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EXHIBIT A: ATTACHMENT 2

PROPOSAL

Analysis of Archived Samples to Assess Patterns of Historic Invasive Bivalve Biomass 
1. Project Purpose 
1a. Introduction 
Invasive bivalves are considered to be a major sink of primary productivity in the San Francisco Bay - Delta system. Alpine and Cloern (1992) showed that seasonal phytoplankton blooms disappeared after the invasive bivalve Corbula amurensis (formerly known as Potamocorbula amurensis) invaded the upper San Francisco Estuary. Lucas et al. (2002) found that Sacramento-San Joaquin River Delta habitats where the invasive bivalve Corbicula fluminea were abundant were net sinks to phytoplankton biomass. Lopez et al. (2006) concurred with findings that while shallow water habitats in the Sacramento-San Joaquin River Delta could have high phytoplankton productivity, shallow habitats heavily colonized by Corbicula fluminea were net sinks of phytoplankton biomass. 

Investigations of historic patterns of invasive bivalve population biomass from long-term records will yield information about the relationships between bivalve populations, including benthic grazing pressure and environmental factors, such as hydrologic year type or water management practices. Investigations of small scale spatial variability of invasive bivalve population size structure and biomass within multiple sub habitat types in the San Francisco Bay-Delta system will yield information about the influence of local habitat characteristics on invasive bivalve population density, biomass and grazing potential. 

The recently recognized declines in several Delta fish populations have heightened interest in the pelagic food web of the San Francisco Bay-Delta system. Several populations of fish that prey on zooplankton are in decline (http://www.calwater.ca.gov/DeltaFishPopulations/Enclosure_1.pdf), with Delta smelt in particular showing signs of starvation (Bennett 2005). Several populations of primary consumers (zooplankton) have declined in recent decades, contemporaneously with the introduction the invasive bivalve Corbula amurensis and appear to be food limited (Kimmerer and Orsi 1996, Orsi and Mecum 1996, Mueller-Solger et al 2002). Jassby et al. (2002) report that overall primary production in the Delta is low (70g C m-2) and indicate that primary production lost to invasive bivalve grazing is a key factor in limiting net productivity in the Delta (Jassby et al. 2002). 

The work of Lucas et al. (2002) and Lopez et al. (2006) support the concept that bivalve grazing is an important factor in determining overall ecosystem function in the San Francisco Bay-Delta system. Thus, investigations of invasive bivalve population dynamics and grazing pressure over temporal and spatial gradients are important as CALFED considers restoration plans for the system. 

Because benthic bivalves are both ubiquitous and abundant in the upper estuary (Carlton et al. 1990, Hymanson 1991, Hymanson et al.1994) and dominant in macrobenthic assemblages (Hymanson et al.1994), accurate estimates of bivalve biomass are necessary for assessment of transfer of not only carbon, but also contaminants among the food webs in this system. Invasive bivalve species have been found to assimilate trace contaminants in this system (Brown and Luoma 1995, Luoma and Linville 1995), and are known to transfer contaminants among trophic levels within the food web (Stewart et al. 2004). 

Fortunately, a legacy of environmental monitoring by the Interagency Ecological Program (IEP) Environmental Monitoring Program (EMP) benthic monitoring element in the San Francisco Bay-Delta system has accumulated a wealth of high-quality, archived benthic invertebrate samples with which we may investigate historic bivalve populations. Analysis of patterns of bivalve biomass both over time through a range of hydrologic conditions and over spatial gradients, in several sub-habitats in the San Francisco Bay-Delta System can be conducted on archived historic samples. This study proposes to address changes in invasive bivalve populations over time by analyzing archived samples from monthly or near-monthly monitoring, conducted over a 30 year time period in the lower Sacramento River near Collinsville (IEP EMP sampling site D4-L) and in the lower San Joaquin River system in Old River (IEP EMP sampling site D28A-L), as shown in Figure 1. Assessment of invasive bivalve population patterns over spatial gradients, among major embayments of the Upper San Francisco Estuary and among sub habitats within embayments will be accomplished by analyzing samples that were collected as part of the Small Scale Spatial Variability Study (SSSVS), conducted in Spring and Summer 2005, and which used a probabilistic sampling design to assess the variability of benthic assemblages in 64 ha neighborhoods surrounding several IEP EMP benthic monitoring sites. SSSVS sampling locations include neighborhoods in San Pablo Bay, Carquinez Strait, Suisun Bay, the Lower Sacramento River, Old River, and the lower San Joaquin River, as shown in Figure 2. The distribution of samples within neighborhoods is shown in detail in Figure 3. 

1b. Project Goals and Objectives 
The objectives of the proposed research project are: (1) to obtain biomass data from benthic samples collected at two long term monitoring sites sampled by the IEP EMP in the San Francisco Bay-Delta system, and for benthic samples collected during an IEP EMP special study of small scale variability in benthic assemblages near six long-term monitoring locations; (2) make these data available to researchers and the public in a useful form; (3) use the data to evaluate trends in the biomass of invasive bivalve species over nearly 30 years, as well as patterns of invasive bivalve biomass over spatial gradients in the upper San Francisco Estuary. 

Objective 1: Estimate the biomass (g C m-2) of invasive bivalve species from preserved samples in a non-destructive manner by measuring bivalve shell length and then using a length-to-weight conversion relationship (Benke et al 1999) to estimate bivalve biomass. Length-to-weight relationships for invasive bivalve species Corbula amurensis and Corbicula fluminea have been developed by USGS over the past two decades and length-to-weight relationships based on this work will be used for our estimates of biomass. 

Objective 2: Make data available to researchers and the public in useful form. Biomass data will be stored in the EMP Benthic database and made available for electronic download from the Bay-Delta & Tributaries (BDAT) database web portal. Use of these data by individuals not familiar with the benthic species will be aided by reports and metadata describing our work and the theories behind it, which will be available through the EMP web site on the IEP server, and through deliverables created as a result of this project. 

Objective 3: Biomass data summaries will be published in the IEP newsletter and in refereed journal articles if appropriate. Invasive bivalve data will help us explore regional and seasonal changes in benthic influence on the ecosystem processes of the San Francisco Bay-Delta System 

1c. Hypotheses 
With this proposed study, we will test the following hypotheses: 

1. The biomass of invasive bivalves has varied predictably over time in relation to season and hydrographic year type in the lower Sacramento River and in Old River. 

2. The mean annual biomass of invasive bivalves at long-term monitoring locations has varied predictably in relation to mean annual outflow flow in the lower Sacramento River and in Old River. 

3. The biomass (g C m-2) of invasive bivalve species vary among benthic habitat types (major sub-basins in the upper Estuary) and among sub-habitats (multiple depths, substrate types, distances from shore, or bathymetric features) within major basins in the San Francisco Bay-Delta System. 

4. Invasive bivalve biomass data are seasonally divergent from invasive bivalve abundances in the lower Sacramento River and in Old River. 

1d. Supporting Information 
Ancillary data associated with the archived benthic samples are available from the IEP EMP website (long-term benthic monitoring samples) or are being contributed to this proposed study by participants (SSSVS data are contributed by the IEP EMP). 

Length-to-weight relationships for invasive bivalve species in the San Francisco Bay-Delta system have been developed over three decades, by USGS (Jan Thompson, unpublished data). Length-to-weight relationships have been generated for both Corbula amurensis and Corbicula fluminea. General length-to-weight relationships, developed from all available data for each species will be used except when or where prior studies show that region-specific regressions would be more appropriate. 

2. Background and Conceptual Models 
Two species of invasive bivalve are dominant in the upper San Francisco Bay-Delta system; Corbula amurensis, and Corbicula fluminea. Corbula amurensis is a native of estuaries from southern China to southern Siberia (Cohen and Carlton 1995). Formerly known as Potamocorbula amurensis, it is also sometimes referred to as the ‘overbite clam’. Corbula amurensis has been both common and abundant in brackish regions of the Upper San Francisco Estuary since soon after its first discovery in the system in 1986 (Hymanson et al 1991, Carleton et al 1990). Corbula amurensis, a euryhaline species, is physiologically capable of inhabiting waters with salinity ranges from 2 to 32 psu (Nicolini and Penry 2000), and makes its home in subtidal soft sediments (Carleton et al. 1990). 

Corbicula fluminea also known as ‘Asian clam’ is native to China, Korea, and southeastern Siberia (Ingram, 1948). It is common in subtidal to intertidal sediments of the Delta where waters are fresh (salinity <5 psu) (McMahon 1999). Corbicula fluminea is the dominant benthic consumer in the Central Delta (Hymanson et al 1994) and has been an important grazer in ecosystems outside the San Francisco Bay-Delta as well, reducing phytoplankton biomass in other systems, including the Potomac River (Mc Mahon 1999, Cohen et al. 1984, Phelps 1994). Invasive bivalves are common from Delta tributaries (Corbicula fluminea) (Leland and Fend 1998) through the confluence of the Sacramento and San Joaquin Rivers (often both species), seaward to San Pablo Bay where Corbula is dominant (Carlton et al. 1990, Hymanson 1991, Hymanson et al. 1994), and southern San Francisco Bay where Corbula amurensis and other bivalve species are common. 

The seasonal and interannual population dynamics of Corbula amurensis and Corbicula fluminea have been studied (Peterson 2002, Lucas et al. 2002, Lopez et al. 2006). These analyses show that population’s size, in terms of local abundance, can fluctuate by several orders of magnitude over time and spatial gradients. Corbula amurensis population maxima can shift among sub-basins in the Upper Estuary in different hydrologic year types (Peterson in prep). Several studies show that when bivalve populations are high, phytoplankton concentrations are low (Cloern 1982, Alpine and Cloern 1992, Lucas et al 2002, Lopez et al 2006). 

Because clams can vary over orders of magnitude in somatic size (and thus feeding capacity), measurements biomass in a sampled population are a better measure of ecological function than population counts or abundance (Peterson 2002). It is clear from preliminary data (developed by a similar project conducted with CALFED funding) that there is not a 1:1 relationship between organism abundance and biomass (g C m-2) for invasive bivalves. Figure 4 shows count and biomass data for Corbula amurensis from Grizzly Bay. The plot shows a clear divergence between biomass and count data, especially in the fall of dry years. Preliminary data generated under the auspices of a pilot study funded by the IEP Pelagic Organism Decline (POD) research effort, from historic samples from the lower Sacramento River (Figure 5) show that both Corbula amurensis and Corbicula fluminea are present at this location (IEP EMP site D4), that trends of abundance biomass are dissimilar and that there is not a one-to-one relationship between abundance and biomass at this site. 

With a complete set of data from the lower Sacramento River site and from the site in Old River (where only Corbicula fluminea are found) we will be able to discern patterns of biomass for invasive bivalve species, and thus assess trends in benthic grazing pressure over time.

Prior studies have found that invasive bivalve population structure can be patchy in nature (Lopez et al (2006) found that Corbicula fluminea was patchy and biomass varied from 0 to 130 g dw m-2). Likewise, Corbula amurensis populations often have a patchy distribution (Peterson in prep). Preliminary analyses of small scale spatial variability in benthic assemblages shows that local variability in the benthic species assemblage tends to be greatest where bathymetry is most variable. We anticipate invasive bivalve populations will vary somewhat predictably with physical habitat variables. Analyses to determine which variables are best correlated with invasive bivalve populations will be helpful to habitat restoration efforts in the future. 

2a. Conceptual Models 
Phytoplankton biomass can be controlled by benthic grazers (Cloern 1982, Lucas et al 1999a, b, Thompson 1999). The presence of invasive species can act as overriding controls of habitat function, adding uncertainty to management outcomes (Lopez et al 2006). Consumption of phytoplankton biomass by the invasive clam Corbicula fluminea was an important control on phytoplankton growth rates in the Sacramento San Joaquin Delta (Lopez et al 2006). Corbicula grazing rates were, on average, eight times higher than zooplankton grazing in colonized habitats (Lopez et al. 2006). Phytoplankton biomass and production were consistently low in habitats colonized by Corbicula fluminea, such that colonized habitats were not only net sinks for phytoplankton, but could contribute to a net phytoplankton deficit in neighboring deep habitats where zooplankton could feed (Lopez et al. 2006). These findings clearly indicate that Corbicula fluminea colonization will determine a habitat’s value to the pelagic food web. 

Environmental variability and anthropogenic water management practices affect physical and biological conditions throughout the San Francisco Bay-Delta system, thus affecting the distribution, abundance, growth, and ultimately standing-stock or biomass of benthic invertebrates, including invasive bivalves. Many benthic invertebrates rely on temperature cues to stimulate transitions between life stages (Ruppert and Barnes 1994). Alterations in flows through the Bay-Delta system can change seasonal temperature patterns, and thus bring changes in the timing of development, or the onset of spawning. Changes in flow patterns, due to variability in natural runoff, and/or water management operations can alter the dispersal of pelagic life stages, the distribution of food, and the geographic distribution of salinity within the Estuary which would then alter the spatial distributions of invasive bivalve species populations, change somatic condition (i.e. somatic size or amount of stored energy) of bivalve populations and likely change the size structure of bivalve populations in the estuary. Measurements of size frequency distribution and estimated biomass within populations of invasive bivalves over time will allow us to assess factors which influence the population biomass, and thus grazing potential and potential to transfer contaminant material from the benthos into other portions of the food web in this system (Figure 6). 

2b. Physical Setting 
Figures 1-3 show the physical locations where historic samples for this proposed analysis were historic samples have been collected. Station D4 is located in the lower Sacramento River, near its confluence with the San Joaquin River (Figure 1). While this site is generally riverine in nature, it can become home to euryhaline organisms during periods of prolonged low Delta outflow, such as the 1986-1992 drought. Station D28A is located in the Old River, in the lower San Joaquin River system (Figure 1). It is generally riverine in nature. Sites sampled for the Small Scale Spatial Variability Study (SSSVS) are located in major sub-basins of the Upper San Francisco Estuary, including the shallows of San Pablo Bay (site D41A and neighborhood), the channel of Carquinez Strait (D6 and neighborhood), the shallows of Grizzly Bay (D7 and neighborhood), the channel of the lower Sacramento River (D4 and neighborhood), Old River (D28A and neighborhood), and the channel of the lower San Joaquin River near Stockton (P8 and neighborhood) (Figure 2). In neighborhoods situated in broad embayments 30 samples were randomly distributed within a 800m by 800m (64ha total area) square region (Figure 3). In channel areas the neighborhood shape was constrained by the channel banks, but the neighborhood stretched to cover a 64 ha wetted region (Figure 3). 

3. Approach and Scope of Work 
3a. Approach 
This project proposes to measure bivalves from one sample per-month for all available months at two of the longest-term monitoring sites sampled by the IEP EMP (D4 and D28A). Site D4-L is located in the lower Sacramento River near Collinsville, close to the confluence of the Sacramento and San Joaquin Rivers, and has been consistently sampled monthly or near-monthly since October 1975. Site D28A-L is located in Old River, which is a portion of the lower San Joaquin River system, and been consistently sampled monthly or near-monthly since June 1977. Locations of the two long-term monitoring sites are shown in Figure 1. 

Bivalves occurring in samples taken during the Small Scale Spatial Variability Study (SSSVS), conducted in April and July, 2005, and discussed above, will also be measured. The SSSVS sampling locations include neighborhoods in San Pablo Bay, Carquinez Strait, Suisun Bay, the Lower Sacramento River, Old River, and the lower San Joaquin River, as shown in Figure 2. The distribution of samples within neighborhoods is shown in detail in Figure 3. 

Computations of the biomass of invasive bivalve species found in each sample will be accomplished using species-specific length-to-weight equations that have been developed over many bivalve studies in the San Francisco Bay-Delta system. Length-to-weight equations have been developed through ashing (to measure ash-free dry weight) for invasive bivalve species in this system for the past two decades, and the equations derived from this length-to-weight analyses will be provided by Jan Thompson (USGS). Species-specific biomass values will be reported in gC m-2. For long-term records, time series of invasive bivalve biomass will be compiled for further analysis with existing abiotic (hydrographic, physico-chemical, and substrate) data as well as biotic (benthic assemblage, phytoplankton, and zooplankton) data. Species-specific invasive bivalve biomass values from the SSSVS samples will be used with spatial coordinates from the samples, ancillary physical habitat data (depth, sediment type, bathymetric setting, channel location), and biological data (benthic assemblage) to analyze trends in biomass over physical and biological gradients. 

Size frequency and biomass data will be stored on the Bay Delta and Tributaries (BDAT) data server (http://bdat.ca.gov/), where it will be publicly available for download. Meta data and reports of the data analyses will be hosted on the IEP EMP website (http://www.iep.ca.gov/emp/), which is also open to the public. 

3b. Methods Techniques and Equipment, Data Collection, Statistical Analyses, Quality Assurance and Separation of Tasks 
Task 1– Project Management, Data Analysis and Reporting 
The project manager will ensure that all listed products and deliverables are completed within the project timeline. Quarterly reports and a final report will be submitted to CALFED by the project manager. The quarterly reports will contain relevant information regarding the status of project tasks. 

The final report will integrate the results of tasks 1 through 3 and present the project findings in a technical format. All administrative, contracting and budget maintenance tasks will be carried out under the auspices of the DWR. 

Benthic macrofaunal biomass estimates: The analyses of biomass data will include identifying and describing large scale and small scale spatial patterns of biomass within the upper San Francisco Estuary. We will also characterize long term trends in biomass at the 2 EMP sites. Seasonal and inter annual trends in biomass will be reported by site and by species. Biomass trends will be related to environmental variables (e.g. conductivity, freshwater flow rate, phytoplankton biomass, etc.), CVP and SWP operations, and invasive species chronologies. These analyses will build upon and greatly improve the results of an ongoing retrospective analysis of the EMP benthic monitoring data that was partially funded by the CALFED science program. This retrospective analysis objectives are: identifying recurring taxa assemblages within the benthic community at core EMP benthic monitoring sites; determining the predictable relationships between taxa assemblages and environmental conditions and/or species invasions; describing community function over the course of the historical sampling period using the results of taxa assemblage analyses and published records of species natural histories and functional characteristics. Importantly, benthic bivalve biomass estimates will greatly improve our ability to determine where and when benthic assemblages were capable of having significant effects on bio-geo-chemical cycling of nutrients and trace elements (e.g., where and when have filter-feeders have been abundant enough to limit food to other populations, and where and when changes in benthic assemblages might have affected trace element transport or patterns of predation for higher trophic levels). We will identify and describe spatial patterns of benthic biomass within the upper Estuary. Biomass patterns will be related to patterns of environmental variables (e.g. conductivity, temperature, bathymetry, flow rate, phytoplankton biomass, and sediment characteristics). 

Information dissemination: Two methods will be used to disseminate the biomass data and species information acquired during this project. First, we will work with BDAT staff to make weight measurements and population notes data available for download in tabular form from the BDAT portal. Secondly, methodological information such as the conversion coefficients used for each species will be included in the benthic program element’s metadata pages on the EMP web site. 

All researchers place high value on regular peer-reviewed publication of results and sharing of information and ideas at conferences. This proposed program will prepare one or more scientific papers for peer-reviewed journals. One or more members of the team will also present their results annually at either the State of the Estuary or the CALFED Science conference. Lastly, the EMP website will display reports, publications by project members, documents, and related links. 

Task 2 - Biomass Measurement 
Estimating biomass: Our method of estimating biomass will be as follows: 

(1) Measure the shell length (longest axis) of each Corbula amurensis and Corbicula fluminea found in each sample. Measurements, to the nearest millimeter in shell length will be made using one of three methods a) measurement using ocular micrometer on a dissecting microscope, b) measurement using calibrated digital image analysis software, or c) measurement with hand-held Vernier calipers. While species have been archived separately in recent samples, some historic samples require species pre-sorting, before bivalves can be measured. For all samples, the number of bivalves found in the archived sample material will be compared to bivalve counts from the original samples analysis – to verify that all animals in the sample are accounted for in the measuring. Once clams are measured, the number of measurements is again checked against the number of clams in the sample. Measurements of objects of known size are used to calibrate bivalve measuring devices at least daily. When the digital image analyzer is used for measuring bivalves, calibration measurements are made each time the instrument is adjusted. Visual inspection of the data and the bivalve sample material are made before the data are recorded. 

(2) Convert bivalve shell-length measurements to tissue dry weight using length-to weight conversion equations; 

(3) Convert dry tissue weight to carbon equivalent (g C m-2); 

(4) Sum species biomass values for each sample; 

(5) Estimate error of biomass values. 

Estimation error: Several factors may introduce error into these estimates and an error analysis of the data (Bevington and Robinson 1992) will include the following factors. First, the error associated with benthic sampling can be substantial due to the patchy nature of benthic communities. Some error can be expected to propagate from poorly archived samples with disintegrating shells, which are difficult to measure accurately though care will be taken to get the most representative measurements possible for each sample. Additional checks on the wet weight to dry weight conversions will be available for two of the bivalves (Corbula. amurensis and Corbicula. fluminea) which have been measured, and converted to dry weight by use of length to tissue weight regressions (unpublished data, Thompson USGS). There can be seasonal and regional patterns in length-to-weight relationships for bivalves. Where regional and seasonal differences in length to tissue weight regressions are known, regressions sensitive to the regional bias will be used. 

Samples to be measured: We have selected samples from two sources which will yield complementary information on changes in invasive bivalve biomass. Samples with high temporal resolution are drawn from 2 EMP long-term benthic monitoring stations (D4 and D28A). One sample from each (mostly monthly) sampling event from 1975 - Sept 2006 will be measured. Samples with high spatial resolution are drawn from the SSSVS, a special study conducted in spring and summer, 2005, which collected a total of 360 samples. 

Task 3 - Data Storage and Management 
The EMP currently maintains a relational database to store and manage its benthic element’s data. This database contains the entire EMP benthic macro invertebrate monitoring dataset from 1975 to the present. It also stores sediment data acquired in conjunction with the benthic sampling. Data from special studies such as the SSSVS are now also stored in this database. Metadata are available from the EMP web site (http://iep.water.ca.gov/emp/). Once data have been reviewed for accuracy (and published in the case of special studies), they are exported electronically to the IEP Bay-Delta & Tributaries Project (BDAT) servers and are publicly available through the BDAT data portal (http://baydelta.ca.gov). We will modify the structure of the EMP Benthic database to allow for the storage of the bivalve measurements and biomass estimates acquired during this project, and work with BDAT staff to make weight measurements and population notes data available for download in tabular form from the BDAT portal. 

4. Feasibility 
4a. Project Feasibility 
The proposed project is a continuation of research efforts that have been successfully conducted by the collaborators in the past. The sample material has already been collected, which is a major cost savings as no new samples need to be collected. No permits are needed. All laboratory space and equipment have been secured (at no additional cost). The methods that are proposed to be used for measuring bivalve samples, compiling size frequency distributions, and estimating biomass have been successfully used by contributing authors (Jan Thompson) in previous studies. The staff has already been trained. Salaries for several of the collaborators will be covered by current agency budgets and these salaries are not budgeted within this project. 

4c. Project Completability 
The project team consists of individuals in institutions, agencies and companies uniquely qualified for this research. This project combines the experience and expertise of staff and researchers at DWR and USGS. Researchers at USGS have gained an increasing amount of knowledge of processes and interactions in the benthic community of the San Francisco Estuary. The DWR has conducted research and monitored the San Francisco Estuary since 1975, providing major insight into the effects of water project operations, introduction of invasive species and other natural stressors on the San Francisco Estuary ecosystem. Personnel on this team have been involved in long-term monitoring of the delta and the estuary by DWR and USGS. Curricula vitae for key staff have been entered into the CALFED PSP website 

4c. Project Management, Coordination and Cost Sharing 
This project will be a collaborative effort between the California Department of Water Resources (DWR) and the United States Geological Survey (USGS). 

Task 1 (Project Management, Data Analysis and Reporting) data analysis, data reporting and publication production will be conducted by K. Gehrts (DWR), H. Peterson (USGS) and Dr. M. Vayssieres (DWR). Dr. J. Thompson (USGS) will provide support. Project management and coordination will be through DWR under the direction of Dr. D. Messer. 

Task 2 (Biomass Measurement) will be conducted by K. Gehrts, and one Scientific Aid (DWR). Dr. J. Thompson (USGS) will provide methodology and support. As mentioned in the budget justification, staff salaries are the only major expense because lab space and equipment have already been secured with DWR and USGS. Due to the time necessary to sort, identify, count and measure DWR has agreed to pay the salary of the lead environmental scientist, K. Gehrts. 

Task 3 (Data Storage and Management) will be conducted by Dr. M. Vayssieres, K. Gehrts and one Scientific Aide (DWR). 

5. Relevance to CALFED Science Program 
5a. Relevance to This PSP 
These analyses will provide information to aid in analysis of uncertainty regarding the effect of bivalves in restored habitat by assessing patterns of invasive bivalve biomass. The analyses proposed for this project address abiotic (temperature, salinity, depth, flow, turbidity, and contaminants), and biotic (natural population cycles, response to other invasives, competitors, predators, etc.) factors that have been associated with fluctuations in bivalve biomass characteristics in the past (Topic 2). 

Trends and patterns of populations and system response to a changing environment (Topic 3) will also be assesses by this project. Assessment of historical samples with excellent temporal and spatial resolution will help CALFED address how invasive bivalve populations and their effects might respond to present and future dynamics of populations of key species, system operations and anticipated environmental changes based on patterns seen in historic samples. This study will discuss the implications for management strategies of the species responses seen over time and space in the system and discuss models that are needed to describe driver/response relationship 

Assessment of patterns of invasive bivalve biomass in the San Francisco Bay-Delta system will also help inform projections of the extent and quality of Delta habitat for key species, especially with regard to the affects of invasive species (Topic 4), and how future scenarios will be affected by biotic drivers. 

5b. Relevance to Other CALFED Priorities 
CALFED wishes to improve ecosystem quality by increasing habitats and improving ecological functions in the Bay-Delta system to support sustainable populations of diverse and valuable plant and animal species, and understanding the dynamics of invasive bivalve populations, which can clearly affect the trophic cascade in aquatic habitats (Lucas et al. 2002, Lopez et al. 2006) is a key step in successful habitat development. CALFED is charged with ensuring public involvement and outreach, and coordinating and integrating related government programs, and this proposed interagency project teams local experts to produce data and analyses that will be readily available to the public. One of CALFED’s goals is to establish a body of knowledge relevant to CALFED actions and their implications, including effects on key San Francisco Bay-Delta system elements such as primary productivity, transfer of toxic trace elements, and general food web effects, which can be communicated to the scientific community, CALFED stakeholders, and the public. This proposed project will provide data and analysis to the public in the form of downloadable data, documentation and peer-reviewed analyses. 

CALFED has explicitly stated that it will not fund routine monitoring or mandated projects. This proposed project will use sample material historically collected under the auspices of a mandated monitoring program, but this project stands on its own, separate from the mandated IEP EMP monitoring mission. The analysis of historically collected sample material to answer specific questions about spatial and temporal patterns of invasive bivalve biomass gives us a unique opportunity to fundamentally advance the understanding of the complex San Francisco Bay-Delta system. 

6. Qualifications 
see Contacts and Project Staff Form 
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8: Figures and Tables 
Figure 1. Map of IEP EMP benthic monitoring stations to be analyzed for this study (D4-L, D28A-L) 
Station D4 is located in the lower Sacramento River, near its confluence with the San Joaquin River. While this site is generally riverine in nature, it can become home to euryhaline organisms during periods of prolonged low Delta outflow, such as the 1986-1992 drought. Station D28A is located in the Old River, in the lower San Joaquin River system. It is generally riverine in nature. 
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Figure 2. Map of SSSVS sites in the Upper Estuary 
Sites sampled for the Small Scale Spatial Variability Study (SSSVS) are located in major sub-basins of the Upper San Francisco Estuary, including the shallows of San Pablo Bay (site D41A and neighborhood), the channel of Carquinez Strait (D6 and neighborhood), the shallows of Grizzly Bay (D7 and neighborhood), the channel of the lower Sacramento River (D4 and neighborhood), Old River (D28A and neighborhood), and the channel of the lower San Joaquin River near Stockton (P8 and neighborhood). 
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Figure 3. Arrangement of probabilistic sampling locations neighborhoods 
The arrangement of sampling locations in the D4 and neighborhood in the channel of the lower Sacramento River (A) and the D28A and neighborhood, in Old River (B) are shown. In neighborhoods situated in broad embayments 30 samples were randomly distributed within a 800m by 800m (64ha total area) square region. In channel areas the neighborhood shape was constrained by the channel banks, but the neighborhood stretched to cover a 64 ha wetted region. Both neighborhoods shown are in constrained channel areas. 
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Figure 4. Comparison of Corbula amurensis abundance and biomass m-2 in Grizzly Bay (IEP EMP monitoring site D7) 1987-2006 
Count and biomass data for invasive bivalve Corbula amurensis from Grizzly Bay are shown. The plot shows a clear divergence between biomass and count data, especially in the fall of dry years. 
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Figure 5. Comparison of Corbula amurensis and Corbicula fluminea abundance and biomass m-2 in the lower Sacramento River (IEP EMP monitoring site D4) using sample data from 1991, 1998, 2000, 2002, 2004, 2005, and 2006. 
Both of the dominant invasive bivalve species, Corbula amurensis and Corbicula fluminea, are present at this location (IEP EMP site D4). Trends of bivalve abundance biomass are dissimilar and there is not a one-to-one relationship between abundance and biomass at this site. Plotted data are from preliminary data developed under the auspices of a pilot study funded by the IEP Pelagic Organism Decline (POD) research effort. 
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Figure 6. Conceptual Model of interactions between hydrologic conditions, invasive bivalves, and habitat function 
Environmental variability and water management actions influence hydrologic conditions in the estuary. Hydrologic conditions influence factors such as salinity and temperature distributions, dispersive flows, chemical constituents, available particulate organic carbon (POC), then influence the spatial distribution, population abundance, local growth rates and biomass of invasive bivalve populations at locations over time, and at various times over spatial gradients. This proposed study will use historic samples and available long-term monitoring data to assess how environmental variability and management actions have influenced the biomass of invasive bivalve populations in the San Francisco Bay - Delta system historically. How the effects of invasive bivalve populations (benthic grazing, trace contaminant uptake and standing food stock for predators) have modulated over time and space, and how they may be expected to respond to specific conditions in the future. 
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