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EXHIBIT A: ATTACHMENT 2
PROPOSAL
Do Low Phytoplankton Growth Rates Signal the “Bad” Habitat Conditions in Suisun Bay Driving the Pelagic Organism Decline?

1. PROJECT PURPOSE 
Statement of the Problem 


Recent declines in numerous pelagic fishes in the upper San Francisco Estuary (SFE; the Delta and Suisun Bay) and the need to understand the underlying causes resulted in the formation of a Pelagic Organism Decline (POD) project work team by the Interagency Ecological Program (IEP). Initial studies resulted in two narrative explanations: 1) the Winter Entrainment Hypothesis and 2) the Bad Suisun Bay Hypothesis. This proposal addresses the second hypothesis, which focuses on food web effects in Suisun Bay and the western delta. In their 2006-7 work plan the team identified toxic effects on food items (ie phytoplankton) as a possible stressor on the impacted estuarine fishes and indicated that limited or no information was available.  Additionally, plans to enhance food sources in the Upper SFE are currently under consideration as part of a report on actions to address the Pelagic Organism Decline in preparation by the California Resources Agency (see Letter of Support from Anke Mueller-Solger). One considered action is to construct shallow inundated floodways on a subsided Delta island in the confluence area of the Sacramento and San Joaquin Rivers. These floodways would be fed from channels containing naturally occurring phytoplankton assemblages and would be designed to provide conditions for increased production of nutritionally valuable phytoplankton species. However, many uncertainties remain regarding the response of phytoplankton species from the Delta and Suisun areas to floodway conditions.


Our previous research in SFE shows that conditions in Suisun Bay are far less favorable for phytoplankton growth and chlorophyll accumulation than in San Pablo and Central Bays. The growth rate or productivity of the phytoplankton results from increased biomass and increased rates of nutrient uptake and carbon fixation. Our data (see Background) indicate that the nutrient uptake capacity of the Suisun phytoplankton is below that of Central and San Pablo phytoplankton
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and this results in less biomass. Other known stressors of the system (e.g. Corbula effects) will modulate the chlorophyll biomass. We have used experimental enclosures to test how SFE water (without resident phytoplankton) influences the growth of a phytoplankton innoculum and observed that they do not grow in Suisun Bay water whereas they will in Central and San Pablo Bay water (Fig. 1).  Enclosures that contained both SFE water and the resident phytoplankton showed delayed or no response by Suisun water to improved light or nutrient conditions, compared to water from San Pablo and Central Bays. These observations lead us to believe that there is something “bad” about the water in Suisun Bay for phytoplankton growth and to ask the following 

Scientific Questions

1. Is the “bad” habitat for phytoplankton in Suisun Bay an anomalous condition or part of a continuum between freshwater and oceanic systems?

2. What drivers contribute to the low phytoplankton growth rate in Suisun Bay and how well can the phytoplankton recover when these are removed or changed?

3. If Suisun and Delta phytoplankton are encouraged to grow in near natural conditions, which phytoplankton members of the community respond? What is the underlying physiological mechanism? 

4. Can an adaptive management approach be identified to alleviate the diminished food sources linked to the POD?

Hypotheses 
1. Suisun is an anomalous ecosystem in the midst of a normal transition. i.e. something is wrong in the locality of Suisun. Phytoplankton condition and growth rates will be greater both upstream and downstream.

2. Physiological drivers specific to Suisun Bay are toxic or inhibitory to phytoplankton nutrient uptake and primary productivity rates. These may be local sources of unknown toxicity to phytoplankton (perhaps agricultural sources of chemicals, NH4 at high concentrations). These drivers are dissolved within the water column and will inhibit growth of phytoplankton inoculated to the water. 

3. Water with native phytoplankton sampled from Suisun Bay and enclosed in experimental mesocosms to stimulate growth will show a less than optimal response compared to water sampled from upstream and downstream. 

4. Enclosing water in mesocosms will cause a phytoplankton community change to more resistant species that will likely be fast growing opportunistic diatoms.

5. Reducing the Suisun Bay ”bad” driver by dilution will allow Suisun Bay phytoplankton to thrive and improve lower trophic levels feeding the Delta food web .

Scientific Objectives

To test these hypotheses and begin to answer our scientific questions, we have developed a defined series of Scientific Objectives that parallel the Proposed Tasks of this Research Proposal. Task 1 is a mandatory administrative (to PSP) Project Management task. 

1. To assess the anomalous Suisun habitat (“Bad Suisun”) in context of the Delta, upstream (into the Sacramento and San Joaquin Rivers) and downstream (a more oceanic condition in Central Bay). Besides measuring gradients of bulk constituents (e.g. phytoplankton abundance as chlorophyll, nutrient concentration) which may not provide a very sensitive index, this task will focus on measuring physiological rates that respond more quickly to changing conditions (e.g. photosynthesis, nutrient acquisition, growth rate). This is the focus of Task 2 Suisun Habitat Description.
2. To use experimental mesocosms/enclosures to optimize growth conditions of natural phytoplankton and evaluate physiological response of the phytoplankton to changing conditions. This is Task 3 Experimental Manipulations, that closely parallels the field measurements of Task 2. These types of experiments have been used effectively to compare water (and phytoplankton) condition and response in Suisun Bay with those of San Pablo and Central Bays. Here they will be used to evaluate the relative response to changing conditions (drivers) of Suisun phytoplankton growth with those from upstream freshwater and downstream, oceanic populations.  In addition we will “test” water from Suisun Bay as growth medium (in a dilution series) for other phytoplankton communities- isolated from elsewhere in SFE or phytoplankton mixtures cultured in the lab. at the appropriate salinity.

3.  To measure phytoplankton community differences by identifying and enumerating phytoplankton species that occur in Suisun Bay, downstream in oceanic Central bay and freshwater upstream locations using light microscopy. Cells will also be examined for cellular condition. This is Task 4 Phytoplankton Condition Analysis. This knowledge is required to evaluate food quality for the different food webs.

4. To develop a simple ecological model to predict the effect of reducing the “bad” condition on phytoplankton physiology and community structure in Suisun bay to determine if management practices aimed at this trophic level are feasible for trying to alleviate the POD.  This is the heart of Task 5 Modeling Change.

Below we describe our previous research in SFE directed as a scientific background to these proposed tasks, with the aim of developing the theme that water in Suisun Bay is somehow bad or detrimental to the physiology of lower trophic levels contributing to the decline in chlorophyll levels and reduced food supply for threatened fish species in the Delta.
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2. BACKGROUND AND CONCEPTUAL MODELS
Physical Setting (Fig. 2)
This proposal focuses on Suisun Bay (sampling at USGS stations 4 and 7) but also plans to sample both downstream at a more oceanic site in Central Bay off Romberg Tiburon Center (RTC) and upstream in the Sacramento River (USGS station 649) up to Rio Vista (USGS station 657) and into the San Joaquin river to Jersey Point (JPT).  
Conceptual Model: Phytoplankton and the POD

Suisun Bay and the western Delta of the San Francisco Estuary make up an area identified as critical habitat for the threatened Delta Smelt (Hobbs et al., 2006).  Several important changes in the pelagic food web of this area have been documented over the last two decades indicating that food for Delta Smelt and other threatened fishes is in short supply (Müller-Solger et al. 2002).  Perhaps one of the more striking changes in Delta is the sharp decline in phytoplankton between 1975 -1995 (Jassby et.al., 2002). The conceptual model of the delta pelagic species put forward by the IEP POD Project Work Team includes phytoplankton and has arrows as “reduced food supply” leading to zooplankton and “reduced food supply” leading from zooplankton to pelagic fishes. The model also has an arrow leading from contaminants to phytoplankton producing mortality or reduced fitness. We have observed anomalously low phytoplankton growth and productivity in Suisun Bay in contrast to San Pablo and Central Bays which may contribute to the POD.  
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Our simple conceptual model for the Suisun habitat (Fig. 3) uses phytoplankton physiology to indicate or signal the “bad” conditions (circles). For contrast, Central Bay (squares) offers an ecosystem without the “bad” components (circles) in which the phytoplankton productivity (i.e. physiology) is primarily limited by light and modulated by NH4 effects on NO3. The available NO3 fuels chlorophyll accumulation that results in [image: image5.emf]   
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spring blooms (high quality phytoplankton biomass). The fresh water habitat 

upstream of Suisun may also have similar controls on phytoplankton growth (physiology) but this is an unknown.  Our working hypothesis is that Suisun is an anomalous estuarine habitat in which low phytoplankton growth rates; i.e. inhibitory effects (dotted lines) on physiology result in little chlorophyll of poor quality and a starved Delta food web. Removal of the “bad” factors (in circles) should switch the physiology (and growth and community structure) towards the high quality phytoplankton food supply that occurs in Central Bay. These “healthy” conditions may also exist further upstream but there are no published phytoplankton growth rates for this region.  The proposed research plans to make these measurements.

Primary Productivity in SFE
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Prior studies of phytoplankton in SFE attribute a low standing stock of phytoplankton and low rates of primary productivity (Cole and Cloern, 1984; Cloern, 1996) to turbidity (Cloern, 1987, 1991) resulting in light limitation (Alpine and Cloern, 1988). Also implicated is benthic grazing (Nichols and Thompson, 1985, Kimmerer and Orsi, 1996, Lehman 2000) especially by invasive species such as the Asian clam, Potamocorbula amurensis (Alpine and Cloern, 1992), now known as Corbula amurensis (Coan, 2002). Seasonal phytoplankton blooms have been observed following periods of high freshwater flow, when stratification reduces both the effects of benthic grazing and light limitation (Cloern 1982, 1984, 1991; Cloern et al. 1983; Lucas et al. 1998).  Reported primary productivity values for the estuary (e.g. Cloern, 2001) are mostly derived from the commonly used primary productivity model of Cole and Cloern (1984, 1987) recently updated for use in the Delta (Jassby et al. 2002) that empirically derives carbon fixation from values of chlorophyll, incident light and transparency.

More recently (1999-2003), funded by EPA we have measured nutrients, chlorophyll biomass and nitrogen productivity (as a proxy for primary productivity) in Central, San Pablo and Suisun Bay (Fig. 4). All embayments had high nutrients throughout the year with relatively low mean seasonal chlorophyll concentrations ranging from 1.2 - 6.5 µg l-1. The three bays exhibit a continuum of environmental variables, from fresher waters to the north with higher nutrients to the more oceanic waters of Central Bay. (Wilkerson et al., 2006). However, Suisun Bay exhibits primary production and nutrient uptake processes that are unlike those of San Pablo and Central Bay. Both these related processes are lower in value in Suisun Bay compared to the other 2 bays. The evidence is presented in Wilkerson et al. (2006) and Dugdale et al. (2006). All three bays are primarily light limited due to high turbidity and turbulence but exhibit spring blooms that vary strongly in intensity and time of occurrence. 

The form of available dissolved inorganic nitrogen (DIN), nitrate (NO3) or ammonium (NH4) makes a difference to the amount of primary productivity and chlorophyll accumulation that can occur. The relative concentrations of NH4 and NO3 act together as a secondary control (limitation) on primary production after irradiance. High ambient NH4 concentrations in all three bays inhibit NO3 uptake most of the year, i.e. most of the year phytoplankton in all three bays use NH4 as their primary inorganic nitrogen source. Increased primary production and chlorophyll biomass accumulation only occurs in the northern SFE with utilization of NO3 (Fig. 5 left panel, large bubbles . Whereas in the two southern bays, increasing NH4 concentrations were related to increasing NH4 uptake rates, in Suisun the NH4 uptake rates were flat, relatively low and unchanging (Fig. 5 right panel). 

Wilkerson et al (2006) described how phytoplankton growth during most of the year is supported by NH4 at relatively low growth rates (e.g. 0.013 h-1 in Central Bay in summer). These rates are likely held low by insufficient irradiance. Phytoplankton growth on NO3 yields higher rates than NH4 and greater chlorophyll accumulation, since biomass increase is set by the much higher pool of NO3, 20-30 µM However much of the year this cannot occur as NH4 is at levels inhibitory to NO3 uptake by phytoplankton (e.g. Dortch, 1990) so this source of DIN is unavailable for growth.  


Blooms can occur when vertical salinity stratification improves the light conditions (e.g. in spring) and in the presence of low, non-inhibitory concentrations of NH4. The responding burst in phytoplankton (typically diatom) growth based on nitrate outpaces grazing and chlorophyll accumulates. This was only observed once in Suisun Bay in Spring 2000, a wet season when NH4 (and maybe other dissolved water constituents) was diluted by precipitation and nitrate was made available for phytoplankton growth.

Phytoplankton Response in Experimental Mesocosms


As briefly mentioned above, the anomalous conditions in Suisun were most effectively revealed from a series of mesocosms. We showed previously through enclosure experiments that a consistent temporal pattern occurs when water is isolated from advective forces and given irradiance conditions equivalent to 15% or more of surface irradiance: First NH4 is reduced to low values by phytoplankton uptake, usually within two days then NO3 uptake rates increase to higher values than were present for NH4 uptake, and within 5 days all NO3 is depleted (Fig. 6). The time required before NO3 uptake begins is lengthened as the initial NH4 concentration increases. High chlorophyll concentrations at a ratio of about 1 µg l-1 chl are produced for each 1 ( NO3 taken up. We have now made 20 such enclosure experiments with the same pattern in every case. Central and San Pablo Bays show results consistent with each other and with earlier Central Bay experiments (Hogue, 2000). However, Suisun Bay was different, showing low initial NH4 uptake rates (consistent with previous field data), increasing slowly with time to ““normal” values, but with the result that NO3 uptake and chlorophyll production was delayed to begin about 5 days or more after enclosure. (Fig. 6).




The Role of Corbula


In Suisun Bay, the historic decline in phytoplankton abundance (i.e. chlorophyll) that likely contributes to the POD has been described as a result of the grazing by an introduced clam, Corbula amurensis (e.g. Cloern and Alpine, 1991). However, the clam population is at a minimum in Suisun during the spring bloom period which weakens evidence for the bivalve grazing hypothesis. Also summer chlorophyll concentrations began to fall prior to the introduction of Corbula and our observed low phytoplankton growth rates (Wilkerson et al. 2006) may be in part responsible for the long term decline in the bay/Delta ecosystem (Jassby et al. 2002). The Corbula population is likely holding ambient chlorophyll concentrations to relatively low values, but the phytoplankton present are held to low growth rates by other factors. The combination ensures low primary production rates. We propose to investigate whether this low Suisun productivity is simply a consequence of the freshwater to marine transition, or a local problem of currently unknown origin. We suspect the latter, perhaps due to some local source of material toxic to phytoplankton.

Phytoplankton Communities in SFE
All three embayments (Central, San Pablo and Suisun Bays) apparently have similar phytoplankton communities (Table 1) usually made up of larger cells (Wilkerson et al. 2006) with diatoms playing a large role in the spring blooms that occur (Cloern and Dufford, 2005). In SFE these are dominated by Skeletonema costatum, Chaetoceros species, Thalassiosira species and Coscinodiscus (Cloern and Dufford, 2005). Diatoms thrive in the high NO3 environments, have inherently high growth rates and are well suited to be the dominant functional group as reviewed by Cloern and Dufford (2005). Flagellate and cryptophyte cells are observed, especially during the smaller fall blooms, although red-tide species are rare, with the exception of an unprecedented red tide of  Akashiwo sanguinea (= Gymnodinium splendens) observed in Central Bay in September 2004 (Cloern et al. 2005a, b). Apparently, different communities reside in the freshwater of the Rivers Sacramento and San Joaquin with filamentous blue green algae (e.g. Anabaena occurring). Lehman (pers. comm. and cited in Contra Costa Times, Oct 18, 2005) reported increased abundance of the toxin producing Microcystis. This alga has been observed in Suisun Bay but whether it survives year round when the region becomes more saline is not clear.
Table 1 Preliminary Phytoplankton Data (cells l-1) Collected over 6 Weeks in Spring 2005

	
	                Suisun
	               San Pablo
	              Central

	
	average
	maximum
	average
	maximum
	average
	maximum

	Diatoms
	60021
	339232
	188240
	619600
	222382
	874200

	Dinoflagellates
	
	
	72
	800
	1382
	2600

	Cryptomonads
	5330
	16000
	11418
	68800
	13745
	42400

	Chlorophyta
	667
	3200
	
	
	
	

	Blue Greens 
	117
	600
	36
	400
	73
	800

	Mesodinium
	69
	400
	245
	1200
	346
	2400


Summary

Suisun Bay primary productivity is low compared to two other bays downstream (San Pablo and Central Bays). This may be caused in part by the high ambient NH4 concentrations that makes the available NO3 inaccessible for growth (due to inhibition of NO3 uptake). Even, with a supply of NH4, Suisun Bay phytoplankton show low NH4 uptake rates.  Since 1999, Suisun Bay has had only one bloom, in spring 2000, in contrast to the other two bays studied by us.  These results support the “Bad Suisun” hypothesis put forward by the POD Project Working Team and since phytoplankton should provide a major food source for the higher trophic levels in Suisun and the Delta the problem with low phytoplankton productivity is likely to manifest itself up the food chain. The phytoplankton may be the key driver in the “Bad Suisun” environment, signaling the unhealthy condition of this estuarine habitat. We propose to measure phytoplankton physiological rates and community structure to assess to what extent they signal an anomalous condition in Suisun Bay, evaluate the possible drivers using experimental mesocosms and to model the effect of reducing the “bad” condition to determine if management practices aimed at this trophic level are feasible for trying to alleviate the POD. 
3. APPROACH AND SCOPE OF WORK 
Tasks and Schedule


The scope of work has been split into 5 tasks, all of which extend throughout the 3 year (36 month) period and closely parallel our Scientific Objectives (see Project Purpose Section). We have explicitly chosen to focus on phytoplankton processes and not develop a large diffuse multi-disciplinary multi-institutional approach as this would not be appropriate at this point in time until some fundamental information for this trophic level is obtained. Task 1 is required by CALFED to be the administrative task of the scope of work. Tasks 2 and Tasks 3 could be done separately although interpretation of the results of one is heavily supported by the other, and by Task 4. Similarly, Task 4 is contingent on Tasks 2 and 3 to supply the samples. Task 5 could be done separately using previously obtained data but the predictive capability of the model for the POD habitat of the Delta region would be limited. 
Task 1. Project Management

This represents project oversight, data handling, preparation of reports, communicating results and progress to CALFED and outreach activities. It involves most of the personnel.

Task 2. Suisun Habitat Description

This fieldwork task will assess the anomalous Suisun habitat (“Bad Suisun”) in context of the delta, upstream (into the Sacramento and San Joaquin Rivers) and downstream (a more oceanic “healthy” condition in Central Bay). Besides measuring gradients of bulk constituents (e.g. phytoplankton abundance as chlorophyll, nutrient concentration etc) which may not provide a very sensitive index, this task will focus on measuring physiological rates that respond more quickly to change (e.g. photosynthesis, nutrient acquisition, growth rate). 

Task 3. Experimental Manipulations

Accompanying field measurements of the “Bad” Suisun condition, experimental enclosures will be used to manipulate the possible drivers that are causing this unique habitat. These have been used effectively to compare Suisun Bay with San Pablo and Central Bays. Here they will be used to evaluate the relative response to changing conditions (drivers) of Suisun phytoplankton growth with those from upstream freshwater and downstream, oceanic populations. 

Tasks 2 and 3 involve all personnel except algal taxonomist Ed Carpenter and include both field sampling in Years 1 and 2, with laboratory based biological and chemical analyses and presentation of the data at local and national meetings and workshops in all three years.
Task 4. Phytoplankton Condition Analysis

This is specifically to support Dr E Carpenter to use light microscopy to identify and enumerate the components of the Suisun phytoplankton community giving information (especially diatom numbers) about relative food sources for the food web of delta fishes. It will also evaluate the cellular condition (or health) and look for empty, dead or unhealthy looking phytoplankton cells. Communities upstream (in the two rivers) and downstream (Central Bay) will be analyzed as freshwater and oceanic end members for comparison with Suisun populations.

Task 5. Modeling Change

This involves an effort by R. Dugdale to model the effect of reducing the “bad” condition to determine if management practices aimed at this trophic level are feasible for trying to alleviate the POD. For example, to model how phytoplankton would respond to lowering NH4 inputs (as would occur with advanced secondary treatment in water treatment plants) or with freshwater dilution, and establish if there would be any significant increase in lower trophic levels. 

Scientific Approach for Tasks 2,3,4,5 

Task 2 Suisun Habitat Description 

This will extend the geographical extent of phytoplankton growth and nutrient data from that already available from Central, San Pablo and Suisun Bays into a detailed study of Suisun Bay and with sampling into the Delta and upper Delta region, to describe the pelagic habitat in comparison with oceanic (Central Bay) and freshwater (Sacramento and San Joaquin Rivers) end members. This will test Hypotheses 1and 2, and address whether Suisun is part of the freshwater to marine transition, or an anomalous habitat. If so this implies that even lower physiological rates are to be found in the direction of the Delta and the rivers. To understand whether conditions in Suisun Bay are unique and anomalous, we need to extend our measurements upstream and continue to sample an oceanic location. 

Using the same techniques in use in our SFE studies for the last ten years (Wilkerson et al. 2006 and see Methods below), we will sample monthly from March to August at 4 stations (USGS stations 7, 4, 649, 657) in Suisun and the Delta using the USGS R/V Polaris (see letter of Support from Jim Cloern) beginning at the seaward end of Suisun Bay and ending at Rio Vista in the Sacramento River (Fig. 2). At the same time that these stations are sampled, a station in the San Joaquin River at Jersey Point marked JPT (Fig. 2) will be sampled with a small trailer-able boat) and a sample will be taken off the finger-pier of RTC using a clean bucket. The RTC Central Bay station and USGS station 7 in Suisun Bay (USGS 7) will also add to our historical time series of data for these embayments. 

Water will be sampled at the surface and two other depths for temperature, salinity, turbidity, inorganic nutrients (NO3, NO2, NH4, PO4, Si(OH)4), dissolved inorganic carbon (DIC) chlorophyll, cell size spectra using flow cytometry. DIC is required for 13C experiments and provides an additional means to evaluate primary production. Salinity and temperature are obtained from the ship CTD or using a YSI probe when sampling with small boat or from the RTC finger-pier.  Light attenuation coefficient, k, will be determined by secchi disk using the equation of Cloern (1990). Near surface water will be sampled for primary productivity and nutrient uptake rate measurements using 15N/13C. Data analysis will enable us to see whether the low NH4 and carbon uptake (primary production) in Suisun continues or declines upstream from Suisun Bay and determine whether the Suisun anomalies are local or part of a system wide, upstream phenomenon. (We predict/expect that phytoplankton NO3 uptake will be essentially zero when NH4 concentrations are above 4 M)

Task 3. Experimental Manipulations

To supplement the characterization of the pelagic habitat description of Suisun Bay, water will be used to fill experimental enclosures (typically 20-L cubitainers incubated at 50% of surface irradiance and maintained at ambient temperature by flowing bay water on incubator tables), see Wilkerson et al. (2006), Parker (2004), Koch ( 2005) that are sampled daily after filling. Mesocosms experiments will be unmanipulated or manipulated experiments, in which conditions are changed and controlled, e.g. removing/replacing the phytoplankton community, changing light or nutrient conditions etc. 

Enclosure experiments will be carried out monthly from March to August in conjunction with the field observations (Task 2) during years 1 and 2. In Year 1, each month water will be sampled from 4 locations ranging from oceanic (off RTC, Central Bay), to Suisun (USGS Sta 7), the Delta (USGS 649) and Sacramento River (USGS Sta 657 at Rio Vista) (Fig. 2) and used for unmanipulated mesocosms. San Joaquin River, JPT may be alternated with USGS 649. In year 2 manipulations will be employed based upon our findings in Year 1 although we will repeat and expand on the experiment reported in Fig. 1 where the resident phytoplankton are filtered from the water to be tested. The filtered water is inoculated with a mixture of cultured diatoms and cryptomonads that were originally isolated from the particular embayment and incubated and sampled for 5 days. We also plan to do a similar experiment but with a dilution series of the “bad” Suisun water to see if the inhibitory effects can be reduced or eliminated.

Water will be sampled for Task 3- enclosures- as close in time as feasible to the Task 2 but on separate cruises using the R/V Questuary as there would be insufficient sampling time and space for this on the Polaris and with a dedicated vessel the water can be quickly returned to RTC where the enclosures will be set up. The river water will be collected using a small boat in liason with the Questuary. Water will be sampled daily for temperature, salinity, turbidity, inorganic nutrients (NO3, NO2, NH4, PO4, Si(OH)4), DIC, chlorophyll, cell size spectra using flow cytometry, primary productivity and nutrient uptake rate measurements using 15N/13C. Analysis of these type of experiments will show whether the slow increase in phytoplankton growth rate anomaly in Suisun Bay (as demonstrated with elapsed time of sampling the enclosures) is a local or upstream phenomenon.  Since DIC, PO4 and Si(OH)4 are always present in high concentrations in all parts of the bay, a lack of growth at a  particular location water (Suisun in Fig. 1) points to a toxicity/inhibition problem. The geographic pattern should indicate the source, upstream or local.

Task 4. Phytoplankton Condition Analysis

As part of Tasks 2 and 3, the size spectra of fluorescent cells (~phytoplankton) will be made using a CytoSense flow cytometer that is designed for studying larger eukaryotic cells. But this does not give species composition data or observations of cellular status. During Tasks 2 and 3, water will be collected for phytoplankton identification, enumeration and cellular observation. Surface samples (from stations in Fig. 2 or the enclosures) will be collected directly into 500 ml amber glass bottles, and preserved and stained with Lugol’s solution. Phytoplankton will be identified to species using the Utermohl techniques (Utermohl, 1958; Hasle, 1978) and an inverted phase contrast microscope (Nikon Type 180). In doing counts, at least 200 of the commonest species will be counted for good statistical estimation. 


In addition the cellular condition of the cells will be documented. In particular we have noticed phytoplankton cells from Suisun often to be coated with particles compared with other SFE phytoplankton samples. Particular care will be made to document if cells are empty, shriveled or look abnormal in any way. 

Task 5. Modeling Change

A simple model has been constructed to predict the time varying concentrations of NO3 and NH4 in enclosure experiments as a result of phytoplankton uptake and growth. This has been constructed using similar model structure used by Dugdale for modeling the response of phytoplankton to increased nutrient conditions in coastal and equatorial upwelling (e.g. Dugdale et al. 1990; 2002) and applied to SFE. The variables are initial NO3 and NH4 concentrations and the equations are governed by rates of acceleration of NO3 uptake observed in upwelling studies (Zimmerman et al. 1986, Dugdale et al. 1990) and NH4 inhibition of NO3 uptake (Cochlan and Harrison, 1991). Model runs initialized with the first enclosure experiments made by Hogue (2000) have been compared with the time course of NO3 and NH4 depletion in these experiments. We propose to apply the model to our more recent SFE enclosures that have sampled from Suisun, San Pablo and Central Bays (Parker et al. in prep.). The main use of the model will initially be to detect anomalies from the baseline Central Bay and San Pablo Bay enclosures (Fig. 3; Conceptual Model). We have irradiance/uptake data that will be incorporated into the model, along with carbon uptake (primary production). Twenty enclosure experiments have been completed and these and the enclosures to be made in this proposed study will provide a solid data base for validation of the model. With incorporation of carbon and irradiance, the validated model would be available to be inserted into more extensive models. 

An important use of the model would be to predict the changes in primary production in Suisun Bay with changes in whatever proves to be the problem of low anomalous productivity. Using results from the proposed experimental mesocosms using diluted Suisun water, the model could be used to evaluate if the Suisun ecosystem (i.e. phytoplankton physiology) can approach the Central Bay condition if the “bad” Suisun elements are removed or reduced. It is hoped that other changes, such as lowering NH4 inputs (as would occur with changes in waste water treatment or increased freshwater flow) would impact the phytoplankton physiology (~growth) and biomass (Fig. 3).

Detailed Methods

Nutrients and Dissolved Inorganic Carbon

Primary nutrient concentrations (NO3, NO2, PO4, and Si(OH)4) will be analyzed with a Bran and Luebbe AutoAnalyzer II according to the procedures of Whitledge et al. (1981) for all but Si(OH)4 which will use Bran and Luebbe (1999). Separate 25 ml samples will be collected for manual colorimetric determination of NH4 (Solorzano 1969).  DIC will be measured using a Monterey Bay Res. Inst.-clone DIC analyzer with acid-sparging and ND infra-red analysis (Walz & Friederich, 1996, Parker 2005).

Phytoplankton Biomass, Productivity and Nitrogen Assimilation Measurements 

Phytoplankton biomass will be estimated from extracted chlorophyll-a, particulate organic N and C concentrations and by flow cytometry.  Size fractionated in vitro chlorophyll (for cells with diameters <5 µm or >5 µm) will be determined using the extraction protocol of Arar & Collins (1992) and a Turner Designs Model 10 fluorometer. Typically the larger cells represent the diatom community. The size distribution of fluorescent particles will be made using a CytoSense flow cytometer in 20 ml samples (Dubelaar and Gerritsen, 2000). POC and PON will be determined by mass spectrometry as part of the isotope tracer experiments.

Uptake of NO3 and NH4 and primary production will be estimated with dual labeled 15N/13C stable isotope tracer techniques (Slawyk et al., 1977, Legendre and Gosselin, 1996) to yield simultaneous N and C uptake rates from a single sample. 13C estimates of primary production are reliable and consistent with the 14C method in estuaries (Parker, 2004).  Water will be dispensed into 150 ml incubation bottles and inoculated with either Na13CO3 and K15NO3, or Na13CO3 and 15NH4Cl (99 at%). Additions will be made to approximately 10% of ambient concentration to avoid substrate enhancement effects. Immediately following inoculation, one sample will be filtered onto a precombusted GF/F filter (450ºC, 4-hr) by gentle vacuum to determine the initial PON and POC concentration and isotopic filter blank.  Incubations at ambient temperature and 50% surface light will last 24 hours and will be terminated by gentle vacuum filtration onto precombusted GF/F filters.  N and C concentration and isotopic composition will be determined using a Europa 20/20 mass spectrometer.  N and C uptake rates will be calculated based on isotopic enrichment according to Dugdale and Wilkerson (1986). 

Equipment and Facilities

Dugdale and Wilkerson each have an analytical chemical/biological research laboratory at RTC with appropriate small equipment.  These include muffle ovens, spectrophotometers, fluorometers, balances, high precision micropipettes, filtration racks, pumps and all reagents needed for analyses of inorganic nutrients and phytoplankton biomass (chlorophyll, PON, POC etc) and isotopic abundance in samples from shipboard studies. One has a designated radioactive area for 14C, 3H and 32Si uptake analyses. Small boats and the R/V Questuary are available for water sampling of SF Bay, and jointly shared equipment (image processing and production lab, microscopes, scintillation counters etc) are available at RTC. We have extensive water table and plexiglas incubator facilities. RTC monitoring site SFBeams (CTD, weather, fluorometer, transmissometer, PAR) is available with real-time data.

At RTC, the following major equipment owned mostly by Dugdale and Wilkerson will be used: 

· Bran and Luebbe Technicon 11 AutoAnalyzer for nutrient measurements 

· RTC-Joint Use PDZ Europa 20/20 mass spectrometer for measuring 15N and 13C enrichments and PON and POC biomass 

· DIC Analytical System (duplicate of U Delaware/MBARI system)

· Barnstead NanoPure water system

· Cytobuoy Flow Cytometers designed for applications with a dynamic range for pico to micro-plankton sizes. Used to obtain size spectra and fluorescence characteristics of phytoplankton 

· Zeiss inverted microscope for phytoplankton enumeration with settling chambers etc.

Expected Deliverables 
Specific to CALFED: Semi-annual report(s) every 6 months and a final report,  one page project summaries for public audience at start and end of project, presentation(s) at CALFED Science Conferences and at the request of CALFED Science Program staff and copies of all published material resulting from the grant 

WebSite: Data and analyses will be available on a dedicated page on our lab website (http://online.sfsu.edu/~phytopl/)

Presentations at Workshops Seminars and Conferences: Data will be presented at the quarterly Estuarine Ecology Team meetings of the Interagency Ecological Program, and the annual IEP Workshops held in March at Asilomar and at any other local seminars/workshops held by state and federal agencies, such as DWR. We have presented our data in the past to the SFB RWQCB and the Water Quality group at USGS. Presentations will also be made at state and national conferences such as the Estuarine Research Federation Meeting in September 2007, the Biennial State of the Estuary Meeting, October 2007, ASLO in June 2008 and the CALFED Science Meeting in October 2008 (see above). 
Publications: Preliminary results will be published in the IEP newsletter which is produced by the InterAgency Ecological Program. As the data is worked up in Year 3 we will prepare a manuscripts for the on-line SF journal, California Estuarine and Watershed Science and also for Estuaries and Coasts or Estuarine and Coastal Shelf Research.  

OutReach:  We will be involved in annual teachers workshops held each spring at RTC. We will also participate in the BayQuest Educational Program, a cooperative education experience run by The Bay Model Association, the US Army Corps of Engineers and RTC. We have been approached about developing an estuarine curricular unit that would be taught by Wilkerson or Parker at the Bay Model or on BayQuest research voyages on SFB. Currently the BayQuest Program reaches 350 bay area K-12 grade students each year and runs separate teacher training programs for as many as 70 bay area educators.  We have also been asked to present our research at SF BAY NERR meetings. We will also provide lectures at the local Library Lecture Series and Rotary Club about our estuary research to educate the general public. 

4. FEASIBILITY 
We have had previous experience with making these measurements in SFE and in experimental enclosures (see Wilkerson et al. 2006) and have budgeted the suitable number of personnel and time to both obtain a complete and statistical appropriate data set during the first 24 months, allowing for bad weather days. The final year is to complete laboratory analyses and data processing and work up, apply the data to the modeling effort and be able to produce peer-reviewed publications that contain our findings. No environmental permits or compliances are required. This project is very focused at one trophic level within the food web within one institution and project co-ordination and management decisions would be consequently very simple and straightforward. The project staff will meet each week to discuss progress and future plans. We will profit from feedback from regional scientists (e.g. Cloern, Kimmerer, Lehman, Mueller-Solger) during periodic IEP workshops that we will use to advise us and act as external review of the project.

5. RELEVANCE TO THE CALFED SCIENCE PROGRAM
Relevance to this PSP  

This proposal directly addresses a recently identified “scientific unknown” to the CALFED community articulated by the Pelagic Organism Decline Working Group of the IEP; that of understanding the “Bad” habitat conditions of Suisun Bay and evaluating whether and how phytoplankton signal this state. As such it also considers a priority research area for CALFED the Pelagic Organism Decline.

More specific to the 4 Priority Topics identified in the PSP the proposed research is directed towards: “Topic 4: Habitat Availability and Response to Change as the scope of work proposed will assess the anomalous Suisun habitat (“Bad Suisun”) in context of the Delta, upstream (into the Sacramento and San Joaquin Rivers) and downstream (a more oceanic condition in Central Bay), and so contribute to delineating habitat availability for key Delta species. Understanding the way the “bad” conditions impact the lower trophic levels and modeling these will offer ways to understand community response to future changes in the Delta and northern estuary. 

Within this topic our research will aid in answering all of the Questions listed in Topic 4 by understanding more about the quality of the Delta habitat for key species and the drivers that are responsible. Such drivers may be abiotic (e.g. climate, nutrient content etc), biotic (phytoplankton condition and growth, grazing) and anthropogenic (e.g. water flow, nutrient loading from treatment plants, chemical runoff from agricultural lands). Modeling efforts will help to determine how change will affect habitat conditions at the foodweb level.

The data produced will also provide many of the Key Components listed under Topic 4. Our research will yield an inventory and analysis of current habitat extent and condition, and spatially explicit data on species relative abundance, with a focus on Suisun Bay and lower trophic species essential to fuel the pelagic foodweb of the Delta. It will develop and use spatially-explicit models and databases to analyze and map the potential effects of change on the existing “Bad” habitat of Suisun. 
Relevance to Other CALFED Issue sand Projects 

This research proposal directly meets two overarching objectives of the CALFED-Bay-Delta Program; studying and improving ecosystem quality and water quality. The body of knowledge that we expect to generate should help guide decisions and evaluate actions critical to CALFED. 
The proposed study complements other presently funded science research projects including the Delta Food Web Project led by Wim Kimmerer as it puts the lower trophic level data that has been collected into a physiological and ecological framework with reference to downstream and upstream of their study site. It directly links with the DWR study (Mueller-Solger) that is measuring phytoplankton communities using a spectrofluorometer by providing microscopic counts as ground truthing, and the Lehman study of Microcystis as this may be an influential player in the Suisun habitat, both as a toxic driver and as a competitor to phytoplankton that are a preferential food source. The ideas about “Bad” Suisun will likely be incorporated into the computational assessments of the Delta being made by Jim Cloern. 
One of the missions of CALFED is to be able to use results from the Science Program to help manage their resources and try to solve problems such as the POD. The data obtained here may contribute to that process and the modeling component may indicate whether changes that could be made at the management level would improve conditions for the lower trophic levels and so help to ameliorate the POD. For example, if part of the problem in Suisun Bay is linked to excess or high levels of NH4 that limit phytoplankton growth, this could be used as a management tool to improve primary productivity, since a significant proportion of the anthropogenic input of NH4 to SFE could be controlled by changes in water treatment practices and water allocation (dilution). 
Relevance to Other Estuarine Questions

The question of how NH4 impacts estuarine productivity and health is already of interest to the San Francisco Bay Regional Water Quality Control Board (L. Kolb (lkolb@ waterboards.ca.gov) RWQCB and the San Francisco Public Utilities Commission (S. Glendening,  sglendening@sfwater.org) who are considering adding NH4 issues to their long term planning documents.  

Elements of the research should have a far-reaching impact and could be applied to other estuaries of this scale in the state and the U.S. In particular, many U.S. rivers and estuaries of the U.S. are experiencing increasing loads of NH4 (Paerl, 1999) and our data could be applied to these impacted estuaries also. US wide this could benefit National Coastal Water Quality Management Agencies, EPA. Such data is essential for the Monitoring and Water Quality Guidelines that are constantly being updated by the EPA, e.g. the working group on Nutrient Criteria for Estuaries (R. Dugdale and J. Cloern are SFE committee members). 
6. QUALIFICATIONS (Detailed CV’s given on Project Staff Form)

	Name 
	Responsibility
	Experience (
	Fieldwork

	Richard

Dugdale
	Manage project (Task1).Oversee all scientific tasks (Tasks 2,3,4,5). Participate in cruises, mesocosms, lab analyses and data workup. Give scientific presentations and prepare manuscripts. Carry out Modeling (Task5) 
	PhD 1955 

Lead PI on many multi-PI projects
	40 yrs, >150 cruises

	Frances

Wilkerson
	Has management responsibilities for all tasks, especially in the area of report preparation and submittal of CALFED deliverables (Task 1). Participate in mesocosms, lab analyses and data workup. Give scientific presentations and prepare manuscripts. Mentor graduate student
	PhD 1980
	20 years ~25 cruises

	Edward Carpenter
	Solely responsible for Task 4, microscopy-identification and enumeration of phytoplankton
	PhD 1964
	30 years, >70 cruises

	Alexander. Parker
	Contributes to data analysis for Task 1. Organizes the field program and mesocosms in Tasks 2 and 3. Primary lab responsibility is to run the mass spectrometer for 15N/13C uptake rate measurements. Give scientific presentations and prepare manuscripts. Mentor graduate student
	PhD 2004
	7 yrs, 

~ 25 cruises

	Al. 

Marchi
	Help analyze data and prepare deliverables for Task 1. Participate in cruises and mesocosm experiments. Small boat driver. Primary lab responsibility is nutrient analyses for samples collected in tasks 2 and 3.
	MA 1998
	10 years

~40 cruises

	Victoria

Hogue
	Help manage data, maintain web page and prepare deliverables for Task 1. Participate in cruises and mesocosm experiments. Primary lab responsibility is to measure chlorophyll and prepare mass spectrometry sub-samples from water collected in tasks 2 and 3.
	MA 2000
	12 years

~ 50 cruises

	Amy

Kleckner
	Participates in the field and enclosure studies, Tasks, 2 and 3; carry out all DIC measurements and flow cytometry.
	BSc 2006
	


Organizational Structure

Postdoctoral Fellow, Parker and Senior Technicians, Marchi and Hogue report directly to PI’s Dugdale and Wilkerson. Grad student Kleckner reports to Parker and Wilkerson. Carpenter provides data to Wilkerson. 
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Fig. 1. Enclosure/Mesocosm experiment in which resident phytoplankton were removed from water and then algae (originally isolated from northern SFE) added. There was no chlorophyll increase in Suisun Bay water.





Fig. 2. Study Site





Fig. 3. Conceptual model of “bad” habitat, showing Suisun specific factors in circles that are inhibitory (dotted lines) to growth and chlorophyll accumulation. 





Fig. 4. Time series from Nov. 1999-Aug. 2003 for Suisun (red), San Pablo (blue) and Central Bays (green), dotted lines show timing of annual spring phytoplankton blooms, when chlorophyll is high, NH4 low and NO3 uptake high.





Fig. 5. Left panel shows NO3versus NH4, for Suisun (red), San Pablo(blue) and Central (green)Bays with bubbles that indicate chlorophyll concentration. More chlorophyll results with low NH4 and high NO3. Right panel showsNH4 uptake versus NH4 concentration; Suisun values (red) are all low showing reduced ability to grow on NH4.





Fig. 6. Enclosure experiments with water from 3 embayments during March 2005 show similar trend to Fig 4, NO3 drawdown (blue) starts once NH4 is < 4 µM (red), and then VNO3 increases (central panel) and chl-a accumulates (right panel). Lag effect in Suisun enclosures.











