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Project Objectives: Please type your responses, and answer the questions in a style appropriate for laymen.

ProjectObjectives_10
The two primary objectives for this study were to determine:

1) whether and how nutrients affect competitive interactions between native and invasive invertebrate species in benthic marine
habitats; and 2) what effects invasive species have on benthic communities at the onset of their invasion and after they become
established

The impetus for the project was to consider more broadly both how a basal resource (in this instance, nutrients) could affect higher
trophic levels, and to assess how ane pollution source (excessive nutrients) might interact with another (invasive species as
biological pollution). The focal species were two invasive snail species-one that has been in San Francisco Bay for many decades
(llyanassa obsoleta), and one that has arrived within the last decade (Batillaria attramentaria)-and one endemic, the only native mud
snail in San Francisco Bay (Cerithidea californica)

The main hypotheses for the project-based on previous studies-were that:

1) enhanced nutrlent input would alter the comoosmon of benthic microalgae WhICh would in turn affect competitive dvnamlcs
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Summary of progress in meeting each of these goals and objectives

ProgressSummary 11

in the FaII of 2010 when I WI|| aIso start a postdoctoral posmon lam currentlv wntlng the manuscnpts that WI|| be submltted for my
dissertation and for publication on this project.

We conducted Experiments 1 and 2 in the Robert's Landing salt marsh in San Leandro, CA in 2007 and repeated and expanded itin
2008. It involved 168 cages and 14 species-density-nutrient addition treatment combinations in a fully crossed factorial design in two
separate habitats. We are still analyzing the results but the suggestions are clear that nutrients do affect dynamics between native and |
invasive ecologically equivalent grazing species (in this study, snails), and that this effect is stronger in some habitats than others. We
measured microalgal community compasition and abundance, growth and mortality rates of the snails, and multiple sediment
characteristics (carbon:nitrogen ratios, organic matter, chlorophyll a). We also collected ?C13 and ?N15 stable isotope samples from
the snails in different treatments

The work for Experiment 3 has been on-going. We have collected critical data on the parameters of the invasion and population |
demographics, including abundance, density, distribution, areal extent, parasite infection rate, size class frequency, movement rates
and genetics. We have also collected sediment data, including carbon:nitrogen ratios, organic matter, and chlorophyll a. We have |
compared the invaded areas to both non-invaded sites in the same area (contrals) and we have compared the new invasion to
established populations in Tomales Bay. We are in the midst of analyzing these results as well but among our findings we see that the
San Francisco Batillaria population is growing at a surprising rate, as shown by both a dramatic shift to a smaller mean size class and
an_increase in population from fewer than 500,000 to more than 4 million individuals. We also have some evidence for a positive |
feedback loop that may facilitate the invasion. At high densities of snails, we see higher sediment chlorophyll a levels, suggesting that
the snails at current densities may be experiencing a type of inverse density-dependent control on population size. |

| have regularly presented both projects at multiple conferences and in other settings (lab seminars, undergraduate courses) since |
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PROJECT MODIFICATIONS: Please explain any substantial modifications in research plans, including new
directions pursued. Describe major problems encountered, especially problems with experimental protocols and
how they were resolved. Describe any ancillary research topics developed.

Modifications_12

BENEFITS AND APPLICATIONS: Suggest the relevance of these new findings to management. Describe any
accomplishment, that is significant effects your project has had on resource management or user group behavior. CALFED
is looking for “"management cue” (see http://science.calwater.ca.gov/pdf/soemgmtcues.pdf).

BenefitsApplic 13
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PUBLICATIONS: List any publications, presentations, or posters that have resulted from this funded research. Give as many
details as possible, including status of paper (e.g., in review: in press), journal name, conference location and date of presentation.
Please note (as outlined in the conditions of the award) that each fellow is required to submit an abstract for an oral or poster
presentation at each State of the Estuary conference and CALFED Science Conference during the duration of the fellowship.

Publications 14
Conference Presentations
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COOPERATING ORGANIZATIONS: List those agencies and/or persons who provided financial, technical or
other assistance to your project since inception. Describe the nature of their collaboration.

CoopOrganiz_15

AWARDS: List any special awards or honors that you, or mentor or members of the research team, have
received during the duration of this project.

Awards 16
Weiskel:

1) Melbourne R. Carriker Award in Malacology from the American Malacological Society to study behavioral aspects of invasion
success in_gastropods.

2). Mildred E. Mathias Grant to study the demographics and eradication of a new population of Batillaria attramentaria.

3). Philanthropic Educational Organization Award for tuition at UC Dauvis.

KEYWORDS: List keywords that will be useful in indexing your project.

Keywords_17
Founder population, resource ecology, native-invasive dynamics, nutrients, diatoms, cyanobacteria, llyanassa obsoleta, Batillaria

PATENTS: List any patents associated with your project.

Patents_18
None to date.
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Additions: Additional information can be added here. Please begin the text with the
number of the question you are adding to.

Additions 19

Grosholz:
1) CA Sea Grant Rapid Respanse Grant to evaluate eradication methods of a new population of Batillaria attramentaria.

2) CA Department of Fish & Game Grant to examine the sublethal impacts of the 2007 Casco Busan Qil Spill on the native oyster
Ostrea luridainSEBay.

4) US Fish and Wildlife Service Grant to prevent aquatic plant invasion through community education and outreach.

5) CA Ocean Science Trust Grant to undertake a vector analysis of commercial aquaculture and the aquarium and aquascape
tradeS.

6) Association of Bay Area Governments Grant for subtidal native oyster restoration.

Reference:..

Cloern, J. E. 2001. Our evolving conceptual model of the coastal eutrophication problem. Marine Ecology Progress Series 210: 223
=253,
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