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1. Executive summary

We propose a research project on tha effacts of Introduced species in the food web
supparting several fish species of concarn of the San Francisco Bay-Delta estuary. The
research will focus on the early life stages of delta smelt, longfin smelt, and striped
hass.

The estuarine ecosystem has been greatly altered through infroductions of exotic
species which may limit the effectiveness of rehabilitation actions. Most of the
alterations have occurred in the lower foodweb, and effects an the lower focdweb are
reasonably well-understoad. What remains unknown, and is the topic of our research,
is how these foodweb alterations influence the key fish species that depend on that
foodweb, and what rehabilitation actions might be effective in the context of the altered
foodweb.

CALFED documants justifiably emphasize rehabilitation actions in preference to
research. However, for fish species of concern in cpen waters of the estuary, few
aclions have been identified, and none with much cerlainty about their effectiveness.
The reason is the lack of knowledge about the function of this ecosystem, the likely
outcome of different, altemative actions, and the role that introduced species have in
limiting options far rehabilitation. OQur proposed research will fill key gaps in knowledges
and help to suggest ideas for actions that might result in improvements for thase key
species. -

CALFED Ecosystem Restoration Pregram documentation strongly supports the need for
research on effects of introduced species on the estuaring foodweb. First, the Strategic
Plan for Ecosystem Restoration includes as Goal 5§ prevention of establishment of non-
indigenous introduced species (NIS), and reducing their negative biological and
gconomic impacts, but the negative impacts of NIS in the estuary have yet to be
determined. Second, according to Strategic Plan Goal 2, the ecosystem is 1o be
rehabilitated through the use of natural processes to suppart native species. Howaver,
we understand very poorly the capacity of the estuarine ecosystem to support natives,
and how the numerous introductions have alterad this capacity.

The need for research on the effects of NIS is spelled out repeatedly in CALFED ERP
documents. For example, .. is imporlant to inifiale an early program that: ... develops a
better undersianding of haw non-native species affact ecological processes and
biclogical interactions, ..." (Strategic Plan). "A major obstacle to solving problems of
estuarine produchivity is our poor understanding so solutions will have fo come from
research and monitoring ... "(ERP Vol. 1 p. 48). “(The reduction in estuarine foodweb
productivity) implies a limif on the extent to which Bay-Delta fish populations can be
restored unless creative solutions can be found to ingrease focdweb productivity” (ERP
Vol 1 p. 98).

The creative sotutions called for have not yet been found, to our knowledge. Thus, the
need for the rezaarch that we propose has been clearly indicated by the CALFED ERP,
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and is clearly supported by the current state of scientific knowledge about the estuarina
foodweb.
The ohjectives of the proposed research are to answer the following questions:

1. How has the Asian clam Potamocorbula amurensis aftered the feeding
environments of fish species of interest?
2. How are nalive and introduced zoopfankion species used as food by these fish?

3. What are the competitive and predatory relationships among the native and
infroduced species that explain their persistence?

4, What is the production rate of food, both nalive and introduced, for young fish in
the Bay/Deita, and could it be increased?

The three species of fish were chasen not only for their importance in restoration of the

estuanine scosystem. They also provide a contrast in life histories and likely responses
to environmental conditions and introduced species, particularly the clam P. amuransis.
This contrast should enable us to distinguish among responses to these influences.

We plan to emphasize the use of existing data and samples and relatively simple
madels over more expensive field data collections and experiments. We also expect to
take a staged approach, roughly in the order of the research questions, ta maximize
learning at each stage and make the succeeding stages as efficient as possible.

The proposed research will comprise 5 broad tasks: 1) Analysis of existing data on co-
acurrence of fish and their prey, and on the inputs of various sources of organic matter
to the estuarine ecosystem; 2) Modeling 1o set up a framework for the analyses and
experiments, and to investigate the limits that system productivity places on increases in
fish populations; 3} Fish sample analyses to increase informaticn on the feeding
relationships among the fish and their zooplankton prey and how those have changed
since the spate of introductions; 4) Experiments on interactions between fish and their
prey, and among the various zooplankton species; and 5) Synthesis of the ovarall results
into & comprehensive and detailed conceptual model.

Products from this research program will include reports detailing the role of introducad
spacies in the foodweb, the effects of these specias on the fish specias of interest and
the estuarine ecosystem as a whole, and the potential for liting limits on system
produclivity or population abundance within the system as it now exists.

The research team submitting this proposal is uniquely suitad to carry out the research,
and 1o provide an interpretation relevant to CALFED's goals. The Lead Principal
Invastigator (PI), Wim Kimmerer, has extensive experience in all aspects of the
proposed research in the Bay-Daelta estuarine ecosystem and elsewhere. His
experience as a member of the Core Team for the ERP Strategic Plan gives him the
perspective to ensure that this project is not merely an academic research project, but
that it has direct relevance to the ERP. Dr. Steve Bollens is a world-renowned expert on
zooplankten and on interactions between fish and zooplankton, Dr. Bill Bennett is well
known for his research on various aspects of Bay-Deita fish populations, particularly on
environmental and human factors controlling early survival and population abundance.
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2. Project Deseription

We propose a research project on the sffects of introduced species in the food web of
the San Francisco Bay-Delta. Emphasis is on the forage organisms for species
inhabiting brackish pants of the estuary, particularly several specles of cancern, delta
and longfin smeit, as weall as early life stages of siriped bass.

Radical changes in the estuarine foodweb due to introduced species may affect growth
or survival of these key species of fish. This issue is of central importance to CALFED’s
efforts to restore the Bay-Delta ecosystem using natural processes: if the foodweb has
become lass productive or less efficient at supporting fish, then the scape for restoration
may be greally reduced. As discussed in the next section, a clear understanding of the
functioning of the currently-existing ecosystem can help CALFED spend its limited
restoration budget on aclivities most likely to have positive effects.

The propesed rasearch has a tight focus in geographic scope and subject matter. We
intend to concentrate on the northern estuary in and seaward of the Low-Salinity Zone
(LSZ, or Entrapment Zene, Kimmerer et al. 1998a). The research emphasis will ba on
effacts of the clam Polamocorbufa amurensls, and several Key infroduced zooplanktan
species, in altering the foodweb of the three selected fish species.

The clam F. amurensis has been the most significant introduction to the foodweb of the
brackish estuary in several decades. Since this clam became abundant in 1987,
chloraphyl! levels in the Law-Salinity Zone {or Entrapment Zong) have been roughly 5-
fold lower than befare, evidently because of filtering by the clam (Alpine and Cloern 1992,
Kimmerer and Orsi 1996). There is good evidence that P. amurensis is also capable of
filtering bacteria from the water column at a moderately high rate, reducing the biomass
of bacteria avaitable to convert dissolved crganic matter to living biomass (Werner and
Hollibaugh 1993). Thus, productivity at the base of the food web in the northern estuary
has apparently been severely reduced by the introduction of this clam.

Severe declines in several native (or naturalized) zooplankton species coincided with the
arrival of P. amurensis, probably due either to competition for food, or to inadvertent
predation by P. amurensis on young stages of the zeoplankton (Kimmerer et al. 1994,
Kimmerer and Qrsi 1998). At around the same time that P. amurensis became
abundant, several introduced zooplankton specics appeared and became highly
abundant, possibly reducing the impact of the decline in nativas (Orsi 1995). However,
some of these new zoopiankton species have different seasonal pattemns and life
histaries from species in the previous community (Kimmerer 1989), which may affect the
rate of trophic transfer fram phytopiankton and exogenous organic carbon through
zooplankton to fish.

Thus, we have ample evidence that various important aspects of the estuarine foodweb
have changed, including at least a reduction in overall produclivily and & change in
spacies and size composition of important prey of young fish (Figure 1A). However, the
evidence for the link to fish has not been developed and et this point is based mainly on
correlative data. Specifically, a decrease in abundance of some species has been
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observed that more-or-less coincides in time with the changes in the food web (Figure
1B). The evidence averall is inadequate to support decisions about how best to spend
limited restoration funds in the estuary. Thus, CALFED needs to know how the link
between fish and their zooplankton prey has been altered by these introductions.

An angoing research project funded by IEP is investigating the effect of the clam an
abundance of various zooplankton species, with the principal objective being to
understand the mechanisms by which some species are much more affected by the
clam than others {Kimmerer). This proposal to CALFED represenis a iogical extension
of that research to develop an understanding of the quantitative implications of the
introduction of the clam, as well as other foodweb changas, for fish spacies of concern,

Objectives of the proposed research are to answer the following questions:

5. How has the clam P. amurensis altered the feeding environments of fish specias
of inferegt?
6. How are the various native and infroduced zooplanklon species (copepods,

mysids, and amphipods) used as food by larvae and juveniles of longfin and delfa
smelt and striped bass?

7. What are the compeitive and predafory relationships among the native and
introduced species that explain their persistence?

8. What iz the production rate of food, both native and introduced, for young fisi in
ihe Bay/Delta, and could it be increased?

These questions will be answered through a combination of field sampling, |aboratory
studies, data analysis, and modeling. We expect to collaborate with researchers
investigating sources of organic carbon into the upper esluary (e.g. USGS, UC Davis),
and those investigating various aspects of fish ecology and abundance patterns {e.q.
UC Davis, CDFG).

The three species of fish were chosen nat anly for their Importance in restoration of the
estuarine ecosystem. They also provide a contrast in their apparent responsas to
environmental conditions and to introduced species, particularly the clam P. amurensis.
Longfin smelt has the strongest relationship to X5 of all species in the estuary and
declined the most strangly in the late 198('s {Kimmerer 1988, see Figure 1), following
years of drought and the introduction of P. amurensis and several new planktonic
species. This decline suggests that food resourges for longfin smelt have declined.
Delta smelt do not shaw such a decline, possibly bacause their abundance fluctuates
wildly and because they do not have a streng Xq relationship from which deviations can
be measured. However, larval delta smelt feed mainly on the native (or long-term
naturalized) copepod Eurytenora affinis and to a much lesser extent on the introduced
copepod Pseudodiaptomus forbasi (Nobriga 1998), and thus delta smelt may be
vulnerable to the effects of Introductions. Survival of young striped bass is closely
related to Xo, but did not show a decline when the food web changed (Kimmerer 1997;
Kimmerer gt al. submitted), and it may feed effectively on many species (see Gartz 1999
for juveniles).
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The CALFED Non-Indigenous Introduces Species (NIS) team has recommended the
portion of this study dealing with P. amurensis (Question 1) for funding as a diracted
program. We helieve the four questions are closely linked and should be investigated
as a single project. For example, an assessment of the effect of P. amurensis through
its effects on the forage organisms of delta smelt would logically be conducted as part of
a study of all food organisms of delta smelt, including the introduced zooplanktan
specles that have supplanted those maost heavily raduced by P. amurensis.

General research approach: We discuss details of methods in Section 5. Overall
approaches for each research question are given below. Wae plan to emphasize the use
of existing data and samples and relatlvely simple models over more expensive field
data collections and experiments. We also expect to take a staged approach, roughly in
the order of the research questions, to maximize learning at each stage and make the
succeeding stages as efficient as possible.

Question 1 (effect of P. armurensis): We will examine axisting data on distribution
patterns of the fish species, their zooplankton prey, and sources of organic carbon to
determine the likely degree of co-occurrence during the larval and early juvenile stage.
We will develop a box model of energy flow and trophic transfer through the food web,
based on existing data, to estimate the upper limit on energy supply to the fish and how
that has changed with the introduction of P. amurensis.

Question 2 (native and introduced zooplankton as food) : Using fish collected in existing
sampiing programs, we will examine gut contents to determine the extent to which fish
prey on introduced vs. native species. Where data are avallable from before 1987
(mainly for striped bass), we will compare gut contents and condition indices to
determine the extent to which feeding conditions have changed. Laboratory exparimants
will be conductad using fish obtained from culture facilities (delta smeit, striped bass) ar
from the field {longfin smelt) to determine the basis for food preferences.

Question 3 {Interactions among zooplankton): Laberatory experiments an predation and
feeding will be conducted to determine the trophic positions of the key zooplankton
species and their interactions. The results will be interpreted using field data on
seasonal and spatial abundance patterns.

Question 4 {production rate): Growth rate of key species will be measured In the field or
the laboratory, and the degree of food limitation will be determined. Production rates will
be determined as the product of growth and biomass, and the faodweb model
deveioped under Question 1 will be updated with these results. This modal will then be
used to explore the effects of alternative scenarios for rehabilitation of system
productivity.
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3 Ecological/Biological henefits

The overall mission of the CALFED Ecosystern Restoration program is to rehabilitate the
ecosystems of the Bay-Delta and watershed. Why should CALFED fund research such
as this, which will result in no direct improvement of the estuarine ecosystem? We
argue below that, for open waters of the estuary, rehabilitation actions are not yet
warranted because of a lack of knowledge. This propasad rasaarch will fill some key
gaps in knowledge, and should provide insights to help develop effectiva rehahilitation
actions.

Our proposal addresses the ecological effects of introduced species, which are clearly
important to CALFED. Several species introduced during the last 12 years may limit the
possibility to achieve CALFED objectives for rehabilitation of estuarine-dependent
species. Future introductions will have unknown effacts but they could be serious. For
this reason, the Sirategic Plan for Ecosystem Restoration lists as Goal 5: Prevent
establishment of additional non-native species and reduce the negalive biological and
ecanomic impacts of established non-native species. Qther actions will addrass
controls on new introductions; our proposal will determine what the negative biological
impacts of certain non-native species are, and if possible suggest ways to reduce them.

This proposal also speaks to Strategic Pian Goal 2! Rehabilitate the capacity of the
Bay-Delta system {o supporl, with minimal ongaing human intervention, natural aquatic
and associated terrestrial biolic communities, in ways that favor native members of those
communities. The basic problem is that we have only a poor understanding of the
capacity of the estuarine ecosystem to support natives, nor do we understand how the
numerous introductions have altered the functioning of this ecosystem.

CALFED has clearly recognized the need for research on issues relating to non-
indigenous specias (NS} and their effacts on the estuarine foodweb. The need for
research on the effacts of NIS is spelled out repeatedly in the CALFED ERP. For
example, “..it is important to initiate an eary program that: ... develops a betier
understanding of how non-native species affect acological processes and biolagical
interactions, ..." (Strategic Plan). CALFED has formed a committee to recommend
research and other projects on NIS for funding as directed programs; portions of aur
proposed project have been recommended for inclusicn as a directed program,

Matural ecosystem processes in the tidal reaches of the Bay-Deita system have been
heavily altered by the introduction of non-native species. Introduced species, particularly
the clam Potamocorbula amurensis, have had significant negative effects on system
productivity (ERP Vol. 1 p. 98). Most of the demonstrated effects have affected lower
trophic lavels for which mechanisms of direct effects have been identified (Alpine and
Cloern 1982, Wemer and Hollibaugh 1993, Kimmerer et al. 1994). There is also
evidence for effects, presumably indirect, on higher trophic levels including longfin smelt,
& species of concern to CALFED, as well as other important forage species such as bay
shrimp, herring, and starry flounder (Kimmarer 1998). Mechanisms are unknown, but
probably include competition with and predation on native species, and alteration of the
feeding environment of natives {e.g. Kimmerer and Orsi 1996).
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The need for research on the functioning of the estuarine food web also was recognized
in the ERP as a practical, rather than academic, need: A major obstacle lo solving
problems of estuarine productivily is our poor understanding so solutions will have ta
come from research and monitoring of effects of various ecosystem resforation projects
(ERP Vaol. 1 p. 46). Although this statement refers to restoration projects, we suggest
that in the absence of sufficient understanding to decide what those projects should be,
the research should be conducted con the basic structure and function of the ecosystem.
This too was recognized in the ERP: ‘(The reduction in estuarine ecosystem productivity)
impfias a limit an the extent to which Bay-Delta fish populations can be restored unless
creative solutions can be found to increase foodweb productivity” (ERP Val. 1 p. 98).

The “creative solutions” referred to above have not yet materiaiized, to our knowledge,
and with good reascn: in contrast to rivers and marshes, only a limited number of
actions are likely to affect the open-water estuarine region. We are aware of only two
suggestions for enhancing productivity of the estuarine food web. The first is to use
freshwater flow to increase the benefits provided by the X5 standard, which was
proposed in the Anadromous Fisheries Restoration Plan. Although this action might
enhance abundance of longfin smelt and early survival of striped bass, it is expensive In
terms of water and would have anly limited effectiveness, and is therefore controversial.

The second proposal is to increase the extent of tidal marsh habitat throughout the
brackish estuary (as well as upstreamy}, increasing the area of nursery habitat for soms
fish species, and might enhance the estuarine foodweb by increasing production and
expert of organic carbon. This potential benefit is based on several assumptions that
have been controversial for decades in regions where tidal marshes form a much larger
part of the landscape than in the San Francisco Estuary; recent research suggests lhat a
significant export may occur in the form of fish biomass (Kneib 19xx). However, tha
magnitude of the benefit is completely unknown here. Furthermaore, organic carbon
exported as detritus from marshes must still make its way through the foodweb, and is
therefore subject ta the same constraints in the foadweb as wa have identified above,

How might the resutits of our research be used to develop strategies for rehabilitation of
the estuaring ecosystem? This is difficult to answer: if we knew the answers to the four
questions pased above, we would not need to do the research. For exampla, if our
research showed that delta smalt have a lower early growth rate because of reduced
ahbundance of the copepod Eurytemora affinis in late spring-summer, and that feeding
on the introduced species Psaudodiaptormus forbesi is low because of a spatial or
termporal mismatch in abundance, rehabililation actions might include: 1) adjusting the
X2 standard within the spring season o prolong the high abundance of £, affinis by
suppressing the spring settlement of P. amurensis; 2) adjusting the Xo standard
betwzen years to maximize food production when P. amurensis is less abundant ; or 3)
emphasizing other rehabilitation efforts (e.g., flow pulses, export reductions) in years
when the mismatch between deita smelt and its prey can be reduced. These
hypothetical actions illustrate the general principle that management actions are most
sifective if they are based on detailed understanding of the system being managed.
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Related Projects: Several existing or proposed projects may provide synargistic benefits
to this study. Twa of us (WK, BB) are working on several prajects an productivity in the
lower foodweb of the estuary. particularly on the effects of P. amurensis an zooplankton
and the effects of inland silversides and contaminants on delta smelt. Ona of us (SB) is
collaborating with the LISGS to study effects of selenium on zoopiankton, and another
{(WK) i5 collaborating with the San Franciso Estuarine Institute on a CALFED proposal
on contaminant effects on foodweb species supporting fish of concern. RTC has
submitied a proposal to EPA to investigate potential ecological indicators, including
growth and condition of larval herring and reproductive rate of copepods (SB, WK). RTC
will collaborate with seavaral institutions in a proposal to the National Science Foundation
for the Long-Tarm Ecological Rasearch program, for a project an the capacity of the
estuarine ecosystem to support higher trophic levels. I funded, that project wilt
complament the project proposed hare by examining related issues further seaward in
the estuary.

Issues not addressed: Saveral issues are relevant to our proposed research but are
beyond tha scope of the current proposal,

The first such issue is contaminants, which may play a role in the variability of
Zooplankton prey or the survival of tarval fish (e.g., Bennett et al. 1995). Investigating this
complex and diverse issue would require a much broader research effort than we hava
proposed, and would increase our budget by a substantial factor. One of us (BB) has
been funded by CALFED to investigate the potential influence of contaminants on delta
smelt. Another (WK} is a collzaborator on a proposal to CALFED fo address effects of
contaminants on foodweb organisms. These or similar projects might help us identify
contaminant effects. The effects of contaminanis may be less important in the brackish
region of the estuary than bictic relationships. First, pulses of contaminants from
agricultural drainage may be reduced through dilution and mixing in this region (Chris
Foe, Sacramento RWQCB, pers, comm.). Second, the observed changes in
zooplankton and longfin smelt (Figure 1) have been large and persistent, and therafore
unlikely 1o have arisen from sporadic and variable inputs of contaminants. Nevertheless,
we will be alert to results suggesting that contaminant effects are important, and will
respond by altering our work glan in consultation with CALFED and investigators in
contaminant-effects work.

The second issue is the effects of introduced species in other parts of the watershed.
For example, there Is good reaseon to expect an effect of mittan crabs on the food web of
the rivers and Delta. Also, the clam Carbicula, abundant in the Delta for several
decades, may affect the planktonic foodweb in that region in a way similar to P.
amurensis in the brackish estuary. We think bath of thasea issues should be addressed,
but that including them in this proposal would dilute our effort excessively,
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4, Technical feasibility and timing

Regarding feasibility, all of the methods to be used in the proposed research have baen
tested and all of them are feasible. Furthermore, at least one and in most cases all
Principal Investigators an our rasearch team have conducted research using each of
these methods. Of course, research often uncovers surprises, and there is no
guarantee that results will be unequivocal, Nevertheless, our conservative choice of
scientific approach, and the extensive exparience of our research team, will maximize
the likelihood that the outcome will provide the needed knowledge.

We plan to conduct the research in stages, roughly corresponding to the four questions
above. The duration of the project is 3-1/4 years, which we believe is a reasonable
duration to achieve the resuits anticipated. Ve anticipate beginning work in October
199%.

Year 1: In the last 3 months of 1899, we will work with CALFED staff, member agencies,
and university scientists to review and flesh out our project, and develop collaborative
relationships with other projects. \We will also determine the sample design for gut
analyses and experimental design for laboratory work, prepare and submit a detailed
work plan, and purchase supplies and equipment for the laboratory and field work.

Year 2: we will conduct analyses of existing data and set up productivity and box models.
Samples of fish for gut analysis will be obtained from the relevant sampling programs
and the analysis will begin. Based on resulls of data analysis and modaling, we will
publish an analysis of the likely effect of P. amurensis on key fish species. We will
canduct pilot experiments on feeding relationships.

Year 3: We will finish the analysis of fish gut contents and analyze data for the medel.
We will also begin full-scale experimental work on fish predation and zooplankton
interactions.

Year 4; We will complete experimental work, calculate the productivity data, and refine
the box model. We will then use the model to investigate alternative ideas about the role
of introduced species in the foodweb, and about the potential for improving system
productivity.

We will prepare results for presentation to CALFED management and for publication in
technical journals. Quarterly reports will be brief summarias of work completed in the
previous quarter, with copies of any interim reports or publications based on our work.
Annual reports including data reports will summarize progress to date. The final report
will comprise a compilation of sciencific papers submitted or published, along with a
synthesis of the results and an interpretation of the implications of these results for
rehabilitation of the estuarine ecosystemn, and data in MSAccess farmat,  Throughout the
project, but particularly during this wrap-up phase, we will be available to make
presentations or otherwise to discuss our resuits and the implications for rehabilitation
of the estuarine ecosystem.
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5. Monitoring and data collaction methods

Five research tasks are identified below, with initials indicating which Principal
Investigator (PI} has primary responsibility, although all PI's will participate in all tasks.
Table 1 shows each companent of the research in relation to the four research
guestions.

Analysis of existing data (WK) will use madern methods of data analysis to discern
patterns of distribution and co-occurrence of fish and prey (Cleveland 1993, Venables
and Ripley 1997). Existing data are readily available from IEP and other sourcas, and
the PI's have extensive experience in analyzing these data (e.g., Bennett and Moyle 1996,
Kimmerer et al. 1998a). Sources of organic carbon will be determined according to Cole
and Cloern (1984) and Jassby et al. {1893) and from the current USGS study of sources
of arganic carbon to the estuary.

Modeling; (WK) We will develop a simple model of energy flow and trophic transfer
through the food web. Initially based on existing information, this model will be updated
using new data from this and other studies. We expect to draw on the resulis of the
USBGS study to provide some inputs to the model. Thie model should provide valuable
insights info the limits on system productivity imposed by introduced species. The Lead
P! en this task has extensive experience in various kinds of models (e.g., Smith et ai.
1986, Kimmerer 1987, Jassby et al. 1995, Kimmerar et al. 1991, 1998a, b, Rose et al. in

prep.).

Fish sample analyses: (BB) Gut contents and condition of fish from ongbing collections
by IEP and others will be used to assess the extent to which fish prey on introduced vs.
native species (e.g., Nobriga 1938, Lott 1998). Such analyses are useful in datarmining
the prey being used by the fish, but less useful in determining the rate of predation or the
degree of feod-limitation. Consumption rates will be estimated using standard
bioenergetics madels {e.g., Brandt 1993) for insertion into the trophic model above.

Experiments (SB) will be conducted on selective predation by fish on alternative
zooplankton prey, predatory and other feeding relationships among the zooplankton, and
growth rates of zooplankton (e.g., Kimmerer and McKinnon 1887, 1989; Bollens and
Frost 1991, Bollens et al. 1993; Bennett 1983). These experiments will be conducted
under controlfed conditions in culture tanks at the Romberg Tiburon Center, or in
containers in the estuary. Feeding and growth rates of freshwater zooplanktan are being
measured at UC Davis under the USGS program, and we will continue close contact
with those investigators. We will also determine body weights of common zooplankton
species to develop biomass estimates from existing field data on abundance of
rooplankion,

Synthesis (all) will be an open and collaborative effort involving the Pl's of this project
and other scientists at RTC and UC Davis. We will present preliminary results of our
work at meetings of the Estuarine Ecology Team and at the annual conference of the
Interagency Ecological Program, as well as at national scientific meetings. Results will
be published in peer-reviawed journals to ensure quality control at concepiual and
synthetic lavel,
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Table 1. Monitoring and data collection information

Question

Data collection

Data evaluation

GComments

All four questiong

Existing data

Expleratory analysis

Some data ara
available for all
aspects

1

. P. amurensis

Exisling data on
phytoplankion

Cale and Cloern
{1284} productivity
madel

conditicn_analyses

1. P. amurangig, Existing data Box model Based cn abave
4. Systern productivity analyses
2. Fieh diet Existing samples Gut content and

experiments

food/prey types

2. Fish diet Existing samples Abundanca data;
electivity _
2. Fish diet Feeding Selection for or Fish from existing
experiments against sach spacies | culture facilities
2. Fish diet Existing data and Bloenergetics model
gut analyses above
3. Zooplankton Feeding and Selection for or
interacticns predation against different

3

.Systemn praductivity

Laboratory or field
experiments

Growth rate

4 System productivity Plankton samples Abundance-biomass
conversions,
produglion
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6. Local involvemeant

As a research project, the proposed effort would net benefit by local invalvement, nar is it
associated with any particular jurisdiction. All of the work will take place either in
laboratories or in the open waters of the estuary (Deita, Suisun, San Pablo Bays), with
access gained by boats. Although these regions fall within the geagraphic boundaries
of several counties, to our knowledge the counties have nol exercised jurisdiction over
research in estuaring waters.

We anticipate no third-party impacts of this work,
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7. Cost

Detailed budgeted costs, broken down by task and quarter, are provided in the tables
below. A brief justification of these costs is as folfows,

The Co-Principal investigators, W. Kimmerer, 5. Bollans, and B. Bennett will each devote
from 1.0 0 3.5 months of time each year to the projact. They will be responsible for
aversesing all aspects of the project, including field collactions, laboratory experiments,
sample analyses, data reduction, statistical analyses, and writing of final reports and
manuscripts reporting results of the research.

Twao Research Technicians, Mr. Sean Avant and Ms. Carclina Pananua, will each devote
5.0 months to the project in each year. They will assist with all aspects of the research,
but will focus on the field and laboratory studles. They have more than 10 yrs experience
in marine ecology and fisheries, including extensive work in SF Bay.,

Support is requested for three graduate students. One will focus on data analysis and
madeling (supervised by Kimmerer), one will focus on experimental fish-zooplankton
studies (supervised by Bollens), and one will focus on diet studies (supervisad by
Bennett). It is anticipated that some aspect of the proposed research will develop into
these students' MS theses

Funds are requested under travel for {1} local, in-state travel of 2 trips per month
between Sacramento, RTC and/or MBL (24 trips x 200 miles RT x $0.31 per mile =
$1,500 per year) and (2) one national scientific meeting (e.g., Estuarine Research
Federation or American Society of Limnotogy and Oceanography) par Pl per year (51,500
per trip x 3 Pls = 54,500 per year).

Funds are requested under Equipment for the purchase of (1) a desk-top computer, (2)
a dissecting microscope, and (3) two planklon incubators. These items are essential to
the successful completion of the propased research.

Funds are requested under Materials and Supplies for purchase of miscellaneous fiald
{e.g., plankton nets, glassware, pressrvative, alc.), laboratory (e.q., microscope bulbs,
glassware, sorting trays, etc.) and computer supplies {e.q., software upgrades,
computer diskettes, printer cartridges, paper, eic.) each year.

Funds are requested under Other Direct costs for (1) ship time for the 38-ft Questuary
{$500 per day represents a 50% discount on the full rate), (2) communications such as
telephone, FAX, and express mail, (3) graduate student tuition, {(4) publication costs
{2.9.. page charges in Journal of Marine Research @ $35/page), and (9) the Bodega
Marine Lab sub-contract to support Dr. Bill Bennett and his graduate student.

Indirect costs rates are preseribed by the University (51% federal, 16% state), in
negotiation with the cognizant federal or state agency.

Project Management costs have heen budgeted within the Pl salaries and represent a
modest (10%) fraction of overall costs.

The schedule of tasks and payments can be seen in the delailed budgels below, as well
as under the "Technical Feasibility and Timing" seclion above.
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8. Cosi-sharing

The three Pls have several on-going projects and pending proposals that will ailow them

to leverage and make more efficient use of the funds being requested of CALFED, The
relevant current and pending proposals are given below.

Current

s W. Kimmerer Potamocorbula Revisited: a further look at effects of species
introductions; Interagency Ecological Program; 4 month time commitment; 10/01/98
—12/31/00; $80,25%: SFSU/Tiburan.

+ W. Kimmerar: Zooplankton monitoring pilot study; 3 month time commitment: 8/1/98.

12/31/99;$60,283: SFSU/Tiburon.
* S5.M. Bollens: Selenium Effects on SF Bay Zooplankton; USGS/CALFED ; No Salary
Requested; 9/1/98-8/31/00; $50,100: SFSLU).

+ 3.M. Ballens, L. Maddin: U.S. GLOBEC: Predation Impacts on Target Species: Roles

of Frontal Processes and Small Predator Spacies; NSF; 1 month time commitment:
1/1/9912/31/01; $287 355: SFSL.

= B. Frost (UW), J. Cordell (UW), & 5.M. Bollens - Effecis of the Invasive Asian Copepod

Pseudodiaptormus on Pacific Northwest Estuaries; NOAA/SeaGrant; No Salary
Requested:1/1/98-12/31/00; $182,462: SFSU.

« W. Bennett, W. Kimmerer Effacts of exotic inland silversides on delta smeit: $70K.
8M/98--12/31/99: UW.

» W, Bennett, W. Kimmerer, Jon Burau: Entrapmant Zone Studies '98; USGS. $43K.
4/1/98-—3/31/89: LW,

Pending

+ R. Dugdale, 5.M. Bollens, W. Kimmerer, J. Thompson, D. Julian F. Wilkerson, A, Arp:

Integrative Indicators of Ecosystems Condition and Stress Across Multiple Trophic
Levels in the San Francisco Estuary.;EPA; ; 1 manth time commitment;10/1/99-
9/30/02; $881,062: SF3U.

+ 5.M. Bollens: CO-OPEffects of Wind Driven Transport in Zooplankton; NSF; 1 moenth
time commitment;1/1/00-12/31/04; $799,190; SFSU.
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9. Qualifications

The proposed research will be conducted at the Romberg Tiburon Center (RTC), a
research and teaching facility of San Francisco State University (http://ric.sfsu.edu/), and
at the Bodega Marine Laboratory (BML), associated with tha University of Califomia at
Davis. Both laboratories are equipped with laboratory space, seawater systems, and
other facilities suitable for the experimental work proposed.

Thig effort will be led by Dr. Wim Kimmersr; other Principal Investigators are Dr. Steve
Bollens (RTC) and Dr. Bill Bennett (BML). Dr. Kimmerer was a member of the CALFED
Strategic Planning Gore Team, which could represent a patential conflict of interast;
however, that role was advisory and at a very general level. Each P! will take the lead in
one or more of the elemeants of the project, as described in Section 5.

Principal Investigators:

Dr. Wim Kimmerer, Seniar Resaearch Scientist, Romberg Tiburon Genter. Dr.
Kimmerer received his Bachelor's degrea in chemistry from Purdue Univarsity and his
PhD in biological oceancgraphy from the University of Hawaii. Dr. Kimmerer has
conducted research in Hawail, Australia, several tropical Pacific islands, Alaska, and
California. Dr. Kimmerer's research interests include the influence of predation on
community structure, population dynamics of zooplankton and fish, the interaction of
plankton with their physical environment, and the influences of species introductions
and other human activities on estuarine enviranments. He has published several
papers on the influence of introduced epecies on the ecosystem of San Francisco Bay.
He is an expert on the effects of varying freshwater flow on the estuarine ecosystem, and
has warked with various technical teams fo resolve complex issues regarding
management of the estuarine ecosystem. He led a team of agency and university
scientists studying interactions between circulation and movement of organisms In the
low-zalinity zone of the estuary. He has also conducted extensive analyses and
modeling studies of the population dynamics of chinook saimon and striped bass in the
Bay and its watershed. He is Chair of the Interagency Ecological Program's Estuarine
Ecology Team.

Representive publications:

Kimmerer, W.J., E. Gartside, and J.J. Orsi. 1994. Predation by an introduced clam as
the probabie cause of substantial declines in zooplankton in San Francisco Bay.
Marine Ecology-FProgress Series 113:;81-83,

Kimmerer, W.J. and J.J. Orsi. 1996. Causes of long-term declines in zoaplankion in the
San Francisco Bay estuary since 1887, pp. 403-424 in San Francisco Bay: The
Ecosystem. J.T. Hollibaugh {ed.). AAAS, San Francisco.

Dr. Stephen Bollens is Associate Professor, Department of Biology and Romberg
Tiburon Center for Environmental Studies, and Assistant Dean, Office of Research
and Sponsored Programs, San Francisco State Univarsity. He received his Ph.D. in
Biological Oceanography from the University of Washington in 1990, and spent two
years as a Postdoctoral Scholar ('90-82) and 4 yvears as Assistant Scientist ('92-'96) in
the Biology Department, Woods Hele Oceanographic Institution. Dr. Bollens' research
interests include behavioral ecology, population dynamics, and community ecolagy of
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9. Qualifications

The proposed research will be conducted at the Romberg Tiburon Center (RTC), a
research and teaching facility of San Francisco State University (http://ric.sfsu.adu/), and
at the Bodega Marine Laboratory (BML), associatad with the University of California at
Davis. Both laboratories are equipped with laboratory space, seawater systems, and
other facilifies suitabla for the experimental work proposed.

This effort will be led by Dr. Wim Kimmerer; other Principal fnvestigators are Dr. Steve
Bollens (RTC) and Dr. Bill Bennett (BML). Dr. Kimmerer was a member of the CALFED
Strategic Planning Core Team, which could represent @ potential conflict of interest;
hawever, that role was advisorty and at a very general level. Each Pl will take the lead in
one or more of the elements of the project, as described in Soction 5.

Frincipal [nvestigators:

Dr. Wim Kimmerer, Senior Research Scientist, Romberg Tiburon Center. Dr.
Kimmerer recefved his Bachelor's degree in chemistry from Purdue University and his
PhD in bioiogical oceanography from the University of Hawaii. Dr. Kimmerer has
conducted research in Hawaii, Australia, several tropical Pacific islands, Alaska, and
California. Dr. Kimmerer's research interests include the influence of predation an
community structure, population dynamics of zooplankton and fish, the interaction of
plankton with their physical environment, and the influences of species introductions
and ather human activities on estuarine enviranments. He has publishad several
papers on the influence of introduced Species on the ecosystem of San Francisco Bay.
He is an expert on the effects of varying freshwater flow on the estuarine gcosystem, and
has worked with various lechnical teams to resolve complex issues regarding
mahagement of the estuarine ecasystem. He led a team of agency and university
scientists studying interactions between circulation and movement of organisms in the
low-salinity Zone of the estuary. He has also conducted extensive analyses and
modeling studies of the population dynamics of chinook salmon and striped bass in the
Bay and its watershad. He is Chair of the Interagency Ecological Program'’s Estuarine

Ecology Team.

Representive publications:

Kimmerer, W.J., E. Gartside, and J.J. Orsi. 1994, Predation by an introduced clam as
the probable cause of substantial declines in zooplankton in San Francisco Bay.
Marine Ecology-Progress Series 113:81-93,

Kimmerer, W.J. and J.J. Orsi. 1996. Gauses of long-term declines in zooplankion in the
San Francisco Bay estuary since 1987. pp. 403-424 in San Francisco Bay: The
Ecosystem. J.T. Hellibaugh (ed.). AAAS, San Francisco.

Dr, Stephen Bollens is Assoclate Professar, Departmant of Biology and Romberg
Tiburon Center for Environmental Studies, and Assistant Dean, Office of Research
and Sponsored Programs, San Francisco State University. He recaived his Ph.D. in
Biglogical Oceanagraphy from the University of Washington in 1990, and spent two
years as a Postdoctoral Schalar {'80-82) and 4 years as Assistant Scientist {'92-'96) in
the Biology Depariment, Woods Hole Oceanographic Institution. Dr. Bollens' research
interests include behavioral ecalogy, population dynamics, and community ecolegy of
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zooplankton and fishes, and ecesystem dynamics of estuaries and coastal pceans.

Recent field sites have included San Francisca Bay, Puget Sound, Georges Bank, the

Bering Sea, the Arabian Sea, and the Antarctic Ocean, and have been supported by

funding agencies including NSF, ONR, and NOAA. He is currently a member of the

Interagency Ecological Program's Lstuarine Ecolagy Team, the Romberg Tiburan

Center's Board of Directors, and the Moss Landing Marine |aboratories’ Board of

Governars, and has previously served on the Executive Committee, GLOBEC Georges

Bank/Morthwest Atlantic Program ('93-'96), and Executive Commitles, Bering Sea

Fisheries Oceanography Ceoordinated Investigations Program {'93-'96).

Representative pubjications:

Bollens, 5. M. and B. W. Frost. 198%. Zooplanktivorous fish and varable
diel vertical migration in the marine planktonic copepod Calanus pacificus.
Limnal. Qceanogr. 34: 1072-1083,

Bollens, 5. M., B. W. Frost, K. Osgood, and S. D. Watts. 1993, Vertical
distributions and susceptibilities to vertebrate predation of the marine
copepods Metridia lucens and Calanus pacificus. Limnol. Qceanagr. 38:
1841-1851.

Francis, R.C., R. Merrick, K. Aydin, and S.M. Bollens. 1998, Madeling and
Management of the Bering Sea Ecosystem. In: "The Bering Sea: Physical,
Chemical and Biological Dynamics” {(Eds: Loughlin, T. and K. Qhtany).
Fairbanks: University of Alaska Sea Grant Prass.

Madin, L. P., 8. M. Bollens, E. Horgan, M. Butler, B. K. Sullivan, G.

Klein-MacFhes, E. Durbin, A. G. Durbin, J. Runge. 1996. Voracious
planktonic hydroids: Unexpected predatory impact on a coastal marine
ecosystemn. Deep-sea Res. 43: 1823-1829,

Dr. Bill Bennett, Assistant Research Scientist, U.C. Davls and the Bodega Marina
Laboratory. Dr, Bennett has mere than ten years of research experiance on the ecology
of Bay/Delta fish populations during which he has been a frequent collaborator with IEP
member agencies. This work includes identifying factors affecting the survival of larval
striped bass and delta smelt, the interactian of |arval fish behavior and hydrodynamics of
the Bay-Delta entrapment zone, and the effect of ocean conditians on the decline of the
striped bass population. Dr. Bennelt has also worked as an Envirgonmental Specialist for
the USEPA, completing a review of the potential effects of pesticides on Bay/Delta fish
populations and has been an activa member of IEP's Estuarine Ecology Project Work
Team (EET), and Contaminant Effects Project Work Team. Dr. Bennett has aiso worked
on various CALFED-related committees and has been a speaker at several workshops
on Bay-Delta resources, universities, and national conferences.
Represantive publications:
Bennett, W. A, and P. B. Moyle. 1986, Where have all the fishes gone? Interactive factors
producing fish declines in the Sacramento-San Joaquin Estuary, p. 519-542. In J.
T.. Hollibaugh [ed.], San Francisco Bay: The Ecosystem, Pacific Division,
American Association for the Advancement of Science
Bennett, W. A., D. J. Ostrach, and D. E, Hinton. 1995, Larval striped bass condition in a
drougnt-stricken estuary: evaluating pelagic food-web limitation. Ecol. Appl. 5:
6880-692,
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Appendix: Literature Clted

Alpine, A. E. and J. E. Cloern, 1992, Trophic interactions and direct physical effects
control phytoplankton biomass and production in an estuary. Limnel, Qoeanogr.
37 046-955. ‘

Bennett, W.A. 1993. Interactive influence of starvation and size-selective predation on
larval striped bass (Morone saxatifis), PhD Thesis, University of California at
Davis.

Bennett, W. A, and P. B. Moyle. 1996. Where have all the fishes gone? Interactiva factors
producing fish declines in the Sacramento-San Joaguin Estuary, p. 519-542. in J.
T., Hallibaugh [ed.], San Francisco Bay: The Ecosystem, Pacific Division,
American Assaciation for the Advancement of Science.

Bennatt, W, A, D. J. Ostrach, and D. E. Hinton, 1995, Larval striped bass condition in a
drought-stricken estuary: evaluating pelagic food-web limitation. Ecol. Appl. 5:
680-692.

Boilens, 5. M. and B. W. Frost. 1991. Ovigerity, Selective Predation, and Variable Diel
Vertical Migration in Euchaeta-Elongata (Copepoda, Calanaida). Qecologia 87:
155-161.

Bollens, 5. M., B. W. Frost, K, Osgoed, and S. D. Watts. 1993. Vertical distributions and
susceptibilities to vertebrate predation of the marine copepods Metridia lucens
and Calanus pacificus. Limnol. Coeanogr. 38:1841-1851.
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ASSURANCES-NON-CONSTRUCTION PROGRAMS

Certain of these assurances may not be applicable to your project or program, If you have questions, please

contact the Awarding Agency. Turther, certain federal assistance awarding agencies may require applicants to
certify to additional assurances. If such is the case, you will be notfied.

As the duly authorized representative of the applicant [ certify that the appiicant:

1.

Has the legal authority to apply for Federal
assistance, and the institutional, managerial and
financial capability (including funds sufficient to
pay the non-Federal share of project costs) to engure
proper planning, management and completion of
the project described in this application.

Will give the awarding agency, the Comptraller
CGeneral of the United States, and if appropriate, the
State, through any authorized representative, access
to and the right to examine all records, bouks,
papers, or docutients related {o the assistance; and
will establish & proper accounting syslem in
accordance with generally accepted accoubting
standards or agency directives,

Will establish safeguards to prohibil employees from
using their pogitions for a putpose that constitutes
ar presents the appearance of personal or
organizational conflict of interest, or personal gain.

Will iniHate and complete the work within the
applicable time frame after receipt of approval of the
awarding agency,

Will comply with the Intergovernmental Personnel
Act of 1970 (42 USC. §§ 4728-4763) relaling fo
prescribed standards for merit systems for programs
funded under one of the nineteen siatutes or
regulations specitied in Appendix A of OPM's
Standards for a Merit System of Personnel
Administration (5 C.F.R. 900, Subpart F).

Will comply with all Federal statues relating to non-
discrimination. These include by are not limited to:
{a) Title VI of the Civil Rights Act of 1964 (P.1.. A8-
352} which prohibits discrimination on the basis nf
race, color or national origin; (b) Title X of the
Education Amchdments of 1972, as amended (20
Us.C. 88 1681-1683, and 1685- 1688) which
prehibits discrimination on the basis of sex; {c)
Section 304 of the Rehabilitation Act of 1673, as
amended{29 S.C. § 794)which prohibit
discritnination of the basis of handicaps; (d) the Age
Discrilnination Act of 1975, as amended (42 US.C.
§8 6101-6107) which prohibiis diseritninabion on the
basis of age;

(e) the Drug Abuse Office and Treatment Act of 1972
(P.L. 93-255), as amended, relating to non-
disetimination on the basis of drug abuse; (f) the
Comprehensive Alcohol Abuse and alcoholism
Prevention, Treatment and Rehabilitation Act of
1970 (P.L. 91-616), ay amended, relating to
nondiscrimination on the basis of alcohol abuse or
aleoholism; () §§ 523 and 527 of the Public Health
Servige Act of 1912 (42 US.C. 290 dd-3 and 290 ee-
3), a5 amended, relating to confidentality of alcohdl
and drug abuse patient recards; (h) Titte VIIT of the
Civil Rights Act of 19568 (42 U.5.C. § 3601 et seq.), as
amended, relating to non-discrimination in the sale,
rental or financing of housing; (i) any other non-
discrimination provisions in the specific statute(s)
under which application for Federal assistance is
being made, and () the requirements on any other
non-discrimmation Statute(s) which may apply bo
the application.

Will camply, or has already complied, with the
requircments of Titles 11 and III of the Uniform
Relocation Assistance and Real Property Aequisition
Policies Act of 1970 (P.L. 91-846) which pravide for
fair and equitable treatment of persons displaced or
whase property is acquired as a result of Federal or
federally assisted programs. These requirements
apply to all interests in real property acquired for
project purposes regardless of Federal participation
in purchases.

Will comply with the provigions of the Hatch Act (5
US.C. 5§ 1501-1508 and 7324-7328) which limit the
political activities of employees whose principal
employment activities are funded in whole or in
part with Federal funds.

Will comply, as applicable, with the provisions of
the Davig-Bacon Act (40 U.5.C. 8§ 2762 to 276a-7),
the Copeland Ac (40 US.C. § 276c and 18 USC. §
B74), the Contract Work Hours and safety Standards
Act (40 US.C. §§ 327-333) regarding labor standards
tor federally sssisted construction subagreements.
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10.

1.

15

Will comply, if applicable, with the flond insurance
purchase requirements of Section 102(2) of the Flood
Tisaster Protection Act of 1973 {P.L. 93-234) which
requires recipients in a special flood hazard area to
participate in the program and to purchase flood
insurance if the total cost of insurable construction
angd acquisition is 10,000 ar more.

Will comply with environmental standards which
may be prescribed pursuznt to the following: (a)
institution of environmental quality control
measures under the National Envirenmental Policy
Act of 1969 (P.L. 91-190) and Executive Order (EQ
11514; (b) Environmental Palicy Act of 1969 (P.L. 91-
190) and Executive Order (EQ) 11514; (b) notification
of violating facilities pursuant to EOQ 11738 (¢)
protection of wetlands pursuant to O 11990; (d)
evaluation of flood hazards in flogdplains in
accordanee with EQ 11985; (e) assurance of project
cansistency with the approved Stete management
program developed under the Coastal Zone
Management Act of 1972 (16 U.5.C. 8§ 1451 et seq.);
{f) conformity of Federal actions to Stare (Clean Air)
Implementadon Plans under Section 176(c) of the
Clean Air Act of 1955, as amended (42 US.C. § 7401
et seqp); (g) protection of underground sources of
drinking water under the Safe Drinking Water Act
of 1974, as amended, (P.L. 93-523); and (h}
protection of endangered species under the
Endangered Species Act of 1973, as amended, (P.L.
93-205)-

Will comply with the Wild and Scenic Rivers Act of
1968 (16 11.5.C. &8 1271 et seq.) related to protecting
components or potential corpenents of the national
wild and scenic rivers system.

13.

14,

15.

16.

17.

18.

Will assist the awarding agency in assuring
compliance with Section 106 of the National Historic
Preservation Agt of 1966, as amended (16 U.S.C.
470), BQ 11593 (identification and preservation of
historic properties), and the Archaeclogical and
Histori¢ Preservation Act of 1974 (16 US.C. 46%-1 et
seq.)-

Will comply with P.L. 93-348 regarding the
protection of human subjects involved in research,
development, and related activities supported by
this award of assistance.

Will comply with (he Laboratory Anjmal Welfare
Act of 1566 (P.L. 89-544, a5 amended, 7 U.S.C. 2131
et seq.) pertaining to the care, handling, and
treatment of warm blooded animals held for
research, teaching, or uther activities supported by
this award of assistance.

Will comply with the Lead-Based Paint Poisoning
Pravention Act (42 U.5.C. §§ 4801 et seq) which
prohibits the use of lead based paint in construction
or rehabilitation of residence structures.

Will cause to be performed the required financial
and compliance audits in accordance with the Smgle
Aundit Actof 1954

Will comply with all applicable requirements of all
other Federal laws, executive orders, regulations
and policies governing this program,

meruni ) HORIZED CERTIFYING QFFICIAL
peet, 7 7k
e Micher

TITLE

Asspciate Dean, Research & Sponsored Programs

A

CANT ORGANIZATION

SAN FRANCISCO STATE UNIVERSITY
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Certification Regarding Debarment, Suspension, Ineligibility and
Voluntary Exclusion - Lower Tier Covered Transactinns

This certification is required by the Department of Education regulations implementing Executive Ordet 12549, Debarment and
Suspension, 34 CFR Part 83, for all iower tier ransactions mecting the thréshold and ter requirements stated at Section 85,110,

Instructions for Certification

|. By signing and subiniting this proposal, the
prospective luwer tier participant is providing the
certification s¢t out below.

2. The certification in this ¢lause i3 2 material
representation of fact upon Which raliance wag placed
when this ransaction was entered nto, T it i3 later
determined that the prospestive lower tier participant
knowingly rendered an erroneous certification, in addidon
10 other remedies available to the Federal Government,
the department or agency with which this trangaction
originated may pursve available remedies, including
suspensien and/or debarment.

3. The praspective lower tier participant shall provide
immediate written natice to the persan to which this
proposal i3 submiued if at any time the prospective lower
tier participant learns thal ils certification was erroneous
when submitted or has became etroneous by reason of
changed circumstances.

4. The terms "covered ransaction,” "debatred,”
“suspended,” "ineligible,” "lower tier covered
wrapsaction,” “participant,” "person,” "primary covered
trangaction,” "principal,” “proposal,” and "veluntarily
excluded,” as used ifl this ¢lause, have the meanings set
out in the Definitions and Coverags seetions of rules
implementing Executive Crder 12549. You may contact
the person i which this proposal is submitted for
assistance in abtaining a copy nf those regulations,

5. The prospective lower tier participant agrees by
submitting s preposal that, should the proposed covered
transaction be enteted into, it shall not knowingly enter
irity any lower tier ¢overed transaction with a person who
is debarred, suspended, declared ineligible, or voluniarily
excluded from participation in this covered ransaction,
unlcss euthorized by the department or agency with which
this transaction originated.

6. The prospective Jower tier participant further agress by
submitting this proposal that it will include the cluuse
ttled "Certification Regarding Debarment, Suspension,
Inghgibility, and Voluntary Exclusion-Lower Tier
Coversd Transactions,” without modification, in all lower
tier covered transactions and in all solicitations for lower
tier covercd transactions.

7. A participant in a coveted transaction may rely upot a
certification of a prospective participant in a lower tier
covered transaction that it is not debarred, suspended,
ineligible, or voluntarily excluded from the covered
tronsaction, unless it knows that the certification is
groneous. A participant may decide the method of
frequency by whivh it determines the eligibility of itg
principals. Each participant may, bur is not required to,
chevk the Nenproeurement List.

%. Nothing contained in the foregoing shall be construed
to require establishment of a systemn of reeords jn order to
render in good faith the certilication required by this
clause, The knowledge and information of a participant iy
not required 1o exceed that which is nortnally possessed
by a prudent person in the ordinary course of business
dealings.

9, Except fur mansactions suthorized under paragraph 5
of these instructions, if a participant in & covered
transaction knowingly enters into a lower tier covered
ransaction with a person who is suspended, debareed,
ineligible, or volantarily exeluded from participarion in
this transaction, in addition to other remedies available to
the Faderal Government, the deparunent or agency with
which this transaction originated may pursue availsble
remedies, including suspension and/or debarment.

Certification

{1  The prospective lower tier partivipant certifies, by submission of this proposal, that neither it hot its principals arc
presently debarred, suspended, proposed for debarment. declared insligible, or voluntarity excluded from participation

if this transaction by any Federal dapartment or agengy.

{2y  Where the prospective lower tier participant is unable (o centify to any of the statements in this certification, sueh
prospective participant shall atiach an explanation to this proposal,

MAME OF APPLICANT
San Francisco State University

FR/AWARD NUMBER AND/OR PROJECT NAME

PRINTED NAME AND TITLE OF AUTHORIZED REFRESENTATIVE

Bruce Macher,, Associate Dean, Research
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