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Project Summary 

The incidence of Vibrio parahaemolyticus infections in humans has risen dramatically over the past few years 

on both coasts of the US.  In addition, the geographic range of V. parahaemolyticus is expanding northwards, 

suggesting that changes in water temperature associated with global climate change may further increase the 
incidence of infection.  Biotic and abiotic factors in the sediment and water column likely influence V. 

parahaemolyticus physiology, resulting in increased pathogen abundance, alterations in potential virulence and 

changes in pathogen behavior, increasing likelihood of human contact.  Here we propose to examine the 

influence of temperature and microbial community composition on the abundance and physiology of V. 

parahaemolyticus.  The specific objectives of the current proposal are to: 1) Establish short-term laboratory 

microcosms that can be spiked with the bacterial human pathogen – V. parahaemolyticus; 2) Assess the 

influence of microbial community composition and temperature on V. parahaemolyticus abundance and 
physiology; and 3) Establish baseline data for a larger study of biotic and abiotic controls of V. 

parahaemolyticus physiology.  We will establish laboratory microcosms with water collected from four sites 

(two in Massachusetts and two in Washington), which we will inoculate with V. parahaemolyticus.  

Microcosms will be incubated under two temperature treatments (ambient and elevated) and sampled at three 

time points.  Changes in V. parahaemolyticus abundance and physiology will be characterized using 

quantitative PCR analysis. The specific gene targets for RT-PCR analysis regulate general metabolism, 

adaptation, swarming behavior, quorum sensing, and virulence.  Variation in microbial composition found in the 
waters from the four specific sites will be assessed by genetic fingerprinting and 16S rDNA sequencing.   Upon 

completion of the proposed research we will have basic information on two important factors that may influence 

Vp abundance, physiology, and thus incidence of disease in the coastal environment.  The proposed work will 
establish a coordinated effort on both US coasts that will foster future scientific research and communication 

addressing large-scale processes, pathogen evolution, and geographic variability in human-pathogen 

interactions.  
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Impact of microbial community composition and temperature on Vibrio parahaemolyticus 
 

Objectives  

1) Establish short-term laboratory microcosms that can be inoculated with the bacterial human pathogen - Vibrio 

parahaemolyticus. 

2) Assess the influence of microbial community composition and temperature on V. parahaemolyticus 

abundance and physiology. 

3) Establish baseline data for a larger study of biotic and abiotic controls of V. parahaemolyticus physiology. 

 

Background and Rationale 

Our coastal waters are increasingly becoming areas of concern for pathogen exposure (Ward and Lafferty 

2004).  Pathogens in the marine environment can be found dispersed in the water column and associated with 

components such as abiotic particles, plankton, other microbes, and aggregates.  Such components have been 

shown to serve as important vectors and can affect pathogen biology (i.e. Lyons et al. 2007, Venkateswaran et 

al. 1990).  Global climate change and associated increases in water temperature are also associated with 

increased incidence of disease, disease transmission,
 
and host susceptibility for a number of pathogens (Harvell 

et al. 2002).  Here we propose to focus on the interaction among temperature, microbial community 

ecology and pathogen physiology of a human pathogen Vibrio parahaemolyticus (Vp), which is common 

along both coasts of the US. 

     Human exposure to Vibrio parahaemolyticus is 

commonly through the consumption of seafood, though 

there have been instances of direct infection from other 

Vibrio species (Linkous and Oliver 1999).  Vp is a 

leading cause of seafood-associated bacterial 

gastroenteritis in the United States (Mead et al. 

1999).  When pathogenic Vp invades the human 

digestive system, the organism attaches to the small 

intestine and secretes toxins that result in diarrhea, 

abdominal cramps, nausea, vomiting, headache, fever, 

and chills.  The disease is normally not life threatening 

unless a person is immune compromised 

    The incidence of human Vp infections has risen 

dramatically over the past few years on both coasts of 

the US.  In 2004, a major outbreak of Vp occurred, 

originating from Alaskan waters (McLaughlin, et al 

2005).  Prior to this outbreak, Alaskan waters were 

considered too cold for Vp.  In 2006, New York City, New 

York state, Oregon, and Washington health departments 

reported 177 cases during May 20 to July 31 (CDC 2006).  

The number of confirmed cases (confirmed by isolation of the organism from a patient's stool) during this period 

was 72, which is more than the average number reported for the same months in the entire US during the four 

years prior (CDC, 2006) (Figure 1).  Numerous cases of Vp infection were reported during this past summer 

from across the country and led to the FDA releasing a warning to consumers to avoid oysters from Hood Canal 

in Washington (FDA, 2007).  

     Proper seafood handling techniques can certainly assist in the reduction of human illness.  However, 

increased incidence of Vp suggests environmental factors may influence Vp physiology, resulting in 1) 

increased abundance of Vp, 2) changes in Vp behavior increasing likelihood of human contact, and 3) 

alterations in potential virulence.  Environmental factors likely interact to influence more than one of these 

parameters.  The goal of this proposed pilot project is to establish laboratory microcosm systems so that we 

can assess the influence of microbial community composition and temperature on abundance and 

physiology of a commonly occurring bacterial human pathogen - Vibrio parahaemolyticus.  In the 

remainder of this section we outline what is known about Vp biology related to pathogenicity and discuss the 

potential role of microbial community composition in understanding Vp dynamics. 

Figure 1. V. parahaemolyticus cases from NY, OR, and WA 

compared to with 5-year average numbers of confirmed cased 

nationwide, and from NY, OR, and WA during 2000-2004.   

(taken from CDC 2006) 
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Biology - Vibrio parahaemolyticus is a gram-negative, halophilic bacterium that is common in warm estuarine 

environments. As for many other bacteria, growth rates are directly related to temperature.  Temperature can 

also indirectly influence Vp abundance by acting as a stressor on the oyster immune system, thus impairing the 

oyster’s ability to mount an effective immune response. 

     The mechanism of Vp accumulation in shellfish is not completely understood, although it is likely that 

swarming behavior (i.e. biofilm formation) on oyster tissue and particulates in seawater plays a role.  Quorum 

sensing (the process by which many bacteria coordinate gene expression according to the local density of 

bacteria producing signaling molecule) can regulate such behavior and is one example of the potential for 

microbial communities to affect Vp (for review, Donabedian 2003, Miller and Bassler 2001).  Vp are somewhat 

unique in that they have two flagella systems associated with the different cell types (planktonic and swarming). 

The polar flagellum is always present while the lateral flagellum is synthesized to effectively colonize hard or 

viscous surfaces. The dual functional flagella system in Vp has been extensively studied and the genes involved 

in flagellum formation have been determined (Kim and McCarter 2000, Stewart and McCarter 2003).  

Environmental conditions that have been shown to be required for lateral flagella expression (and thus swarming 

behavior and perhaps accumulation in shellfish) include iron-limiting conditions and inhibition of polar flagella 

rotation (McCarter et al. 1988, McCarter and Silverman 1989).  

     Most of what is known regarding Vp virulence has focused on what occurs inside the human digestive 

system. Thermostable direct hemolysin (tdh) and TDH-related hemolysin have long been considered the 

virulence factors associated with the pathogenic strains of Vp (Joesph et al. 1982).  Assay systems developed to 

determine whether a strain of Vp is pathogenic are often based on the presence of tdh.  It should be noted that in 

the environment, less than 1% of Vp is pathogenic (Nishibuchi et al. 1985). In other words most environmental 

strains do not contain TDH genes and do not cause disease. 

     The recent sequencing of the V. parahaemolyticus, RIMD 2210633, (Makino et al. 2003) has revealed that 

this pathogen also possesses a type III secretion system (TTSS).  These systems play a major role in virulence 

among other pathogenic bacteria including Yersinia spp. and Pseudomonas aeruginosa and are responsible for 

secreting and translocating virulence proteins to the host (Hueck 1998).  Two distinct gene clusters were 

identified in Vp, TTSS1 and TTSS2, that have been suggested to be involved in cytotoxicity and enterotoxicity 

respectively (Park et al, 2004).  Quorum sensing plays a vital role in Vp bacterial communities in regards to Vp 

virulence, as the expression of TTSS genes will not be expressed unless a critical concentration of specific 

autoinducers are detected within the community (Henke and Bassler 2004). 

Ecology - Not surprisingly, on large temporal and spatial scales the prevalence of Vp and other Vibrio spp. has 

been shown to be related to temperature (Fukushima & Seki 2004).  Recent detection of Vp in Alaska, Chile and 

Norway (Mead et al. 1999, McLaughlin et al. 2005, González-Excalona et al. 2004, Bauer et al. 2006) suggests 

that increasing water temperatures associated with global climate change will likely result in increased incidence 

of Vp related illness in both space and time.  

    While the simple effects of temperature on Vp abundance can be predicted, relatively little is known about 

how multiple environmental factors (i.e. temperature, sea water components and microbial community 

composition) may influence Vp behavior and virulence in the water column and how this might be associated 

with disease outbreaks.  A goal of this pilot project is to begin to obtain some of the very basic information in 

this regard.  We are interested in exploring possible links among physiological changes in organism behavior, 

virulence factors, and microbial community dynamics.   

     Biotic factors, in addition to abiotic factors, influence population and community dynamics of microbes 

(Horner-Devine et al. 2004).  Interactions with other microbes can play important roles in structuring microbial 

communities and could influence abundance, behavior and virulence.  As discussed above, quorum sensing may 

play an important role in virulence of Vp.  Interspecific interactions could also influence gene expression and 

population dynamics of Vp.  It is possible to see the signal of interactions as interspecific associations where 

two or more species co-occur either more or less frequently than expected due to chance alone.  For example, 

associations regulated by competition and/or communication (i.e. interspecific quorum sensing) could influence 

Vp density and physiology in combination with abiotic environmental factors. One goal of the microbial 

community analysis proposed here is to look for signals of co-occurrence associated with Vp and Vp virulence. 

    We will thus examine associations that may occur as a consequence of biotic interactions such as mutualism, 

competition and predation.  In particular, we will explore the idea that niche exclusion of Vp by other marine 

microbes may help explain why Vp could become a greater threat - attributable to factors such as increased 
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abundance, changes in behavior increasing likelihood of human contact, or alterations in potential virulence - 

under changing environmental conditions. 

 

Experimental design and methods 

Site selection and sampling  We will collect water from the following four sites, two on the east coast and two 

on the west coast of the U.S.:  i) Woods Hole, MA;   ii) Plum Island Sound, MA.  Plum Island is the site of 

ongoing work aimed at understanding the microecology and evolution of Vp by Polz and Lerczak.  We thus 

hope our work will complement this study and leverage their results into a better understanding of Vp ecology 

from this pilot project; iii)  Hood Canal, WA.  Hood Canal was the site of a series of shellfish closures this past 

summer due to Vp found in oysters (resulting in the FDA warning mentioned above (FDA, 2007); and iv) Puget 

Sound, Main Basin.  Sampling will take place in Summer 2008.  Water will be collected using a Niskin bottled 

from each location and stored in dark 1L bottles in a cooler for transport to the lab. 

   

Lab microcosms  Water collected from these four sites will be used to establish laboratory-based, rolling tube 

microcosms (2L), spiked with a pathogenic strain of Vp.  Vp 17802 will be obtained from American Type 

Culture Collection, handled according to Biosafety Level Two protocols, and cultured using standard methods. 

While there is the potential that Vp will be found in the samples from our four sites, it less likely that these 

strains will be pathogenic, and our goal is to characterize the effects on disease causing Vp.  Furthermore, as 

described below, we will assess the composition of the water prior to addition of the Vp at an inoculation level 

of 6.0 log CFU/ml.  Temperatures will be maintained at 1) the ambient temperature where the samples were 

collected and 2) at +5∞C over ambient.  All treatments will be run in duplicate, and samples will be taken at two 

subsequent time points to assess temporal variation (i.e. 0 hour, 6 hours and 24 hours).  Samples (500 ml of 

water) will be filtered onto a 0.2 um filter, followed with 3 ml preservation buffer (10 mM Tris pH 8.0, 100 mM 

EDTA, 0.5 M NaCl) and frozen at -80ºC until further analysis. 

 

Characterizing V. parahaemolyticus abundance  To compare Vp abundance under different environmental 

conditions (microbial composition, temperature, trial duration) a modification of the PCR assay developed by 

Takahashi et al (2005) will be used.  DNA will be extracted from the filters using standard methods (Qiagen 

Kit).  The PCR assay targets the toxR gene and will not cross-react with other species. Quantitative PCR 

reactions (Brilliant SYBR Green QPCR Master Mix Kit, 1-Step, Stratagene) will be carried out in an Opticon2 

Continuous Fluorescence Detection System (Bio-Rad). A time zero sample will be taken and analyzed to 

determine if field-collected waters from any of the four sites contain Vp.  For all real time assays, melting 

curves will be analyzed to verify that no primer dimers are formed and that CT values represent the desired 

amplicon. A subset of PCR products will be sequenced to verify accuracy.  CT values will then be converted to 

relative abundance levels based on their respective standard curves and normalized to the corresponding values. 

Characterizing V. parahaemolyticus physiology  In order to determine the abiotic and biotic effects on Vp 

physiology related to growth rates, change in behavior, and virulence, real-time quantitative RT-PCR will be 

carried out. Total RNA will be extracted from the preserved filters using Tri-Reagent. A suite of 5 genes have 

been selected for analysis based on their role in processes of interest and the fact that for most of these genes, 

the PCR assays have been validated.  Targets include genes associated with general metabolism (dsdA, Makino 

et al. 2003), adaptation to environmental stress (rpoS (alternate sigma factor of RNA polymerase) Vasudevan 

and Venkitanarayanan 2006, Coutard et al. 2007), lateral flagella synthesis (lafK, Merino et al. 2006), quorum 

sensing and virulence (opaR (luxR homolog) Henke and Bassler 2004), virulence (tdh2, Coutard et al. 2007; 

spa24 (component of TTSS system), Coutard et al. 2007). The housekeeping gene pvsA will be used for 

normalizing expression levels as described in Coutard et al 2007.  RT-PCR reactions will be carried and 

analyzed as described above except the Brilliant SYBR Green QRT-PCR Master Mix Kit, (Stratagene) will be 

used as RNA will be the template.  

 

Characterizing Microbial Community Structure We will use Automated Ribosomal Intergenic Spacer Analysis 

(ARISA) to create a genetic fingerprint of the diverse bacterial community waters collected from the four sites.  

This established, rapid high throughput method uses the ribosomal RNA internally transcribed spacer (ITS), a 

region of DNA known to vary in size in different bacterial species (Fisher and Triplett 1999, Hewson and 
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Fuhrman 2004, Brown et al. 2005).  This first look at microbial community differences along with the results 

from the gene expression analysis comparisons will inform the selection of a subset of microcosms for which we 

will create and sequence 16S rDNA clone libraries.  For ARISA, the ITS will be amplified using universal 

bacterial primers (16S-1392F and 23S-R, Brown et al. 2005), including a fluorescently labeled forward primer.  

For each sample, four independent PCRs will be performed, pooled, ethanol precipitated to remove 

unincorporated primers and run on a capillary sequencer along with ROX-labeled size standards (50-1500 bp 

ladder, BioVentures, Inc).  Fragment lengths will be sized using DAX software (http://www.dax.nl/dax.htm) 

using a signal to noise cutoff to verify presence of peaks.  

     We will use cloning and sequencing of 16S rDNA to assess bacterial community composition on a subset of 

the laboratory mescosms.  Mesocosms will be selected based on preliminary Vp abundance and gene expression 

analysis results. Bacterial rDNA will be amplified using the PCR, with primer sequences corresponding to 

Escherichia coli nucleotides 1392–1406 (1392r) and 8–26 (8f).  Sequences will be aligned using ARB (Ludwig 

and Strunk 2004), screened for chimeras and phylogenetic trees will be constructed using PAUP* (Swofford 

2002).  

 

Statistical analyses  For quantitative PCR analysis, individual reaction efficiency will be incorporated into the 

analysis using PCR-Miner software. Expression levels will be examined in relation to specific factors by 

ANCOVA, Spearman Rank or Pearson Moment Correlation test and ANOVA with Tukey tests, as appropriate. 

For microbial populations, Canonical Correspondence Analysis (using Canoco) and SIMPER (Clarke and 

Warwick 2001) will be used to identify specific taxa associated with Vp expression levels.  We will use an 

analysis of similarity (ANOSIM) to examine how community similarity varies with different our treatments 

(temperature, trial length) and Vp gene expression (Clarke & Warwick 2001).   We will assess community 

structure and co-occurrence using the C-score (Stone and Roberts 1990, Horner-Devine et al. 2007)  as well as 

other newly proposed null models (Hausdorf 2007). 

 

Facilities and anticipated use of Center Genomics Core facility 

     Microcosm systems will be established from waters collected in Massachusetts and will be carried out by 

Roberts in cooperation will Smolowitz in her laboratory located in the Marine Resources Center (MBL).  Dr. 

Smolowitz, the MBL Veterinarian routinely works with pathogens. Furthermore, Roberts and Smolowitz are 

currently working together on a similar design examining environmental factors influencing gene expression in 

the shellfish pathogen QPX (i.e. Lyons et al. in review, Roberts and Smolowitz in preparation).  Dr. Horner-

Devine will carry out Washington trials and ARISA fingerprinting in her lab and has extensive experience 

examining microbial communities.  Quantitative PCR analysis will be conducted at both locations as there is a 

Opticon2 Continuous Fluorescence Detection System (Bio-Rad) in the Marine Resources Center and UW’s 

School of Aquatic and Fishery Science (SAFS) has numerous models including the Opticon2.  DNA sequencing 

for verification of Vp PCR products and for characterizing microbial communities will be performed in the 

Center Genomics Core Facility, located in the Josephine Bay Paul Center (MBL) using the Applied Biosystems 

3730XL DNA Analyzer.  

 

Broader impacts of the proposed research 

    The proposed pilot project is designed to develop a system to examine the complex interactions of biotic and 

abiotic factors affecting a human pathogen in the coastal waters.  Upon completion of the proposed research we 

will have basic information on factors effecting Vibrio parahaemolyticus in the coastal environment that could 

lead to higher incidence of disease.  Data on the relationship among Vp abundance, physiology, temperature and 

microbial community composition could incorporated into risk-assessment models.  Future microcosm 

experiments based on results from the proposed work will consider other potentially important variables 

including artificial microbial communities, eukaryotic communities, salinity, marine aggregates, and presence of 

oysters.  The data from this proposal will also provide base-line data for integrative field based research 

proposals.  Furthermore, we plan to use data and funds from this project as leverage for seeking local funding 

from the University of Washington’s School of Aquatic of Fishery Sciences. Finally, an exciting aspect of the 

proposed research is that it would establish a coordinated effort on both US coasts that would foster scientific 

research and communication addressing large-scale processes, pathogen evolution, and geographic variability in 

human-pathogen interactions.  
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SUMMARY

PROPOSAL BUDGET 

MARINE BIOLOGICAL LABORATORY

PRINCIPAL INVESTIGATOR: Steven Roberts

YR1 TOTAL
A. SENIOR PERSONNEL PER-MOS FUNDSPER-MOSFUNDS
1. PI 1 0 $0 $0
2. PI 2 0 $0 $0
3. PI 3 0 $0 $0
4. PI 4 0 $0 $0
5. PI 5 0 $0 $0
6. ( ) OTHERS 0 $0 $0
TOTAL SENIOR PERSONNEL 0 $0 $0

B. OTHER PERSONNEL

1.  ( ) POST DOCTORAL ASSOC 0 $0 $0
2. (1) OTHER PROFESSIONALS 0.58 $1,399 $1,399
3. ( ) GRADUATE STUDENTS 0 $0 $0
4. ( ) UNDERGRADUATE STUDENTS 0 $0 $0
5. ( ) SECRETARIAL-CLERICAL 0 $0 $0
TOTAL SALARY AND WAGES (A+B) $1,399 $1,399

C. FRINGE BENEFITS @ 37.8% 0.378 $529 $529
TOTAL SALARY, WAGES AND FRINGE $1,928 $1,928

D. PERMANENT EQUIPMENT

1. ITEM #1 $0 $0
2. ITEM #2 $0 $0
TOTAL PERMANENT EQUIPMENT $0 $0

E. TRAVEL 1. DOMESTIC $500 $500
2. FOREIGN $0 $0

F. PARTICIPANT SUPPORT COSTS

1. STIPEND $0 $0
2. TRAVEL $0 $0
3. SUBSISTENCE $0 $0
4. OTHER $0 $0
TOTAL PARTICIPANT COSTS $0 $0

G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $9,500 $9,500
2. PUBLICATION COSTS $0 $0
3. CONSULTANT SERVICES $0 $0
4. COMPUTER (ADPE) SERVICES $0 $0
5. SUBCONTRACTS $10,118 $10,118
TOTAL OTHER DIRECT COSTS $19,618 $19,618

H. TOTAL DIRECT COSTS (A THROUGH G) $22,046 $22,046

I. INDIRECT COSTS @ 57.8% Base = $22,046Base = $22,046
Rate = 57.8% Rate = 57.8%Rate = 57.8%
Base = IN CSTS = $12,743IN CSTS = $12,743

J. TOTAL DIRECT AND INDIRECT $34,789 $34,789



 

Budget Justification  

Impact of microbial community composition and temperature on  
Vibrio parahaemolyticus 

 

 
For this project to be completed, funds are requested to partially cover technician time 
for personnel at the MBL in the amount of $1,928.  This person will assist in carrying-
out microcosm trial and routine molecular work.  
 
A total of 9,500 dollars is requested for supplies and this includes funds for DNA 
sequencing at the COHH Genomics Core facility at  MBL ($2,500), molecular reagent 
kits (ie nucleic acid extraction and purification, gene discovery, SYBR green RT-PCR) 
($3,900), consumable reagents and plasticware ($1,500), environmental sample 
collection apparatus ($500), culture of Vibrio parahaemolyticus from ATCC ($300) and 
general laboratory supplies ($800). Scientific work to be carried out at the MBL 
includes sample collection, incubation trials, and molecular characterization. 
 
Funds ($500) are requested to partially cover travel costs associated with sample 
collection.  
 
A subaward of $10,118 to the University of Washington (investigator: Claire Horner-
Devine) is included to partially cover salary ($4,386) and supplies ($2,100) necessary 
for microcosm experiments to be carried out at UW to determine spatial variation in 
microbial communities that could influence V. parahaemolyticus physiology. In 
addition, Dr Horner-Devine, will be responsible for developing techniques required to 
assess microbial community structure. 
 
Full indirect costs as determined by the MBL and UW are requested.  

Roberts 
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Recent Invited Presentations  

•Gene expression profiling and cellular characteristics of Crassostrea virginica hemocytes: evaluating 

interactions of physical stress and disease. Aquaculture 2007, San Antonio, TX March 1, 2007 

 

•Characterizing myostatin function in salmonids: examining post- translational processes and protein 

interactions. Aquaculture 2007, San Antonio, TX. February 28, 2007 

 

•The potential of genomics in aquaculture: current science. 2006 MIT Environmental Fellows 

Retreat. Woods Hole Oceanographic Institution. Woods Hole, MA. November 3, 2006, 

 

•Genomic approaches in characterizing shellfish disease: interrelationships between animal, 

human and ecosystem health. Cummings School of Veterinary Medicine at Tufts University, 

Annual Symposium: Marine and Aquatic Medicine & Conservation. North Grafton, MA. April 22, 
2006  

 

•Characterization of differentially expressed genes from QPX: insight into possible virulence 
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 Person-Months Per Year Committed to the Project  Cal:   Acad:  Sumr:  

         Support:  Current  Pending  Submission Planned in Near Future  *Transfer of Support 
         Project/Proposal Title:   
 
 

Source of Support:    
 Total Award Amount:  $ 
 

Total Award Period Covered:  

Location of Project: Marine Biological Laboratory 
 Person-Months Per Year Committed to the Project  Cal:   Acad:  Sumr:  

         Support:  Current  Pending  Submission Planned in Near Future  *Transfer of Support 
         Project/Proposal Title:    
 

Source of Support:   
 Total Award Amount:  $ 
 

Total Award Period Covered:  

Location of Project: Marine Biological Laboratory 
 Person-Months Per Year Committed to the Project  Cal:   Acad:  Sumr:  

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period. 
     USE ADDITIONAL SHEETS AS NECESSARY 



 

 

 

Current and Pending Support – Horner-Devine 
 
 
Project/Proposal Title: Collaborative Research: ADVANCE Leadership 

Award for Women Evolving Biological Science –WEBS 

Symposia for early career female scientists 

Source of Support:  National Science Foundation, ADVANCE 
Total Award Amount:  $273,180 
Total Award Period Covered:  11/1/2006 – 10/31/2009 
Location of Project:  University of Washington 
Person-Months Per Year Committed to the Project:         Cal.:         Acad.:        Sumr: 1 
 
Project/Proposal Title: The impact of invasive plants on sediment microbial 

communities and processes 
Source of Support:  Royalty Research Fund, University of Washington 
Total Award Amount:  $31,550 
Total Award Period Covered:  3/1/2007 – 2/29/2008 
Location of Project:  University of Washington 
Person-Months Per Year Committed to the Project:         Cal.:         Acad.: 1        Sumr: 
 
Project/Proposal Title: Key drivers of hypoxia: bacterial production and respiration in 

Hood Canal  
Source of Support: Hood Canal Dissolved Oxygen Project 
Total Award Amount:  $54,731 
Total Award Period Covered:  3/1/2007 – 2/29/2008 
Location of Project:  University of Washington 
Person-Months Per Year Committed to the Project:         Cal.:         Acad.: .5        Sumr: 
 
 
 


