

Page 1 of 1
C. Switzer—19 June 2011
Rough Draft
Proposal for Research with Team Echinacea: Summer 2011

My long-term goals:
1. Become a college professor (both teaching and researching biology)
2. I am applying to graduate school this fall (I have two possible directions)
a. M.S. in statistics to prepare for a PhD (I’m currently looking into biomechanics programs at Stanford and Berkeley)
b. Straight to PhD (in ecology or biomechanics)
3. Don’t pay for graduate school (get all of my continuing education funded)!

My plan to reach my goals:
1. Retake GRE this summer
2. Apply to both MS and PhD programs this fall (deadlines are in December)
3. During next summer, finish my MS in Education (because it’s free)
4. Fall 2012—start graduate school (which will include taking more MATH courses—calculus, linear algebra, and statistics).

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 among remnants (is compatibility significantly different between remnants, based on their size)?

How to analyze the results:
1. H0: The compatibility between pairs of plants is independent of the remnant size (m2)
a. GLM?
2. If the compatibility is different, then which way is it different? (do smaller patches typically have lower compatibility or do larger patches have lower compatibility).


Methods:
1. Randomly select remnants to conduct this experiment
2. Randomly select Echinacea plants in each remnant as maternal plants and put bags on the heads so they cannot be pollinated
3. Randomly select Echinacea plants in each remnant as paternal plants (should I use the 6 closest plants).  Put bags on the heads to reduce contamination.
4. (Day 1) Collect pollen from paternal plants
5. (Day 2) Place pollen from different paternal plants onto maternal plants (I’m not sure how many paternal plants I can use to pollinate each maternal plant—I’m thinking I’ll pollinate 4 styles at a time).
6. (Day 3) Come back the next day to see if the styles have shriveled on the maternal plant.



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 rep- resent 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 to randomly select a sample of remnants to study
2. How to randomly select paternal and maternal plants to use for pollination
a. Should I just use the 6 closest plants to the randomly selected focal plant?
3. How to analyze compatibility (assumptions, sample size, tests, etc.)
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Figure 2: Mean compatibility rates versus population size or habitat area among the six closest flowering plants of six focal plants from (A) each
of 19 remnant Echinacea populations in 2003 and (B) each of seven simulated populations at six patch ages (years since fragmentation). Note that
mean Echinacea generation time in our model is 24 years. To present the model results, we use patch area as a proxy for population size for
illustrative purposes. The variation in population size within a patch was small compared to the variation in population size between patches.


mising our estimates of g and k. So in these estimates, we
assumed that all .c p 1ij


Our empirical studies showed that mean compatibility
between pairs of plants increased with population size over
the range of sizes found in our study site: ,n p 19 P !


(fig. 2A). Our empirical analysis offers no insight.0001
into patch aging because our results represent a snapshot
in time and because we do not know the precise land use
history of the study populations, except that fragmentation
occurred primarily between 1870 and 1950.


Our model results of mate compatibility mirror the pat-
tern observed from our empirical study but offer additional
information about the effect of patch age (fig. 2B). The
effect of habitat area on compatibility increases with patch
age. The mean compatibility rate in the smallest remnants
declined with patch age, while it remained nearly constant
in the largest habitat remnants. To compare model output
with the empirical results, we used a model sampling scheme
that mimics the empirical sampling of the six closest neigh-
bors. But we also censused compatibility among all indi-
viduals in the model, instead of sampling, and the results
were similar, suggesting that our empirical results estimate
mean population compatibility rates well.


Demography of Habitat Area and Breeding System


The results of our first simulation show that the effect of
habitat fragmentation on S-allele diversity varies with the
extent of fragmentation (remnant area) and increases over


time (fig. 3C). The reduction in S-allele diversity causes a
reduction in the proportion of potential mates that are
also compatible. The additional pollen limitation due to
incompatibility among potential mates is caused by the
loss of S alleles (fig. 3B). This time-dependent genetic effect
is most pronounced in small remnants, and there appears
to be a patch area (∼2,000 m2 in our model) above which
there is no discernible additional effect over the time sim-
ulated. If we ignore compatibility (i.e., assume that all


) and calculate this modified outcross mating po-c p 1ij


tential ( ), the result shows that there is a substantial∗Pi


habitat area effect on reproduction that is attributable to
nongenetic causes—the traditional Allee effect (fig. 3A).
The true outcross mating potential (Pi) reveals a similar
overall pattern, but the difference is greatest in the smallest
remnants, where genetic drift has reduced S-allele diversity
the most (fig. 3C). The proportional difference of these
two indices ( ; fig. 3D) quantifies the additional∗1 ! P /Pi i


genetically based Allee effect and shows that the effect is
greater in smaller remnants than in larger remnants and
that the remnant size effect increases over time.


Compared to those in SC populations, reproduction and
population growth rates in SI populations are more sen-
sitive to habitat area. Furthermore, the effect of population
size on reproduction and population growth rates changes
with time; in other words, patches age. Soon after frag-
mentation, SC populations reach equilibrium fertilization
rates, while fertilization in SI populations decreases over
time and with decreasing habitat area (fig. 4A, 4B). In-
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