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Flowering Phenology in Echinacea angustifolia
Background
Due to agricultural land development, the United States is now left with less than 1% of its original prairie in isolated remnant populations (Wagenius and Lyon 2010). Because of this, it is becoming increasingly important to understand fitness factors in plants native to these fragments so as to keep the existing populations from declining. Flowering phenology is one of those factors, but it has not been studied extensively with regards to Minnesota’s prairie forbs. In this proposed study, Echinacea angustifolia will be used as a model organism; it shares many traits with other plant species native to Minnesota’s tallgrass prairie (Wagenius and Lyon 2012).  
Flowering phenology varies from year to year and previous studies have shown that peak flowering dates also differ among locations (Zahler 2012). Other studies have also found that global climate change is affecting flowering phenology dates in various plant species (Levin 2006; Bertin 2008). If peak flowering dates of plants in remnant populations deviate enough from when they have occurred in the past, flowering times may not coincide with pollinator abundance. This could, in turn, reduce pollination amounts and lead to a decline in population. In addition, flowering phenology may be linked with pollen-limitation. Researchers have discovered that in E. angustifolia, reproduction is pollen-limited, rather than pollinator-limited (Wagenius and Lyon 2010). If flowering phenology changes drastically, pollen-limitation could be affected, and in turn, so could the fecundity of the plant. Therefore, studying the flowering phenology of E. angustifolia in Minnesota’s tallgrass prairie remnants is a worthwhile project. If peak flowering dates are known among prairie remnants, scientists may be able to more easily conduct projects relating to causes of changes in average peak flowering dates and how genetics may affect flowering phenology, both of which have been studied very little.
In my proposed study, I will monitor flowering phenology among remnant populations of E. angustifolia to try to determine how peak flowering dates relate among those remnant populations. Additionally, I will compare data gathered this year with previous data gathered in 2011 and 2012 to create a three-year data set which I will use to look for patterns across all three years with relation to peak flowering dates among the remnants studied.
Hypotheses
1) Different populations have different peak flowering dates within the same year. 
Alternatively, different populations do not have different peak flowering dates within the same year.
2) Prairie remnants that have earlier peak flowering dates in the season in past years will continue to have earlier peak flowering dates and remnants that have later peak flowering dates in the season in past years will continue to have later peak flowering dates relative to each other.
Alternatively, a) the peak flowering day of a population in one year has no correlation to its peak flowering date in the next year, or b) the peak flowering date of a population in one year is inversely correlated with its peak flowering date in the next year.
Proposed Research
For this project, I will be sticking closely to protocols used by Kelly Kapsar in 2012 and Amber Zahler who also did projects relating to flowering phenology and peak flowering date.
This project will be conducted in remnants located in western Minnesota. Remnants to be used that were also used in both 2011 and 2012 include Nessman, NW Landfill, and Staffanson (along the permanent transect). Possible other remnants to be used include Around Landfill, N NW Landfill, and East Elk Lake Road. Remnants used will be of various sizes (Size of remnant based on size of area (actual perimeter) or area based on plants found on perimeter used as perimeter?). In Nessman, NW Landfill, and the other possible remnants, I will take a census of all flowering plants and record them. All of the flowering plants in these smaller remnants will be used for gathering data. In the case of Staffanson, a larger remnant, a thinner portion of the transect than used before, but still both east and west, will be used and all flowering plants will be monitored. This will help keep earlier flowering plants from being favored.  Each remnant will be visited every other day (smaller remnants one day, Staffanson another day?) and data will be collected in the morning. 
After sample sizes have been determined, I will observe flowering plants for the timing of production of florets. I will track the start date for flowering and end date for flowering. A flowering plant will be defined as one with vertical leaf growth and a flowering bud present. The first flowering day will be defined as the first day pollen shedding anthers are present. The last day of flowering will be defined as the last day at least one pollen shedding anther is present (Wagenius 2004). Peak flowering date will be based on highest proportion of plants flowering 
[bookmark: _GoBack]Data analyses using R and ANOVA will be run on the data gathered to analyze peak flowering and start dates for remnants. Statistical analyses will also be run on the data from 2011, 2012, and 2013 to analyze the same things. Graphs will be created to show number of plants flowering versus time as well as the peak dates and duration of flowering. These graphs will be similar to ones created in previous years and will be compared to said previous graphs. Graphs will also be created to compare remnant peak flowering times across 2011, 2012, and 2013.
Protocol
Once a flowering plant has been found, it will be flagged 10-20cm north of the plant with a red flag and checked for a tag. Each flag will be given a number. If no tag is present, the plant will be tagged. The tag number will be recorded. Each head of a plant will be distinguished with different colored twist ties.  Flowering plants will be mapped using a GPS so as to be more easily located. Once a plant has been mapped with a GPS, the red flag will be replaced with a blue flag with the same number as the red flag being replaced. A paper map will also be created (hand-drawn?). The flag number, tag number, number of heads, twist tie color, flowering data, uncertainty of date, and notes will be recorded on data sheets. Each remnant will be given a separate data sheet (sample included below) which will be updated every visit to said remnant.
Materials
· Flags
· Flag bags
· Pen/Sharpie for marking flags
· Tags for tagging plants
· Data sheets
· GPS
· Paper map
· Clipboards
· Twist ties
· Measuring tapes
· Compass
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