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Starting Date, Duration and Location

With the advising of Professor Adolph, we, Mikel Grenzner and Ryan McCarthy, plan to begin our research on May 16th, the day after graduation. We will be working for the full ten weeks, and our research will take place at Harvey Mudd College (HMC) and at the Bernard Field Station (BFS).

Proposed Research 


The main goal of our research is to examine the effects of common sources of pollution on the establishment of native and exotic species. This research will be done in two parts. The first part deals with the establishment of native and exotic species in polluted environments while the second part directly observes the establishment of invasive species in the BFS, in relation to distance from sources of run off pollution.  


In the first half of this project, we will prepare soil with differing types and amounts of pollution. Our choices in pollution come from an EPA guide to non-source point pollution (http://www.epa.gov/owow/nps/). We plan on using two sources of pollution found predominantly in urban and suburban areas. The first source will consist of a combination fertilizer and pesticide, while the second source will consist of motor oil, gasoline and antifreeze. We chose to use combinations together to both simulate real world conditions and to cast a wide net looking for plant-pollutant interactions. We will utilize three concentrations of each pollutant group. For the fertilizer/pesticide combo, one will consist of half application strength, one consisting of application strength, and one consisting double application strength. For the hydrocarbons group, a similar process will be used, with a local measurement used as a standard. A control group consisting of no added pollution will also be used.

As far as the soil itself is concerned, we will be using an even mix of potting soil, and soil from the Field Station. The soil will then be sterilized with an autoclave. The pots themselves will hold one species, to eliminate the issue of plant competition. We plan on using a total of ten species, halt native and half exotic. They will consist of fast growing annuals, from herbs to grasses. Half of these will be native species to the region of southern California while the others will be exotics. Native and exotic plants will be paired by functional traits, so grasses with grasses and so on. 

The pairs of species we intend on using are English ivy (Hedera helix) and Prairie sagewort (Aralia californica), Pennyroyal (Mentha pulegium) and Yerba Buena (Satureja douglasii), Fountain grass (Pennisetum setaceum) and California Meadow Barley (Hordeum branchyantherum), Pampasgrass (Cortaderia selloana) and Pacific hairgrass (Deschampsia holciformis), Turnip weed (Rapistrum rugosum) and San Diego wild cabbage (Caulanthus heterophyllus).  If seasonal variability prevents us from obtaining any of the above, we have a long list of alternative species to draw from.


Given two sources of pollution, three concentrations, ten species, controls and replicates, we will be planting 480 pots. This includes 6 replicates per species/pollutant combination. These will lie in the open, in a clear area of the Bernard Field Station, arranged in a manner reducing systematic error. We feel that the outdoor conditions, when combined with the polluted soil will best simulate the conditions exotic and native species would face in a non-laboratory conditions. To protect the soil of BFS from harm, we will use plastic sheeting to prevent pollutants from leaching into the soil. 


Plants will be watered on a regular basis, and will be protected by a mesh screen to prevent animals from consuming or damaging the experiment.  At the end of each week we will record the height of each plant. Once the plants have been growing for around seven to eight weeks, we will bring them back into the lab at HMC. This will occur before the seeds are ready, to prevent any contamination at BFS. The above ground biomass will be harvested, and dried in an oven to constant mass. When compared to the controls, we will then be able to gauge the effects of the different pollution sources, and see who fared better over all between the natives and the exotics.


The second half of the study will consist of a series of observations on invasive plants to be taken while our other plants are growing. Once our plants have been placed in the field, we will be examining the established invasive species at BFS. We will be primarily concerned with the identification of invasive species, and their proximity to the perimeter of BFS. Additionally, we will be looking for areas of plant biodiversity and plant monoculture. We feel that this data can help us draw conclusions from the first half of our experiment, and provide useful data to plant ecology in the future. 

Educational Value 


The execution of this research will provide invaluable experience for both of the students involved.  We will need to employ our knowledge about experimental design and procedure to ensure that our experiment produces valid results.  Additionally our knowledge of data analysis will be employed to statistically evaluate and draw conclusions from the data. Extensive knowledge in native and exotic plant identification will be gained. We will learn to take the knowledge we have acquired and apply it to new situations.  This experience of implementing our knowledge to conduct our research will give us practical experience in our future professions. Such research will also add to the current body of knowledge and will be helpful to other current research. 

Significance 


Exotic species are frequently introduced to new environments where given the proper conditions they have the potential to become invasive.  An invasive species is an organism introduced to an environment in which it is not native and due to competitive advantages threatens the stability and diversity of the local ecosystem. To successfully control exotic and invasive species we must first develop an understanding of disturbance and how it plays a role in exotic establishment. Our experiment serves to examine how strong of an effect pollution has on the native and exotic populations. If we are able to isolate these effects, control methods designed to specifically target the effectiveness of those mechanisms can be developed.  Additionally, precautions designed to minimize the vulnerabilities of at risk environments could be carried out.  Our proposed research would seek to determine if the presence of pollutants change an environment’s susceptibility to plant invasion.  The results would provide additional insight for the control of invasive species.

Feasibility 


Both students have experience in biological principles and laboratory techniques. Not only are they experienced in experimental design; we are also able to handle logical and comprehensive data analysis. By this summer, both student researchers will have completed the following classes. All were taken at Harvey Mudd College:


• Evolution (Biology 109) and Ecology (Biology 108)


• Introductory Biology Lab (Biology 54)


• Ecology and Evolution of Plant and Human Interactions (Biology 185)


• Discrete Mathematics (Math 55) and Probability and Statistics (Math 64)

Additionally, Mikel Grenzner has also completed the following:


• Bio/Math I & II (Math 118 and 119)


• Biostatistics (Biology 153)


• Experimental Ecology Laboratory (Biology 110)


As far as the experiment itself, all of the materials we need are inexpensive and readily available. The gardening and building supplies are available in local shops, and any rare seeds can be found from internet based catalogs or though the Rancho Santa Ana Botanic Gardens. Lastly, a two student team will ensure that the planting, harvesting and data acquisition will happen in an efficient manner. 

Proposed Budget


• Rising Senior - $3900


• Rising Junior - $3800


• Professor - $500


• Pots - $120


• Seeds - $110


• Mesh/Wood Seed Protection - $85


• Soil - $40 


• Pollution Sources - $35



• Plastic Sheeting - $10


• Grand Total - $ 8600

External Funding


We have no external funding at this time.  

