromate control and provide information to other
Delta users on the technical and economic feasibility of using this bromate-control
strategy when applying ozone to Delta water. The project has been completed and all data
have been analyzed and presented in a draft final report. 

The results showed that CO2 could be a highly-effective strategy for bromate control. In
2002, with the addition of CO2, the District’s running annual average bromate
concentration was less than 5 mg/L. Tests were also conducted to evaluate the concept of
stripping the CO2 from the water in the last chamber of the ozone contactor as a means of
reducing the caustic dose required for pH control. The results showed that the caustic
dose can be reduced by up to 50%.
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TREATING CALIFORNIA STATE PROJECT WATER TO MEET FUTURE
REGULATIONS - ENGINEERING & ECONOMIC IMPLICATIONS 

The California State Project water (SPW) is highly impacted by the changes in the quality
of the water in the Sacramento-San Joaquin Delta, which is impacted negatively by two
primary factors: Sea water intrusion causes significant increases in the bromide
concentration in Delta water, while agricultural runoff causes appreciable increases in the
concentration of natural organic matter (NOM) in the water. Both of these constituents
greatly contribute to the formation of harmful – and regulated – disinfection by-products
(DBPs) when they react with chlorine added for disinfection. Reducing the levels of by-
products formed with deteriorating water quality (i.e., increasing bromide and NOM
concentrations) while increasing the disinfection efficiency at their water treatment plants
has been the primary water quality challenge to all SPW users. 

There have been countless studies evaluating the use of one technology or another for
treating SP water. These studies have been conducted by various entities. This paper
presents a comprehensive engineering and economic assessment of what it will take to
treat SPW to meet increasingly stringent disinfection and DBP standards, with specific
focus on NOM removal technologies. 

Three proven NOM removal technologies were evaluated and compared: 1) Removal
with Enhanced Coagulation, 2) Adsorption on Activated Carbon, and 3) Removal with
Nanofiltration membranes. Using empirical models calibrated with SPW data, THM
formation levels were estimated under raw and treated water conditions. Using historical
SPW water quality, an analysis was conducted to assess the coagulant doses, PAC doses,
GAC replacement frequency, and nanofiltration treatment that would be required to meet
various DBP goals. Following that, an analysis was conducted to determine the impact of
varying source water TOC and bromide concentrations on the treatment requirements and
costs. Finally, the analysis was conducted to compare the treatment cost when using
chlorine or chloramine as the secondary disinfectant.
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MERCURY ACCUMULATION IN CRABS AS AN INDICATOR OF INTEGRATED HG-
BIOAVAILABILITY IN NORTHERN CALIFORNIA ESTUARIES. 

Estuarine production of methyl mercury from inorganic mercury occurs mainly in anoxic
sediments via the action of anaerobic bacteria. Methyl mercury may be “biomagnified” at
higher trophic levels in food chains and can reach levels that trigger health warnings. The
original goal of this study was to determine whether there existed differences in
bioavailability of inorganic mercury or in Hg-methylation rates for diverse estuarine sites,
which included: Walker Creek, with known Hg-contamination from mining; Tom’s
Point, a putatively non-impacted control site; and Stege Marsh, impacted by the typical
Hg-load from San Francisco Bay. An initial survey of sediment [Hg] at Walker Creek
showed high variability within and between stations. Therefore, a decision was made to
refocus the study on concentrations of Hg in the lined shore crab, Pachygrapsus crassipes.
Between sites this indicator showed more than a 50-fold difference, but there were very
different tendencies for trophic magnification in larger crabs depending on the site. Stege
crabs showed moderate Hg levels (200 ppb) and no tendency toward biomagnification in
larger individuals. Similar concentrations occurred in small crabs from Walker Creek and
Tom’s Point, but larger individuals from these sites contained up to 1100 ppb and showed
equivalently strong tendencies toward trophic magnification. These very different patterns
of biomagnification may highlight food-chain differences that contribute to the relative
impairment or health of a specific estuary. Nitrogen stable isotope studies in progress in
the laboratory of a colleague are addressing this hypothesis. Alternatively, the presence of
a suite of heavy metals and xenobiotic compounds at Stege may play some
counterintuitive role in retarding biomagnification. Additional Pachygrapsus surveys are
being used to assess the impact of Walker Creek sediments on various estuarine food
chains throughout Tomales Bay.
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CLEAR CREEK STREAM CHANNEL RESTORATION: HABITAT USE OF A LARGE-
SCALE RESTORATION PROJECT BY CHINOOK SALMON 

A large-scale restoration project was initiated on Clear Creek to rehabilitate the natural
form and function of the stream channel and floodplain. Phase 3A of the project was to
re-route and construct a new 427 m section of stream channel. Evaluating the
effectiveness of reconstructed channels for improving the quantity and quality of Chinook
salmon habitat is crucial to inform future efforts on Clear Creek and other streams. To
evaluate improvements to Chinook spawning habitat, the USFWS conducted spawning
area mapping two years prior to and two years following channel reconstruction.
Spawning area mapping involved drawing redds and redd aggregations on aerial photos
and digitizing them to calculate spawning area. Mapping results showed that annual
spawning area increased from an average of 427 m2 prior to reconstruction to 1,534 m2

following reconstruction (an increase of 260%). In comparison, changes in the spawning
area in sixteen control reaches increased an average of 98% during the same time period.
To evaluate the quality of juvenile Chinook rearing habitat, we monitored habitat use by
direct snorkel observation within the reconstructed channel and two control reaches.
Although we predicted that juvenile densities would initially be lower in the less complex
habitats of the reconstructed channel, they were not significantly different from the
control reaches. We attribute higher than expected juvenile densities in the reconstructed
reach to the availability of cover created by engineered root-wad and boulder structures,
retention of the old channel as a backwater, and channel migration which captured mature
vegetation. Alcoves created to provide juvenile habitat were eroded away during the first
winter. Some designed secondary channels draining constructed floodplains were utilized
as juvenile salmonid rearing habitat. Fisheries monitoring demonstrated that the Clear
Creek restoration project rehabilitated habitats for at-risk species.
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NEW BIOENGINEERING TECHNIQUES PROVE SUCCESSFUL IN RESTORATION
OF THE DELTA IN-CHANNEL ISLANDS 

Problem Statement 
The Sacramento-San Joaquin River Delta in-channel islands are rapidly disappearing
from erosion caused by wind-generated waves, boat wakes, tidal flows and fluvial
currents. Located in the Central Valley of California, the islands provide tidal marsh
refuges for estuarine organisms including special-status species and help protect
levees from erosion. The “islands” in the channels are the Delta remnants after
dredging and reclamation by levee construction. 

Approach 
The CALFED Ecosystem Restoration Program provided grants totaling $1.2 million
to develop and demonstrate the effectiveness of biotechnical wave and erosion control
methods to protect and retain these remnants of the original Delta. The treatments,
first installed in 1999, included log wave-breakers, root wad walls, interlocked root-
wads, brush walls, log boom, mulch pillows, ballast buckets, vegetated stone dikes
and tules planted after installation. Biological and hydrodynamic monitoring will be
completed summer 2004. 

Results 
Monitoring results are highly promising, showing decreases in erosive forces, and
significant increases in native emergent wetland plant cover and colonization of
restored aquatic habitat by special-status species such as Lilaeopsis masonii.
Hydrodynamic monitoring showed that the biotechnical structures were highly
effective in reducing wave height by 35%-64% and reducing wave energy by 57%-
87%. Native tule cover increased significantly, from 7% cover in February 2002 to
45% cover in September 2002 in one of the units. 

Conclusions/Relevance 
This project has demonstrated the feasibility and cost-effectiveness of protection,
enhancement, and restoration of CALFED Bay-Delta priority landforms and NCCP
habitats using environmentally friendly bio-engineering treatments. Monitoring the
performance also addresses scientific uncertainties in the Delta: channel dynamics
and sediment processes as affected by erosive forces, the importance of emergent
vegetated shallow water habitat for salmonids, the effects of erosion and (conversely)
protection on CALFED covered special-status plant species (Mason’s lilaeopsis,
Suisun marsh aster) and effects on invasion by non-native plant species such as Egeria
densa.      
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MICROSATELLITE ANALYSES OF CENTRAL VALLEY TROUT POPULATIONS,
1999-2003. 

Genetic variation found at 11 microsatellite loci was used to describe population genetic
structure for steelhead and rainbow trout (Oncorhynchus mykiss) in the Central Valley,
California. We looked at both spatial and temporal genetic variation as well as
relationships between hatchery and wild stocks. Genetic diversity was analyzed at two
distinct spatial scales: fine-scale within drainage diversity for five trout populations in
Clear Creek; between and among drainage allelic diversity analyzed for 23 population of
trout found throughout the Central Valley. Significant regional spatial structuring of
populations was apparent, both within Clear Creek and among trout populations
throughout the Central Valley. Significant differences in allelic frequencies were found
among most river or drainage systems containing putative wild trout. Less than 1% of the
molecular variance could be attributed to differences found between drainages. Hatchery
populations were shown to be similar in genetic diversity to geographically proximate
wild populations. Central Valley M = 0.626 (below the M < 0.68 threshold) supported
recent population reductions within the Central Valley. However, average estimated
effective population size was relatively high (Ne = 5066). Significant allelic differences
were found in trout collected above and below impassable dams on the American, Yuba,
Stanislaus and Tuolumne rivers. Our fine-scale analyses showed that trout sampled in
Spring Creek were extremely bottlenecked with allelic variation found at only two loci
and an estimated effective population size of 62, suggesting some local freshwater O.
mykiss stocks may be declining rapidly. These data support significant genetic population
structure for steelhead and trout populations within the Central Valley across multiple
spatial scales. Careful consideration of this genetic diversity and its distribution across the
landscape should be part of future conservation and restoration efforts.
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LURKING IN THE SHALLOWS: ECOLOGY OF PISCIVOROUS FISHES IN
NEARSHORE HABITATS OF THE SACRAMENTO-SAN JOAQUIN DELTA 

During 2001 and 2003, we sampled predatory fish from five shallow water sites in the
Sacramento-San Joaquin Delta. Adult and subadult striped bass (Morone saxatilis),
largemouth bass (Micropterus salmoides), and Sacramento pikeminnow (Ptychocheilus
grandis) were the most abundant piscivores, but subadults were collected in higher
numbers. Of the three, subadult striped bass and largemouth bass were considerably more
piscivorous than subadult pikeminnow, and were thus the best indicators of trends in
predation on small fishes. Subadult striped bass and largemouth bass had opposing
patterns of abundance in the delta. Striped bass were most abundant in turbid,
unvegetated habitats while largemouth bass were most abundant at sites with higher water
clarity and higher abundance of submerged vegetation. Multivariate analyses of diet
composition produced numerous, nearly equivalent, axes of variation highlighting
extreme spatial and temporal variation in prey occurrence. Largemouth bass were more
piscivorous (50%-60% of stomachs contained fish remains) than striped bass (30%-40%
of stomachs contained fish remains), but we identified similar numbers of fish taxa
among the two (14 and 15 respectively). Observed growth rates of young-of-year and
one-year-old striped bass and largemouth bass compared to potential growth rates based
on bioenergetic models, indicated both species’ growth rates were much lower than
theoretical potential at the observed water temperatures. This provides evidence that food
is limiting for both predators during at least their first 2 years of life.
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EVALUATION OF THE SUPPLEMENTATION PROGRAM AT LIVINGSTON STONE
NFH USING THE WINTER CHINOOK SALMON ESCAPEMENT SURVEY 

Since 1996, the U.S. Fish and Wildlife Service (USFWS) and the California Department
of Fish and Game have conducted an escapement survey for adult winter Chinook salmon
Oncorhynchus tshawytscha in the upper Sacramento River. A primary objective of the
escapement surveys was to collect data to evaluate the winter Chinook salmon
supplementation program conducted at the Livingston Stone National Fish Hatchery
(NFH). Using data collected during return years 2001 through 2003, we compared
important life history attributes of hatchery and natural origin winter Chinook salmon
including age at return, gender composition, pre-spawning mortality rate, and temporal
and spatial distribution. 

Abundance of adult winter Chinook salmon increased as a result of the supplementation
program at Livingston Stone NFH in all three survey years. Hatchery origin winter
Chinook salmon returned to the same spawning areas as natural origin fish and spawned
at the approximately the same time as natural origin fish. Hatchery origin males returned
in significantly higher proportions at age-2 and both male and female adults (> age 2)
were generally smaller than natural origin fish. Hatchery origin winter Chinook salmon
returning to the upper Sacramento River were comprised of multiple family groups and
likely maintained the genetic diversity of their parent stock. Based on this information,
the USFWS concludes that the supplementation program at Livingston Stone NFH is
achieving the goal of increasing the abundance of naturally-spawning salmon while
reducing risks typically associated with artificial propagation programs.
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DIVERSITY AND ABUNDANCE OF RIPARIAN BIRDS IN THE CENTRAL VALLEY:
IDENTIFYING AND EVALUATING INDICATOR SPECIES 

Riparian habitat in California is a very valuable habitat for avian species, yet this habitat
has been severely diminished and degraded in the past. Management objectives include
maintenance of extant populations, increasing population levels for depleted populations,
and maintaining or increasing biodiversity of riparian-dependent species. However,
implementing these objectives and monitoring the effectiveness of management action is
difficult due to the high taxonomic and ecological diversity of avian species in riparian
habitat. Here we present analyses of data from an ongoing, multi-year study of riparian
birds breeding in the Central Valley, in order to evaluate whether a few species can be
useful indicators of the larger community of bird species using riparian habitat. If so,
which are the most informative species and if not, what other metrics can guide
management? We conducted point count surveys at 22 sites distributed in three regions
(along the Sacramento, Cosumnes, and San Joaquin Rivers). We analyzed abundance (as
indexed by the number of detections) of 21 passerine species (13,249 detections over a 4
year period). We determined overall avian species richness, as well as species richness
and of riparian-associated birds, and then related bird metrics to vegetation
characteristics. Riparian bird species did not group into a small number of clusters. The
first three principal components only accounted for 45% of the variance in abundance of
the 21 analyzed species. Riparian bird species richness could be accounted for by
abundance of 7 of the 21 study species (with only 45% of the variance explained). In a
multivariable model, riparian bird species richness was most strongly related to tree size
(positive), tree cover (positive), and cottonwood cover (negative). We conclude that
monitoring of avian assemblages in riparian habitat to determine condition or response to
management must take into account a large, diverse array of avian species.
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HISTORY, FISHERY INVESTIGATIONS OF CLIFTON COURT FOREBAY,CONTRA
COSTA COUNTY, CALIFORNIA. 

Clifton Court Forebay, a feature of California’s “State Water Project” (SWP), is a 2200
surface acre regulating reservoir at the head of the California Aqueduct. 

The SWP’s California Aqueduct became operational in 1968, drawing water directly
from Italian Slough. Almost immediately, it became apparent that the combined effects of
local consumptive use, and the pumping capacity of the SWP, and the Federal “Central
Valley Project” (CVP), caused lower water surface elevations in the south Delta. 

The solution selected for the problem of low water surface elevations was to construct, on
an emergency basis, Clifton Court Forebay. The Forebay was constructed in the late
1960's, and became operational in 1970. The Forebay, served as a regulating reservoir,
which was tidally filled during the high tide, and after filling, was closed off from the
Delta. 

The construction and operation of the Forebay resulted in a change in the fish salvage
pattern at the SWP’s - J.E. Skinner Delta Fish Protective Facility (FPF), as compared to
the CVP’s - Tracy Fish Collecting Facility (TFCF). The salvage records from the TFCF
and the FPF will be discussed, and cautionary notes regarding their use will be provided. 

From these early observations a series of studies in the Forebay ensued, and will be
described and briefly summarized. These investigations included a creel census of the
sport fishery in the Forebay, ten pre-screening loss (predation) studies, radio and acoustic
telemetry studies of predators, a predator population study, hydroacoustic movement
studies, and several summary papers. 

The background information will be of interest to those interested in the basis for the pre-
screen loss portion of the “Four Pumps Mitigation Agreement,” and to those evaluating
one of the proposals in the CBDA Delta Improvements Package, that of modifying the
connection of the Forebay to the California Aqueduct.
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UNDERSTANDING THE GENETIC BASIS OF MIGRATION TIMING IN CHINOOK
SALMON, ONCORHYNCHUS TSHAWYTSCHA 

Chinook salmon, Oncorhynchus tshawytscha, exhibit a highly complex life history that
occurs over a wide range of traits including smolt age, oceanic distribution, and adult run
timing. From both a biological and management perspective, the time of adult migration
is a key life history trait because it leads to the formation of locally adapted populations.
In California’s Central Valley, variability in run timing is represented by four primary life
history types identified as fall, late-fall, winter and spring. 

Assumed neutral molecular markers such as microsatellites and allozymes provide
evidence for statistically significant genetic distinction among life histories. Despite
greater than 99% confidence in genetic identification of both winter and spring chinook, a
number of difficulties remain unresolved. Early returning runs have arisen in the Feather
River, Cotton, Clear and Battle Creeks. Despite this expression of typical ‘spring-run’
return times, these fish align more akin to fall run. Likewise, the close genetic
relationship between fall and late-fall reduces confidence in run assignment between
these two subpopulations. 

The primary goal of this research is to use functional genes to determine the genetic basis
of migration timing in chinook and develop more discriminate markers. The temporal
isolation of spawning runs suggests that run time may be regulated by an internal timing
mechanism or “clock.” A circadian clock, set by periodic environmental cues such as the
daily light-dark cycle, regulates daily and seasonal activity levels for most organisms. I
have cloned and sequenced the CLOCK gene, a primary molecular gear of the
endogenous circadian clock, for the first time ever in chinook salmon. Interestingly, there
are at least two copies of this gene compared to only one copy that has been identified in
rainbow trout and chum salmon. Given the above, the scientific and management
implications of molecular markers linked to run timing are tremendous.
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EMERGING CONTAMINANTS--WHAT THEY MEAN TO PUBLIC WATER SUPPLY 

Water utilities have begun to consider the numerous groups of emerging contaminants
being found in water. To be reasonably concise about the subject let us consider that
emerging contaminants include the following four categories of chemicals: 1) endocrine
disruptors; 2) pharmaceutical residuals; 3) personal care products; and 4) other trace
substances not falling in the other 3 categories. 

The origins and behavior of pharmaceutical residuals in the environment have been
examined in some detail. These are reviewed in terms relevant to public water supply.
The majority of data presented are based on work conducted as a doctoral project at the
University of New South Wales in Sydney, Australia (Khan, S, 2002). A comprehensive
look at the 50 highest use pharmaceuticals by mass in Australia demonstrated their
presence in raw sewage, their distribution between solid and liquid phases in typical
secondary sewage treatment, and concentrations either measured or predicted to occur in
solid and liquid effluents. 

Prediction of occurrence, fate and distribution depends on largely published chemical
characteristics and on degradative processes in sewage treatment and in the environment.
Actual data collected from raw and treated sewage samples at eight STP’s in various parts
of the world were used to demonstrate model characteristics. This work clearly
established the general concept that compounds will be present in the environment,
including sources of public water supply, in proportion to production and use and as
modified by predictable fate and distribution processes. 

Whether or not an individual compound would be found by any program of sampling and
analysis becomes purely a question of the whims of analytical chemistry. This in turn
begs the question of ultimate significance, i.e., what factors control biological effects of
low level exposure? This issue is examined in terms of the regulatory process, research
progress in toxicology, and public perception.
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Orr*, B.K. (1); N.P. Hume(1), T.J. Ford (2). (1) Stillwater Sciences, 2855 Telegraph Ave.
Suite 400 Berkeley, CA 94705; (2) Turlock Irrigation District, 333 East Canal Drive,
Turlock CA 95380. bruce@stillwatersci.com 

EVALUATING THE EFFECTS OF FLOW ON AQUATIC INVERTEBRATE
COMMUNITIES IN THE LOWER TUOLUMNE RIVER, CALIFORNIA. 

Understanding the effects of flow regulation on aquatic macroinvertebrate community
structure is an important step in addressing potential limiting factors for many resident
and anadromous fish in rivers of California’s Central Valley and elsewhere. From 1988–
1994, the Turlock and Modesto Irrigation Districts conducted a multi-year study on the
effects of flows on wetted areas and the aquatic invertebrate community in a gravel-
bedded reach of the lower Tuolumne River at summer baseflows ranging from 10-100
cfs. The investigations also included aspects relating to potential prey availability for
juvenile Chinook salmon. Additional data at 50-275 cfs were collected from 1996 up to
the present time, following an increase in the baseline flow requirements under Districts’
license from the Federal Energy Regulatory Commission. By analyzing invertebrate
composition and abundance for multiple years before and after the adoption of higher
summer baseflows under the settlement agreement, it is possible to examine the effects of
inter-annual variability and managed flows on invertebrate community structure and
potential prey availability for juvenile salmon. The results support a hypothesized
gradient of invertebrate habitat quality from upstream (high) to downstream (low) due to
downstream increases in fine sediments and higher average temperatures. Following an
increase in summer base flows, taxonomic composition appears to be shifting away from
pollution-tolerant organisms and toward those with higher food value for fish. In addition
to the increased occurrence of stoneflies (Plecoptera) relative to pre-Settlement
Agreement flows, richness and diversity of mayflies (Ephemeroptera) has increased, both
of which may indicate improved conditions for resident fish species in the lower
Tuolumne River. A focus of future studies could be the direction of change or trajectory
of community composition as more instream restoration projects (e.g., gravel additions)
are completed.
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Ostrach* D.J., J.M.Low, S.J.Whiteman & J.G.Zinkl djostrach@ucdavis.edu 

MATERNAL TRANSFER OF XENOBIOTICS AND EFFECTS ON LARVAL STRIPED
BASS IN THE SAN FRANCISCO ESTUARY 

Field and laboratory investigations indicate sublethal contaminant exposure of early life
stages of striped bass occurs in this estuary but is poorly understood. This study focuses
on effects of contaminants found in the eggs via bioaccumulation on striped bass larval
development. Female striped bass were captured using standard electro-fishing
techniques during the Springs of 1999-2001 and transported to Professional Aquaculture
Services in Chico, California. River-captured and hatchery-reared F-3 - F-5 generation
(control) female striped bass were spawned, eggs hatched and larvae reared under
identical conditions during all 3 years. Pre-spawn eggs were obtained and frozen for
subsequent analysis. Organic chemical and pesticide analysis was performed by GC-ECD
and metals analysis by ICP-MS. Larvae from hatchery-reared and river-collected females
were sampled at 1day - 16 days after hatching and fixed in 10% formalin. Whole larvae
were embedded in glycol methacrylate, serial sectioned at 4 micron thickness and stained
with hematoxylin and eosin for histopathological evaluation. Yolk, brain, liver and whole
body data was obtained for each larvae using the Computer Assisted Stereology Toolbox
and volumes calculated using the Cavalieri method. Biologically significant levels of
PCB’s, PBDE’s and pesticides were found in all egg samples from river-collected striped
bass. Significant differences in yolk utilization, brain development, liver development
and overall growth was observed in larvae from the river-collected female striped bass as
compared with controls. Chemical analysis and histopathological results suggest that
contaminants found in the eggs are causing endocrine and CNS disruption during early
stage larval development. This study provides clear evidence of bioaccumulation and
maternal transfer of xenobiotics in striped bass in the San Francisco Estuary system. Our
investigation presents new information that can help to better understand the fate of
contaminants and manage the problems associated with maternal transfer of xenobiotics
in fish populations in this Estuary system.
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Parchaso*, F. (1), J. Thompson (1). (1) U.S. Geological Survey (USGS), Menlo Park, 345
Middlefield Rd. Mail Stop 496. Menlo Park, CA 94025. parchaso@usgs.gov 

DISTRIBUTION AND GRAZING POTENTIAL OF CORBICULA FLUMINEA IN THE
SACRAMENTO-SAN JOAQUIN DELTA 

Phytoplankton biomass has been declining throughout much of the Sacramento-San
Joaquin Delta and northern San Francisco bay in the last two decades. Grazing losses by
the bivalve Potamocorbula amurensis have been shown to be one cause of the declines in
phytoplankton biomass in the northern bay and we have questioned if the freshwater
bivalve Corbicula fluminea could be exerting similar controls on phytoplankton in the
Delta.     To begin answering this question, we examined Corbicula biomass and density
at 156 stations throughout the Delta in May of 2002. Stations were assigned to strata
based on temperature, conductivity, habitat type, bathymetry, and current velocities. 

Very few Corbicula were found in the Sacramento River and its associated tributaries.
The highest densities of Corbicula were found in the Western reaches of the San Joaquin
River, including the areas around Frank’s Track and Mildred Island. Age distributions
throughout most of the Delta were skewed toward small Corbicula. Large Corbicula (>10
mm) were found in Cash Slough, Georgiana Slough, Mokelumne River, Old River and its
tributaries, Frank’s Track and the nearby waterways, the waterways around Mildred
Island, and in the San Joaquin River, near Suisun Bay. 

We conclude that at present, Corbicula are capable of locally controlling phytoplankton
biomass in the waterways where adult Corbicula are present, but populations in other
portions of the Delta are not mature enough to exert similar control. Although we do not
know why Corbicula does not grow to adult sizes in large portions of the Delta, Foe
(1985) suggested that they were food limited throughout much of this system. If true, we
can expect that any increase in phytoplankton in portions of the system where we
observed large populations of immature Corbicula may result in larger bivalves and
potentially in populations that can reduce the phytoplankton biomass.
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Pasternack*, G. B. (1), J. Wheaton (1,2), J. Merz (1,3), E. Elkins (1), R. Brown (1), H.
Moir (1). (1)University of California at Davis (UCD), 211 Veihmeyer Hall, LAWR,
Davis, CA 95616.(2)University of Southampton, School of Geography, 1019 Shackleton
Building, Southampton SO17 1BJ, UK.(3)EBMUD, 1 Winemasters Way, Suite K, Lodi,
CA 95240. gpast@ucdavis.edu 

HYPOTHESIS-DRIVEN RIVER REHABILITATION ON THREE CALIFORNIAN
STREAMS 

The Spawning Habitat Integrated Rehabilitation Approach (SHIRA) is a CALFED-
sponsored, scientifically peer-reviewed framework for addressing hydrogeomorphic and
ecologic problems on regulated rivers. At present SHIRA is being used on the
Mokelumne, Trinity, and Yuba Rivers to assess baseline conditions, design reach and
sub-reach scale rehabilitation projects, and track post-project outcomes. Because these
rivers have significantly different flow and sediment regimes, each has enabled adaptive
management of different components of SHIRA to increase its breadth and suitability for
a wide range of rivers. Particular emphasis has been placed on developing many new
design elements that yield naturalized fluvial processes that exist at the spatial scale fish
actually experience a river. Recent scientific advances made using SHIRA include both
ecologic and hydrogeomorphic concerns. In terms of ecology at rehabilitation sites, we
have assessed the amount and types of habitat heterogeneity used by spawners, predicted
and validated the spatial pattern of redds both pre- and post-project, and compared fry
production at degraded and rehabilitated sites. In terms of hydrogeomorphology at
rehabilitation sites, we have observed vertical velocity profiles and used these to test 2D
hydrodynamic model predictions of shear stress, we have placed over 20,000 painted
tracer rocks to test 2D model predictions of spatial scour patterns and particle transport
tracks, and we have quantified geomorphic-unit scale sediment budgets, including
prediction and testing of the different mechanisms responsible for changes to sites.
Remaining technical challenges for rehabilitating regulated rivers will be discussed.
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Anitra Pawley* and Christina Swanson. The Bay Institute, 500 Palm Drive, Suite 200.
Novato, CA 94949 pawley@bay.org 

THE ECOLOGICAL SCORECARD:  REFINEMENTS FOR FINER SCALE BAY
DELTA ASSESSMENT

Both the U.S. Environmental Protection Agency in its National Estuary Program and the
California Bay-Delta Authority in its Ecosystem Restoration and Science Program have
identified the need for concise ways to evaluate and explain environmental status and
trends and the importance of indexes and indicators as tools for improved management
and decision-making, and as a means to communicate to the public and policy-makers
regarding benefits of their investments.  Additionally, previous local or statewide projects
have identified indicators for the San Francisco Estuary.  Building on these efforts, The
Bay Institute developed the Ecological Scorecard San Francisco Bay Index, the first
comprehensive assessment of the Estuary's condition, released in October 2003.  The
Scorecard used regional-level multimetric indexes to evaluate the condition of the entire
San Francisco Bay region but had limited utility for examining conditions and trends at
smaller geographic scales. 

To address this limitation, we are presently refining the approach to facilitate finer scale
habitat and restoration program assessment.  Using examples from the Scorecard's fish,
water quality and food web indexes, we illustrate how regional level indexes can be
applied to finer scales in order to make comparative assessments between different sites
and habitats.  Analysis of Suisun fish, zooplankton and water quality data allow
comparisons of sub-regional and habitat specific (channel versus marsh) conditions and
trends with results from the Estuary as a whole.  Analyses suggest that Suisun Bay
regional and finer scale trends are generally consistent, depicting a significant downward
trend.  However, metrics such as zooplankton abundance and phytoplankton productivity
in the marsh channels versus the open bay were generally higher, necessitating an
adjustment in scoring thresholds for assessing and comparing habitat conditions.  The
examples show how the regional and finer scale analyses can be nested and adjusted to
permit the examination of ecosystem health at multiple scales.
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Pearce*, S. San Francisco Estuary Institute (SFEI), 7770 Pardee Lane, 2nd Floor,
Oakland, CA 94621 sarahp@sfei.org 

INFLUENCE OF LANDSLIDES ON WATER QUALITY AND AQUATIC HABITAT IN
SELECTED CREEKS IN THE BAY-DELTA WATERSHED 

Achieving and maintaining sediment related water quality (suspended and bedload) and
improving anadromous fish habitat are two key goals of CALFED. Landsliding is a
process linkage between sediment production on hillslopes and deposition and transport
in fluvial systems. Although landsliding is generally prevalent in uplands of the Bay-
Delta watershed, local geology is a fundamental control on how landsliding positively or
negatively influences the aquatic ecosystem. Over the past three years, SFEI has assessed
a number of local watersheds; in some, landsliding is a dominant part of the overall
sediment budget. These studies provide an opportunity to compare and contrast how
landslide sediment supply influences habitat quality. 

Landslides are the primary sediment source in Sulphur Creek, Napa County, greater than
sources from viticulture, urban development, grazing, and past timber harvesting. In
Sulphur Creek, landslide derived sediment is influencing fish habitat by infilling pools
and decreasing migration through reaches because of aggradation. In La Honda Creek,
San Mateo County, the timing of landslides and supply of fresh non-embedded gravels to
the channel bed influences the availability of gravels for spawning. In contrast, in Pinole
Creek, Contra Costa County, the quality of spawning gravels is not profoundly influenced
by large amounts of fine sediment supplied to the channel from landslides. Instead,
landslide sediment helps to cause high and extended turbidity and maybe more
deleterious to fish during and after floods. 

Characterizing the sediment delivery processes and rates within watersheds is important
for prioritizing management actions and developing restoration plans. Variability among
watersheds precludes broad-brush prescriptive management techniques for achieving and
maintaining sediment related water quality. We demonstrate the value of field-based
watershed assessment for characterizing hillslope-creek interactions as a precursor to
development of successful management solutions for maintenance of anadromous fish in
the Bay-Delta watershed. 
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Peterson*, H. A. (1), M. Vayssières (2). (1) U.S. Geological Survey (USGS), Menlo Park,
345 Middlefield Rd. Mail Stop 496. Menlo Park, CA 94025. (2) California Department of
Water Resources, Department of Environmental Services (DWR, DES) 3251 'S' Street,
Sacramento, CA, 95816 hapeters@usgs.gov 

USING LONG-TERM BENTHIC MONITORING DATA TO INFORM RESTORATION 

Benthic invertebrates are known to be important in estuarine ecosystem processes,
especially for their roles as consumers of organic carbon and as prey items for fish and
other wildlife. The Environmental Monitoring Program has conducted benthic monitoring
for the Interagency Ecological Program (IEP) since the mid 1970’s, providing a valuable,
consistent, long-term record of changes in benthic community in the upper San Francisco
Estuary. The benthic monitoring program was initially designed to detect the effects of
salinity intrusion and eutrophication in the Estuary, though the data that the program
provides have been useful for a variety of applications. Analysis of nearly 30 years of
(usually monthly) benthic community data at four continuously sampled monitoring sites
(D41A in San Pablo Bay, D7 in Grizzly Bay, D4 at Collinsville, and D28A in Old River)
shows some coherent trends in benthic community composition and abundance that
correlate with trends in physical and chemical data in the greater Estuary. From these data
we can predict what factors control important benthic prey species. Other analyses of
historic data where multiple sub-habitats were sampled in the region of the long-term
monitoring sites show large differences in benthic community composition, and
sometimes divergence in community trends among sub-habitats separated by short
distances. We will use trends in the presence and abundance of important benthic species
in the IEP monitoring data, including prey and introduced alien species, to explore the
uses and limitations of the data set for common questions related to restoration.
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Pittman*, S.A.(1), W.V.G. Matthews (2). (1) P.O. Box 291, Samoa, CA 95564. (2) P.O.
Box 1516, Weaverville, CA 96093. smokey@gmahydrology.com 

GEOMORPHIC MONITORING OF PHASE 3A OF THE LOWER CLEAR CREEK
FLOODPLAIN REHABILITATION PROJECT 

Two years of geomorphic monitoring of Phase 3A of the Lower Clear Creek Floodway
Rehabilitation Project evaluated the effectiveness of reconstructing 0.5 miles of stream
channel historically impacted by gravel mining, gold dredging and flow regulation.
Sequential surveying, stream gaging, scour monitors, sediment sampling, photography
and bed-mobility experiments were employed to evaluate floodplain function and in-
channel geomorphic processes. 

Large winter storm flows in December 2002 resulted in significant initial changes to the
cross sectional and longitudinal geometry of the re-constructed channel. Point bars, mid-
channel bars, and transverse riffles began to develop. Riffle matrix particles initially
mobilized at well below the design bankfull discharge of 3,000 cfs, but as the channel
adjusted, the threshold of bed mobility increased to an average of 2,800 cfs. Gravel-
injected banks eroded and some pools deepened. Further channel adjustment followed a
sustained spill event in April 2003. 

The design channel failed to flow over-bank at flows above 3,000 cfs at the upstream end
of the reach, thus contributing greater erosive energy to transport introduced gravels.
However, at 5 of 8 cross sections, the channel functioned as designed, resulting in fine
sediment deposition on the floodplain. 

Bedload rating curves (generated from high flow samples collected with a 6 inch Helley-
Smith sampler deployed from a cataraft on a cableway) were applied to continuous-stage
records to compute annual loads. Water Year 2003 produced 7,400 tons while Water
Year 2004 produced 2,500 tons, illustrating the hydrologic differences in two consecutive
years. Similarly, suspended sediment yield was computed using the relationship between
suspended sediment concentration and discharge: Water Year 2003 yielded 17,300 tons
of suspended sediment compared to 9,200 tons in Water Year 2004. 

The hydraulic design for Phase 3A may require modification to improve floodplain
function and gravel injections may be required to provide desired geomorphic attributes. 
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Platenkamp*, G. A. J. (1), K. Rood (2), T. Lunt (3). (1) Jones & Stokes, 2600 V Street,
Sacramento, CA 95818. (2) Northwest Hydraulic Consultants, 3950 Industrial Blvd.,
#100C, West Sacramento, CA 95691. (3) Sloughhouse Resource Conservation District
and Cosumnes River Task Force, 9701 Dino Dr., Suite 170, Elk Grove, CA 95624
gplatenkamp@jsanet.com 

CHANNEL CONDITIONS AND SEDIMENT DYNAMICS IN THE COSUMNES RIVER
WATERSHED 

Observations suggest that fine sediment in spawning gravels may limit salmonid
spawning success in the lower Cosumnes River. However, a Natural Resources
Conservation Service inventory of available information indicated that insufficient data
were available about channel conditions and sources and transport of sediment to proceed
with effective sediment management planning in the watershed. The goal of our study
was to fill these data gaps and assess watershed conditions. Historical and existing
channel conditions were mapped using topographic maps, aerial photographs, and field
observations. Land cover and potential sediment sources were mapped using satellite
imagery and aerial photographs. Transport of suspended and bedload sediment was
measured in the field at Michigan Bar, and historical transport patterns were modeled.
Since 1907, the lower Cosumnes incised on average 12 feet, but incision has become very
slow or absent in the last decade. Levee construction has caused bank erosion in the lower
river and poor grazing practices caused bank erosion in the upper river. Land use changes
since 1974 include a threefold decrease in cropland, a fivefold increase in vineyard and
orchard area, and a threefold increase in residential development. Native-surface roads,
logging, vineyard conversion, dairies and feedlots, residential development, and mining
were the most important land uses leading to ground disturbance. Average annual
suspended load transport is about 120,000 tons, and average bed load transport is 4,000
tons. Most coarse sediment is trapped behind Granlees Dam, which contributes to
channel incision in the lower river. Two implications of these results are that watershed
management should focus on reducing sediment production from a limited number of
land uses and should address the effects of Granlees Dam, levees, and other channel
confinements on incision and bank erosion. Such management measures should reduce
sediment input into the Delta and improve salmonid spawning in the lower Cosumnes.
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Rajbhandari, H. L.* California Dept. of Water Resources, 1416 Ninth Street, CA 95814
hari@water.ca.gov 

DISSOLVED OXYGEN AND TEMPERAURE STUDIES OF THE IN-DELTA STORAGE
PROJECT 

Problem statement: The In-Delta Storage Project proposes to store water in Bacon Island
and Webb Tract for supplemental water supply and for operational flexibility. This study
assessed if potential changes in dissolved oxygen (DO) and temperature of the adjacent
Delta channels were within the standards specified in the State Water Resources Control
Board Decision 1643 and the Water Quality Management Plan (WQMP). 

Approach: The Delta Simulation Model 2 (DSM2) was utilized to conduct hydrodynamic
and water quality planning simulations for a base and a project operation scenario. The
water resources planning model CALSIM II provided the hydrologic and operational
information generated at daily intervals. Water quality data such as DO, temperature,
chlorophyll and nutrients were based on field measurements or extrapolations of data.
Island water quality data was approximated from the mesocosm experiments. Simulation
results at daily intervals were compared to evaluate the changes in DO and temperature of
the adjacent Delta channels. 

Results: DSM2 indicated no DO violations of the WQMP and a few temperature
violations for the adjoining Delta channels. These results assume a simplification of the
storage islands and could potentially change if there is vertical stratification or horizontal
variability in the storage islands. 

Relevance: These findings are relevant to Bay-Delta Program goal of improving water
supply reliability through storage. The methodology developed for this study covered a
16-year period (water years 1976-1991) including a mix of critical, wet and normal years,
and is a major step toward scientific assessment of project operations. This study can also
serve as a guide for the other four storage projects being investigated under Bay-Delta
Program.
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Redmond*, K.T., Western Regional Climate Center, Desert Research Institute, 2215
Raggio Parkway, Reno, NV 89512. kelly.redmond@dri.edu 

DESIGN CONSIDERATIONS FOR A HIGH ELEVATION CLIMATE MONITORING
NETWORK IN SUPPORT OF CALFED 

Emerging technical demands from CALFED restoration activities and prospects for near-
term climate changes are making climatic observations in the mountainous parts of
California ever more necessary. A network to obtain these measurements should involve
the following: 1) All major mountain ranges should be sampled, with along-axis and
cross-axis transect where possible. 2) Approximately 5-10 climate-quality sites are
needed at a minimum. 3) Highest sites should be as high as possible, both relatively and
absolutely, with clear free-air exposures. 4) Stations should utilize existing measurements
and sites, and extend existing records, where possible. 5) AC power will generally be
required, to prevent ice/rime. 6) Temperature, relative humidity, wind speed and
direction, solar radiation should be measured at all sites, with other measurements made
as feasible. 7) Hourly readings, and real time communication, are desirable. 8) Local
artificial influences should be minimized and sites need to be maintained consistently
(including vegetation heights and surface cover) for the next 5-10 decades. 9) Current and
historical measurements, and site histories, need to be made accessible via World Wide
Web where possible. 10) Measurements of precipitation, snow water content and depth
are not practical at highest points, so the network should include lower sites in protected
settings to permit these. 11) High quality, rugged, durable instrumentation with proven
track records will be needed; shared methods and instrument types are highly desirable.
Locations of present and and potential measurement sites that meet these criteria as much
as possible will be discussed. A preliminary list of candidate (or example) sites for such a
network will be presented. Development of a high-altitude network of existing and new
stations will provide the long-term climatic data required to manage California’s crucial
high-altitude watersheds under changing future conditions and demands. 
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Reed*, D.J. on behalf of the BREACH I and II teams. University of New Orleans, New
Orleans, LA 70148 djreed@uno.edu 

BREACHING LEVEES: CONCEPTUAL MODELS OF RESTORATION OUTCOMES
ALONG THE BAY-DELTA ESTUARINE GRADIENT. 

During six years of studies of breached levee restoration sites in the Delta and upper
estuary the BREACH team examined geomorphic evolution, vegetation, invertebrate and
fish associations, food web structure, and avifauna use at 19 locations (10 restored and 9
reference sites). Restoration sites had been breached between 1925 and 1995. 

Our initial concept in BREACH was that restoration site age would correlate strongly
with system structure, with the endpoint approximating reference marshes. However, our
conceptual models evolved to focus on the principle that land surface elevation , either
subaqueous or subaerial, rather than age determines site character, and rates of elevation
change control site evolution. 

Importantly, elevation relative to the tidal frame determines whether the site is
appropriate for colonization by emergent macrophytes whereas salinity and elevation
together determine the nature of the vegetative community. A major distinction is made
between those low salinity parts of the estuary, which can be colonized by tules at
~MLLW, and those where bulrush or cordgrass colonize between MTL and MHHW. This
difference means that non-vegetated intertidal flats are limited in the Delta. 

Vegetative communities influence the availability of prey for higher trophic levels via
primary production, microbial interactions and the provision of habitat for insects.
Emergent vegetation provides structure for avifauna including songbirds while SAV
supports many exotic fishes. As elevation increases, tidal channel development reflects
site antecedent conditions, unvegetated mudflat topography and the interplay between
directed flow and patterns of initial vegetation colonization. However, as elevation
increases toward MHHW the complexity of the tidal channel network decreases as tidal
prism reduces and vegetation encroaches. 

These conceptual models should improve our basis for restoration planning and provide
important guidance to stakeholders, managers and practitioners regarding some expected
outcomes of breached levee restoration in the Bay-Delta.
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Reed*, D.J., Department of Geology & Geophysics, University of New Orleans, New
Orleans LA 70148. djreed@uno.edu 

FLOOD CONTROL THAT LEAKS AND DREDGING THAT MATTERS: MAKING
ECOSYSTEM RESTORATION WORK IN THE REAL WORLD 

Ecosystem restoration in highly modified systems frequently focuses on the rehabilitation
of ‘natural ‘processes – the Everglades and Coastal Louisiana efforts both include natural
system components. One of the largest challenges to such restoration, however, is that
some modifications are irreversible, or deemed so by society, and that ecosystem
restoration goals are not in concert with local community values. 

In Louisiana, scientists for decades have called for the removal of levees that dissect the
wetlands creating impenetrable barriers for water, sediments, and nekton. Faced with the
immediate need for community storm surge protection, a system of levees, gates, and
structures is being planned that provides tidal exchange, and can be used to enhance
sediment deposition in marshes. This is still not restoration but studies indicate future
wetlands trajectories will be improved. 

Current ecosystem restoration planning can frequently incorporate societal goals,
especially where science can inform the process. More unusual is where human
alterations provide opportunities for restoration. Jamaica Bay NY is one of the nation’s
most highly modified estuaries. Multiple stressors include excavation for airport runways,
navigation channels, inputs from municipal SWTPs, armoring of shorelines and inlets,
and herbivory. The science linking stressors and rapid loss of tidal marshes in conceptual
at best but opportunities to begin experimental restoration have been provided by the
biennial dredging cycle. Dredging has spurred restoration – albeit experimentally – and
provides some assurance to residents that the very complex problem will not be studied
forever. 

In the CALFED context these examples illustrate how ecosystem restoration must be
considered in the context of all actions taking place within the system and vice versa. If
restoration is a true priority for society then it needs to be integrated into all actions. This
means restorationers must always be looking for opportunities – even where they might
least expect them. 
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Reeves, K.A. (1), J. Brodie* (2). (1) East Bay Municipal Utility District, Fisheries and
Wildlife Division, 1 Winemaster Way, Suite K2, Lodi, CA 95240. (2) San Joaquin
County Resource Conservation District, 3422 W. Hammer Lane, Suite A, Stockton, CA
95219. kreeves@ebmud.com 

BUILDING COLLABORATIVE PARTNERSHIPS TO RESTORE RIPARIAN HABITAT:
THE LOWER MOKELUMNE RIVER WATERSHED STEWARDSHIP PROGRAM 

Stakeholder cooperation is essential to development and implementation of watershed
restoration. In order to enhance overall watershed health and water quality a large and
diverse group of local stakeholders in the lower Mokelumne River watershed effectively
collaborated to complete the Lower Mokelumne River Watershed Stewardship Plan
(Plan) in 2002, a three-year project funded by CALFED. This Plan identifies and
addresses issues important to stakeholders in the Lower Mokelumne River Watershed. A
total of 12 elements are addressed in the Plan including restoration. The Restoration
Element emphasizes the protection, enhancement, and/or restoration of riparian habitat
that will simultaneously serve to reduce stream bank erosion, stabilize levees, provide a
buffer or transition zone between the river and production agricultural operations, reduce
the occurrence of non-native invasive plant species, increase habitat values for
Neotropical/riparian birds, terrestrial wildlife, and anadromous fish, and help restore the
river’s natural geomorphology. The Plan is now in the implementation phase with 20
private and 3 public landowners along the mainstem of the river that have shown a
committed level of interest in restoration that will protect, restore, and/or enhance
approximately 600 acres of riparian habitat. This acreage is 45% of the riparian habitat
targeted for restoration along the lower Mokelumne River for the Eastside Delta
Tributaries Ecological Management Zone described in Volume II: Ecosystem Restoration
Program Plan by CALFED. These commitments range from willingness to begin
evaluating and planning for restoration/enhancement opportunities to fully funded
restoration projects. We will discuss the process of building trust and partnerships with
private landowners and government agencies within the context of the Plan that leads to
successful collaboration. Examples of current restoration projects will be discussed.     
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Rockriver*, A. K. California Department of Fish and Game, 4001 N. Wilson Way,
Stockton, CA 95205 arockriver@delta.dfg.ca.gov 

SHALLOW WATER HABITAT CREATION: DO NO HARM? 

The Decker Island Habitat Enhancement Project created approximately 26 acres of
habitat, which includes tidal wetlands, on the northern tip of Decker Island. A fish
monitoring program began in spring 2003 to assess fish utilization of the newly created
shallow water habitat. Early results suggest that introduced fishes are using the restoration
site to a greater extent than native fishes. These results seem typical of shallow water
habitats currently found in the Delta. Because the Delta has been vastly altered, it is
probably impossible to create shallow water habitat that will only benefit native
fishes.     Although recreating the sort of shallow water habitat that once existed in the
Delta is a noble goal, it must be attempted with caution. Native fishes are more abundant
in some regions of the Delta and the creation of shallow water habitats may provide an
undesirable source of exotic species and possible sink for native fishes. If native fish
habitat creation is an important restoration objective, then we should modify our thinking
about how we create shallow water habitats in the Delta. 

Although we have learned a lot about Delta native fishes over the years, we know much
more about certain introduced fishes. A possible approach to making shallow water
habitats more beneficial to native fishes is to create tidal wetlands that minimize
favorable conditions for introduced fishes and invasive aquatic plants. For example,
reducing the amount of permanent backwater areas, eliminating features that predators
favor, incorporating open sandy areas, and increasing water circulation in the habitat may
help limit exotic species in some restoration sites. Each restoration project in the Delta
will differ depending on its goals and objectives, site location in the Delta, and fish
species and life stages being targeted for either restoration or control.
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ENVIRONMENTAL WATER ACCOUNT (EWA) - MANAGING UNCERTAINTY TO
ACHIEVE SUCCESS 

The EWA protects listed fish of the Sacramento - San Joaquin Delta and acquires water
to assure no consequential reduction in water supplies for Central Valley Project and
State Water Project contractors. Various water purchase strategies and management tools
are employed to achieve this balance. Five EWA agencies (U.S. Bureau of Reclamation,
U.S. Fish and Wildlife Service, NOAA Fisheries, and the California Departments of
Water Resources and Fish & Game) work cooperatively implementing the program. 

Problem Statement. The EWA agencies must commit to water purchases months before
knowing how much water is needed to protect fish without affecting contractors’ water
supplies. The availability of and need for water, and the ability to transfer it are dependent
on three variables: hydrology (wetter vs. drier years), fish behavior, and funding. The
uncertainty inherent in these variables creates a challenging problem. 

Approach. The EWA agencies manage uncertainty by modeling Delta conditions, project
operations, EWA operations, and EWA purchase strategies using a set of computer
models. CALSIM II modeling provides the baseline for an interactive spreadsheet model
that simulates EWA operations, purchase strategies, and costs in future years using a 73-
year hydrologic base period. The model also evaluates potential economic benefits of
certain CALFED storage programs to the EWA. Other spreadsheets model purchase
opportunities and Delta constraints to optimize current year operations and aid in
negotiations. 

Results. The EWA agencies have achieved an options-based least-cost purchase pattern
consistent with cross-Delta transfer capacity and late-season changes in EWA need. The
modeling tentatively defines EWA’s future size, operations, and acquisition strategies,
and evaluates possible new tools for EWA’s future operation. 

Conclusions/Relevance. The use of models to plan and manage EWA’s operations and
purchases provides a sound business base, and helps assure least-cost operations to meet
CALFED’s fish protection and water supply objectives while managing the program’s
inherent uncertainties. 
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MINIMIZING MERCURY MOBILITY AND METHYLATION IN THE CLEAR CREEK
AND TRINITY RIVER RESTORATION PROJECTS, CALIFORNIA 

River restoration projects such as those in the lower watersheds of Clear Creek (CC) and
Trinity River (TR), California, have the potential to release mercury from tailings and
mercury-enriched sediments derived from historic placer gold mining. Restoration
projects such as flood plain and channel modification, sediment augmentation, and
wetland formation that redistribute and utilize mercury-enriched tailings and sediment
may enhance mercury methylation and bioaccumulation. Minimizing the release and
methylation of mercury resulting from river restoration projects, as well as evaluating
watershed response to restoration efforts, requires incorporating an understanding of
mercury biogeochemistry into planning and implementation of restoration projects. 

Distribution of mercury (Hg) and methylmercury (MeHg) in water, sediments, tailings,
and biota (fish, amphibians, aquatic insects) have been studied in TR and CC in various
riverine environments and restoration areas. Physiochemical parameters that control
methylation such as Hg speciation, sulfate, and dissolved organic carbon (DOC) also
were measured during repeated seasonal sampling. 

Within various riverine and restoration environments, Hg and MeHg are concentrated in
the fine-grain size fraction of tailings and sediments though concentrations vary
considerably. Highest Hg concentrations are present in dredge sluice sands which may be
exposed during restoration activities and provide a source of bioavailable Hg that can be
released into surface waters. Hg methylation is enhanced in wetland and pond
environments where sulfate and DOC concentrations are elevated by effluent from
connate springs, mine drainage, or tributaries draining mineralized areas. Fish and aquatic
insects generally have low levels of Hg in riverine environments. In natural and
reconstructed wetlands and ponds where additional components such as sulfate and DOC
enhance methylation, biota have moderate to high mercury concentrations. 

Management of mercury in river restoration projects needs to address not only mercury
sources and mobility but other variables and geomorphological processes that may
enhance mercury methylation and bioaccumulation. 
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CHALLENGES FACING DRINKING WATER UTILITIES 

Over 23 million Californians drink water from the Sacramento-San Joaquin Delta.
Increased demands on the Delta are only exacerbating the challenges utilities face in
turning Delta water into drinking water. Increasing population (which brings both
increased diversions and discharges), more stringent regulation, high public expectations,
and emerging contaminants are among these challenges. 

Protection of public health is paramount and requires utilities use a multibarrier approach
to drinking water provision that consists of protection of source water, appropriate
treatment, and maintenance of a safe distribution system. Delta water agencies are
currently working with EPA and the American Water Works Association Research
Foundation on an advanced treatment study that will explore technologies such as
ultraviolet disinfection and membranes. On the source water side, the Regional Board is
leading an effort to develop a Drinking Water Policy for Central Valley surface waters
that will need to incorporate science along with cost effectiveness and feasibility of
implementation. 

This presentation will explore possible mechanisms for meeting the challenges inherent
in protecting public health and integrating research into public policy, including the roles
for utilities and the CALFED Bay-Delta Program.
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BRACKISH TIDAL MARSH IN THE SAN FRANCISCO ESTUARY: THE OTHER
SHALLOW WATER HABITAT 

Over 90% of the tidal marsh habitat in the San Francisco Estuary has been lost due to
anthropogenic influence and the system is now primarily made up of deep leveed rivers,
channels and open bays. This has likely had a considerable effect on the native and
resident fishes as a result of the loss of productive shallow water habitat. However,
current restoration efforts with a focus on restoring native fishes to shallow water tidal
habitat in freshwater portions of the estuary have been met with frustration and to some
failure due to the dominance of exotic fishes. The brackish water portions of the estuary,
however, hold considerable promise for restoration and native species conservation given
its productivity, its importance in the life history stages of several important estuarine
fishes and the fact that native species still comprise a large percentage of the catch. By
carefully examining fish use of existing brackish tidal marsh habitats in the estuary we
can obtain a glimpse into what might have been and what could be if we are to restore
similar habitats in the San Francisco Estuary. Patterns in use of brackish tidal marsh in
Suisun Marsh by two native and one resident species of fish over the last quarter of a
century will be presented with a focus on seasonal and climatic shifts in species use
across a range of tidal marsh habitats. 
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THE INFLUENCE OF SUBMERGED AQUATIC VEGETATION ON THE
HYDRODYNAMICS IN FRANKS TRACT - OBSERVATIONS AND MODELING. 

The impact of submerged aquatic vegetation (SAV) on water quality, residence time, and
sediment transport through the Sacramento-San Joaquin Delta (Delta) is not yet fully
understood. A vital step to determining these effects was undertaken with an investigation
into the hydrodynamics and mixing in and near a community of SAV, primarily Egeria
densa, in Franks Tract. 

The first portion of this study involved in-situ measurement of water velocity, turbulence,
temperature, conductivity, and suspended sediment at multiple heights in the water
column, under different SAV growth conditions. Results indicate that although velocities
are strongly reduced within the SAV, yielding the potential for much longer residence
times, the process is much more dynamic when the SAV canopy is below the water
surface. For submerged canopies, we found faster velocities above the SAV and a strong
mixing layer near the top of the canopy, allowing for exchange between the faster moving
waters above the SAV and the slower waters within the SAV. This vertical exchange
mechanism can be significant, impacting the residence time or travel time of constituents.
Additionally, this vertical mixing indicates that the vertical location chosen for water
samples in areas near SAV may affect the quantity of constituents within the sample. 

During the second phase of the study, a one-dimensional water column model with
vertically variable drag was calibrated to match the physical observations. To determine
the impact on residence time and transport within the complex system, a high resolution,
three-dimensional (3D) model was utilized for the area in and around Franks Tract with
horizontal and vertical variations in drag. Since practical application of this model to a
Delta-wide scale is limited by calibration issues and computer processing speed,
alternative two-dimensional vertically-averaged models are considered and compared to
the 3D results.
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GEOGRAPHIC AND DEMOGRAPHIC DISTRIBUTION OF ANGLERS AND
MERCURY IN BAY-DELTA FISH 

Mercury contamination in fish poses a health risk to women and children who often
consume the fish. Communities in the Bay-Delta watershed include subsistence fishers
and others who consume fish at higher rates than is considered safe for the mercury
concentrations present. Besides reducing mercury contamination, an important state
responsibility when contaminated fish are consumed is to protect public health while also
maintaining cultural and dietary well-being from eating fish. The distribution of angling
pressure and demography of anglers was described in order to inform state agencies who
are charged with mitigating the health impacts of mercury in fish. Areas were identified
where fishing intensity was high and mercury concentrations in consumable fish was also
high. The communities of origin of these anglers were identified and the demographics
characterized of anglers fishing in areas with contaminated fish. This information is
important for communicating health messages directly with potentially impacted
communities. Until state and federal programs, such as the Bay-Delta Program, lead to
improvements in fish contamination, well-informed health-messaging to subsistence
fishing communities will be an important mitigation activity for mercury contamination
in fish. 
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INTEGRATED REGIONAL WETLAND MONITORING PILOT PROJECT – OVERALL
PROJECT PURPOSE AND CONCEPTUAL MODELS 

Problem Statement: Regional tidal marsh restoration efforts aim to support and recover
populations of plant, fish and wildlife species. These ecological support functions follow
successful establishment of a variety of ecological processes in restoration projects. In
order to understand the effectiveness of tidal marsh restoration efforts regionally, we must
determine which processes are in fact important to establish and the means by which we
can measure and quantify these processes. 

Approach: The Integrated Regional Wetland Monitoring Pilot Project (IRWM) utilizes a
five-element strategy. (1) IRWM is multi-disciplinary, intensive monitoring program
covering physical processes, landscape ecology, vegetation, birds, fish, invertebrates,
primary production, and nutrients. (2) IRWM established a series of core and component
conceptual models that describe the current state of knowledge and define a suite of
hypotheses. (3) IRWM developed sampling and data QA/QC and management programs
to test these hypotheses, to develop data sets to address the ecological process question,
and to evaluate different approaches to restoration monitoring. (4) IRWM selected a suite
of six sites (four restoration and two natural) spanning the western Delta to San Pablo
Bay based on set of criteria tied to the conceptual models. (5) IRWM will integrate results
across disciplines and thereby begin to address the fundamental ecological process
question. 

Results: IRWM initiated field sampling in fall 2003 and will continue into spring 2005.
The suite of posters that comprise this Special Poster Session present a variety of results
obtained to date. IRWM results are being posted for the public at www.irwm.org as data
are finalized. 
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Conclusions / Relevance: IRWM will contribute an essential strategic element to tidal
marsh restoration monitoring in the Bay and Delta in support of ongoing public
investment in land acquisition and restoration.
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FIVE YEARS OF NATIVE GRASS RESTORATION AT SACRAMENTO NATIONAL
WILDLIFE REFUGE COMPLEX 

Native grasses were once an important component of Great Valley terrestrial natural
communities including grasslands, savannas, woodlands and riparian forests. They also
provided various forms of habitat for native wildlife. Restoration incorporating native
grasses at Sacramento National Wildlife Refuge Complex began in 1999. Restoration
challenges included species selection, herbaceous species diversity, availability of local
ecotypes, aggressive non-native weeds, mixed woody and grassy herbaceous restoration
projects, restoration at sites with various soil textures and hydrology, and identifying and
implementing long-term management strategies. To solve these problems, we took a
multi-disciplinary team approach, which included botany, vegetation ecology,
horticulture, pest management, and wildlife biology. Restoration projects were
implemented on eleven sites representing a wide array of ecological conditions. Site
factors such as soil texture, hydrology and non-native weeds combined with site history
compounded the challenges stated above. Various site preparation techniques (discing,
burning, grazing, herbicide and fertilizer applications), seeding mixtures (native grass
species composition), and maintenance activities (herbicide application, mowing), were
monitored along with grass restoration success. Site preparation and soil texture were
major factors influencing restoration success. Long-term vegetation management and
monitoring as well as including the Great Valley’s diverse forbs in native grassland
restoration are being investigated by the team.
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BREACHING LEVEES: VARIATION IN RESPONSES AND PREDICTIONS ACROSS
THE BAY-DELTA GRADIENT 

Over 1997-2004, interdisciplinary, multi-institutional BREACH teams compared patterns
and rates of change at 11 restoration sites to 9 unleveed reference sites. The fundamental
hypothesis was that restoring wetlands may predictably follow “restoration trajectories”
that over time reach an ecosystem state comparable to the reference wetlands, such that
restoring sites of different ages could be used to represent different points along a single
trajectory. This approach presumes that the transgressive ecosystem processes that
historically created expanded and maintained tidal marshes in the Delta can be
extrapolated to future restoration; this anticipated that an alternative, regressive process of
marsh formation resulted in the same endpoint. We approached these issues through
repeated sampling of tidal hydrology and geomorphology, sedimentation,
macroinvertebrates, fishes and birds over the different restoring and reference marsh
ecosystems, and within their structural elements (e.g., channels, marsh plain). We also
made more integrative measurements of vegetation structure and food web associations.
A conceptual model that evolved out of the BREACH I studies in the Delta formulated
our initial understanding of those marsh ecosystems, but was measurably transformed by
our investigations in the (northern) Bay (see D. J. Reed presentation and abstract). Our
concept of age-structured restoration states was replaced by the realization that restoration
of Bay-Delta wetlands is exceedingly contingent on (1) regional characteristics of the
fluvial-salinity and energy gradient, (2) antecedent conditions of the restoration sites, and
(3) processes that regulate the rate of achieving a marsh plain elevation that will be
colonized by pioneering vegetation. Many of the ecological functions appeared to reach
comparability once the restoring marsh plain became vegetated, even though it had not
reached a mature vegetation structure of local reference sites; however, this result varied
considerably between Delta and Bay sampling site clusters. Our results indicate both the
challenge and the power of predictable restoration.
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THE ROLE OF BIOSENTINEL ORGANISMS IN THE MERCURY STRATEGY:
PERFORMANCE MEASURES OF RESTORATION AND REMEDIATION 

In the Bay-Delta watershed of California, mercury exposure is largely a function of
historic mining influences and depositional habitat, often resulting in highly variable
patterns of exposure, both spatially and temporally. Those trends and the biogeochemical
dynamics underlying them need to be better understood, particularly in relation to planned
habitat manipulation projects. As a part of that effort, biological measures of relative
exposure are needed. Large fish data are critical for human consumption concerns.
However, lower trophic level organisms provide a more sensitive measure of temporal
and spatial variability. Mercury “biosentinels” are being refined as monitoring tools in
several CBDA and related projects. 

Small fish and invertebrate biosentinels were sampled seasonally for total and methyl
mercury over a two year period from numerous Cache watershed sites spanning a wide
range of exposures. Biosentinel mercury was compared to mercury in water and large
fish. In other projects, biosentinels were used to assess spatial and seasonal mercury
trends in relation to historic gold and mercury mining, dredging, and restoration. Various
organisms were tested; statistical sampling techniques were refined. 

Small fish and invertebrate methylmercury was found to correspond closely with large
fish mercury over wide regions, providing a dynamic measure of biotic exposure. A
strong, site-specific correlation was found with time-integrated aqueous methylmercury.
Bioaccumulation was confirmed to be highly variable both spatially and seasonally.
Compositing and replication strategies were refined to demonstrate statistically
significant fine scale spatial and seasonal methylmercury exposure trends in regions
including: the Cache Creek watershed (remediation and regulatory target), the Yuba River
(dam removal feasibility), the Merced River (salmon habitat restoration), and a
demonstration wetlands restoration. 

A suite of small fishes and invertebrates have been shown to be ideal sentinels of relative
methylmercury exposure in the Bay-Delta watershed, providing a biologically relevant
performance measure for restoration and remediation projects.
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HYDROLOGIC ALTERATIONS TO THE SACRAMENTO RIVER AND THE EFFECTS
ON COTTONWOOD SEEDLINGS 

Conservation and restoration of the Sacramento River ecosystem requires information
regarding what factors affect the maintenance and replenishment of its riparian forests.
Studies have shown that regulation of rivers can inhibit regeneration of riparian forests.
The natural flow regime of the Sacramento River has been significantly altered by human
activities, including the operation of Shasta Dam. In this study the Indicators of
Hydrologic Alteration (IHA) model was applied to determine how regulation of the
Sacramento River has altered the hydrologic regime, and to predict what effects these
hydrologic alterations may have on cottonwood recruitment. IHA uses daily flow data to
produce statistics that show the alteration of several ecologically important hydrologic
parameters. Results showed that some of the most significant alterations include a 104%
increase in mean August flow, 78% increase in hydrologic reversals, and a 49% decrease
in the magnitude of peak flows. Regulation of the river has resulted in a flattening of the
hydrograph whereby summer flows have increased and spring flows have decreased. A
site was chosen on the Sacramento River as a case study to observe the effects of
hydrologic alteration on cottonwood recruitment. River stage was gaged to observe local
hydrology, and cross-sections were surveyed to determine stage of seedling recruitment.
Observation of seedling recruitment and survival showed that an estimate of less than ten
percent of the seedlings that germinated survived the growing season, and that all the
seedlings were scoured away during the following winter. The data indicate that seedling
recruitment failed due to 1) absence of spring peak flows 2) limited area available for
recruitment 3) repeated inundation and limited growth of the seedlings due to hydrologic
reversals. This study indicates that the alterations to the natural flow regime of the
Sacramento River are significant to the establishment of riparian vegetation.
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RATES AND HISTORY OF SEDIMENT ACCUMULATION BEHIND ENGLEBRIGHT
DAM 

Studies of reservoir sedimentation are vital to understanding scientific and management
issues related to watershed sediment budgets and future dam operations. We have
quantified the mass, physical properties, and emplacement history of the material
deposited behind Englebright Dam. An ongoing CALFED watershed restoration effort
(the Upper Yuba River Studies Program) is assessing the feasibility of introducing wild
anadromous fish species to the Yuba River upstream of the dam. Management scenarios
under consideration include removing or lowering the structure, which could cause
downstream transport of stored sediment. A survey in 2001 found that the deposit
occupied 25.5% of the reservoir volume (86 million m3). The physical properties of this
material were calculated using data from a coring campaign that sampled the entire
reservoir sediment thickness (6-30 m) at 6 locations in the downstream ~3/4 of the
reservoir, and from surficial sediment sampled throughout the reservoir. We extrapolated
the cored sediment properties from one-dimensional vertical sections to three-
dimensional volumes of the deposit using two methods, with assumptions of variable and
constant layer thickness. The methods agree well and yield estimates of the mass of the
reservoir deposit of 25.5-25.6 million metric tons (t) of material, of which 64.8-68.5% is
sand and gravel. Over the 61-year reservoir history, this corresponds to a maximum
sediment yield of 340 t/km2/yr. Using 137Cs geochronology and the watershed hydrologic
history, we have identified individual flood events (e.g. 1955, 1964, 1997), and major
changes in the upstream watershed hydrology (e.g. the completion of New Bullards Bar
Dam in 1970) in the reservoir stratigraphy. Well-characterized rates of sediment
emplacement in Englebright Lake over discrete time intervals are vital both for predicting
the effects of future dam-management scenarios on downstream habitats, and for
constraining watershed hydrologic models.
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ALIEN SHRIMP INVADERS: TAILS FROM THE YOLO BYPASS FLOODPLAIN 

One of the most recent invaders in the San Francisco estuary is the Siberian prawn,
Exopalaemon modestus. One of the invasion centers is the Yolo Bypass, the 24,000 ha
seasonal floodplain of the Sacramento River. Just six months after the prawn was first
detected in January 2001, the prawn became one of the most commonly captured
organisms in the Yolo Bypass. Here, we evaluate the effects of the shrimp by comparing
1-3 years of pre-invasion biological data to results for the following 3 years. Organisms
evaluated included phytoplankton (chlorophyll a), copepods, cladocera, several types of
drift invertebrates, and juvenile and adult fish abundance. Both pre- and post-invasion
results were dominated by substantial seasonal variability. Although stomach content
analyses revealed that several fishes including introduced centrarchids and striped bass
prey heavily on the prawn, there has been no obvious shift in assemblage structure based
on fyke and screw trap results. We hypothesize that the invasion did not have major biotic
effects because the extreme hydrology of the floodplain moderated the influence of the
invasion; however; spatial and temporal variability in the data make it difficult to test this
hypothesis.
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RESPONSE OF ACTIVE AND PASSIVE RIPARIAN REVEGETATION ON DREDGE
TAILING-CONSTRUCTED FLOODPLAINS, CLEAR CREEK, SHASTA COUNTY,
CALIFORNIA. 

PROBLEM STATEMENT: Most of the riparian revegetation information in California is
derived from projects on in-tact floodplains with productive soils. The Lower Clear Creek
Floodway Rehabilitation Project, near Redding, California, was designed to restore
stream reaches that were severely impacted by aggregate and dredger gold mining. Forty
six acres of constructed floodplain were planted primarily using hardwood cuttings of
Fremont cottonwood (Populus fremontii), willow (Salix spp.) and mulefat (Baccharis
salicifolia). Scour channels were constructed to encourage natural regeneration of riparian
vegetation. 

APPROACH: A monitoring program was designed to measure the success of the project
relative to two project objectives: 

• Restore native riparian vegetation on newly created floodplains. 

• Create favorable conditions for regeneration of native riparian species on restored
floodplains. 

Permanent belt transects were established to measure planting survival, height, and
canopy cover. Line-intercept transects were established to measure natural recruitment
within constructed scour channels. 

RESULTS: After four years of monitoring the initial plantings, results indicate that
hardwood cuttings are successfully establishing in a patchy distribution and are beginning
to develop sufficient height, canopy cover, and structural diversity to provide favorable
habitat for nesting songbirds and other wildlife species. Valley oak (Quercus lobata)
acorn survival was significantly lower than hardwood cuttings. Woody riparian
vegetation is naturally recruiting in the lower reaches of the scour channels but is
generally lacking in the upper reaches. Other than Himalayan blackberry (Rubus
discolor), recruitment of non-native woody plant species has been minimal. 
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CONCLUSIONS/RELEVANCE: This project design of using highly-permeable dredge
tailings to completely reconstruct floodplains presents a unique challenge for riparian
vegetation establishment. Monitoring results are beginning to provide useful information
for future phase designs of this project as well as other restoration projects in dredged and
gravel-mined watersheds. Adaptive management experiments are needed to further refine
revegetation methods in these environments. 
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IMPACTS OF NON-NATIVE PEPPERWEED ON SAN FRANCISCO BAY AREA TIDAL
MARSH BIRD POPULATIONS 

Extensive habitat loss and degradation have resulted in decreases in populations of tidal
marsh breeding birds in the San Francisco Estuary. The spread of non-native invasive
plants such as pepperweed (Lepidium latifolium) has the potential to further impact
sensitive bird species by changing ecological relationships including habitat choice, food
availability and concealment from predators. Information about these impacts has
implications for marsh management and restoration, and for assessing need for a removal
program. To quantify some of these potential impacts, we examined the relationship
between pepperweed cover and breeding bird abundance or presence at over 50 tidal
marshes throughout the estuary in 2000 and 2001. To further explore these relationships
in an ecosystem context we also examined the simultaneous effects of a suite of
additional local and landscape variables including vegetation density and habitat
configuration. Then, to determine whether pepperweed has the potential to alter
reproductive output of breeding populations, we examined the relationship between tidal
marsh Song Sparrow (Melospiza melodia samuelis and M. m. maxillaris) nest
survivorship and pepperweed cover at 5 marshes in San Pablo and Suisun Bays from
1996 to 2003. Here also we examined the effects of an additional set of local and
landscape level variables including vegetation structure and distance to tidal channels.
For some bird species in some parts of the bay there is a positive association with
pepperweed, although in some cases this relationship is not significant when taking into
account other local and landscape scale habitat variables or when controlling for within-
marsh variability. Birds do not appear to be avoiding pepperweed, which tends to grow in
elevated areas next to channels where many birds prefer to nest. However, there is a
potential risk of reduced nest survivorship due to the structure of pepperweed and its
tendency to collapse to horizontal after flowering.
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Spenst*, R.O. (1), T.C. Foin (1), A.K. Miles (2). (1) University of California Davis, 1
Shields Ave., Davis, CA 95616. (2) USGS Western Ecological Research Center, 1
Shields Ave., Davis, CA 95616 rospenst@ucdavis.edu 

SALINITY EFFECTS ON PERENNIAL PEPPERWEED RECRUITMENT IN
CALIFORNIA TIDAL WETLANDS 

Perennial pepperweed, Lepidium latifolium, constitutes a serious and continuing threat to
ecosystem conservation and restoration in wetland and riparian areas. Pepperweed
invasion alters ecosystem structure and function, to the detriment of native flora and
fauna. Strong countermeasures are necessary, yet it is unclear where efforts will yield
maximum control. The goal of this research is to determine the combination of life
history strategies and environmental characteristics associated with invasibility of tidal
wetlands using demographic comparisons of pepperweed seeds exposed to different
treatments. This objective is consistent with Calfed’s ecosystem restoration goals to
protect and restore functional habitats and to reduce the negative impacts of invasive
species and prevent additional introductions. To this end, we evaluated the effect of
salinity, flooding frequency, and presence or absence of vegetation on seed recruitment to
various life stages over the course of a growing season.  This allowed us to compare the
relative importance of physical factors versus native vegetation cover on pepperweed
abundance and distribution. Our findings indicate that elevated salinity, presence of
vegetation, and increased flooding frequency significantly reduced pepperweed seedling
recruitment. These results imply that freshwater tidal marshes are more susceptible to
pepperweed invasion, while pepperweed recruitment into saline marshes may be more
episodic and dependent on freshwater inputs.
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Stein*,D.S. (1). (1)California Department of Fish and Game (CDFG), 4001 North Wilson
Way, Stockton, CA 95205. dstein@delta.dfg.ca.gov 

MOVEMENTS OF ADULT CHINOOK SALMON IN RESPONSE TO FLOW IN THE
SACRAMENTO-SAN JOAQUIN DELTA 

In the fall of 2003, we monitored the migration of adult fall-run Chinook salmon using
biotelemetry. We tracked 161 ultrasonically tagged salmon released from Montezuma
Slough to determine small-scale movements at junctions of Delta channels, and to gain
insights on whether hydrology influences migration choices. We placed 29 Vemco VR2
monitoring stations at critical junctions and exits in the northern Delta (Steamboat, Sutter,
Cache, and Minor sloughs; and Sacramento River) and interior Delta (Mokelumne River,
Georgiana Slough, and the Delta Cross Channel). In addition, USGS staff measured water
flow patterns using Argonaut XR water velocity stations.     This work was the
culmination of the 2001 Delta Cross Channel adult salmon migration investigations. 

Preliminary results indicate that 98% of the fish moving through and exiting the
monitored area chose to exit in the Sacramento River at Hood. Almost all salmon
detected at Hood did not return to the monitored area. Most salmon moving to the Hood
exit station chose a northern Delta route instead of an interior Delta route. Most salmon
traveling through the interior Delta used the DCC to reach the Sacramento River, and
subsequently always moved upstream. The analysis of fish movement with flow and
description of small-scale movements at critical junctions will be presented. This
discussion will include descriptive animations that incorporate fish movement and flow
vectors. These data will enhance our current knowledge of adult salmon behavior in the
Delta, especially in areas affected by the proposed screened Through Delta Facility
(TDF). Identifying how adult salmon react to certain flow scenarios in specific Delta
channels could be crucial in designing a TDF to facilitate salmon passage.
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Stella*, J.C. (1,2), J.J. Battles (1), B.K. Orr (2), J.R. McBride (1). (1)Department of
Environmental Science, Policy, and Management, University of California, Berkeley, 151
Hilgard Hall, Berkeley, CA 94720. (2) Stillwater Sciences, 2855 Telegraph Ave., Suite
400, Berkeley, CA 94705. stella@stillwatersci.com 

SEED RELEASE PATTERNS OF NATIVE RIPARIAN TREES AND IMPLICATIONS
FOR FLOW-BASED RESTORATION STRATEGIES. 

River regulation in California's Central Valley contributes to impaired recruitment of
native riparian tree species whose dispersal and establishment is strongly linked to natural
(unregulated) cycles of spring flooding and summer drought.  Our goal is to develop a
predictive understanding of recruitment and survival of the tree species that dominate the
initial phase of riparian community development in the San Joaquin Basin: Fremont
cottonwood (Populus fremontii), black willow (Salix gooddingii) and narrowleaf willow
(S. exigua). We examined the hypothesis that seed release timing must coincide with the
annual spring snowmelt runoff to result in successful reproduction of the drought-
intolerant seedlings in California’s Mediterranean climate. We quantified seed release
timing and intensity in six populations along the Tuolumne and San Joaquin rivers for
two years and then measured the correspondence between dispersal phenology, river
hydrology and local climate. Initiation of the primary seed release period (defined as the
dates between which 10 and 90 percent of all open catkins were observed) was earliest for
cottonwood (ranging from 7 April to 31 May among sites), followed by black willow (17
May to 8 June) and narrowleaf willow (30 April to 24 June). Peak seed release for
cottonwood coincided with the historical peak streamflow for each river (24-28 May);
willow peak seed release occurred later in the summer at lower river flows. For each
species, patterns of seed release varied more among sites than between river basins;
individual trees showed consistent interannual patterns of seed release timing and relative
magnitude. Robust site-averaged relationships of seed release and local climate patterns
were not discernable. Patterns of seed release timing are consistent with differences in
species’ topographic distribution in riparian zones and support the use of flow-based
restoration strategies to maintain riparian tree populations in California’s Central Valley.
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Stewart*,A.R.(1), S.N. Luoma(1), K.A.Hieb(2). (1)U.S. Geological Survey, 345
Middlefield Road, Menlo Park, CA. 94025. (2)California Department of Fish and Game,
Central Valley Bay-Delta Branch, 4001 N. Wilson Way, Stockton, CA 95205
arstewar@usgs.gov 

STABLE ISOTOPES UNRAVEL THE MYSTERY OF INTRASPECIFIC CONTAMINANT
VARIABILITY IN TOP PREDATORS IN SAN FRANCISCO BAY 

Selenium (Se) is a potent reproductive toxin for which a link has been shown between
bioaccumulation and effects. Differences in selenium accumulation among coexisting
species have been explained by food web preferences. That is, top predators that feed
within a clam-based food web have higher Se concentrations than those in a crustacean-
based food web. Within a given species, however, Se concentrations can be highly
variable and cannot be explained by allometric factors (e.g. size). Here we used stable
isotopes (delta13C and delta34S) to identify food web structures and foraging locations of
top predators (fish and diving ducks) within the San Francisco Bay estuary.
Understanding food web pathways and feeding locations can explain why some
individuals had accumulated more Se than others of the same species. Our results showed
that primary consumers delta13C and delta34S values were progressively enriched with
increasing salinity. Similarly, predator isotopic signatures were found to match those of
primary consumers at the base of their food web. For example, a white sturgeon tissue
delta13C value of –23 per mil corresponded to isotopic values determined for the estuarine
clam, Potamocorbula amurensis collected in the upper regions of the estuary, suggesting
that this sturgeon predominantly foraged in this location. Foraging location explained
from 30 to 70% of the intraspecific variability in predator Se concentrations. Moreover,
Se concentrations in top predators from both food webs were strongly related to stable
isotope signatures. This means that fish foraging in the upper estuary (and thus possessing
enriched delta13C and delta34S values) are more likely to accumulate high levels of Se.
Discriminating feeding ranges in top predators may play an important role in highlighting
primary locations of contaminant exposure and identifying through feeding behavior,
those individuals and populations most at risk.
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Stewart*, I.T.(1), D.R. Cayan (1,2), and M.D. Dettinger (2,1). (1) Scripps Institution of
Oceanography, 9500 Gilman Dr. La Jolla, CA, 92093-0224, (2) U.S. Geological Survey,
San Diego, CA istewart@meteora.ucsd.edu 

TEMPERATURE-DRIVEN ADVANCES IN SNOWMELT-DERIVED STREAMFLOW
TIMING THROUGHOUT WESTERN NORTH AMERICA COULD IMPACT WATER
SUPPLIES FOR CALIFORNIA 

Advances in the timing of snowmelt and the snowmelt-derived spring streamflow is one
of the primary indicators of global warming. Thus, recent changes towards earlier
snowmelt-derived streamflow tthroughout western North America have been noted with
concern. An earlier spring pulse, which often comprises 50-80% of annual flows, can
indicate decreased snowpacks, increase flood risks, reduce the efficiency of reservoir
capture, and lengthen the summer drought period with important consequences for water
supply operations and ecosystems, such as the San Francisco Bay. Changes in streamflow
timing from 1948 to 2002 were examined in a network of 302 western North America
gages. Statistical analyses established the magnitude and regional coherence of the
changes, and their connections to large-scale Pacific climate indicators. A regression
model and output from ‘Business-as-Usual’ climate change scenarios were used to project
streamflow timing changes through 2099. 

Regionally-coherent trends towards earlier spring pulse onsets by 1-3 weeks have taken
place across much of western North America. The trends of streamflow timing have been
predominantly controlled by region-wide higher spring temperatures. Although the
warmer temperatures are partly cotrolled by the Pacific Decadal Oscillation (PDO),
another portion of the trends appears independent of the PDO and in agreement with
projections of global warming. Projected future streamflow timing changes are consistent
with observed rates to date, and are strongest in the Pacific Northwest, Sierra Nevada, and
Rocky Mountains, corresponding to shifts of 30-40 days earlier by the end of the century.
Many California basins are particularly vulnerable to the observed and projected warming
as they remain relatively close to freezing throughout winter and spring, and even modest
temperature increases can change precipitation from snow to rain, and promote earlier
melting. An assessment of past and projected future changes in streamflow timing can
make an important contribution to CALFED’s water supply reliability program.
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Sustaita*, D. (1,2), L. Barthman-Thompson (1), P. Quickert (3), Laura Patterson (3),
Sarah Estrella (1). (1) CA Dept. of Fish and Game, Central Valley Bay-Delta Branch,
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ANNUAL SALT MARSH HARVEST MOUSE DEMOGRAPHY AND HABITAT USE IN
SUISUN MARSH CONSERVATION AREAS 

A study initiated jointly by the California Departments of Fish and Game and Water
Resources was undertaken to elucidate the current status of populations of the state and
federally endangered salt marsh harvest mouse (Reithrodontomys raviventris halicoetes)
in Suisun Marsh conservation areas. We also sought to investigate the importance of
distinct microhabitats to population density, reproductive potential, and survival, and how
demographic patterns and habitat utilization differ between diked and tidal wetland
systems. Thus, we conducted small-mammal trapping seasonally from 2002-2004 in 24
randomly selected sites across three broad-based marsh microhabitats (pickleweed-
dominated, mixed halophyte-dominated, and upland-dominated), within each of two
diked and two tidal wetland locations. In addition, various habitat measurements, such as
the percent-cover of various plant species, vegetation height, and the abundances of
coexisting rodents were also taken in order to assess their relative importance to salt
marsh harvest mouse demographic metrics. Results of a series of analyses indicate that
mixed-halophyte and pickleweed microhabitats support roughly equal salt marsh harvest
mouse population densities, reproductive potential, and survivorship, and that uplands are
seldom used. Furthermore, our results indicate that demographic performance is similar
in both diked and tidal wetland systems for the most part, although densities tend to be
higher in the diked wetlands. These results suggest the previously unexpected importance
of vegetation types other than pickleweed, and the apparent efficacy of diked wetlands for
sustaining viable salt marsh harvest mouse populations. This study ultimately serves
CALFED Program objectives by not only improving our understanding of salt marsh
harvest mouse habitat requirements, but also by providing a basis for endangered species
conservation, restoration, and management actions within the Suisun Marsh.
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Swagerty*, H. L.(1), Griggs, F.T. (1), Efseaff, D. (1), Kirk, P. (1), Cederborg, M. (1). (1)
River Partners, 539 Flume Street, Chico, CA 95928. hswagerty@riverpartners.org 

SUCCESSFUL RIPARIAN RESTORATION RESULTS IN INCREASING VALLEY
ELDERBERRY LONGHORN BEETLE COLONIZATION 

One of the goals of planting elderberry shrubs (Sambucus mexicanas) into riparian
restoration sites is to increase populations of the federally threatened valley elderberry
longhorn beetle (Desmocerus californicus dimorphus) (VELB) habitat. However,
monitoring to evaluate the success of restoring additional suitable habitats and
establishing new populations has not occurred. To date, 76,000 elderberry plants have
been planted on the US Fish and Wildlife Service Sacramento River National Wildlife
Refuge since 1989. Although the survivorship of planted elderberry on restoration sites
exceed 80 percent, no formal surveys have ever been carried out to document their use by
VELB. Anecdotal accounts of VELB exit holes in elderberry shrubs in restoration units
exist, but only as fortuitous observations. River Partners examined approximately 10
percent (7,600) of the planted elderberry shrubs at several Sacramento River National
Wildlife Refuge units for presence or absence of VELB exit holes and in addition, the
presence and absence of Argentine ants (Linepithema humile). Refuge units surveyed lay
along 66 miles of the Sacramento River (between RM 167 and RM 233), encompassing
Tehama, Butte and Glenn counties. VELB exit holes were observed in most fields
containing elderberry shrubs, with some shrubs containing multiple exit holes. A total of
449 exit holes in 299 planted elderberry shrubs were observed in the selected refuge units.
This study shows the effectiveness of restoring elderberry habitat and the subsequent
successful VELB colonization of these recently restored lands.
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Swanson*, C. (1), S.N. Chun (1), L.T. Kanemoto (1), A. Kawabata (1), T. MacColl (1),
P.S. Young (1), J.J. Cech, Jr. (1), D. B. Odenweller (2). (1) Department of Wildlife, Fish,
and Conservation Biology, University of California, Davis, CA 95616. (2) NOAA
Fisheries, 650 Capitol Mall, Suite 8-300, Sacramento, CA 95814. cswanson@ucdavis.edu

INTEGRATING MULTIPLE DATASETS TO ESTIMATE ENTRAINMENT LOSS OF
FISHES 

In California's Sacramento-San Joaquin watershed, migratory and resident fishes are
exposed to thousands of water diversions, >90% of which unscreened and nearly all of
which unmonitored. How many fish are entrained and removed from the habitat is largely
unknown and this uncertainty, as well as high costs of fish screen installation, has shifted
fish protection and ecosystem restoration efforts away from this nearly ubiquitous
stressor. Quantitative field observations of entrainment rates in relation to local fish
abundance and distribution in the rivers and estuary are difficult to make, therefore we
used results from several more narrowly focused laboratory and field studies to estimate
entrainment loss rates for three high priority species: Chinook salmon, delta smelt, and
splittail. Fish screen contact results from the Fish Treadmill studies were used to predict
entrainment rates at a range of flow and environmental conditions (e.g., day v night).
Information on diversion locations and sizes in selected areas of the watershed were
combined with available data on fish distribution within river and Delta channels to
estimate the proportion of fish likely to be within the zone of influence of the diversion.
Results indicate that all three species are vulnerable to entrainment, particularly at night.
For example, we estimate that 100% (±10% SE) of juvenile splittail distributed within 0.5
m of an unscreened diversion for one minute during the night would be entrained. We
believe this analysis illustrates the value of integrating results from diverse studies to
investigate and estimate relative effectiveness of fish screen installation, to prioritize fish
screen installation projects, and/or to improve operations of unscreened diversion to
minimize their impacts on fishes. Research supported by the CALFED Bay-Delta
Program, Departments of Water Resources and Fish and Game, U.S. Bureau of
Reclamation, U.S. Fish and Wildlife Service, and the Anadromous Fish Screen Program.
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Swanson*, C. (1), A. Pawley (1). (1) The Bay Institute, 500 Palm Drive, Suite 200,
Novato, CA 94949. swanson@bay.org 

ASSESSING CHINOOK SALMON POPULATION STATUS USING A MULTI-METRIC
INDEX 

Chinook salmon, one of the most visible and charismatic biological constituents of the
Sacramento-San Joaquin watershed, are the focus of many ongoing fish protection and
ecosystem restoration efforts. The species itself can also be a useful indicator of the
health of the watershed and its rivers. Using techniques similar to those in the Ecological
Scorecard, we developed a multi-metric index of Chinook salmon population condition in
the San Joaquin basin. The Index has four indicators that are based on the parameters
identified by NOAA Fisheries to define viable salmonid populations: population size
(measured as escapement), productivity (net replacement ratio), diversity (% of fish
escaping to the river vs. hatcheries) and spatial structure (proportional use rivers in the
basin). All metrics were calculated using CDFG escapement data and as 3-year running
averages to account for the average life cycle of the species. The measured value of each
indicator was compared to upper and lower reference conditions and scored using a five-
point scale. The Index was calculated as the average of the indicator scores. For the 1957-
2003 period, the Index exhibited a cyclic pattern similar to that measured directly from
escapement data, but with a significant overall decline during the 47-year period. The
cyclic pattern was driven by the population size and productivity indicators. Spatial
structure improved slightly but significantly during the period. Diversity declined
significantly as hatchery operations on two rivers in the basin increased. The San Joaquin
Salmon Index provides greater resolution and more information than traditional
assessments based solely on annual escapement, offers a tool to evaluate effectiveness of
past and ongoing restoration efforts, and, unfortunately, suggests that current river
management and restoration efforts may be inadequate to meet goals for recovery of San
Joaquin basin salmon.
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Swenson*, R. (1), G. Golet (2). (1) The Nature Conservancy (TNC), Sacramento Office,
2015 J Street, Suite 103, Sacramento, CA 95814. (2) The Nature Conservancy (TNC),
Northern Central Valley Office, Chico, CA 95928. rswenson@tnc.org 

IDENTIFYING INDICATORS OF ECOSYSTEM HEALTH AND MEASURES OF
RESTORATION EFFECTIVENESS FOR THE SACRAMENTO AND COSUMNES
RIVERS. 

CALFED needs performance measures to evaluate the success of restoration and
management actions, and to adaptively manage ongoing programs. Measures must be
scientifically sound, practical, and comparable among project areas over time. The Nature
Conservancy (TNC) and partners have developed a “Measures of Success” framework
with four components: (1) identifying conservation targets (species, communities); (2)
identifying key ecological attributes that influence target viability; (3) identifying
acceptable ranges of variation for each attribute as measured by quantitative indicators;
and (4) rating target health based on whether or not key attributes are within their
acceptable ranges of variation. The framework provides a rigorous basis for setting
conservation objectives, assessing threats to biodiversity, identifying monitoring and
research needs, and deriving science-based management information. TNC is currently
testing this framework at two project areas within the CALFED region: the Cosumnes
River and the Middle Sacramento River. Conceptual models were used to identify key
ecological attributes that influence the viability of conservation targets within these
project areas. Quantitative indicators were then selected to represent the attributes.
Monitoring and research efforts are being tailored to meet indicator data needs, and the
results are promoting adaptive management. Completing this exercise for the Cosumnes
taught us that ensuring viability of riparian floodplain systems requires not only land
protection (to abate threat of habitat destruction), but also restoration of critical ecological
processes (e.g., flooding). Our analysis of the Sacramento River highlighted the
importance of particular data collection efforts for informing multiple indicators (e.g.,
aerial photos, which yield valuable information on both vegetation and geomorphologic
attributes). Partnerships with universities and agencies are critical for both identifying
indicators and carrying out monitoring. TNC’s approach can be applied throughout the
CALFED project area, and the method is designed to allow comparisons across multiple
project sites.     
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Taplin*, W. A. (1), J.H. Borchardt (1),K.L. Mercer (1), D. Okita (2). (1) MWH, 1340
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ADVANCED PRETREATMENT USING ION EXCHANGE FOR ORGANIC CARBON
REMOVAL FROM DELTA WATER 

The concept of using ion exchange resins for the removal of DOC is a new approach that
may offer the potential of cost efficient and more effective reduction of the DOC fraction
of TOC. A study was developed to evaluate the use of ion exchange technology as a pre-
treatment technique for raw water. The first phase of tests consisted of bench-scale
evaluation of several ion exchange resins using State waters. These tests focused on the
resins’ ability to remove organic carbon and bromide. Resin performance ranged from
40% to 80% reduction in TOC and 30% to 60% reduction in bromide, depending on the
source water quality. Based on these results and additional studies of resin reaction
kinetics, an innovative magnetic ion exchange resin (MIEX®) was chosen for pilot scale
evaluation on the North Bay Aqueduct (NBA). 

Pilot tests were conducted using two parallel conventional treatment trains, one
employing MIEX® pre-treatment and the other without. The MIEX® process typically
reduced the TOC of the raw water by 30 to 50% for the conditions tested. Bromide
reduction was less conclusive because the background levels in the NBA are typically
lower (~50 µg/L) than some other State water supplies. Following pre-treatment with the
MIEX® resin, it was found that the alum dose necessary to produce a settled water
turbidity less than 2 NTU was 40 to 50% lower than that used by water that was not pre-
treated. Using standard formation tests, the THM and HAA concentrations were below
the regulated limits for water that had been pre-treated with MIEX® but exceeded these
limits in all instances without pre-treatment. 

When optimized, the MIEX® process appears to be a viable tool for reducing TOC and
bromide in Delta water, facilitating achievement of the CALFED water quality goals and
promoting the production of safe drinking water. 

Abstracts.doc          10/1/2004   5:59 pm                        217 of 245



Tillis*, R.K. Hultgren-Tillis Engineers, 2056 Commerce Avenue, Concord, CA 94520
tillis@hultgrentillis.com 

DEFORMATION OF DELTA LEVEES 

Delta levees constructed on weak marsh (peat) deposits have a long history of settlement
and lateral deformation. The settlement and deformation leads to loss of critical freeboard
for the levee crest. The lower levee crest levels increases the risk of overtopping. To
maintain adequate freeboard and levee crest width, additional fill is placed. Additional
settlement and lateral deformation occurs under the weight of the new fill. 

A better understanding of levee deformation is useful in assessing the safety of the
existing levees and in developing alternatives for levee rehabilitation. To collect data on
the amount of levee deformation, slope inclinometers were installed in existing levees.
Both settlement and lateral deformation were measured during and after fill was placed to
raise the levee crest and buttress the levee. In addition, a separate test fill was constructed
over peat ground and vertical and lateral deformations were measured. 

Lateral deformation from between a few inches to over a foot toward the island interior
were measured in the existing levee due to placement of fill. The deformation continues
well after the fill placement. This data will be presented at the conference.

Abstracts.doc          10/1/2004   5:59 pm                        218 of 245



Titus*, R.G.(1), M. C. Volkoff (1), and E. E. Akaaboune (1). (1) California Department
of Fish and Game, Stream Evaluation Program, 8175 Alpine Avenue, Suite F,
Sacramento, CA 95826 rtitus@dfg.ca.gov 

LIFE HISTORY DIVERSITY IN SACRAMENTO RIVER STEELHEAD 

This presentation synthesizes information from field and laboratory investigations aimed
at improving our understanding of how steelhead use the Sacramento River and Delta
system. Samples of wild and hatchery steelhead smolts were collected at key points in the
system during 1999–2002 to develop comparative life-history information. Degree of
anadromy differed between males and females in an analysis of sex ratios. The overall
sex ratio of wild smolts emigrating from the upper Sacramento system was strongly in
favor of females, and this pattern persisted in wild smolts moving seaward from the
Delta. In contrast, hatchery steelhead smolts left the upper Sacramento system in nearly
equal proportions of males and females, but left the Delta in a sex ratio similar to that of
wild smolts where females were favored. Upper Sacramento steelhead of both wild and
hatchery origin smolted at asymptotic mean lengths of 200–230 mm FL; however, wild
smolts reached that size after an average of 2.0 years while hatchery smolts did so at age
1. Average age was lower among wild smolts exiting the Delta (1.5 years) due to inputs
of faster growing, younger smolts from lower system tributaries such as the American
River. Hatchery smolt emigration from the upper system peaked during late January-early
February while wild smolt emigration peaked during mid-April to mid-May. Back-
calculated size at ocean entry suggested little growth occurred between emigration from
the Delta and time of ocean entry. Variation in assumption of anadromy was also evident
at the individual level where wild smolts were progeny of either steelhead or freshwater-
resident females, and where progeny of steelhead females either assumed anadromy or
remained in fresh water to maturity. The results are discussed in the context of the
variable risks and benefits of assuming anadromy in the Sacramento River system.
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THE EFFECTIVENESS OF CONTROLLING EICHHORNIA CRASSIPES GROWTH
WITH MECHANICAL METHODS 

One of the most invasive species in the world, the water hyacinth (Eichhornia crassipes)
overruns waterways and ecosystems, causing a number of ecological, physical, and
economic problems. Water hyacinth mats decrease water quality by reducing the amount
of available sunlight for aquatic organisms, leading to reduced photosynthesis rates and
dissolved oxygen levels. Blockage of waterways disrupts boating, fishing, and other water
activities. A lawsuit filed against the California Department of Boating and Waterways
resulted in restricted use of the herbicide 2,4-D for control. In response to the chemical
control lawsuit a mechanical method of regulating water hyacinth overgrowth became an
alternative solution. The AquaTerminator, a shredding machine, cut water hyacinth into
one to two inch pieces within the test areas. Through random sampling in sites within the
control and treatment areas, observations were made on the effect of the water quality of
the Dow Wetlands Preserve in Antioch, California. Density counts and water quality
sampling of nitrate, phosphate, dissolved oxygen, temperature, salinity, and pH were
assessed nine times at each site. Water quality analysis indicated a slight decrease in
overall water quality, and plant density exhibited more than 50% plant regeneration from
water hyacinth fragments. Seasonal variation and tidal fluctuations influenced the study’s
trends. Tidal fluctuations also pull the shredded material out, encouraging further spread
of water hyacinth to the connecting San Joaquin River. Comparisons of water quality
parameters prior to and following shredding using the BACI method demonstrated the
inefficiency of the AquaTerminator as a means of water hyacinth control. This study
offers a preliminary understanding the effects of an alternative mechanical approach in
water hyacinth control.
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CA 95192-0115. ltrulio@earthlink.net 

SCIENCE-BASED PLANNING FOR THE SOUTH BAY SALT POND RESTORATION
PROJECT 

In March of 2003, state and federal agencies acquired over 16,000 acres of solar
evaporation ponds in South San Francisco Bay. This acquisition clears the way for a
wetland restoration project, the size of which is unprecedented on the West Coast of
North America. The goals of this large-scale, complex ecosystem restoration project are
to restore and manage diverse habitats for fish and wildlife species, especially those that
are endangered and threatened, while providing opportunities for wildlife-oriented
recreation and assuring flood protection. Incorporating the best science during all
restoration phases is a central feature of the Project, as science-based planning is essential
for meeting the Project’s goals. A Science Team, composed of local scientists and
restoration experts, is charged with developing a science plan. This plan will ensure that
existing scientific knowledge is incorporated into decision-making and that data gaps and
uncertainties are addressed through applied studies. The CALFED Strategic Plan for
Ecosystem Restoration (July 2000) provides a model for integrating science into
ecosystem restoration planning. CALFED Strategic Plan elements such conceptual
models, key uncertainties and adaptive management are being incorporated into science
planning for the South Bay Salt Pond Restoration Project. This talk describes the science
plan being developed for the Project and the role of science in planning, implementing
and adaptively managing the Project over time.
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REMOTE SENSING OF WETLAND CONDITIONS IN WEST COAST SALT MARSHES

The objective of the PEEIR (Pacific Estuarine Ecosystem Indicator Research Consortium)
program is to develop new indicators for assessing wetland health or condition.  We are
investigating the use of imaging spectrometry to provide a spatial assessment of wetland
sites and to contribute in the assessment of the marsh ecosystem.  It is well established
that stressed plants have lower reflectance in near-infrared (NIR) and higher reflectance
in red wavelengths than those of healthy plants. Newer airborne and spaceborne
instruments measure a detailed reflectance spectrum (400-2500nm) provide a basis for
extracting more specific information about the physiology of plant canopies than can be
derived from traditional multispectral techniques.  The use of high resolution airborne
LIDAR data to map the topography of wetland soil surfaces and canopy height provides
additional information on site condition and landscape structure.  A prior hydroponic
study of several common salt marsh species found that Salicornia virginica, the most salt
tolerant species and the dominant species in these wetlands (70-90% cover) was most
sensitive to heavy metal (Cd, V) and crude petroleum contaminants.  In this study we
compare Advanced Visible Infrared Imaging Spectrometer (AVIRIS) data at wetland sites
differing in their exposure to contaminants.  AVIRIS acquired 224 spectral bands in the
400-2500nm region at 4 meter pixel resolution in September 2002.  Spectral data show
patterns related to species composition and indicators of health (biomass, chlorophyll
content) that are consistent with field measurements and with the prior hydroponic study.
Results support the use of imaging spectrometry to provide indicators of ecosystem health
and inferences about site condition are significantly improved when the data is merged
with LIDAR data, detailing microtopography and canopy structure.
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PHOSPHORUS LOAD REDUCTION GOALS FOR THE SAN JOAQUIN RIVER NEAR
VERNALIS 

The San Joaquin R near Vernalis is a highly fertile and productive river that contributes
substantially to lower trophic level food supplies to the Sacramento-San Joaquin Delta.
For example, although the San Joaquin R contributes about 15% of summer (May-
October) freshwater inflow to the Delta, its contribution to inflowing sestonic algal
biomass averages nearly 60%. This contribution is important because there is mounting
evidence to suggest that some Bay-Delta fish populations may be food-limited. High
fertility and productivity also result, however, in noxious levels of algal and macrophyte
biomass and accompanying episodes of hypoxia, especially in artificially protected or
deepened areas like marinas and flooded islands or the turning basin and the deepwater
ship channel serving Stockton’s Port. Dissolved oxygen concentration (DO) frequently
violates water quality objectives in the ship channel near Stockton in part because of high
algal biomass loading from the watershed. Recent modeling indicates that reducing this
upstream algal load, in combination with artificial oxygenation, a reduction in effluent
loading from Stockton’s wastewater treatment facility and increased flow, could help
eliminate hypoxia in the ship channel. There is uncertainty, however, as to how effective
algal biomass reduction might be and especially about how to attain this reduction. A
notable symptom of this uncertainty is the difference of scientific opinion concerning the
role, if any, phosphorus load reduction should play in reducing the catchment’s yield of
algal biomass to the ship channel. In this talk we: (1) examine the case for and against P
load reduction as a tool for improving DO conditions in the ship channel; (2) quantify
preliminary P load reduction goals for the San Joaquin near Vernalis; and (3) discuss
some implications for the Central Valley Regional Water Quality Control Board’s TMDL
process and for Calfed’s Ecosystem Restoration, Water Quality and Science programs.
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ENSURING WATER QUALITY DATA COMPARABILITY BY INTEGRATING
METADATA IN THE DATABASE 

Managing water quality and understanding the associated biogeochemical processes and
ecosystem and public health effects in the Bay-Delta and its watersheds often requires
combining data from several different monitoring programs. This raises the question of
data comparability which cannot be answered without good metadata. We propose that
that integrating essential metadata with the data, in a self-documenting database, is a
flexible and advantageous approach to providing and maintaining metadata. 

Metadata is essentially the answer to these basic questions: who, what, when, where, why,
and how. Of course data users are also interested in combinations of these questions: e.g.
what-when, how-when, and what-how-when. 

Traditionally, monitoring programs’ metadata have been stored in separate text
documents describing the databases. In our experience such an approach leads to: a lack
of synchronization between data and metadata, extra work to maintain cross-tabulations
such as what-when or how-when, and a tendency to treat the metadata as an afterthought.
Integrating metadata in the database may begin with simple steps such as adding a few
extra columns of information to tables. It is more thorough when it involves the
structuring of a database to store monitoring data in distinct time series that explicitly
carry data attributes such as units, method of analysis, equipment used to acquire the data,
etc. Queries, including cross-tabulations of these attributes, can then be used to produce
and update metadata documents. Examples from long-term (25-30 years) monitoring
databases of water quality, phytoplankton and benthic invertebrates in the San Francisco
Upper Estuary will be used to discuss the advantages of metadata integration.
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FISH PASSAGE STUDIES AT THE SUISUN MARSH SALINITY CONTROL GATES IN
MONTEZUMA SLOUGH. 

Fish passage through a large tidal gate structure was studied from 1993 through 2003.
The Suisun Marsh Salinity Control Gates (SMSCG) operates seasonally to control salt
intrusion into the Suisun Marsh. Blockage of migrating adult salmon was a major concern
since winter-run Chinook salmon are present in Montezuma Slough when the radial gates
normally operate. The fish passge rates and times through the SMSCG were examined
during three operational phases or gate configurations. Fall-run Chinook salmon were
implanted with ultrasonic transmitters and their movements were monitored using fixed
and mobile receivers. 

In 1993 and 1994, mean passage rates and times confirmed that the SMSCG affected
salmon migration and showed that locking the gates open did not imporve salmon
passage. In 1998 and 1999, two horizontal openings in the existing flashboards were
provided to facilitate salmon passage when the gates were closed. The telemetry results
showed that the flashboard modification did not increase salmon passage. From 2001 to
2003, the existing boat lock was investigated as a viable fish passage method. The
evaluations showed that adult Chinook salmon used the boat lock as an alternate means
of passage when the radial gates were closed. Mean salmon passage rates were higher
overall compared with the earlier studies. Currently, the regulatory agencies are
considering using the boat lock in conjunction with other operational changes to increase
salmon passage without affecting water quality goals or requiring extensive modifications
to the structure of the SMSCG.
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ENVIRONMENTAL JUSTICE FROM DESIGN TO MESSAGE 

Elevated levels of mercury and PCBs in the San Francisco Bay and Delta region have
necessitated the development of advisories limiting the consumption of fish in these
areas. The Bay-Delta watershed area is also home to diverse ethnic populations making
fish consumption an Environmental Justice (EJ) issue. The multi-ethnic composition of
the fishing community raises unique obstacles for both researchers working to
characterize human health risks and educators providing outreach to EJ populations. 

This session will discuss the challenges presented in identifying and addressing EJ issues
in the Environmental Health Investigations Branch’s (EHIB) San Francisco Bay Fish
Project, and will include a discussion of techniques for working with both
disproportionally affected populations, and conducting outreach to hard-to-reach
populations with limited access to information. 

In an effort to identify EJ populations consuming bay fish, EHIB conducted the San
Francisco Bay Seafood Consumption Study in 2000. Target populations were identified
early in the planning process, and multi-lingual interviewers hired to reach non English-
speaking anglers. EJ issues were brought to the forefront of the data analysis, which
resulted in specific recommendations for EJ populations. The study found that EJ
populations, specifically Southeast Asian, African-American, women and children were
disproportionally affected by fish contamination in the San Francisco Bay and Delta
region. To conduct effective outreach to these groups, EHIB engaged in a spectrum of
activities, including providing small grants to local community based organizations
(CBOs) already engaged in health promotion activities. As a part of the grant, CBOs were
given extensive training, and assisted with the development of educational materials for
their populations. EHIB also developed and field tested advisory signs and educational
materials to reach a broad range of ethnicities and education levels. EHIB’s activities can
be used as a model for future research and outreach for the bay and delta.
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FACILITATING ADULT STURGEON PASSAGE IN THE SACRAMENTO-SAN
JOAQUIN WATERSHED, TOWARDS INCREASED SPAWNING OPPORTUNITIES
AND POPULATION REHABILITATION 

Downward-trending native fish populations, including those of anadromous sturgeons,
are a current concern of fisheries managers. Increased spawning opportunities and habitat
for affected species are considered critical in addressing this problem. To complete their
upstream spawning migrations in the Sacramento-San Joaquin Watershed, native
sturgeons must pass barriers such as dams. Passing such barriers requires navigation of
fish ladders or passageways.     However, little is known about the swimming abilities of
adult sturgeon, regarding such facilities. Wild, adult white sturgeon, Acipenser
transmontanus (n = 25, 135 – 198 cm TL), were swum in a variable-speed flume (24.4 m
long, 2.1 m wide, and 1.4 m deep) to evaluate swimming behavior around simulated fish-
ladder-type partial barriers. Four barrier types were tested at three velocities. Faster
velocities (0.76 – 1.07 m/s), in general, cued fish to swim upstream, sooner. Among the
barrier types, percentages of successful passage were mixed, with no statistically
significant pattern detected. Mean tail-beat frequency increased significantly with water
velocity (p < 0.05), with the highest frequencies measured (33 strokes/min) in the high-
velocity sections of the flume (2.02 – 2.52 m/s), adjacent to barriers. Sturgeon were able
to pass adjacent to barriers where water velocities reached 2.52 m/s by swimming in
bursts, followed by a resting and recovery period in slower moving water. This
information should be valuable in designing sturgeon-appropriate fish passage facilities,
towards their effective use of upstream spawning habitat and the rehabilitation of
sturgeon populations throughout the Sacramento-San Joaquin Watershed. Research was
funded by the California Department of Water Resources and California Bay-Delta
Authority (CALFED). 
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EFFECTS OF CHLORPYRIFOS AND ESFENVALERATE ON JUVENILE CHINOOK
SALMON 

Insecticides have been identified as a major pollution problem in surface waters of the
Sacramento and San Joaquin River watersheds. These pesticides enter surface waters in
stormwater runoff from agricultural and urban areas during winter months, when juvenile
Chinook salmon (Oncorhynchus tshawytscha) are migrating downstream. Although
concentrations are generally below acutely toxic levels for salmon, there is concern that
pesticides may be having deleterious sublethal effects. Our research focuses on sublethal
effects of insecticides and their effects on the organism’s susceptibility to disease. We
quantified stress protein expression (hsp60, hsp70, hsp90), cytokine induction (IL-1b,
TGF-b, IGF-1, Mx protein) and acetylcholinesterase enzyme activity in juvenile salmon
exposed to two insecticides, the organophosphate chlorpyrifos and the pyrethroid
esfenvalerate. To study the effects on the immune system and susceptibility to disease,
fish were exposed to both infectious hematopoietic necrosis virus (IHNV) and pesticide.
Our results suggest that sublethal levels of pollutants may act synergistcally with endemic
pathogens to compromise health and survivorship of fish populations through
immunologic or physiologic disruption.
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DEBUNKING THE MYTHS SURROUNDING PYRETHROID PESTICIDES:
MISCONCEPTIONS ON THEIR USE, MEASUREMENT AND ECOLOGICAL
EFFECTS. 

Protecting and restoring water and sediment quality are critical to success of the Bay-
Delta Program, and we have recently seen dramatic improvements in water quality due to
reductions in the use of organophosphate pesticides. Yet sediment quality, and
particularly the ecological significance of sediment-associated pesticides, is only just
beginning to draw the attention of scientists and environmental managers. High among
the areas of concern are pyrethroid pesticides and whether their sediment-associated
residues in the environment should be of concern to the Bay-Delta Program and other
environmental management entities. This question will be addressed in the context of
three widely held views concerning these compounds that are wholly or at least in part
untrue. These “myths” include: 1) that agricultural use of pyrethroids is increasing; 2) that
existing analytical methods are not adequate to measure pyrethroids at environmentally
relevant concentrations; 3) that once sediment bound, pyrethroids are no longer
bioavailable. These views, though widespread and often repeated, are distortions of the
facts and could potentially lead to mistakes in the design of monitoring programs or the
direction of research efforts. We will address the fallacies of each of these myths and the
kernel of truth behind them using pesticide use statistics, our recent laboratory results on
pyrethroid toxicity to benthic invertebrates, and our on-going field monitoring from
throughout the Central Valley on pyrethroid concentration and sediment toxicity in
agriculture-dominated water bodies. The current state of knowledge on each topic will be
presented. These findings will help the Bay-Delta Program and other stakeholders
determine the need for further investigation of this class of compounds and the
appropriate strategy to pursue in doing so.
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A UNIFYING FRAMEWORK FOR SCIENCE, MANAGEMENT, AND ECOLOGICAL
RESTORATION IN A MERCURY-CONTAMINATED ECOSYSTEM 

Restoration of the San Francisco Bay-Delta and tributaries is complicated by widespread
mercury contamination. Ecological restoration of wetlands and rivers could affect the
transport and microbial methylation of mercury, potentially increasing biotic exposure to
methylmercury, a toxic compound that re adily bioaccumulates in exposed organisms and
biomagnifies in food webs. Methylmercury can adversely affect native wildlife, diminish
benefits derived from fisheries, degrade water and sediment quality, and pose health risks
to humans. Success in achieving strategic restoration goals for this ecosystem will,
therefore, depend partly on an ability to mitigate the production, transport, and
bioaccumulation of methylmercury. We describe a unifying framework, or strategy, for
integrated mercury investigations to build a scientific foundation for restoration,
environmental management, assessment, and eventual reduction of mercury-related risks
in the Bay-Delta ecosystem. The strategy contains seven interconnected components, each
addressing a management goal and including supporting research, monitoring, and
management activities (source remediation, risk communication, ecosystem restoration,
and landscape management). Components address assessment and remediation of
mercury sources; effects of restoration on methylmercury exposure; monitoring of
mercury in sport fish and bioindicator organ ASSESSMENT OF DELTA RECREATION
IMPACTS ONisms, health-risk assessment, and risk communication; ecological risk; and
identification of potential management approaches for reducing methylmercury
contamination. The overall goal – to avoid increasing, and to eventually decrease, biotic
exposure to methylmercury – should provide a unifying sense of purpose to guide
scientific investigations and adaptive management. This framework incorporates three
approaches for reducing methylmercury exposure: (1) reduction of mercury releases, (2)
provision of fish-consumption advice, and (3) management of contaminated landscapes to
decrease production of methylmercury. 
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DEGRADATION OF FISHERY RESOURCES BY BIOACCUMULATIVE
CONTAMINANTS: PROSPECTS FOR REDUCING CONTAMINATION AND HUMAN
EXPOSURE 

Bioaccumulative contaminants, such as methylmercury, have degraded fishery resources
in many North American waters. Consequences of mercury contamination of fish include
direct adverse effects on human health; diminished nutritional, cultural, socioeconomic,
and recreational benefits of fishery resources; and adverse socio-cultural effects in some
communities that had fished for subsistence. Inorganic mercury from historic mining
activities and other sources contaminates much of the aquatic habitat in the San Francisco
Bay-Delta ecosystem. There is concern that some ecological restoration activities could
increase the microbial production of methylmercury and its bioaccumulation in fish in
this ecosystem. Methylmercury readily bioaccumulates and can biomagnify to high
concentrations in organisms atop aquatic food webs. Moreover, consumption of fish is
the primary pathway for human exposure to methylmercury, the dominant form of the
metal in fish. The development of a program for monitoring mercury in fish, coupled with
risk communication, was given high priority in the Mercury Strategy developed for the
California Bay-Delta Authority. Monitoring can provide a scientific foundation for
developing fish-consumption advice for decreasing methylmercury exposure in humans
who eat fish. Monitoring should be designed to identify species and size ranges of fish
with low, as well as high, concentrations of mercury, to identify alternatives for reducing
dietary exposure. Information from monitoring should be communicated to increase
public awareness of (1) mercury in fish, (2) the health risks of methylmercury exposure,
and (3) steps that can be taken to reduce exposure. The health benefits of eating clean fish
should also be emphasized. Remedial approaches for reducing mercury contamination of
this ecosystem should also be identified and critically evaluated. Within a timeframe of a
few years, however, risk communication linked to a well designed monitoring program is
the most realistic approach for reducing human exposure to methylmercury in this
contaminated ecosystem.
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THOUGHTS ON MONITORING CENTRAL VALLEY SALMON AND STEELHEAD

The California Bay Delta Authority (CBDA) aims to rehabilitate natural runs of Chinook
salmon and steelhead exhibiting diverse life history patterns in Central Valley rivers,
using adaptive (experimental) management.  This reflects a “population” perspective
(Bottom et al. 2004) in contrast to the traditional “production” perspective that
emphasizes numbers of fish with less regard for diversity within and among populations.
Although change is underway, most salmon monitoring in the Central Valley is still
founded on the production perspective, and does not meet the needs of the CBDA or of
Endangered Species Act (ESA) recovery efforts.  As simple examples, we still lack good
estimates of the proportions of naturally spawning Chinook that are of hatchery origin, or
of the proportions of naturally-produced adults that emigrated downstream as fry or that
reared in the river for some period before emigrating.  Adaptive (experimental)
management cannot work without better measures of experimental results.  

Fortunately, new methods make it increasingly possible to develop a monitoring program
that can address the needs of the CBDA and ESA recovery efforts.  For example, the
otoliths of all hatchery salmon can be inexpensively marked by manipulating water
temperatures around the time of hatching, so that naturally produced fish can be
identified, and analyses of their otolith microstructure can provide information on growth
rates and life history patterns.  Salmon can now be assigned to runs with good accuracy
using genetic analyses, and to rivers with fair accuracy using otolith microchemistry.
Measures of physiological condition allow indirect assessments of habitat quality.  If
populations together with their environments are taken as the proper unit of management
(Healey and Prince 1995), then attributes of habitats must be monitored as well as
attributes of populations and of individual fish.  The challenge is to develop a coordinated
and cost-effective monitoring program that meets the needs of habitat managers, as well
as of fisheries and hatchery managers.  Here I offer suggestions regarding the principles
upon which the design and implementation of such a program should be based, and
elements that it should include.  
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APPARENT ALTERATION OF SEXUAL DIFFERENTIATION OF FALL-RUN
CHINOOK SALMON IN THE CENTRAL VALLEY 

We determined the frequency and distribution of phenotypic female fall-run Chinook
salmon (Oncorhynchus tshawytscha) in the Central Valley that test positive for two Y-
chromosome specific genetic markers. Phenotypic male and female fall-run Chinook
salmon collected during the 2002 adult spawning surveys were genetically screened using
two Y-chromosome specific markers, OtY1 and the Growth Hormone pseudogene.
Individual genotypes were compared to observations of gonad phenotype in the same fish.
Overall, approximately 12% of the females screened had an inconsistent genotype and
phenotype. Incongruence between the sexual genotype of individual fall-run Chinook and
both their external secondary sexual characteristics and gonad phenotype paralleled
results from the 1999 survey of sex-reversed fish in the Central Valley. Apparent XY-
female fish were not distributed homogeneously throughout the Central Valley. This
contradicts the observed genetic homogeneity of fall-run Chinook. 

We performed controlled breeding experiments between sex-reversed and normal male
fall-run Chinook and compared the resultant sex ratio of the progeny with that of a
controlled cross between a normal female and male. All parents and offspring were
genotyped using both Y-chromosome markers, and identification of gonad phenotype was
made for all offspring that developed to the juvenile stage. Gametes from sex-reversed
individuals are capable of being fertilized and produce viable offspring. The offspring
genotypic sex ratio produced by these apparent XY female fish is 3:1, males to females
while the phenotypic sex ratio is 1:1. Comparisons of the progeny sex ratio of crosses
using eggs from normal (XX) females and sex-reversed males (XY females) was be made
using a Chi Squared Goodness of Fit test using a Yates correction for continuity. We
hope to provide management agencies with information regarding the impact sex-
reversed fish have on reproduction, population genetics, and population persistence of
fall-run Chinook.
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SHORT-TERM MONITORING RESULTS AND THEIR IMPLICATIONS FOR NATIVE
GRASSLAND RESTORATION PROJECTS IMPLEMENTED ON PRIVATE LANDS 

Audubon-California’s Landowner Stewardship Program has worked with 7 private
landowners to restore over 300 acres of rangeland to native perennial grasses and to
control weeds on an additional 1200 acres through applied fire, grazing and/or herbicide
treatments in western Yolo County since 1999. Site preparation and seeding are carried
out by Audubon personnel, but responsibility for post-seeding management has been
shared with landowners and has relied on assistance from outside agencies. Five
university research efforts (also presented in this session) were carried out at four sites
beginning in August 2001. 

Audubon staff conducted bi-annual step-point and photo monitoring of grassland sites
seeded with native grasses and/or subjected to management treatments. Monitoring
results show highly variable success rates in both native grass establishment and weed
control.     The most successful sites achieved relative cover of natives approaching 50
percent 2, 3 or 4 years after seeding. Seeded sites that were improperly grazed or not
managed at all had much lower relative cover of native grasses than those subjected to
post-seeding fire, herbicide or controlled grazing treatments. Spring prescribed fire
proved effective at drastically reducing medusahead cover at all sites burned, but
reinvasion within three years has been documented at sites burned before 2002. Goatgrass
has not been effectively controlled by any of the management treatments and appears to
be increasing in cover throughout the watershed. The role of the landowners in
coordinating and applying management treatments appears to be the most important
factor in restoration success. Our short-term results suggest that restoration of annual
grasslands to native perennial grasslands will require long-term management strategies
that are appropriately timed and applied. There is a growing interest among ranchers to
restore native grasses for soil health, water quality, and forage quality, but limited time,
funding, agency support remain barriers to larger scale efforts.
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WATERSHED WEB PORTAL LIBRARIES 

Enormous quantities of watershed information are produced each year that can help
scientists, government staff, the public, elected officials, and others make better
decisions. Unfortunately this information is stored in a myriad of locations and much of it
is hard to find. To remedy this situation, stakeholders in the Sacramento River Watershed
have collaborated to create an online Library and Portal to improve access to this
important information and enhance communication among groups working in the
watershed. The library acts as a “card catalog” index for metadata as well as a repository
for the documents themselves. Portals can then be created into the library which organize
the information in different ways to advance the goals of specific organizations or
projects. By providing tools for people to add, edit, browse and search, this collection the
library provides a community resource that has enabled people to collaborate to build a
site with directories of hundreds of resources, projects, people and organizations as well
as a common interlinked calendar for meetings and events, and news archive. This site
allows organizations to publish their resources on the web by staff without specialized
HTML skills. By making this portal maintainable by the community, it ensures that this
resource is sustainable, up to date. The portal has met with positive responses from the
community and its developers have already been contacted to build several more like it in
other watersheds. Because the website software is open source, it can be used and adapted
by others to create similar libraries for other watersheds without requiring licensing fees
or restrictions on its customization or distribution. By providing improved access to
critical information these watershed portals advance the mission of CALFED to protect
water quality and public health and restore more natural ecosystem conditions.
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USGS ADAPTIVE MANAGEMENT APPROACH FOR MITIGATING MERCURY
SOURCES UNDER TMDL GUIDELINES 

Problem statement: Mercury (Hg) contamination is widespread in the Sacramento-San
Joaquin Watershed, with Cache Creek Watershed contributing a large portion. Physical,
chemical, and biological processes for Hg in aquatic environments are complex and
contain significant uncertainties for identifying the ecosystem dynamics. The uncertainty
of these underlying scientific processes may produce similarly large uncertainties in the
decision-making process. 

Approach: The U.S. Geological Survey (USGS) is developing an adaptive management
framework on a regional watershed scale (Cache Creek Watershed) to help meet
discharge permit requirements for Hg under Total Maximum Daily Loads (TMDL).
USGS research has focused on using alternative econometric and statistical methods to
explicitly state and reduce these uncertainties so that they are better incorporated in policy
decision-making. Specifically, the approach taken consists of applying probabilities using
a Bayesian Probability Network (BPN) which integrates information of varying rigor and
detail into a model of a complex system allowing easy updating of prediction and
inference when observations of model variables are made. The relationships are identified
and quantified using historical data, physical process-based models, conceptual models,
and expert judgment. 

Results: The adaptive management approach allows TMDL stakeholders to analyze
various decision-making scenarios based on different mitigation choices to see whether
discharge permit requirements can be achieved at least cost. Subsequently, decisions can
be made using this information through decision utility analyses based on their
preferences and risk aversions. 

Relevance: This research project seeks to critically analyze society’s use of science and
statistics to produce an optimal methodology for water quality analysis. In addition, this
research provides alternative statistical methods for TMDL and water quality analyses
explicitly stating the uncertainty of economic and scientific results. This science-based
management strategy will help achieve Bay-Delta program goals in meeting water quality
objectives and potentially in ecosystem restoration. 
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Wood*, J., N. Nur, G. R. Geupel. PRBO Conservation Science, 4990 Shoreline Highway,
Stinson Beach, CA 94970 jwood@prbo.org 

USING BIRDS TO EVALUATE RIPARIAN RESTORATION AT MULTIPLE SITES IN
THE SAN JOAQUIN VALLEY/DELTA REGION 

Recently, land managers have come to place high value on wildlife monitoring in
evaluating completed restoration projects, advising current management, and guiding
future restoration projects in an adaptive management framework. The methods used and
the temporal and spatial scale of monitoring are important considerations when designing
a project. We present preliminary results from several avian monitoring studies that use
multi-tiered methods and a multi-species approach to evaluate riparian condition. Point
Reyes Bird Observatory has been monitoring songbird populations as indicators of
healthy riparian systems in restored and remnant riparian habitat at sites along the San
Joaquin, Mokelumne, and Cosumnes Rivers. All projects focus on evaluating riparian
habitat pre- and post-restoration by relating the structure of songbird communities, their
distribution, abundance and primary demographic parameters to vegetation
characteristics. A long-term monitoring program, established in 1995 on the Cosumnes
River Preserve, has been documenting the response of songbirds to natural process-based
riparian restoration areas. Although the highest species diversity was found in mature
forest, several riparian focal species such as Common Yellowthroat (Geothlypis trichas),
Song Sparrow (Melospiza melodia) and Blue Grosbeak (Guiraca caerulea) are more
abundant and in some cases have higher nest success in early successional restoration
sites. Thus, riparian birds benefit from restoration projects that are staggered in time and
thus at different stages of development, corresponding to the naturally dynamic landscape
of riparian floodplain. At the San Joaquin River NWR, monitoring was initiated in 2000
to evaluate a large-scale cultivated restoration project that began in 2002. Preliminary
data show several species breeding in restored sites during the first year of restoration. At
mature sites, nest substrate selection for Song Sparrow, Spotted Towhee (Pipilo
maculatus) and American Goldfinch (Carduelis tristus) was positively correlated with
forb cover underlining the importance of planting and managing for understory species.
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Wright*, S.A. (1), and D.H. Schoellhamer (2). (1) U.S. Geological Survey, 2255 North
Gemini Drive, Flagstaff, AZ 86001. (2) U.S. Geological Survey, Placer Hall, 6000 J
Street, Sacramento, CA 95819 sawright@usgs.gov 

SUSPENDED-SEDIMENT TRANSPORT WHERE RIVERS BECOME AN ESTUARY:
SACRAMENTO–SAN JOAQUIN RIVER DELTA, WATER YEARS 1999-2002 

Wetland restoration in the Sacramento-San Joaquin River Delta is dependent on sediment
supply from the rivers that form the Delta. In July 1998, the U.S. Geological Survey
established a network of optical backscatter sensors supported by standard suspended-
sediment sampling techniques and flow measurements to develop continuous, 15-minute
records of sediment flux at several sites. These data were combined with other available
sediment transport data to develop a sediment budget. During the 4-year period, water
years 1999–2002, 6.6 million metric tons of sediment entered the Delta and 2.2 million
metric tons exited the Delta, resulting in 4.4 million metric tons of deposition. This mass
of deposited sediment corresponds to approximately 2 cm of deposition averaged over the
entire open-water and wetland area of the Delta during the 4-year period (or 0.5 cm/yr).
The deposition rate from our sediment flux calculations is virtually identical to that from
analysis of sediment cores. During the 4-year period, 85% of the suspended-sediment
came from the Sacramento River, 13% came from the San Joaquin River, and 2% came
from other sources. The wet season lasted about 4 months per year but accounted for 82%
of the sediment supply and 85% of the total deposition. Analysis of tidally averaged
sediment flux and sediment-transport pathways indicates that: 1) the San Joaquin River
signal attenuates more rapidly in the downstream direction (i.e. tidal effects increase) than
the Sacramento River signal; 2) sediment fluxes in the Sacramento River are almost an
order of magnitude greater than in the San Joaquin River; and 3) the transfer of sediment
from the Sacramento to San Joaquin Rivers is no more than 22% of the sediment entering
the Sacramento River. Natural sediment supply for wetland restoration projects is greatest
along the Sacramento River and during the wet season. 
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Zanoli*, M.J. (1), J.O. Sickman (2), W.J. McCune (1). (1) Office of Water Quality,
Division of Environmental Services, California Department of Water Resources, P.O.
Box 942836, Sacramento, CA 94236-0001. (2) Department of Geology and Geophysics,
University of New Orleans, New Orleans, LA 70148. zanoli@water.ca.gov 

ORGANIC CARBON LOADING TO THE SACRAMENTO RIVER FROM A RAPIDLY
URBANIZING WATERSHED IN SACRAMENTO'S METROPOLITAN AREA 

The Natomas East Main Drainage Canal (NEMDC) is listed as a specific source of
drinking water parameters of concern in the CALFED Water Quality Program Plan (July
2000; Chapter 3). As part of a larger project being conducted with the assistance of a
Proposition 13/CALFED Drinking Water Quality grant, daily inputs of total organic
carbon (TOC) to the Sacramento River from NEMDC, a large urban drain (Sacramento,
CA) that includes 180 square miles of highly urbanized land, were estimated from July
2001 to June 2002. The project also includes creation of a GIS for land use and change
detection analysis to evaluate potential changes in water quality associated with growth.
The Sacramento River is a source of drinking water to over 22 million Californians.
Recent concerns over the health effects of disinfection by-products (DBP) have increased
the need for understanding sources and loads of DBP-precursors such as organic carbon. 

Daily NEMDC TOC loads ranged from 1,000 to 70,000 lbs/day, with the highest loads
occurring during large winter storms. During storm events, the NEMDC contribution of
daily TOC load in the Sacramento River typically ranged from about 5% to 20% and
reached 30-40% on days when local rainfall increased NEMDC runoff, but Sacramento
River flows were low. When combined with estimates of additional non-point and point
sources of TOC, our data suggest that the Sacramento metropolitan area can contribute
from 5-20% of the DBP precursor loads in the Sacramento River on a monthly basis year
round. Results from this work provide data for input and validation of DWRs Delta
Simulation Model (DSM2) and will serve as a model node and as surrogate estimates for
other urban sources and loads of drinking water contaminants.
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Zuckerman*, Thomas M., Co-counsel, Central Delta Water Agency, 2200 W. Forest Lake
Road, Acampo, CA 95220, tmz@talavera.us

DELTA LEVEE EMERGENCY RESPONSE PLANNING IN LIGHT OF JONES TRACTS
FLOOD

Delta levee failures can result from many causes including storms, seismic events,
burrowing animals, navigation accidents, and even acts of terrorism. The CALFED
Emergency Response Plan recognizes that some level of catastrophic levee failure in the
Delta is inevitable and calls for:

1. A robust on-going levee maintenance program to reduce the incidence of catastrophic
failure and to support a levee repair capability with the attendant specialized
equipment and know-how to be readily available during levee emergencies;

2. rapid response capability, including stand-by credit capability, to minimize damage
and recovery costs; and,

3. Storage capability within the water delivery system in anticipation of temporary
delivery problems resulting from catastrophic levee failure during low Delta outflow
periods.

The recent Jones Tracts episode illustrated the wisdom of this plan.  A seemingly well
maintained and inspected levee section failed precipitously during low flow conditions,
challenging both emergency response capability and water supply reliability on an inter-
regional scale.  Valuable lessons can be learned from this levee failure calling for
modification and strengthening of emergency response planning.

Aiken*, G.
U.S. Geological Survey, Boulder, CO
Graiken@usgs.gov

CARBON, SULFUR AND MERCURY - A BIOGEOCHEMICAL AXIS OF EVIL

The ecological fate of Hg in aquatic systems is dependent, in large part on dissolved
organic matter (DOM) concentration, the concentrations of inorganic ligands, especially
sulfide (S-2), and the presence of sulfate-reducing bacteria that convert Hg+2 into MeHg, a
highly toxic form of Hg that is readily bioaccumulated .  Our research has shown that
DOM can influence the transport, reactivity and bioavailability of Hg in aquatic systems
by strong Hg-DOM binding and through interactions with mercuric sulfide (HgS).  The
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binding of Hg to DOM under conditions present in many aquatic systems, including the
Sacramento-San Joaquin Delta and San Francisco Estuary, (very low Hg/DOM ratios) is
controlled by a small fraction of DOM molecules containing strong-binding thiol
functional groups(KDOM' = 1023.2±0.5 L kg-1).  In oxygenated waters (sulfide-free), DOM-Hg
complexes are favored over Hg complexes formed with inorganic ligands.  Where
measurable sulfide concentrations are present in surface water and pore water, Hg-sulfide
complexes predominate. In these cases, common in sulfate reducing environments, DOM
interacts strongly with HgS (log Ksp = -52.4) to inhibit aggregation and precipitation of
HgS by colloidal stabilization. Finally, in a process relevant for mercury cycling in the
Sacramento-San Joaquin Delta, significant amounts of Hg can be solubilized by DOM in
the Delta from solid HgS (cinnabar) transported from upstream sources.  Interactions with
of DOM with HgS, therefore, can influence the geochemistry and bioavailability of Hg in
aquatic environments by maintaining higher dissolved total Hg concentrations than
predicted by speciation models. This information is directly applicable to the effective
management of the Sacramento-San Joaquin Delta, and has important implications for
planners of the Bay-Delta restoration program.
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Moore*, J.
California Bay-Delta Authority
650 Capitol Mall, 5th Floor, Sacramento, CA95814
johnniem@calwater.ca.gov

CALFED SCIENCE IN THE ANTHROPOCENE

Since its origin 4.6 billion years ago, the Earth has undergone substantial change due to a
range of geologic and biogeochemical natural processes. However, in the last 10,000
years, humans have come to dominate nearly all processes on the earth’s surface. Human
actions now rival or surpass many geologic, geophysical and biological processes forcing
climate and other global change. California is a microcosm of these global effects
induced in the Anthropocene (the epoch of humans). To meet our goals of restoring
ecosystem function and preserving species in California aquatic systems, while
continuing to supply our present and future water needs, requires that we understand
these highly-modified natural processes as they continue to respond to the large
perturbations from the recent past. On top of this is the forcing by future changes at the
regional and global scale. Our task in future research, even at the project/reach level, is to
merge regional information with site-specific data. But even this level of integration is
not enough to deal with future “wicked” problems that will develop in the Anthropocene.
The main problem we face is that massive human alterations have disconnected the past
from the future. The basic paradigm of geology that, “the present is the key to the past”
has been rearranged to “the past is the key to the present” as a way to predict what
changes we face in the near future. However, this paradigm will not work in the
Anthropocene. Now, “the future is the key to the future”. This means we have to
understand basic processes of all the important areas of concern to understand the
functioning of present complex systems and simulate future response to climate and
landscape/resource change. This type of research will require very long-term, integrated
efforts. We will need to build models, “ground truth” those models and check them with
decades-long monitoring of critical components and a deep understanding of processes.
This will require a huge and costly commitment to field, laboratory and theoretical
science at a variety of temporal and spatial scales. To do this we need to build a culture of
science and exploration in the broader society to gain broad-based support. If we do not
build this culture in the broader society, the Anthropocene may be very short.
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Mount*, J.F.
Center for Integrated Watershed Science and Management, University of California,
Davis, CA 95616 
mount@geology.ucdavis.edu

SUBSIDENCE, SEA LEVEL RISE AND SEISMICITY: HELL AND HIGH WATER 
IN THE DELTA

For the past 7000 years in the Delta there has been a close balance between the generation
of space for accumulation of sediment, known as accommodation space, and the filling of
this space by allochthonous and autochthonous sediment. Over the past 150 years, the
construction of levees and the subsidence of island elevation led to the creation of more
than 3 billion cubic yards of new accommodation space, all subaerial and below mean sea
level. The ratio of unfilled accommodation space to Delta area is a landscape-scale index
of instability, and can be conceptually linked to difficulty in managing Delta levees. This
index also can be used to project potential changes in habitat conditions and the potential
for restoration. Preliminary simulations of island subsidence and sea level rise over the
next 50 years indicate that, under business-as-usual conditions, the instability index for
the Delta will increase by 33% to as much as 66%. Additionally, the likelihood of a
significant seismic event over the next 50 years is high (about the same probability as a
100-year flood event). Based on current policies, substantial increases in levee instability
and associated failures will occur over the next 50 years, and thresholds may be crossed
that lead to widespread multiple island flooding events. All other CALFED/CBDA
programs, specifically water supply reliability, drinking water quality and ecosystem
restoration, will be significantly and negatively impacted by these events. Current policies
reflect an over-reliance on hoped-for but unidentified technological and economic
capabilities. When it comes to the Delta, however, the rosy scenario almost never works
out. It may be time to consider alternatives to our Sisyphean effort to maintain the current
configuration of the Delta.
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Peter B. Moyle*, P.B.
Center for Integrated Watershed Science and Management, 
University of California, Davis.  
pbmoyle@ucdavis.edu.  

THE FUTURE OF CALIFORNIA’S INLAND FISHES

The creation of CALFED and the Bay-Delta Authority has coincided with a rather benign
climatic period. Restoration projects and strategies consequently have often had positive
results and various declining native fish species have been delisted, proposed for
delisting, or had petitions for listing denied.  Their long-term future is cloudy given the
certainty of long-term drought, climate change, sea-level rise, collapse of levee systems
(especially in the Delta), new invasive species, and increasing human populations.
Species that prefer brackish water tidal environments will probably benefit from these
changes, while species that depend on a steady supply of cold water will suffer declines.
If we do not plan for the major changes in California’s aquatic ecosystems that are likely
within the next 25-50 years, we will need expensive and temporary emergency measures
to fix things following each successive disaster.  Bold measures are needed to assure a
future for our native fishes and coincidentally a sustainable future for California humans.
Measures that need to be considered include reoperation of all water projects as a unified
system, construction of the peripheral canal, large scale restoration of active floodplains,
restoration of flows to the San Joaquin River, and strong measures to prevent the
establishment and spread of invasive species. Environmental interests should be taking
leadership in implementing such large-scale measures, recognizing that major forms of
environmental protection can be acquired in exchange for water supply security.
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Loge*1, F.J., M.R. Arkoosh2, T.R. Ginn1, L. Johnson3, and T. Collier3.
1Dept. of Civil and Environmental Engineering, UC Davis, 1 Shields Avenue,
Davis, CA 95616.
2Immunology and Disease, Ecotoxicology and Environmental Health Program, Newport
Research Station, 2032 South East OSU Drive, Newport, OR 97365.
3Ecotoxicology and Environmental Health Program, Northwest Fisheries Science Center,
NOAA Fisheries, Seattle, WA 98112
floge@wsu.edu

DELAYED DISEASE-INDUCED MORTALITIES IN OUTMIGRANT SALMON:
RELATIVE IMPACT OF IN-RIVER AND CHEMICAL STRESSORS 

PROBLEM STATEMENT. Wild Pacific salmon (Oncorhynchu sp.) have disappeared
from approximately 40% of their historical breeding range and many remaining stocks
have declined precipitously in recent years. Risk factors that are thought to be responsible
for the decline in salmon populations include habitat degradation, dam passage,
predation, harvest practices, and disease. To date, little is known about disease dynamics
as they relate to riverine/estuary ecology and outmigrant survival. 

APPROACH. Outmigrant juvenile chinook salmon were collected from the Duwamish
Estuary, a highly contaminated estuary in the Puget Sound, WA, transported back to the
Hatfield Marine Science Center in Newport, OR, and challenged with L. anguillarum to
provide an aggregate measure of immune status. The chemical body burden of PAH,
PCB, and DDT were quantified in a subset of fish. A comparable study was performed
with barged and non-barged fish within the Columbia River basin to assess the impact of
the hydropower network on immune function. A population dynamic model was
developed to infer the incidence and relative significance of delayed disease-induced
mortalities in outmigrant juvenile salmon associated with chemical and in-river stressors.
Although study sites were within the Pacific Northwest, results are transferable to the
CALFED program. 

RESULTS. Infectious disease appears to be strongly modulated by chemical and in-river
stressors that influence host-susceptibility. In-river and chemical stressors increased the
mean force of infection by a factor of 1.6 and 2.2, respectively. The corresponding
cumulative delayed disease-induced mortalities ranged from 6 to 18% for estuary
residence times of 30 to 120 days, respectively. 

CONCLUSIONS/RELEVANCE. This study provides a novel and quantitative illustration
of the importance of abiotic and biotic stressors on host-susceptibility and subsequent
modulation of disease dynamics in natural salmonid populations. Study findings highlight
the need and methodology for incorporating multiple stressors into future management
strategies to recover these listed stocks.
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