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C. Switzer—21 June 2011
Second Draft
Proposal for Research with Team Echinacea: Summer 2011

Note: Red Text is new to the 2nd draft.

How to integrate this project with teaching--Ideas?
1. National Phenology Project for sagebrush
2. Leaf Collection—requiring plant presses, dryers, and leaf id books.
3. Germinate seeds and grow plants in the classroom to measure compatibility
4. Chromatography
5. Electrophoresis (protein)
6. Wisonsin Fast Plants Germination and Pollination

My goals for Echinacea Project—Summer 2011:
1. Finished poster that I can submit along with my graduate school application.
2. I want to complete a small experiment during the summer that can contribute to the Echinacea Project
3. I am happy working in a group or on my own.

Personal Interests to develop during Summer 2011:
1. Plant identification
2. Statistics skills (especially with R)

Big Question: How does compatibility differ, based on isolation?

Methods:
1. Select remnants to conduct this experiment 
a. Use the same remnants that were used by Laura Townsend	Comment by Callin  Switzer: Do we want to sample all of staffanson, or should we simply sample a comparable area in each remnant?

-I think we should constrain the sampling area to a radius around the focal plant.  Perhaps 5 meters, but we can decide when we actually go to the remnants to find flowering plants.
i. Staffanson
ii. NW Landfill
iii. Nessmans
iv. Elk Lake Rd.
b. Classify each remnant as Large or small (based on rough patch size.  Example: a large remnant could be over 5 acres, and a small remnant could be less than 5 acres)	Comment by Callin  Switzer: This is just an idea…not to analyze, necessarily.  It would be interesting anecdotal information to put in the conclusion and could provide suggestions for additional studies. 
c. Classify each remnant as disturbed or undisturbed (based on how recently it has been plowed)
2. Randomly select flowering Echinacea plants in each remnant as focal plants and put bags on the heads so they cannot be pollinated
a. Get the tag numbers of each flowering plant and put the list into a random list generator: http://www.random.org/lists/
b. Select the top 6* plants (how big of a sample do we need? To get power of 0.8)
c. Bag them

3. Randomly select 6 paternal plants to cross with to the focal plants.  Put bags on the heads to reduce contamination.
a. Put the tag numbers (that were not used to select focal plants) into the random list generator.
b. Select the top 6 plants from the list to cross with the 6 focal plants (if I pollinate 4 styles for each cross, then I need 6*4 = 24 styles on the focal plants).  
4. Measure the distance from the base of the focal plant to the base of the paternal plants 
5. Pollinate (According to Wagenius, et al., 2007):
a. (Day 1) For each focal plant, paint the tips of bracts underneath the pollen-producing florets with acrylic paint. Use different colors to represent each pollen donor, and paint five bracts per color and six colors per flower head.  Put pollinator exclusion bags over all painted heads on each focal plant and over one head on each pollen donor. 
b. (Day 2) Collect pollen in a microfuge tube (from paternal plants) by scraping pollen off the stigma with a toothpick.  Place pollen from different paternal plants onto focal plants (Pollinate 5 styles at a time). Each paternal plant will have a specified color.  Crosses must be done before noon.  Pollen must be collected during the morning.
a. (Day 3) Come back the next day to see if the styles have shriveled on the focal plant.  Score styles as unchanged or shriveled. All crosses with at least four scored styles will be classified according to the number of styles that shriveled: 0 or 1, incompatible; 2 or 3, undetermined; and 4 or more, compatible. If necessary, begin a new cycle.

Possible Snag: What if the flowering plants don’t produce pollen and show styles at the same time?



Previous Findings:
1. Methods used before (from Wagenius, et al., 2007) 
a. focused on 19 remnant populations during the summer of 2003. 
b. In each population, we chose six focal plants at random from all flowering plants in the population. 
c. We partitioned some populations on the basis of natural barriers or gravel roads and sampled six focal plants from each side. 
d.  determined the six nearest flowering plants to each focal plant and designated them as pollen donors. Our goal was to determine compatibility between each focal plant and its six closest pollen donors. 
e. We attempted to do this in one 3-day crossing cycle but could not because focal plants did not always present enough styles and the donors’ pollen production was not perfectly synchronous. 
i. On the first day of a cycle, for each focal plant we painted tips of bracts subtending pollen- producing florets with acrylic paint. Using colors to represent each pollen donor, we painted five or six bracts per color and up to six colors per flower head. We put pollinator exclusion bags over all painted heads on each focal plant and over one head on each pollen donor. 
ii. The next day, we collected pollen from pollen donors in microfuge tubes and used a toothpick to place pollen on the newly emerged styles whose bracts had been painted the day before. 
iii. The third day, we scored the hand-pollinated styles as unchanged or shriveled. If necessary, we began a new cycle. All crosses with at least four scored styles were classified according to the number of styles that shriveled: 0 or 1, incompatible; 2 or 3, undetermined; and 4 or more, compatible. 
f. Styles with applied incompatible pollen occasionally shrivel because of contamination with compatible pollen or mechanical damage, and styles with applied compatible pollen rarely fail to shrivel (S. Wagenius, personal observation). Within one flowering season, we could not simultaneously determine the compatibility between pairs of plants and natural fertilization rates because bagging heads affects pollinator behavior. 
g. We tested the null hypothesis that compatibility rate is independent of population size, using a binomial family generalized linear model with a logit link function, implemented in the statistical package R (R Development Core Team 2004). [Wagenius et al, 2007)
2. Average compatibility between pairs of plants increases with population size (Wagenius, et al., 2007)
3. A simulation predicts that the compatibility will increase with patch area (Wagenius, et al., 2007).  The figure is below.






Things I need help with:
1. How many focal and paternal plants to sample.
2. How to analyze compatibility (assumptions, sample size, tests, etc.)

Materials:
1. Toothpicks
2. Microfuge tubes
3. Refridgerator
4. Pollinator Exclusion Bags and frames for holding bags away from the head
5. Large Measuring tapes (for measuring distance between plants)
6. GPS (maybe)
7. Flags and Metal tags for marking plants
8. Paint (acrylic)
9. Sharpies


Analysis:
1. Use online textbook as a resource: http://www.statsoft.com/textbook/
2. [image: ]Record compatibility and distance between plants for each cross (see below)

3. Don’t use any “undetermined” plants in the analysis (plants that had a 2-4 styles that shriveled)
4. Since the dependent variable is binary, use a generalized linear model with a binomial response (logistic regression) in all sites.
a. Assumptions: http://www.statisticssolutions.com/resources/directory-of-statistical-analyses/generalized-linear-models-and-estimating-equations
b. Generalized Estimating Equations and Generalized Linear Models do not assume that the dependent/independent variables are not normally distributed.
c. Generalized Estimating Equations and Generalized Linear Models neither assume linearity between the predictors and the dependent variables, nor homogeneity of variance for the range of the dependent variable.
d. There must be linearity in the link function as assumed by the Generalized Estimating Equations and Generalized Linear Models.
e. It is assumed in Generalized Estimating Equations and Generalized Linear Models that the multicollinearity is absent.
f. The data in Generalized Estimating Equations and Generalized Linear Models must be centered in order to reduce multicollinearity.
g. The dependent data in Generalized Estimating Equations and Generalized Linear Models are either interval or ordinal, and they are sometimes binary or count type.
5. 
6. If the compatibility is different, then which way is it different? (do more isolated plants have higher compatibility than less isolated patches).

Figure 1. Compatibility vs. Distance between plants
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Distance (m):

Focal Plant #

123 20 14 16 6 16 16
234 14 7 9 6 4 16
345 2 20 4 4 14 4
465 7 5 10 9 18 3
576 5 8 17 9 2 19
678 8 17 11 12 9 4
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Paternal Plant Number

Compatibility:
Focal Plant #
123 -1 -1 0 1 -1 1
234 -1 0 1 1 0 1
345 1 1 0 0 1 0
465 1 0 1 0 1 0
576 1 0 1 0 0 1
678 1 1 0 1 0 -1
567] 678] 789] 890] 278 597

Paternal Plant Number

KEY:
O=incompatible

-1=undetermined

1=compatible
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