		Page 1 of 7
An assessment of flowering phenology in remnant populations of Echinacea angustifolia
Allison E. Grecco
22, June 2014
I. Abstract
	Processes limiting reproductive success are especially important to identify when looking at species that persist in habitats that have been fragmented or reduced. Echinacea angustifolia is a prairie plant that is native to the tallgrass prairies that has seen dramatic reduction in its habitat over time due to fragmentation. Populations of the species have been found to be pollen limited, despite no limitations in pollinator abundance and visitation. Possible reasons for this limitation are essential to understand in order to predict whether this species will persist through time. Spatial isolation is thought to reduce reproductive success, but much less research has been done assessing the impacts of temporal isolation in E. angustifolia. This project will build on a 3 year dataset that assesses the patterns of flowering phenology over space and time in E. angustifolia in order to determine if this plant species will survive in small, fragmented habitat remnants. Additionally, this project will look at the effects of implementing conservation procedures such as prescribed burns on flowering phenology in E. angustifolia. 
II. Project description
Introduction:
Echinacea angustifolia is a plant native to the tall grass prairies of the Midwest, and due to habitat reduction and fragmentation it has been reduced to habitats containing small, remnant populations. In fact, less than 1% of the original prairie habitat that is suitable for E. angustifolia has been reduced to scattered fragments varying in size (Wagenius & Lyon, 2010). Over the last ~20 years, this species has been used a model study system to assess the ecology and evolution of prairie plants, and more specifically, to determine if remnant prairie populations of plants with similar characteristics will persist through time (Echinacea Project). In order to determine if a plant species will persist in small remnants, it is essential to have an understanding of its reproductive biology, especially when that plant species only remains in small populations. For plants to reproduce, it is necessary that they are spatially and temporally in sync, that is, they must be close enough physically for pollination to occur and they must have flowers present at the same time for the pollen to reach the stigma leading to fertilization. Wagenius and Lyon (2010) found that reproductive failure in E. angustifolia is pollen limited but not due to lack of pollinators, suggesting that other factors such as temporal and spatial plant isolation and genetic inbreeding may play a role in limiting this species’ reproductive success. However, in E. angustifolia, another limitation to fertilization occurs. Wagenius et al. (2007), found that this species is additionally confounded by an S-allee effect, because it is not only self-incompatible, but also is incompatible with related plants that share a similar S-allele. When a population is restrained to small remnants, the likelihood of inbreeding depression is greater, and this can lead to reproductive failure particularly in small populations. One main factor limiting reproduction could be flowering phenology, or the time and duration of individual flowering. It is known that spatial isolation can play a role in limiting plant reproduction, but less work has been done looking at temporal isolation of flowering plants. Ison and Wagenius (2014), found that flowering phenology of an individual had a greater effect on seed set than spatial isolation alone. Additionally, Ison et al., 2014 found that pollinators of E. angustifolia are able to carry pollen quite far through space, but that synchrony in flowering time is still key to reproductive success. Recent data has been collected on E. angustifolia flowering time over the past 3 summers, and each has found significant variation in phenology between populations in remnants of different sizes and environmental qualities (Zahler, 2011, Kapsar, 2012, and Baker 2013). Zahler (2011) found that flowering phenology alone does not adequately predict seed set, but that asynchrony in phenology influences reproductive potential. Kapsar (2012) assessed flowering phenology of 6 different sites, one of which had been burned the prior spring, and found that the burned populations flowered 19-20 days later than those that had been unburned. Baker (2013), found that peak flowering dates differed among all 3 years of study, with the earliest occurring in 2012 and the latest year in 2013. This suggests that spring weather conditions may impact flowering time in E. angustifolia. Furthermore, Baker (2013) found that at one site (Staffanson Prairie Preserve), where the West portion had been burned, there was temporal isolation between the East and West populations. This could have dramatic consequences for the overall persistence of E. angustifolia at this site since it appears that burning delays flowering. Overall, the evidence for temporal and spatial isolation of E. angustifolia leading to reproductive failure is staggering, and it is important to understand the overall patterns of flowering in order to determine if small populations of E. angustifolia will persist through time. As such, I propose to assess the spatial and temporal patterns of flowering phenology within and between Echinacea angustifolia populations at six remnant sites varying in size and quality during summer 2014. Additionally, I will compare the results of this assessment with previous data from 2011, 2012, and 2013 at those same sites. Lastly, I will be able to further determine the effects of prescribed burning on E. angustifolia flowering phenology, since in 2014, the East portion of Staffanson Prairie Preserve was burned. This data can be compared to the 2012 data on the West portion of Staffanson Prairie Preserve to determine if the pattern of delayed flowering stays consistent. I predict that flowering phenology within and between E. angustifolia populations will be asynchronous. I also predict that populations in smaller remnants will be more synchronous. Lastly, I expect to see delayed flowering of E. angustifolia in the burned portion of Staffanson Prairie Preserve during 2014. 
Research plan
My primary objective is to determine flowering phenology of individual Echinacea angustifolia plants in six remnants in Douglas County, Minnesota during 2014, and to compare the patterns seen in 2014 to those seen in the 3 previous years. To do so, I will visit the Around Landfill, East Elk Lake Road, Staffanson Prairie Preserve (East and West), Northwest of Landfill, and North-northwest of Landfill sites. At each site, I will run transects of 700m long and find all E. angustifolia plants falling on that transect. If the remnant is small, it may be possible to collect data on every E. angustifolia plant in the population. I will identify which plants are flowering in each site, and will determine the number of florets per plant. I will also record the date of the first and last days of flowering for each plant. I will count the number of anthers on each plant during the first and last days of flowering, and will also quantify the number of shriveled stigmas on each row corresponding to each day of flowering. This will provide a measure of reproductive success for each flowering plant. I will determine the distance of each flowering plant to the closest flowering E. angustifolia plants, and I will also record the distance of each flowering E. angustifolia to the nearest flowering interspecific plant that is flowering at the same time. This will hopefully provide a measure of both intraspecific and interspecific competition. I also plant to quantify seed production in flowering E. angustifolia plants by counting the number of achenes present on each head. This will have to involve removal of the flowers, and it is likely that a sample of the populations will provide an accurate measure of variation in total number of seeds produced so as not to disrupt every plant in the population. Lastly, I will collect the GPS coordinates for each plant to be able to create a map of flowering and non-flowering plants. Based on previous research, I expect to find asynchrony in flowering phenology of E. angustifolia both between and within remnant populations. 
Significance
	This research will provide a long-term assessment of the reproductive patterns of Echinacea angustifolia. In order to predict whether a species will persist through time, it is essential to determine if that species is able to produce viable offspring for the next generation. The first step of producing offspring in plants is to be able to mate, and since plants are sessile, spatial and temporal patterns in flowering are important factors in limiting reproductive success. Overall, this project will provide insight about whether populations of E. angustifolia may be experiencing temporal isolation due to asynchrony in flowering phenology that may be limiting its reproductive success. Additionally, this project will provide understanding on the consequences of prescribed burns in E. angustifolia populations. If it holds true that prescribed burns delay flowering, this project may provide additional suggestion for conservation strategies involving burning. 
	Additionally, this project serves to broaden the overall goals of the Echinacea project by training me as a young scientist. My goal for this project is to return to DePaul University with a dataset that can be used to create a poster for the DePaul University Science, Technology, and Mathematics Undergraduate Research Symposium in November, 2014. Additionally, I would like to present this work either in poster or oral presentation form at other regional conferences including the Chicago Area Undergraduate Research Symposium and the Midwest Ecology and Evolution Conference in spring of 2015. Lastly, I would like to write up this work for entry in the DePaul Honor’s Program Student Conference and Research Competition for the 2014-2015 school year. 
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	I will record flowering phenology from the first day of flowering to the last day of flowering (approximately early July to late July), and I will collect data primarily in the morning, although some data such as GPS coordinate and distance to closest flowering intraspecific and interspecific plants may need to be collected in the afternoon if time does not permit for adequate and efficient data collection in mornings alone. 
V. Data management plan
	Existing data needed include the Amber Zahler’s 2011 dataset, Kelly Kapsar’s 2012 dataset, and Sarah Baker’s 2013 dataset on flowering phenology. Maps needed include those for the above mentioned sites that will be used for this project. I will collect data using a Visor. Forms needed must include columns for ID of all Echinacea angustifolia plants along the transects, ID of nearest flowering E. angustifolia plant, distance to nearest flowering E. angustifolia plants, ID of nearest flowering interspecific plant, distance to nearest flowering interspecific plant. Other sections should include first day of flowering, number of anthers on first day of flowering, last day of flowering, number of anthers on last day of flowering, number of total stigmas, and number of shriveled stigmas for each day of flowering. I plan to run most statistical analysis using R version 2.15.2, and mapping in ArcGIS. 
VI. Environmental impacts 
	I plan to use metal tags to identify flowering plants, and will use either toothpicks or twist ties to mark individual florets as they begin to flower. The toothpicks or twist ties will be removed after the plant is no longer flowering. 

