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Interactive effects of host diversity and an invasive vector on pathogen spread 
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Introduction: Invasive species have deleterious effects on agriculture, public health and natural 

biodiversity
1
. Invasive insect pests in agricultural systems may vector pathogens that cause 

disease or death in host plants. These invasive insects and pathogens have the potential to spill 

over into adjacent wildlands, thereby altering native community structure and functional 

dynamics. Ecological theory predicts that diversity in the host (plant) community can be an 

important driver of disease dynamics
2
. Specifically, high host diversity should be associated with 

lower relative abundance of pathogen reservoirs (i.e. species that are good sources of the 

pathogen), lower rates of vector infectiousness, and consequently lower disease risk. Conversely, 

an increase in the relative abundance of competent reservoirs would increase the likelihood of 

vector infection and pathogen spread. For invasive vectors, differences in host preferences 

compared to native vectors may alter the extent to which host diversity will constrain pathogen 

spread. I intend to examine the interactions among an invasive insect, a generalist plant pathogen 

and a native plant community to determine: Does greater host community diversity confer 

resilience to invasion by a generalist plant pathogen? 

 

Proposed Research: Study System: In southern California, grape, almond, alfalfa, and several 

other agricultural crops have been under threat since the 1989 invasion of the glassy-winged 

sharpshooter (Homalodisca vitripennis, hereafter GWSS). GWSS vectors a bacterial plant 

pathogen, Xylella fastidiosa (hereafter XF). XF induces Pierce’s disease in grapevine and 

bacterial leaf scorch diseases in many agricultural crops, ornamental, weedy and native plant 

species. GWSS and XF have been reported to use over 300 and 150 host plant species, 

respectively
3,4

. XF is xylem-limited, slow-growing and depends upon xylem sap-feeding insect 

vectors for dispersal. Prior to establishment of GWSS in California, the transmission of XF 

occurred via feeding by native xylophagous insects, most notably the blue-green sharpshooter 

(Graphocephala atropunctata) in northern California. GWSS has a much wider range of host 

plants than native sharpshooters and thus may infect plants which previously had remained 

unexposed. The successful invasion of one species, GWSS, may be facilitating the expansion of 

a second, XF. While both GWSS and XF have been studied extensively in agricultural systems, 

it remains largely unknown which native species are preferred hosts of GWSS, as well as which 

are effective sources of XF. Knowledge of both factors is necessary for a comprehensive 

understanding of the mechanisms by which XF invades new hosts. This project aims to examine 

the dilution effect as a model to predict pathogen prevalence as influenced by host diversity.  

Experimental Setup: Q1: Has the invasion of GWSS influenced the presence and prevalence 

of XF in plant communities? H1: Due to its broad host range, XF will be more prevalent 

and found in more hosts in locations where GWSS has established. Field surveys will be 

conducted at sites with and without reported incidence of GWSS located within the UC Natural 

Reserve system, as well as undeveloped lands adjacent to southern California vineyards and 

citrus groves. Presence and relative abundance of all xylophagous insects will be recorded. 

Species richness and relative abundances of native plants will also be determined. Representative 

plants at each site will be selected, examined for evidence of infection by XF and tissue samples 

collected for plate culturing to confirm presence of the pathogen and levels of infection. These 

data will provide comparison of lands that have and have not been invaded by GWSS and will 

inform the following experiments. 
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Q2: What is the reservoir competence of native plants? H2: Different native species are 

likely to differ in their competence as reservoirs of XF. Greenhouse transmission trials will be 

conducted for ubiquitous plant species from the prior field surveys (Q1). These trials will 

determine XF reservoir competence, disease severity, and transmission efficiency of GWSS on 

each species. After establishment, plants will be needle inoculated with XF
5
. Native plants will 

be tested to quantify their XF infection levels
5
. Non-infectious GWSS individuals will then be 

introduced to the plants within mesh cages to feed. After a period sufficient to allow acquisition 

of the pathogen, GWSS will then be transferred to healthy grapevine seedlings. Subsequently, 

sharpshooters will be tested for presence of XF. The grapevine seedlings will be tested to 

determine whether XF was transmitted
5
. High XF infection levels, high infectivity rates of 

GWSS, and frequent transmission to grapevine seedlings indicate high reservoir competence. 

Differential reservoir competence among native species will influence pathogen dispersal.  

Q3: Does greater host diversity reduce likelihood of pathogen spread? H3: Greater host 

diversity will reduce pathogen spread. Common garden field experiments will be conducted at 

UC Riverside’s Citrus Research Center and Agricultural Experiment Station. Plant species 

assemblages will be established in replicated common garden plots. Assemblages will 

incorporate either high or low species diversity, with different combinations of species 

represented from the prior field surveys (Q1) and greenhouse transmission trials (Q2). Within 

each level of diversity, species-specific inoculation treatments will be administered, with all 

individuals of one species inoculated per plot. Within each common garden plot, 5 healthy 

grapevines will be planted to serve as sentinel plants. Plots will subsequently be exposed to 

GWSS. Grapevines will then be tested to determine whether XF was transmitted
5
. When exposed 

to GWSS, it is predicted that high diversity plots will experience less spillover into grapevines 

than low diversity plots, due to dilution of pathogen reservoir presence in highly diverse plots.  

 

Broader Impacts: This research will contribute to a greater overall understanding of 

epidemiology and disease ecology. Understanding the role of host diversity in facilitating or 

preventing invasion by XF is crucial for conservation of wildlands, protection of agricultural 

crops, and prevention of future dispersal. Results of this work will be useful in risk assessment 

for agricultural growers and land managers in southern California, and for establishing effective 

strategies to reduce impacts by both GWSS and XF. It is hoped that examination of this system 

will lead to greater predictive power in forecasting and preventing future invasions worldwide. I 

intend to recruit involvement of undergraduate students at UC Riverside in completing the 

proposed research, promoting undergraduate interest in and exposure to scientific research. I also 

plan to participate in UC Riverside’s esteemed outreach programs with the local community. 

Both the Early Academic Outreach Program and Entomology Outreach Program will allow me 

the opportunity to enrich the educational experiences of local youth with extra-curricular and 

science-based activities.  

I attest that this research proposal is of my own creation. 
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Personal Statement 

As a young child, my mother instilled in me a love of reading and a passion for nature, 

animals and the outdoors. My childhood and adolescence were filled with trips to the beach, the 

park, Joshua Tree, the zoo and summer camp. My own library was packed with nature guides, 

books on desert animals, African mammals, insects, rainforests, dogs and cats. This persistent 

drive to learn and understand more about the natural world led me to be first in my family to 

enter a four-year university. While my parents were unable to financially support this endeavor, 

they have been consistently supportive of my academic goals and career aspirations. My 

mother’s appreciation of nature and admiration for big cats are the most likely inspirations for 

my own first career dreams. My early goals, to pursue the husbandry and conservation of lions, 

tigers and leopards, persisted throughout my youth and even into my college years. These 

aspirations motivated me to pursue opportunities to gain experience in the field from a young 

age. My first volunteer position began while I was in the eighth grade at an animal hospital 

where I cleaned cages, observed surgeries and watched the veterinarian complete physical 

exams. Since then, I have volunteered at veterinary, pet grooming and zoological facilities, with 

land management and conservation groups, and with graduate research labs at CSU Pomona. 

These experiences have contributed to my knowledge and background in evolution, ecology and 

the biology of several taxonomic groups. This broad understanding has informed a strong 

motivation and desire to pursue a graduate degree. 

Throughout my time as an eager undergraduate I was fortunate to have the opportunity to 

excel academically while developing as a leader, teacher and scientist. Serving as the vice 

president of the Zoologists of Cal Poly club during my third year allowed me the opportunity to 

grow as a proactive leader. In this position I planned club activities, trips, fundraisers and 

meetings; organizing these events trained me to plan ahead and to manage my time efficiently to 

meet deadlines. I also utilized several opportunities to network with professionals, 

representatives of local graduate schools, and other campus clubs. As a member of the executive 

board, I frequently led club meetings and directed group activities, which significantly bolstered 

my confidence and public speaking skills. This responsibility has well prepared me to efficiently 

manage my own projects as well as to effectively communicate with others from various 

backgrounds. 

My employment as a veterinary technician for the past five years has taught me a great 

deal about animal physiology, parasitology, immunology and many laboratory procedures and 

techniques. What I have enjoyed most about my work has been the never ending opportunity to 

both learn and teach. A major job requirement is to educate clients on topics related to their pet’s 

health and to answer their questions. This has entailed explanation of complex concepts and 

processes to peoples unfamiliar with scientific language. In training new employees, I have 

taught others how to use hospital equipment, how to perform specific duties, and how to 

communicate effectively with pet owners. Each of these responsibilities has drastically improved 

my ability to convey knowledge to others, while also reinforcing my own understanding. 

Concomitantly, I have regularly been presented with opportunities to learn new things from my 

co-workers, clients and patients. The cases I enjoy most are those in which a patient develops an 

unfamiliar symptom, or I encounter a word I do not recognize, because these cases present 

opportunities to learn something new. This work has proved invaluable in improving my 

communication skills with people of little scientific background and in training me to continually 

search for the answers to novel and unfamiliar questions.  
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The most pivotal point in my academic career occurred upon entering my final year of 

undergraduate study. An inquiry about research opportunities with my major advisor, Dr. David 

Moriarty, led to my participation in a project from start to finish. In fall of 2010, I began work 

examining the effects of local weather conditions on the detection of bird species in a coastal 

sage scrub habitat. This project provided me the opportunity to work in nature, develop skills in 

field research, and to broaden my understanding of experimental design, statistical analysis and 

interpretation of results. Over the course of this study, I observed the habits of the birds in my 

field site and the changes in weather patterns, and I independently learned to identify birds by 

their calls alone. Six months of data collection and enjoying the beauty of nature was followed 

by several weeks of data analysis. Examining the data I had collected, searching for patterns, 

trends and relationships helped me to develop a clearer understanding of statistical methods; it 

also fostered a sincere appreciation for the means by which biologists seek to understand the 

world. Over the course of this study, I discovered my genuine passion for biological inquiry. A 

manuscript is currently in preparation which I intend to submit for publication.  

Each of these activities and endeavors has helped me to grow and develop both 

personally and professionally. My academic background, emphasizing ecological and 

evolutionary principles, statistical procedures and several taxonomic groups has prepared me for 

the pursuit of a Ph.D. The next step in my academic career is the completion of a Ph.D. program 

in Entomology at the University of California in Riverside where I intend to conduct research in 

community ecology and invasion biology. UC Riverside is highly esteemed for its community 

involvement and support of local youth through community outreach programs. Throughout the 

course of my graduate work, I will utilize the established Early Academic Outreach Program and 

the Entomology Outreach Program to provide educational and science-based extracurricular 

opportunities to local youth. I also plan to recruit involvement of undergraduate students in the 

completion of my research projects. Through these efforts, I intend to support and promote the 

interest and participation of young people in the sciences. In my professional career, I aim to 

achieve a position as a professor at a major research university, where I may conduct novel 

research while educating and inspiring future diverse generations of scientists. I plan to 

contribute to academia, the scientific community, and education of the general public through the 

pursuit of novel research, education, and public outreach.  

Receipt of a National Science Foundation Graduate Research Fellowship would be an 

incredible honor and would enrich my experiences in a Ph.D. program at University of California 

in Riverside. This fellowship would provide freedom from the financial burden of higher 

education and allow me to focus on the completion and communication of high quality research, 

thus providing a foundation for my career in the biological sciences and academia. The notable 

privilege of becoming an NSF Fellow would facilitate my progress during and after a Ph.D. 

program, encouraging my further development as a scientist, an educator and a leader. The 

opportunities provided by an NSF Fellowship would support my efforts and intentions to 

disseminate scientific knowledge to all members of the public, engage and encourage 

involvement of young people in the sciences. 

 


