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Project Information and Executive Summary

Proposal Title
Development of a spatially explicit ecosystem model to explore
physicochemical drivers of step changes in POD species abundance and
distribution in the Sacramento-San Joaquin Delta and Suisun Bay

Primary Contact Organization
Name US Geological Survey

Primary Contact Organization
Type federal agency

Salutation of Primary Contact
First Name Marissa
Last Name Bauer
Street Address 6000 J STREET
City Sacramento
State or Province CA
Mailing Code 95819
Telephone 916-278-3299
E-mail Address mbauer@usgs.gov
Total Amount Requested $356,483

Primary Topic Area Food Webs of Key Delta Species and their Relationship to Water
Quality and other Drivers

Secondary Topic Area(s) Native Fish Biology and Ecology
Descriptive Keywords fish biology; habitat; modeling; trophic dynamics and food webs
Compliance statement This project will not require compliance of this nature.

Staff and/or subcontractors
received funding for at least one
project not listed above:

Project Title: CAScADE
Amount Funded: $1,662,870
Date Awarded: Mar 1, 2006-Sept 30, 2009
Lead Organization:
Project Number: SCI-05-C01-84

Executive Summary

The purpose of this proposed work is to improve a dynamic food web model of the Sacramento-San Joaquin
Delta and Suisun Bay, so that we can move from using it as a hypothesis-exploration tool towards using it as a
decision-support tool. Our major objective is to develop a spatial ecosystem model that can be used to explore
physicochemical factors that may have driven spatial shifts in habitat and resultant shifts in abundance for key
Delta species. We seek to examine the effects of multiple potential physicochemical/habitat factors on Pelagic
Organism Decline (POD) fishes. To date we have modeled the fish food web of the Delta using Ecopath with
Ecosim (EwE 6) software. We have begun hypothesis exploration work using time-dynamic simulations of
the modeled food web. The development of a spatial component of the EwE model (Ecospace) will allow us
to incorporate spatial dynamics to further explore the freshwater/low-salinity, pelagic, and littoral habitats
within the Delta. Spatial modeling is accomplished through identifying foraging, dispersal, and predator
avoidance parameters for each functional group (species) relative to a range of defined habitats. This model
can be used in conjunction with Monte Carlo simulations of the time-dynamic module as a tool for exploring
the impacts of resource management decisions, and help to optimize the utility and effects of such decisions.
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Contacts and Project Staff

Primary Contact
E-Mail mbauer@usgs.gov
Last Name Bauer
First Name Marissa
Organization US Geological Survey
Work Telephone 916-278-3299

Primary Investigator
E-Mail lrbrown@usgs.gov
Last Name Larry
First Name Brown
Organization USGS
Work Telephone unknown
Qualifications See Appendix for complete CV of this Participant.

Participant #2
Salutation
Last Name Bauer
First Name Marissa
Title Biologist
Organization USGS
Position Co-PI

Responsibilities

Ecospace Module Development Assimilate habitat preference data for focal
species Develop GIS Basemap for model Assimilate physico-chemical data
Incorporate new spatial and habitat data into the model Initiate test runs for
hypothesis testing Project management

E-mail mbauer@usgs.gov
Qualifications See Appendix for complete CV of this Participant.

Participant #3
Salutation Dr.
Last Name Townsend
First Name Howard
Title Ecologist/Ecosystem modeler
Organization NOAA
Position Co-PI

Responsibilities Ecosim Mote Carlo Simulations Develop forcing functions based on habitat
relationships elucidated using the Ecospace module Project management

E-mail howard.townsend@noaa.gov
Qualifications See Appendix for complete CV of this Participant.

Participant #4
Salutation
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Last Name Feyrer
First Name Frederick
Title Fish Biologist
Organization USBR
Position Co-PI
Responsibilities In-kind support of expert local knowledge
E-mail FFeyrer@usbr.gov
Qualifications See Appendix for complete CV of this Participant.

Participant #5
Salutation
Last Name TBD
First Name NOAA Tech
Title Modeling Technician
Organization NOAA
Position Subcontractor
Responsibilities Ecosim Monte Carlo Simulations Ecospace Base map development
E-mail
Qualifications

Proposal:  2010.01-0019

Page 4 of 75



Conflict of Interest

Primary Investigator Larry Brown
To assist Science Program staff in managing
potential conflicts of interest as part of the
review and selection process, we requested
applicants provide information on who will
directly benefit if their proposal is funded,
that were not listed on the Contacts and
Project Staff Form.

Co-PI(s)
Subcontractor

Individuals who helped with proposal
development

Last Name First Name Organization Role
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Task and Budget Summary

Task
# Task Title Start

Month
End

Month
Personnel
Involved Description Task

Budget

1 Project
Coordination 1 24 Larry

Brown

Dr. Brown will oversee project
management and administrative activities,
plan for progress report development, and
review all project products and
deliverables.

$54,911

2 Initial data
assimilation 1 12 Marissa

Bauer

Assimilate habitat preference data for
focal species, develop a GIS Basemap for
the model, assimilate physico-chemical
data, and incorporate new spatial and
habitat data into the model

$122,117

3
Model
completion and
runs

13 24 Marissa
Bauer

Initiate test runs of Ecospace model for
hypothesis testing $135,451

4
Ecosim Monte
Carlo
Simulations

1 12 NOAA Tech
TBD

Train with NOAA colleagues who have
developed Ecosim programming code for
Monte Carlo simulations in
management/policy exploration

$21,423

5
Ecospace Base
map
development

6 18 NOAA Tech
TBD GIS basemap development $22,581

6 Project
collaboration 1 24 Dr. Howard

Townsend

Provide EwE/ecosystem modeling
expertise. Review project products and
deliveralbes.

$0

7 Project review 1 24 Frederick
Feyrer

Provide expert local knowledge on fish
biology. Review project products and
deliveralbes.

$0

Budget total $356,483
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Schedule of Deliverables

Each Science Program 2010 Solicitation grant recipient must provide the required minimum deliverables
(listed below) for each project.

Required minimum deliverables

Semi-annual Progress Reports (due July 15 and January 15)• 
Final Progress Report (Due at end of project)• 
One page project summary for public audience at beginning of project• 
One page project summary for public audience upon project completion• 
Management implications of project findings• 
Project closure summary report or copy of draft manuscript• 
Presentation at Bay-Delta Science Conference• 
Presentations at other events at request of Delta Science Program staff• 
Copy of all published material resulting from the grant• 

Additional deliverables Description Start
Month

End
Month

Meeting with Delta council to discuss
management sceanrios

Discuss management scenarios of interest
to run and evaluate 12 24
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  Development of a spatially explicit ecosystem model to explore 

physicochemical drivers of step changes in POD species abundance and 

distribution in the Sacramento-San Joaquin Delta and Suisun Bay 

Larry Brown (Lead PI), and Marissa Bauer (USGS), Howard Townsend (NOAA), 

and Fred Feyrer (USBR) 

 

 

1. Project Purpose 

1a. Introduction  

 We propose to make improvements to the Sacramento-San Joaquin Delta and Suisun Bay 

(herein referred to as the Delta) ecosystem model we have developed using the Ecopath with 

Ecosim software (Christensen and Walters 2004), so that it will be useful as a decision support 

tool for resource management.  To date we have modeled the fish food web of the Delta and we 

have begun some hypothesis exploration work using temporal simulations of the modeled food 

web (Townsend et al., 2010 (in prep); Bauer et al. 2010 (in prep)) In addition, we have begun 

including forcing functions that describe the effects of habitat changes and invasive species on 

the food web. For this proposal, we plan to further expand on the existing model by creating a 

spatial model that allows explicit modeling of habitat impacts on the food web and species 

abundance and distributions. We also plan to improve the ability of the model to account for 

uncertainty in parameter estimates through Monte Carlo simulations, in order to allow managers 

to better understand the levels of risk associated with different management scenarios. 

 We have developed a mass-balanced trophic ecosystem model for the Sacramento-San 

Joaquin Delta and Suisun Bay using Ecopath with Ecosim (EwE 6) software, as a part of a larger 

effort in the Pelagic Systems Dynamics working group at the National Center for Ecological 

Analysis and Synthesis (NCEAS). The current model incorporates two modules – 1) Ecopath to 

develop a mass-balanced snapshot of the ecosystem, which provides a baseline for comparison as 

well as a reasonably constrained set of initial conditions for simulation modeling, 2) Ecosim for 

dynamic simulation of the ecosystem over time. We have used the dynamic simulation of this 

model to begin to explore direct and indirect drivers of ecosystem dynamics of the Delta, with 

emphasis on the Pelagic Organism Decline species.  

 Prior to 2000, the four most abundant resident pelagic fishes surveyed by the fall 

midwater trawl survey conducted by the California Department of Fish and Game, included two 

native species, delta smelt (Hypomesus transpacificus) a federal listed endangered species, and 

longfin smelt (Spirinchus thaleicthys) a state listed endangered species, and two introduced 

species, threadfin shad (Dorosoma petenense) and striped bass (Morone saxatilis)). Beginning in 

the early 2000‟s, abundance indices of these four pelagic fishes showed concurrent declines in 

multiple surveys. Between survey years 2002-2005 delta smelt and age-0 striped bass 

experienced record abundance lows, while threadfin shad and longfin smelt experienced near 

record lows (Sommer et al. 2007).  The most alarming aspect of this decline was that it occurred 
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during a series of relatively wet years when these fishes would be expected to experience good 

survival and increasing populations (Sommer et al. 2007).  The multi-species decline, termed the 

Pelagic Organism Decline (POD), has been verified by statistical analyses (Thomson et al. 2010) 

and is under investigation by IEP and others, including multiple state, federal, and university 

researchers.  

 With our model, we seek to simultaneously examine the effects of multiple potential 

drivers on one or more POD fishes and place these patterns in the broader context of estuarine 

degradation. Current model drivers include: 1) decreased primary productivity/Chlorphyll-a; 2) 

Invasive species, including Corbula amurensis (Corbula), Limnoithona tetraspina 

(Limnoithona), and submerged aquatic vegetation (SAV). Specifically, we have explored the 

food web impacts of the invasive species by forcing increases in biomass of these species in the 

model.  In addition we have also explored the habitat impacts of SAV by using forcing functions 

and habitat mediation functions. With the current parameterization of the model, decreased 

primary productivity and increased SAV are the best drivers for improving the simulation 

model‟s fit to data (relative abundance indices for the POD species and largemouth bass). This 

modeling approach can be used to address multiple areas of concern for the POD fishes and to 

evaluate management options through scenario simulation. We are especially looking for factors 

that explain decrease in POD species as well as increases in other species such as largemouth 

bass. Preliminary analysis using the Delta EwE model simulations shows a shift from a pelagic 

food web to a SAV-associated food web.  

 The development of a spatial component of the EwE model, (Ecospace) will allow us to 

further explore the freshwater, low salinity, pelagic, and littoral habitats within the Delta. Spatial 

modeling is accomplished through identifying foraging, dispersion, and predator avoidance 

parameters for each functional group relative to a range of defined habitats. Once we have 

completed the hypothesis exploration phase with the spatial model we will have a working model 

of the system that can be used in conjunction with time-dynamic Monte Carlo simulations as a 

tool for exploring the impacts of resource management decisions, and help to optimize the utility 

and effects of such decisions. 

 

1b. Project Goals and Objectives 

  The major objectives of this project are as follows: 

 Objective 1: Develop a spatially explicit Ecospace model of the Sacramento-San Joaquin 

Delta and Suisun Bay using the current Delta Ecopath model and other local data. 

 Objective 2: Develop the Monte Carlo simulation capacity of the time-dynamic model to 

help account for parameter uncertainty in model estimates. 

 Objective 3: Use the Ecopath suite of modules (Ecopath, Ecosim, Ecospace) to test 

relevant hypotheses regarding the pelagic organism decline 

 Objective 4: Demonstrate how EwE can be used as a tool by managers by exploring how 

selected management scenarios might affect species abundance and distributions of POD and 

other species of interest. 
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1c. Hypotheses 

 Hypothesis testing is an inherent feature of EwE modeling. We have used the modeling 

suite to do initial hypothesis testing on factors that are associated with the POD and concomitant 

increases in other species (e.g., largemouth bass). Our initial tests were coarse as we used forcing 

functions to drive food web interactions. For example we used a primary production forcing 

function to drive the food web. The forcing function was derived from data on chlorophyll-a, 

thus we could not adequately explore the causes for change in primary production (e.g., did 

invasive species and habit changes cause shifts in trophic flows?). Because this initial forcing 

function was fairly coarse (and perhaps indirectly captured the effects of invasive species on 

primary production), we did not see strong effects of some invasive species (e.g., Corbula) on 

primary production and the food web. 

 The development of a spatial modeling component of the Delta EwE model will allow for 

finer resolution hypothesis testing and exploration of the habitat and food web changes in the 

Delta. A spatial model will allow habitat shifts to emerge from the physical parameters of the 

model and allow the distribution and abundance of fish to shift as a result. Compared to the 

coarse forcing function used earlier, this will help us explore whether invasive species have been 

major contributors to habitat and species shifts or if exogenous factors have caused habitat shifts. 

By developing a spatial model that more explicitly captures habitat dynamics, we will be able to 

incorporate more realism into the model and re-evaluate hypotheses that we have previously 

tested. In this study we will evaluate the following hypothesis: 

1.  The decrease in phytoplankton production has driven changes in pelagic fish abundance 

2. Shifts in physico-chemical parameters of the ecosystem have enabled the expansion of SAV 

since the early 1980s, which has resulted in predominance of a SAV-based food web over a 

pelagic food web.  

3. Introductions of invasive species, Corbula and Limnoithona, has driven changes in pelagic 

fish abundance 

Once these hypotheses have been tested and we have a reasonable working model, we can then 

use the model as a tool for management scenario evaluation. For example, we would demonstrate 

how changes in water management policy affect salinity (and the location of X2) of the system. 

And how in turn, salinity shifts affect patterns in the food web and distributions of SAV and 

pelagic habitat. 

1d. Supporting Information 

 The EwE Delta food web model builds on the Durand (2008) Delta food web conceptual 

model by further expanding the fish food web model described in his work. Our work will 

benefit from the Durand model because major drivers of the system have been identified and 

described qualitatively. With the development and addition of the Ecospace model to the current 

EwE Delta model, we will be incorporating important system drivers noted by several authors 
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[Durand (2008) , Cloern (2007), and Cole and Cloern (1984), Jasby et al (1995), Kimmerer 

(2002 a and b)] such as habitat, salinity, and water diversions into the ecosystem model. The 

Ecospace model will also allow us to address key uncertainties of the Delta food web as noted by 

Durand (2008) such as the role of fish populations in structuring the zooplankton community and 

how mortality from piscivorous fish on young native fishes affects the Delta food web. Our 

proposed hypothesis testing takes into account some of these uncertainties and further examines 

our current understanding of the fish food web in a quantifiable manner. 

 

 

2. Background 

 

2a. Conceptual Models 

 Two conceptual models have been developed to describe the spatial model of the Delta 

and how it could be used for scenario and policy exploration. Figure 1 is a visual representation 

of the EwE model, consisting of the Ecopath, Ecosim, Ecospace and Ecotrace modules. The 

conceptual model shows how data needs, modeling abilities, research and application are linked. 

The Ecopath and Ecosim modules, which have already been developed for the Delta, inform the 

Ecospace module, creating an opportunity to explore various management and policy options. 

For example, the effect of controlling SAV or changing fishing regulations for largemouth bass 

in the Delta can be explored and examined as the model simulates the ecosystem‟s response to 

such a decision. Figure 2 represents the foodweb linkages in the Delta Ecopath model that will 

be informing the initial parameters of the Ecospace model.  

2b. Modeling Background 

 The modeling approach we are planning to implement is similar to the work of de 

Mutsert (2010).  In this work, de Mutsert did a Before-After-Control-Impact study to determine 

the impact of reintroducing freshwater and sediments into a portion of the Mississippi which had 

been hydrologically isolated on food web pathways. The study was focused on important 

fisheries species of the local ecosystem. As a part of the study, the author developed an 

ecosystem model of the system (Breton Sound) to simulate changes in species biomass 

distributions under different salinity scenarios. This model can be used to evaluate different 

restoration scenarios in the system, i.e., how much freshwater will flow, affects to commercially 

and recreationally important fish species populations. 

 Ecosystem modeling can be used to project ecosystem responses to disturbances and to 

identify processes and relationships within the ecosystem that are not easily measured, or have 

been overlooked (Fulton et al. 2003; Field et al. 2006; Chen et al. 2008). For example, ecosystem 

models can be used to quantify the direct and indirect effects of anthropogenic changes to a 

system by allowing the researcher to compare a baseline model built from actual survey data to 

future projections generated by the model. Ecosystem models, such as the Delta EwE model, that 

are driven by long-term data sets have enormous potential to be used as an adaptive management 
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tool by policy makers, scientists, and managers (Ma et al. 2010; Straile 2002).  A model that is 

built from the best available data can also give insight into which ecological areas of a system 

would benefit from additional research, or if a different research approach is needed.  

 Ecopath with Ecosim is a suite of static and spatial modeling applications developed by 

researchers at the University of British Columbia‟s Fishery Centre. To date, over 100 ecosystem 

models using the EwE software have been published. EwE was initially built for estimating 

biomass and food consumption rates of multiple functional groups, (e.g. species) in a steady-state 

aquatic system (Christensen and Pauly, 1992).  EwE is grounded in theoretical ecology 

applications of analyzing energy flows within a system (Odum, 1969; Ulanowicz, 1986).  The 

concept of being able to examine more than one species at a time in a model was one of the key 

features that set Ecopath apart from its single-species model counterparts.  

 EwE software has been used in a wide range of ecosystem analyses including food web 

research, fisheries catch analysis, and ecosystem response to anthropogenic change. Libralato et 

al. (2006) used EwE to identify keystone functional groups within Prince William Sound and the 

Gulf of Thailand.  Booth and Zeller (2005) used EwE to look at the interactions of mercury with 

marine mammals and climate change.  Villanueva et al. (2008) used EwE to explore the roll of 

introduced species in a lake ecosystem. A detailed EwE ecosystem model for the Chesapeake 

Bay containing 45 functional groups at all trophic levels is being developed due to a 

management need for a quantified estimate of trophic pathways within the Bay (Christensen et 

al., 2008). EwE will help analyze how one species affects another within the food web and how 

various species impact both target and non-target species. The Sacramento-San Joaquin Delta 

and Suisun Bay model was developed with similar goals in mind. 

 

Ecopath 

The Ecopath model uses mass-balance principles to link functional biomass groups 

within a dynamic system to create a static snapshot of the resources and energy flows within the 

ecosystem (Christensen and Pauly, 1992; Pauly et al., 2000; Christensen and Walters, 2004).  A 

functional group can represent a group of tropically similar species, a single species, or a group 

of species split into age categories (“multi-stanza groups”).  Ecopath is used to specify initial 

conditions for biomass (B) and production (P) of each functional group.  By defining the biomass 

and production of each functional group at a single point in time, Ecopath provides a static, time-

invariant description of the ecosystem. 

The parameters of an Ecopath model are based on satisfying two principle equations. The 

first equation describes how the production term for each group can be divided for an arbitrary 

time period as follows. 

 

Production = catch + predation + net migration + biomass accumulation  

+ other mortality 

 

In mathematical terms: 
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where for each functional group (i), Bi is total biomass (t · km
-2

) during the period of question, 

(P/B)i is the production to biomass ratio (year
-1

), where P (t · km
-2

) is the production of 

functional group i and B (t · km
-2

) is the biomass of functional group I. EEi is the ecotrophic 

efficiency, defined as the fraction of the production that is consumed within or harvested from 

the system, Yi is the yield, catch in weight, or fishery harvest (note that Yi = FiBi where F is the 

fishing mortality rate).  Ei is the net migration rate (emigration – immigration), BAi is the 

biomass accumulation rate for (i), (Q/B)j is the food consumption per unit biomass for consumer 

j (year
-1

), where Qj is the biomass of prey (i) consumed by the consumer or predator j and Bj is 

the biomass of the consumers or predators of (i), and DCji is the average fraction of i in the diet 

of j (note that DCji = 0 when j does not eat i). 

 For each functional group, Ecopath requires input of diet composition (DC), fishery 

harvest (Y) and three of the following four parameters, B, P/B, QB, and EE.  Mass-balance 

principles are used to estimate the fourth or unknown parameter.  If all four parameters are 

known, then Ecopath can be used to estimate biomass accumulation rate, or net migration rate.  

If only 3 of the 4 parameters are known, the conservation of energy within each functional group 

is maintained by fitting the fourth parameter so that production is matched to losses within the 

model (Christensen et al. 2000). Equation (1) enables the estimates of biomass, production, and 

consumption to be used in constructing a diagram of energy flow (Mackay, 1981, Ulanowicz, 

1986).  

The second equation is based on the principle of conservation of matter and is as follows: 

 Consumption = production + respiration + unassimilated food  Eq. 2 

This equation balances the energy flows of each functional group and develops the mass-balance 

idea that consumption by a group equals the production by the group plus “waste”.  The energy 

flowing into a group equals that flow out of the group and it does so for all functional groups. 

This mass-balance is necessary to constrain the initial parameterization of the model, so that 

future Ecosim simulations are reasonable and grounded in data as much as possible.  This 

constraint also helps develop estimates for the fourth unknown parameter in Equation (1), if only 

3 of the 4 are available. 

 The consumption over biomass (Q/B) ratio is the consumption or intake of food by a 

functional group over a specified time period (e.g. one year).  Ecopath expresses absolute 

consumption as an energy flow expressed in t · km
-2

 year
-1

, while the corresponding Q/B is on a 

per year basis (Christensen et al. 2008).  Thus, the Q/B input parameter entered into Ecopath for 

each functional group in this model is expressed as Q/B year
-1

. 

It is important to note that production refers to the elaboration of tissue by a functional 

group over a discrete time period specified by the model. For most EwE models, including this 

one, production is accounted for on an annual basis.  Mass-balance constraints assume that 
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production over biomass is equal to total mortality (Z) used by fisheries biologists (Allen 1971).  

Thus, estimates of the instantaneous rate of total mortality can be used interchangeably with the 

production over biomass ratio (P/B) input. In the simplest terms, production includes fishery 

yield (F) plus predation (M2), plus net migration (NM), plus biomass accumulation (BA), plus 

other mortality (M0) (Eq. 3) (Christensen et al. 2008). 

 P/B = Z = F + M2 + NM + BA + M0     Eq. 3 

Ecosim 

Ecosim is a tool for making dynamic projections given the Ecopath mass-balanced 

output.  Ecosim modeling is constructed by re-expressing Equation (1) as a series of coupled 

differential equations as shown in equation (4). 

iiiii

n

1j

ij

n

1j

jii
i B)eFM(Iccg

dt

dB
    Eq. 4 

Where; gi is growth efficiency, Fi is the instantaneous rate of fishing mortality, ei is the rate of 

emigration, Ii is the rate of immigration,  cij (cji) is the consumption of biomass pool i (j) by 

biomass pool j (i). 

The system of equations is used to represent spatial dynamics of the entire ecosystem and is 

combined with age/size-structured delay-difference equations to represent populations that have 

complex life histories.  A key feature of Ecosim is the expression of the consumption or biomass 

flow rates among linked species or functional groups.  Consumption of prey i by predator j is 

modeled as follows (Christensen et al. 2005). 

)Bav2(

BBva
),BB(Q

jijij

jiijij

jiij ,                                                   Eq. 5   

Where; aij is the rate of effective search for prey i by predator j Fi is the instantaneous rate of 

fishing mortality and vij is the behavioral exchange rate between vulnerable and invulnerable 

prey pools.  

Departures from an equilibrium state within the ecosystem are modeled by forcing 

functions and by trophic mediation functions.  Forcing functions link external variables, such as 

salinity, to production or components of production; e.g., changes in salinity are linked to 

changes in the production of diatoms (i.e., primary production).  Trophic mediation functions are 

used to model changes in the internal relationships between predator and prey groups. An 

example of a mediation function is the affect of SAV on predation of small/juvemile fish.  In this 

case SAV is included in the model because it is eaten by some other trophic groups; however, it 

also potentially plays an important role in that it decreases predators‟ access to smaller fish. 

Ecospace 

 A major deficiency of the Ecopath and Ecosim approach is the assumption of 

homogenous spatial behavior. This has been addressed through the development of Ecospace 
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(Walters et al. 1999), a dynamic, spatial version of Ecopath, incorporating all the key elements of 

Ecosim. Ecospace allows for the inclusion of seasonal changes and spatial preferences to be 

included in the model. Spatial modeling is created by identifying foraging, dispersion, and 

predator avoidance parameters for each functional group relative to a range of defined habitats. 

 Ecospace dynamically allocates biomass across a gridded basemap.  The base map is 

used to designate fixed habitat parameters while accounting for:  movements from a cell to its 

four adjacent cells, of rate m, modified by whether a cell is defined as „preferred habitat‟ or not; 

user-defined increased predation risk and reduced feeding rate in non-preferred habitat; level of 

"takes" at cells (e.g., as might be encountered at pumping stations). Ecospace also allow for 

designation of transient habitat patterns. For example general current patterns, wind/geostrophic 

forcing patterns for surface currents, as well as general salinity patterns, and patterns in primary 

productivity. 

 

 

3. Approach and Scope of Work 

 

 Our major objective is to move our food web modeling efforts from a hypothesis 

exploration tool, towards a tool for decisions support. We will build from the existing Delta EwE 

model to accomplish two major tasks. First, we will create a spatial food web model (Ecospace 

module) that includes habitat parameters for simulating potential scenarios.  The spatial model 

will help to capture spatial as well as temporal dynamics.  The graphics for this model will 

enable multiple resource managers to view the model and potential management scenarios. For 

example, if “takes “of fish (associated with water management) in specific areas have impacts on 

the local food web and species distributions, how can different “take “ scenarios  maximize the 

utility of the water resource and minimize the impact on fish. The relatively quick runtime (~5 

minutes) will allow mangers to explore the effects of a wide range of potential management 

scenarios. 

 Secondly, we will implement Monte Carlo simulation capabilities for management 

scenarios using the Ecosim module so that uncertainty in input parameter can be taken into 

account for running management scenarios. Monte Carlo simulations engage a temporal 

simulation model with a rapid run time (~5 seconds).  This allows for hundreds of runs that can 

take into account parameter uncertainty.  Management scenarios that can be explored visually 

and spatially using the spatial model can then be run in the faster temporal simulation system. 

Multiple runs in which data-based parameter estimates are allowed to change (within the range if 

associated uncertainty) can be completed for each scenario to determine if certain scenarios are 

less feasible or more risky given the uncertainty in the data. 

 We have developed the baseline snapshot of the SFE ecosystem, using the Ecopath 

module of the EwE software. To parameterize this initial model we made extensive use of 

existing data from research and monitoring studies in the area (Table 1). Developing this module 
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has enabled us to use the Ecosim module to explore hypotheses about the changing roles of 

native and non-native species and how habitat factors have lead to those shifts.  

 In these initial stages of model development, we have established a quantitative 

description of the ecosystem structure and function.  One of the primary points we have 

discovered is that habitat changes (especially submerged aquatic vegetation) have been 

associated with food web shifts over the past 25 years that have been a major factor associated 

with the POD.  One major limitation to our current modeling efforts has been that the Ecosim 

software does not explicitly model changes in habitat.  To incorporate information on habitat and 

physico-chemical into our food web modeling efforts, we have developed forcing functions 

using sparse data to create general trends. We then used the general trends as forcing functions to 

drive food web interactions, this allowed us to explore hypotheses about how habitat changes 

and invasive species may have been a major causal factor for the POD.   

 Using forcing functions for this modeling system is a somewhat coarse approach. 

However, by developing a spatially explicit model (Ecospace) that takes in changes in phyisco-

chemical aspects of the habitat, we can better understand the reasons for habitat shifts that are 

important causal factors for the POD.  In addition, a spatial model will be a useful tool for 

demonstrating how factors that influence habitat (such as water management) affect key fish 

species in the delta. 

 In turn, habitat patterns that are elucidated in the spatial model can be used to create 

forcing functions. Forcing functions and Ecosim are useful for completing multiple runs.  The 

run time for Ecosim is on the order of a few seconds; however, for Ecospace the run time is on 

the order of 2-3 minutes.  Thus, Ecosim is readily adaptable for Monte Carlo (MC) simulation 

runs, as MC simulation is important for taking into account uncertainty in model parameter 

estimates.  Thus the combination of Ecosim and Ecospace provide a valuable set of tools for 

resource management and exploring combinations of policies that affect the Ecosystem. 

 

Task 1: Project Coordination – To properly manage the project, PIs will hold quarterly 

teleconferences to update on progress and plan for progress report development, Project 

oversight will be led by the USGS-Sacramento Team. All personnel will be involved in report 

development. After completion of model development the USGS Team will coordinate 

request/efforts to use the model for management strategy evaluation as request by the Delta 

Stewardship Council and other management agencies. 

Potential future applications of this work, which we will begin to scope as a part of this project, 

include: 

o Fully incorporating hydrodynamics through model coupling 

o Develop climate change scenarios that influence hydrodynamics of the system to 

investigate how habitat and food web structure will be affected 

 

Task 2 and 3: Initial data assimilation and Ecospace Module Development- To build the 

Ecospace module we will: 
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o Assimilate habitat preference data for focal species 

o Assimilate physico-chemical data such as seasonal salinity dynamics 

o Incorporate new spatial and habitat data into the model and initiate test runs for 

hypothesis testing 

These tasks will be coordinated primarily by the USGS staff. 

 

Task 4 and 5: Ecosim Mote Carlo Simulations - To develop the capacity to use Monte Carlo 

simulations in Ecosim we will: 

o Train with NOAA colleagues who have developed Ecosim programming code for 

Monte Carlo simulations in management/policy exploration 

o Develop forcing functions based on habitat relationships elucidated using the 

Ecospace module 

o Develop GIS Basemap for model (Task 5) 

These tasks will be coordinated primarily by the NOAA staff. 

 

Tasks 6 and 7: Project collaboration and review- In-kind support will be supplied by both USBR 

biologist and NOAA ecologist for modeling and local fish biology expertise. These tasks will be 

primarily conducted by NOAA and USBR staff. 

 

Scientific Approach for Tasks 1 and 2. 

Task 1: Ecospace Module Development 

 The current model contains 40 trophic groups (species or groups of species). Information 

on habitat preferences of these species must be compiled. Habitat data includes fixed habitat 

features such as bottom type (sandy, rocky, silty, etc.) and depth. In addition, preferences for 

transient habitat features (e.g., salinity) will also be assimilated.  The range of habitat preferences 

will be used to determine habitat groupings for an overall map of the system. The preference will 

be read into the Ecospace modeling system 

 A GIS-based map of the Delta and Suisun bay will be developed. The map will be read 

into the EwE Modeling system and a gird of the map will be developed.  Using habitat 

categories, each grid will be assigned a habitat type.  In the modeling system, trophic groups will 

show an affinity for preferred habitat types during simulations.. 

 Assimilate data on seasonal salinity dynamics and other pertinent transient features of the 

habitat. Incorporate transient habitat features into the modeling system. 

 Run model to test hypotheses and develop forcing functions. 

 

Task 2: Ecosim Mote Carlo Simulations 

 Meet NOAA colleagues to work on programming code for Ecosim. Develop code for 

Monte Carlo runs that allow parameter values and forcing functions to vary based on uncertainty 

in the data. 
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 Analyze output from Ecospace model to develop trends and statistics tests for forcing 

functions. Re-test hypotheses allowing for parameter uncertainty and uncertainty in forcing 

functions. 

 

4. Feasibility 

 

 There are multiple reasons why we believe this project is feasible. First, the proposed 

project is a valuable extension of the current Delta Ecopath model that has been in development 

over the past two years. The current model establishes the baseline conditions of the Delta for 

simulation modules (Ecosim and Ecospace). We have completed initial runs of the Ecosim 

module to begin hypothesis exploration. The initial model development and gathering of 

pertinent data for the model is usually the time-limiting factor for using the EwE modeling suite, 

which in this case, is already complete. Thus, any further development of the Delta model will 

begin with the major inputs to the model readily available. As this is primarily a data gathering 

and modeling project, we are not constrained by data collection permits or weather, so this limits 

the factors that might cause delays. Project management decisions will be coordinated during 

quarterly teleconferences.  Regular informal communications about project developments will 

occur routinely. 

 

5. Budget    

 

5a. Budget Justification 

 We anticipate this work to take two years. The details of the budget are shown in the 

budget spreadsheet file. The labor includes 50% time for Bauer, 8% time for Brown, and 15% 

time for the NOAA modeling technician over the two year time period. Two months of in-kind 

support (cost sharing) in the form of project consultation and review will be provided by 

Townsend and Feyrer each project year. Travel costs to coordinate project progress, presentation 

and work includes 2 trips per year for presentations for Delta Stewardship events and for 

coordination and model develop/application review meetings. 

 

5b. Subcontracting 

 Funding will be provided to the National Oceanic and Atmospheric Administration 

(NOAA) for Tasks 3 & 4 via an Interagency Agreement.  USGS may execute this agreement in 

approximately 60 days. 

5c. Overhead Justification 

 1.  USGS California Water Science Center (Tasks 1, 2, 3) 

Overhead applied to personnel and other costs cover indirect costs that support the delivery of 

reimbursable products.  Costs include facilities, publications, executive, technical, 
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administrative, and financial functions at all levels of the bureau.  Rates are reviewed and 

established annually.  

 2.  USGS California Water Science Center / Interagency Agreement with NOAA (Tasks 

4 & 5) Interagency Agreement (IA) with NOAA will be subject to USGS California Water 

Science Center overhead rate.  NOAA will not charge any additional overhead for this IA. 

5d. Cost Share 

 1.  U.S. Bureau of Reclamation (USBR) will utilize federal funds to provide technical 

assistance and review of project deliverables (Task 7).  Fred Feyrer will spend approximately 

one month each year of the funding to consult with the biologists on model development and 

applications.   During Year 1, USBR will provide cost share assistance in the amount of $15,000.  

During Year 2, USBR will provide cost share assistance in the amount of $15,000. 

 2.   NOAA will utilize federal funds to provide technical assistance and review of project 

deliverables (Task 8).  Howard Townsend will spend approximately 1-2 months each year of the 

funding to consult with the model technician and biologists on model development and 

applications. During Year 1, NOAA will provide cost share assistance in the amount of $15,000. 

 During Year 2, NOAA will provide cost share assistance in the amount of $15,000. 

 

6. Relevance to DSP 

 

 This proposal most directly addresses Topic 2 (Food Webs of Key Delta Species and 

their Relationship to Water Quality and other Drivers). This is because the primary focus of this 

work is to understand how physico-chemical factors of the Delta have influence habitat and 

resulted in food web shifts for key Delta species. We will use a spatial model to understand the 

growth and expansion of a non-native SAV and its role in a potential food-web shift. We will 

also explore how anthropogenic factors that have resulted in changes in nutrients, sediments and 

salinity have likely paved the way for increasing SAV abundance and distributions. The spatial 

model will allow us to better understand the current shift from a pelagic food web to a SAV-

supported food web. This work is important for understanding the relative impact of critically 

important food web drivers. 

 By spatially modeling habitat attributes and incorporating the habitat preferences of key 

delta species, we will better understand how multiple factors have combined to result in shifts in 

abundance and distribution of key species. This understanding will enable us to use the model to 

explore how management and restoration activities might be implemented to increase abundance 

of species of concern. This work may help explain how habitat shifts influence food web shifts 

and the resultant changes in fish distribution and abundance. In addition, Ecospace is a good tool 

for visualizing temporal and spatial changes in the ecosystem and understanding how water 

resource management might affect changes. 
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 This work will also provide the foundation for developing a coupled hydrodynamic-

ecosystem model which can be used for water and ecosystem management decision support 

system development. 

Relevance to DSP outside this PSP 

 Development of a spatial component of the Delta EwE model holds great potential to 

inform larger Delta Science goals. The ability to test multiple hypotheses in a relatively short 

time allows for greater flexibility in investigating ecosystem–wide stressors and response. For 

example, the EwE model could potentially be useful in assessing the success of various 

restoration strategies of the Bay Delta Conservation Program wetlands restoration plan. The EwE 

model could also prove useful in analyzing some of the key uncertainties specified in the Durand 

(2008) conceptual model.  

 

 

7. Qualifications 

 

 Larry R. Brown is a Research Biologist with the U.S. Geological Survey, California 

Water Science Center.  Dr. Brown has over 25 years experience working in California aquatic 

systems.  He is a recognized expert on the ecology of California fishes and has published 

extensively on California fishes, benthic macroinvertebrates and benthic algae.  Dr. Brown is 

currently involved in studies of the effects of urbanization on stream systems across the United 

States, modeling of responses of stream macroinvertebrate communities to land use changes, the 

effects of climate change on selected fish species in the Central Valley watershed and San 

Francisco Estuary, and factors associated with declines in pelagic fish populations of the San 

Francisco Estuary.  In the course of his work, Dr. Brown has authored or coauthored over 50 

scientific articles and reports. 

 Marissa Bauer is a biologist with the US Geological Survey, California Water Science 

Center under the direction of Dr. Larry Brown. She is completing her M.S. Project entitled An 

Ecosystem Model of the Sacramento-San Joaquin Delta, which involved developing the Ecopath 

model for the Sacramento-San Joaquin Delta that will be used in this project. Marissa has 

worked extensively with Dr. Townsend in developing the Delta EwE model and has some of the 

most extensive local knowledge of EwE modeling techniques and applications. 

 Howard Townsend is an Ecologist with the National Oceanic and Atmospheric 

Administration, Chesapeake Bay Office.  Dr. Townsend has over 10 years experience developing 

quantitative models of populations and ecosystems.  He is a national expert in modeling for 

resource management. Dr. Townsend is currently in developing models of coastal and estuarine 

systems, with a focus on models to be used for the management of fisheries and bird populations 

and ecosystems. He has worked extensively on developing standards for using multispecies and 

ecosystem models for resource management. 

 Frederick Feyrer is a fish biologist at the US Bureau of Reclamation‟s Applied Science 

Branch in Sacramento, California.  He has extensive experience conducting research and 
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advising management on fishes in the San Francisco Estuary.  In addition to editing a book on 

the early life history of fishes, he has authored or coauthored over 30 peer reviewed scientific 

journal articles.  As a member of the Interagency Ecological Program‟s Management Team, the 

Pelagic Organism Decline Management Team, and the Delta Smelt Working Group, he has 

experience managing and coordinating large complex research and monitoring efforts that 

directly inform management decisions.  He also serves on the Delta Native Fishes Recovery 

Team, a working group at the University of California, Santa Barbara‟s National Center for 

Ecological Analysis and Synthesis that is modeling factors contributing to the Pelagic Organism 

Decline, the State Water Resources Control Board‟s Independent Team of Experts for 

developing flow criteria in the estuary, and has appeared in Federal District Court as an expert 

scientific witness for the Federal Government.  
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Table 1: Data sources used in the Delta Ecopath model.  

 

Functional Group 

Biomass  P/B         Q/B 

Data Source Data Source Data Source 

Striped Bass  b Stevens et al. (1985) Froese and Pauly (2004) 

Largemouth Bass  USFWS beach seine Randall and Minns (2000) a 

Sturgeon c c Froese and Pauly (2004) 

Chinook 0 a Randall and Minns (2000) Cech and Myrick (1999) 

Catfish Schaffter (1997) Schaffter and Kohlhorst (1997)  Froese and Pauly (2004) 

Other cenntrarchids USFWS beach seine Randall and Minns (2000) Froese and Pauly (2004) 

Delta Smelt  FMT a Froese and Pauly (2004) 

Longfin Smelt 1+ FMT a Froese and Pauly (2004) 

Tule Perch USFWS beach seine Froese and Pauly (2004) Froese and Pauly (2004) 

Starry Flounder DFG bay study  Field et al. (2006) Froese and Pauly (2004) 

Pikeminnow 1 DFG bay study  Ruzicka et al. (2007)  Froese and Pauly (2004) 

American Shad  FMT Crecco et al. (1983)  Froese and Pauly (2004) 

Splittail 0 FMT Moyle et al., (2004) Froese and Pauly (2004) 

Threadfin Shad  FMT Froese and Pauly (2004) Froese and Pauly (2004) 

Gobies/Sculpins DFG bay study  Randall and Minns (2000).  Froese and Pauly (2004) 

Silversides USFWS beach seine Froese and Pauly (2004) Froese and Pauly (2004) 

Jellyfish d Field et al. (2006) a 

Crangon f. Benthic survey 

Field et al. (2006), Ruzicka et at. 

(2007) Field et al. (2006) 

other Shrimp a 

Field et al. (2006), Ruzicka et at. 

(2007) Field et al. (2006) 

Corbicula clams J. Thompson, pers.com Christensen et al. (2000)* a 

Corbula clams d Jørgensen et al. (2000)  a 

Mysids DFG zooplankton survey Ruzicka et at. (2007) Ruzicka et at. (2007) 

Amphipods a Ruzicka et at. (2007) Ruzicka et at. (2007) 

Other Epi/infauna a Jorgensen et al. (2000) a 

Cladocerans a e e 

Calanoids a e e 

Cycloploid a e e 

Harpticoids a e e 

Limnoithona d e e 

SAV d e - 

 a e - 

Other Micro-algae a e - 

Detritus (DOC-POC) a - - 

        

a) Parameter calculated by model 

 
  

b) Petersen mark-recapture estimates, F. Feyrer pers. Com.   

c) DFG tagging studies, fishing report cards, abundance estimates, and survival data   
d) Species will be ‘forced’ into the system via a forcing function time series that represents the population increase 
using Ecosim.  

e) Commonly accepted literature value 
 

  

  
  

  

FMT: DFG fall midwater trawl  survey 
 

  
Christensen et al. (2000)*: estimated from an empirical equation of Thomas Brey (1999; 2000),  included in the 
Ecopath software (see Christensen et al. (2000)] for a description of the algorithm 

Trophic level: Calculated by model based on input parameters and diet composition 
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migration of delta smelt. San Francisco Estuary and Watershed Science (in review). 
 
Feyrer, F., K. Newman, M. Nobriga, and T. Sommer. 2009. Modeling the effects of future freshwater flow on 

the abiotic habitat of an imperiled estuarine fish. Estuaries and Coasts (in revision). 
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Fleishman, S. Culberson, and G. Castillo. 2009. An analysis of pelagic species decline in the upper San 
Francisco Estuary using multivariate autoregressive modeling. Ecological Applications (in press). 
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Science (accepted). 

 
Feyrer F., T. Sommer, and S.B. Slater. 2009. Old school vs. new school: status of threadfin shad (Dorosoma 

petenense) five decades after its introduction to the Sacramento-San Joaquin Delta. San Francisco 
Estuary and Watershed Science. Vol. 7, Issue 1, Article 3.  

 
Nobriga, M., and F. Feyrer. 2008.  Diet composition in San Francisco Estuary striped bass: does trophic 
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the non-spawning season. Transactions of the American Fisheries Society Transactions of the American 
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fishes in the upper San Francisco Estuary. Fisheries 32:270-277.  

 
Feyrer, F., M. Nobriga, and T. Sommer. 2007. Multi-decadal trends for three declining fish species: habitat 

patterns and mechanisms in the San Francisco Estuary, California, U.S.A. Canadian Journal of Fisheries 
and Aquatic Sciences 64:723-734  
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Sommer, T., R. Baxter, and F. Feyrer. 2007. Splittail revisited: how recent population trends and restoration 

activities led to the "delisting" of this native minnow. Pages 25-38 in M.J. Brouder and J.A. Scheuer, 
editors. Status, Distribution, and Conservation of Freshwater Fishes of Western North America. 
American Fisheries Society Symposium 53. Bethesda, Maryland. 
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microchemistry provides information complimentary to microsatellite DNA for a migratory fish. 
Transactions of the American Fisheries Society 136:469-476  

 
Baerwald, M., V. Bien, F. Feyrer, and B. May. 2007. Microsatellite analysis reveals two genetically distinct 

splittail (Pogonichthys macrolepidotus) populations in the San Francisco estuary. Conservation 
Genetics 8:159-167. 

 
Feyrer, F, T. Sommer, and W. Harrell. 2006. Managing floodplain inundation for native fish: production 

dynamics of age-0 splittail in California’s Yolo Bypass. Hydrobiologia 573:213-216. 
 
Feyrer, F, T. Sommer, and W. Harrell. 2006. Importance of flood dynamics versus intrinsic physical habitat in 

structuring fish communities: evidence from two adjacent engineered floodplains on the Sacramento 
River, California. North American Journal of Fisheries Management 26:408-417. 

 
Nobriga, M., F. Feyrer, and R. Baxter. 2006. Aspects of Sacramento pikeminnow biology in nearshore habitats 

of the Sacramento-San Joaquin Delta. Western North American Naturalist 66:106-114. 
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Variability in length-weight relationships used to estimate biomass of estuarine fish from survey data. 
Transactions of the American Fisheries Society 134:481-495. 

 
Feyrer, F., T. Sommer, and R. Baxter. 2005. Spatial-temporal distribution and habitat associations of age-0 

splittail in the lower San Francisco Estuary watershed. Copeia 2005:159-168. 
 
Feyrer, F., T. Sommer, G. O’Leary, S. Zeug, and W. Harrell. 2004. Fish assemblages of perennial floodplain 

ponds of the Sacramento River, California (U.S.A.), with implications for the conservation of native 
fishes. Fisheries Management and Ecology 11:335-344. 

 
Feyrer, F. 2004. Ecological segregation of native and alien larval fish assemblages in the southern Sacramento-

San Joaquin Delta. Pages 67-80 in F. Feyrer, L.R. Brown, R.L. Brown, and J.J. Orsi, editors. Early Life 
History of Fishes in the San Francisco Estuary and Watershed. American Fisheries Society, Symposium 
39, Bethesda, Maryland. 

 
Sommer, T., W. Harrell, R. Kurth, F. Feyrer, S. Zeug, and G. O’Leary. 2004. Ecological patterns of early life 

stages of fishes in a river-floodplain of the San Francisco Estuary. Pages 111-124 in F. Feyrer, L.R. 
Brown, R.L. Brown, and J.J. Orsi, editors. Early Life History of Fishes in the San Francisco Estuary and 
Watershed. American Fisheries Society, Symposium 39, Bethesda, Maryland. 

 
Feyrer, F., B. Herbold, S.A. Matern, and P.B. Moyle. 2003. Dietary shifts in a stressed fish assemblage: 
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southern Sacramento-San Joaquin Delta. Environmental Biology of Fishes 66:123-132. 
 
Feyrer, F., and M. Healey. 2002. Structure, sampling gear and environmental associations, and historical 

change in the the southern Sacramento-San Joaquin Delta fish assemblage. California Fish and Game 
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  Department of Water Resources 
·Numerous Unit Citations, California Department of Water Resources 
·Special Contribution Award, California-Nevada Chapter of the American Fisheries Society 
·Certificate of Achievement, Western Division of the American Fisheries Society 
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·Member, American Fisheries Society  
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·Member, Estuarine Research Federation 
·Founding Secretary/Treasurer, California Estuarine Research Society 
·Past Chair, Resident Fishes Workteam for the Interagency Ecological Program for the San Francisco Estuary 
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