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Abstract: 


Echinacea angustifolia is a prairie forb found in the grasslands of western Minnesota. Echinacea angustifolia is self-incompatible and therefore relies on pollinators for reproduction. The Echinacea Project has identified 26 species of bees that visit Echinacea angustifolia, but these pollinators may vary in their degree of pollination efficiency. We propose to test for pollinator efficiency on 200 heads of Echinacea angustifolia by limiting each head to a single pollinator visit and quantifying efficiency based on the number of shriveled styles. Understanding the specific efficiency of different pollinators that visit Echinacea angustifolia will help determine which species are key to its continued survival.

Background


North-American prairie grasslands are among the most endangered resources in the United States. Northern tallgrass prairie habitat covers an area reduced to 4.4% of its historical extent. (Samson, FB and Knopf, FL). Echinacea angustifolia, purple coneflower, is widely distributed across this region and serves as a model organism for long-lived, herbaceous, prairie forbs.  E. angustifolia is self-incompatible and thus relies  on insect pollinators for successful reproduction. At least 26 species of bees have been observed visiting E. angustifolia, all of which are solitary bees (Wagenius 2010).

However, these species may differ in their degree of pollination efficiency. Land management practices that alter high-efficiency pollinator populations could adversely affect E. angustifolia populations. Therefore, the effectiveness of insects as pollen vectors for E. angustifolia and the traits that account for this efficiency need to be determined.


Pollination efficiency is defined as “a measure of the relative ability of a pollinator to pollinate flowers” (Keys, R. and Buchmann, S. 1995). E. angustifolia exhibits style persistence such that when a compatible pollen grain is deposited on a style, that style will shrivel into its corolla within about 24 hours. If un-pollinated, it will persist unchanged for up to 9 days (Wagenius 2004). We will use the number of shriveled styles on each head as a measure of pollinator efficiency. Normally, seed set is used to measure efficiency, but in the case of Echinacea angustifolia style persistence is just as effective and can be measured on site with greater ease and fewer opportunities for error. 
Previous research has been conducted through the Echinacea Project on pollinator efficiency, but these projects lacked a sufficient sample size of pollinators to produce viable results. We propose to expand the number of heads sampled from 52 to over 200 by using larger test sites and a larger research team. However, we will use results from previous years to compare pollinator diversity and efficiency from 2010-2014.

Research Questions:


How effective are different native bees at pollinating Echinacea angustifolia? Is there a correlation between the amount of time a pollinator spends on a flowering head and the number of shriveled styles?

Research Plan:


Our objective is to determine which pollinators are the most efficient at pollinating Echinacea angustifolia. We will investigate which native bees visit E. angustifolia and also examine visitation time as a trait that may influence their efficiency as a pollinator. We will use style persistence as a measure of pollinator efficiency. The experiment will be conducted at research site P2, which is located at Hegg Lake.  Prior to the beginning of the experiment, flowering Echinacea will be mapped with flags.  Focal flowers will be selected at random such that enough non-focal flowers remain to provide a sufficient amount of pollen to be transferred. We will exclude misshapen, brown, and infested heads from the experiment. Data collection will begin as soon as a sufficient number of E. angustifolia begin to flower. This experiment will continue until E. angustifolia is no longer flowering. 

Materials: 

50 Pollinator Exclusion Bags

50 Head Cages

50 Twist Ties

6 Colors of Acrylic Paint

40 Toothpicks

4 Video Recorders

4 Tripods

2 Nets

10 Vials

1 Cooler with 2 Ice Packs

4 Datasheets 

4 Clipboards

General Procedure:


Every day a team of 2-4 researchers will participate in pollen observations at the study site.  Observations will be conducted between 8:00am – 12:00pm depending on the weather. If it is raining or the temperature drops below 50º F pollinator observations will not be conducted because pollinators will most likely not be out. However, even if the weather prevents us from conducting pollinator observations, all other aspects of the project will still be conducted in order to stay on schedule. Daily procedure is as follows. 

Four-day observation protocol:

Day 1: Bracts subtending ﬂorets that are producing anthers are painted with acrylic paint using a toothpick and the Echinacea head is covered with a mesh bag secured to the plant using a colored twist-tie and supported by a pollinator exclusion cage.

Day 2: The bottom row of styles emerges. The mesh bag is removed and a single pollinator visit is recorded on video. Bracts of anther producing ﬂorets are painted with a second color and receptive styles are counted. As soon as the pollinator has left the bag is replaced.

Day 3: The middle row of styles emerges. Basal styles that have shriveled are counted and painted with a third color. The mesh bag is removed and a single pollinator visit is recorded on video. The date and time as well as the row and position of the filmed head will be verbally spoken into the camera before recording has been stopped. Bracts of anther producing ﬂorets are painted with a fourth color and receptive styles are counted. As soon as the pollinator has left the bag is replaced.

Day 4: The top row of styles emerges. Middle row and un-painted bottom row styles that have shriveled will be counted and painted a fifth color. The mesh bag is removed and a single pollinator visit is recorded on video. Bracts of anther producing ﬂorets are painted with a sixth color and receptive styles are counted. As soon as the pollinator has left the bag is replaced.

Day 5:  Unpainted styles that have shriveled will be counted.


While carrying out the protocol for day 1, we will select capitula such that the majority of heads are in their early blooming period. Early blooming period is evidenced by anther-producing florets at only the base of the inflorescence (Figure 1). While carrying out the protocol for day 3 we will have four “spotters” who will watch E. angustifolia heads for pollinator activity. When a pollinator visits E. angustifolia, the camera will be turned on and the flower will be bagged immediately after the visit.  If the focal plant is not visited, it will be bagged and used again the following day for observation. Heads not visited after three days will be used as controls. Spotters will ID pollinators in the field. For the first week of the experiment, pollinators will be caught with nets and placed in vials in order to accurately ID bees down to Genus. Videos will also be used to confirm Genus identifications made in the field. Fieldwork will be conducted daily, with 15 new capitula starting the protocol each day, such that on the fourth day of data collection until all blooming is complete, a total of 60 capitula will be in this rotation. 

Based on previous research, we predict larger bee genera to be more efficient pollinators. We expect Melissodes sp. to be the most efficient pollinator as it is the largest pollinator recorded to visit E. angustifolia.

[image: image1.wmf]
Figure 1. Flowering phenology of E. angustifolia. Florets bloom as shown from bottom to top in concentric rings daily. A floret that produces an anther one day will produce a receptive style the following day that will persist until pollinated. Once pollinated the style will shrivel. Image reproduced from Wagenius 2004. 
Significance:


The ultimate causes of evolution in highly specialized pollination systems such as Echinacea angustifolia are not easily understood. Pollinators are often implicated in the origin of new plant species because adaptation to different pollinators can drive divergence in floral traits and bring about reproductive isolation (Pauw, A. 2013). Additionally, the amount and genetic composition of pollen grains that are transported to flowers by different pollinators may influence the fitness of E. angustifolia. 


Echinacea angustifolia is self-incompatible and therefore relies on pollinators for reproduction. Land management practices that alter high-efficiency pollinator populations could adversely affect E. angustifolia populations. Therefore, the individual effectiveness of different bees as pollen vectors and traits that may account for this efficiency needs to be determined. This study will give us insight into which pollinators are key in sustaining the survival of E. angustifolia and will also allow us to better understand which behavioral and mechanistic traits contribute to pollinator efficiency. This research will lead to the creation of a poster and formal report and will give us valuable experience monitoring pollinators and tools for measuring pollinator efficiency in future research endeavors. 

Timeline


The timeline of this experiment will be dependent on when Echinacea angustifolia begins to flower.  Prior to the beginning of the experiment, we will gather our personnel and equipment and check both plots to determine when flowering has begun. Data collection will begin as soon as a sufficient number of E. angustifolia begin to flower. This experiment will continue until E. angustifolia is no longer flowering. After all data has been collected we will analyze the data using excel and prepare a poster and final report. 

Data Management Plan


In order to conduct this experiment we will require existing data sheets on number of styles shriveled for 2010, 2012, and 2013. This data will allow us to compare our data to previous years. We will also require a map of the flowering heads in  P2 in order to determine where to set up the four cameras we will be using to record pollinator visits. We will require any forms that grant access to the utilization of this site.


Our primary data collection will include the number of styles shriveled per head correlated with the specific pollinator as well as the amount of time spent on Echinacea angustifolia for each pollinator. This data will be collected on paper and entered into excel in order to analyze the results. We will review the video recordings of pollinators to determine the time spent during each visit to specific E. angustifolia heads. We will use this data to determine if there is a relationship between time spent pollinating and style shriveling. We will also use these videos to get a clearer idea of bee behavior while on E. angustifolia in the hopes of better understanding the behavioral strategies that may increase pollination efficiency. After all data has been analyzed we will prepare a poster and final report, which will be posted to the Echinacea Project Field Blog. 

Datasheet:
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Environmental Impacts



Human presence at the sample locations may disturb local vegetation. In order to limit the effects of human presence, any flags used to mark focal E. angustifolia will be removed from the study site at the conclusion of the experiment.  We will also avoid trampling plant species as much as possible by parking cars away from plant populations and walking the same path every time we visit the site.
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