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Determining the Relationship Between Vegetation and Pollinator (Bee and Hover Fly) Species Diversity Along a Moisture Gradient
 in South Puget Sound Wet Prairie Swales
Excellent job overall. Very extensive and in-depth intro/background. Thorough literature review. Specific and detailed question-hypothesis and methods. Is there a concern that because pollinators are highly mobile where they are trapped may not reflect the site of their pollinating activity? Great job outlining the pertinent statistical analysis. These are complex methods (A Non-metric Multidimensional Scaling (NMDS) ordination). Do you understand them? Good, thoughtful outline. You just need a budget and could submit this to a funding agency. Well organized and clearly written in formal scientific style.
ABSTRACT

The glacial outwash prairies of the south Puget Sound are a nationally unique and highly threatened landscape.  Only about 3% of the historical Puget Sound prairies still exist today due to livestock grazing, introduced species and lack of fire return regime.  Studies of these landscapes will assist restoration managers in making appropriate decisions for the ecosystem.  We propose to evaluate how a soil moisture gradient influences vegetation diversity, and whether such influence would impact pollinator diversity.  This study wil consist of….be more specific about your questions/hypotheses/methods.  These are the meat of the proposal and shoud be the focus of the abstract not the significance statements. Because of the mutualistic nature of the pollination relationship, one would expect pollinator and plant species richness to be inextricably linked.  Knowledge of plant-pollinator interactions and community composition is important to establish a full ecosystems thinking.  With the recent concerns over honeybee colonies, native pollinators are gaining attention.  Prairie habitat may provide reserves for native pollinators that could support food crop production, which would be helpful for both prairie restoration projects and the agricultural market.

INTRODUCTION

Begin with a statement directly related to the proposed work. This introduction starts very general and does not get to the topic of the proposal until the end. “This proposed work addresses… in glacial outwash prairies. The glacial outwash prairies of the south Puget Sound are a nationally unique and highly threatened landscape.  The Puget prairies are referred to as outwash plains because of their characteristically cobbly soils, that were a result of  geophysical processes that occurred during the advance and retreat of the Vashon ice sheet between 18,00 and 5,000 years ago (Kruckeberg 1995).   Global temperatures increased after the retreat of the glaciers, facilitating habitat range shifts for various species of plants and animals (Storm 2004, Apostol & Sinclair 2006).  Some plants found in the Puget prairies today are endemic to eastern Washington and northern California (Longino 2009, Storm 2004).  

The plant communities and habitats of the South Puget Sound prairies posses unique levels of biodiversity not found in surrounding coniferous ecosystems (Alverson 2005).   Euro-American settlement, historical land use, and fire suppression fragmented and isolated the prairies (Apostol & Sinclair 2006, Kruckeberg 1995, Storm 2004).  Fragmentation and isolation endangers the species that depend on prairies by limiting resources and genetic diversity.  Only 3% of prairie habitat remains today, and much of it has been degraded by former land usage, such as pasture (Caplow and Miller 2004). Wet prairie swales found within the prairie vegetation matrix have been excessively impacted by grazing, land clearing, drainage and the elimination of anthropogenic burning leading to changes in hydrology and stream geomorphology (Chappell & Crawford 1997).  These abiotic changes have been followed by an extensive invasion of the European grasses Reed canary grass (Phalaris arundinacea), Kentucky bluegrass (Poa pratensis) and Quackgrass (Agropyron repens) that now makes descriptive analysis of the sub-ordinate herb and forb species composition difficult (Kunze 1994, Easterly et al. 2005).

A number of threatened animal species, such as the Mazama pocket gopher (Thomomys mazama), streaked horned lark (Eremophila alpestris strigata), and Taylor’s checkerspot butterfly (Euphydryas editha taylorii) depend on the prairies for survival.   All three species are candidates for federal listing as an endangered species (Stinson 2005).  The prairies are comprised of a unique and interconnected assemblage of vegetation and animals.  Several butterfly species rely on specific forbs for larval resources and nectar.  The vegetation communities of the prairies are unique to the Puget Sound region.  Because the plant communities of the prairies are such an important part of the ecosystem, their ability to successfully reproduce is vital to the continued maintenance of prairie habitat.  However, very little is currently known about the pollinator community structure of the prairies (Apostol & Sinclair 2006, Fimbel 2009).  
In restoration ventures, it is helpful to identify the key pollinators of specific plants and ascertain whether the habitat adequately fulfills the ecological needs of the pollinators (Samways 2005).   Pollination relationships are a vital ecosystem component.  For exclusive or specialized pollinator interactions, the persistence of each species depends on the other.  However, a suite of other members of the ecosystem also depend on this relationship.  The plant may fulfill nutrition and habitat requirements for other animals, and the pollinating organism may also provide other services to its community (Kearns & Inouye 1997).   Conservation efforts are often designed to protect target species.  However, the loss of pollination functions in a particular community can potentially impact an extensive network of species (Kearns & Inouye 1997). 

Many plant species have evolved mechanisms that compensate for temporary absence of pollinators.  Some plants produce extensive seed banks or have a long lifespan.  The absence of a pollinator may not be evident in such situations until the population reaches critical low levels.  Plants can potentially self-pollinate in the absence of a pollinator.  The disruption of a pollinator relationship may not become evident in such a case until a population of flowering plants declines due to loss of genetic diversity through self-pollination, or inbreeding (Kearns & Inouye 1997, Samways 2005).  Pollinators are crucial for dioecious plants that are unable to self-pollinate (Kearns & Inouye 1997).  The most threatened pollinator interactions are those where the pollinator is a plant specialist (or vice versa) or where the plants are isolated in fragmented landscapes (Samways 2005).  Honey bees and bumble bees are host generalists, whereas native solitary bees and certain species of hover flies tend to practice host specialization (Ebeling et. al. 2008).  Native bees are threatened by habitat alteration and fragmentation, grazing, competition with domesticated and introduced bees, and pesticides (Kearns & Inouye 1997).  Pollinator health is a key element in the protection of the species diversity in the south Puget Sound Prairies, and further knowledge of pollinator behavior and diversity is needed.

Wet prairie swales introduce a unique landscape feature to prairie habitat.  Diverse habitat structure supports the persistence of the Taylor’s checkerspot butterfly, because it extends the availability of nectar and larval resources throughout the summer (Fimbel 2004; 

 ADDIN ZOTERO_ITEM {"sort":true,"citationItems":[{"position":1,"uri":["http://zotero.org/users/111903/items/SZJ2HCTT"]}]} Stinson 2005).  Native bees rely on pollen and nectar availability throughout their foraging season.  Swales and riparian zones in prairie habitat may provide diverse habitat structure, extended temporal bloom periods longer into the summer which would potentially support a greater diversity and abundance of native bees.  However, the “hump-backed” model of species diversity across resource gradients (Grime 1979, Loreau et al. 2001, Tilman et. al. 2006) demonstrates that the highest biodiversity and species richness are found in areas of moderate resource availability and the lowest species diversity apparent in areas with the highest or lowest resource availability. Many authors have found higher species richness in the drier or higher sections of floodplains (for review Zelnick  & Carni 2008). We anticipate that moisture gradients across riparian zones will exhibit a similar “hump-backed” structure. Low levels of plant species diversity will be exhibited where moisture levels are the highest and most constant and as well as the areas with lowest moisture levels alternately the highest plant species diversity will be found in areas of moderate or fluctuating water availability. 

By relating the plant community assemblages to pollinator populations (in particular honey bees, bumble bees, solitary bees and hover flies our research hopes to gain a more complete information on pollinator populations. This may assist conservation efforts in designing suitable habitat management schemes to promote the health of existing native pollinators.  These activities could include maximizing the selection of available nectar/pollen sources throughout the foraging season, and ensuring that adequate hibernation and nesting sites are available.  Such knowledge could also impact prairie management regimes such as use of prescribed burning and mowing (Corbet & Osbourne 1997).  This study would only provide an initial survey of relative pollinator and vegetation presence in an understudied area of prairie habitat (Easterly et al. 2005).  Further research could be invested in determining the efficacy of specific pollinator/plant interactions (Corbet & Osbourne 1997).  

A biodiversity assessment will inform prairie management decisions and pave the way for in-depth species-centered research for rare species.  Such considerations may be species' hosts, parasitoids and predators, life cycles, and population genetics (Kim 2009).  The prairies are a potential biodiversity repository.  Global biodiversity has declined in recent years due to human land use and resource extraction (Kim 2009).  Understanding biodiversity in this threatened habitat is critical with the threat of additional anthropogenic pressures, such as climate change (Kim 2009).

We approached our study design with the following key question in mind:  Despite potentially reduced plant diversity, would wet prairie swales support increased native bee diversity through a temporal extension of floral resources?  Our proposed research will examine plant community dynamics (Do you mean “distribution”. Dynamics implies changes and interactions. Maybe distribution and dynamics) as they relate to soil moisture across a gradient in a two wet prairie swales in the South Puget Sound region, WA, USA.  We will relate plant community composition with a survey of native bee species diversity (if bees are the target pollinator species state this in the title. How about the hover flies that you mention later) within and among the plant communities in particular looking at the contribution of temporal extension of bloom periods in wet prairie plant communities.

 BACKGROUND


It is well established that moisture gradients and water regime play one of the most important roles in plant species composition and coexistence (Grime 1979, Silvertown 1999, Loreau et al. 2001).  The resource based competition theory for plant communities predicts a stable coexistence among species by the mechanism of each species being a superior competitor for specific resources. Therefore, the plant species will arrange themselves in a community reflecting specific niches by superior resource extraction (Silvertwon 1999,  Silvertwon 2004, Tilman et al. 2006). Thus, plant community diversity, richness and composition will reflect the moisture gradient within a riparian system (Zelnik & Carni 2008).  

Because of the mutualistic nature of the pollination relationship, one would expect pollinator and plant species richness to be inextricably linked.  In conservation and biodiversity preservation projects, knowledge of plant-pollinator interactions and community composition is important to establish a full ecosystems thinking, which enables the project managers to make more appropriate decisions about ecosystem processes.  Increased plant diversity has a proven stabilizing effect on pollinator populations (Ebeling et al. 2008).  Increased pollinator species richness should, in theory, provide sufficient pollination resources in the event of a local pollinator species extirpation.  While researchers have surmised the importance of the relationship between plant species richness to pollinator species richness, former studies on plant species richness have revealed a number of extrinsic factors that could influence pollinator visits, such as land development or use of fertilizers and irrigation (Ebeling et al. 2008).  One study did find that specific floral characteristics, such as corolla width and depth, have minimal influence on the foraging preferences of wild bees, but floral area per meter squared is a primary determinant of bee diversity (Tuell et al. 2008).  Insect surveys of the Puget Prairies have only recently begun (Fimbel 2009). Therefore, increased research would aid in improving the understanding of the relationships between plant and pollinator communities. 

A number of pollinator surveys have been conducted in tallgrass prairies in the United States and in European meadows, and we have found parallel concerns and methodologies among them. One particular study focused on European wet grasslands, which have been included amongst Europe's most threatened habitats according to the World Conservation Union (IUNC) (Moroń et al. 2008).  Wild bee populations have been in decline throughout Europe and North America.  Habitat loss and fragmentation is the primary attributed cause of their demise, but other challenges to their persistence include altered fire regimes, competition from managed bees, and pesticide use.  Wild bee diversity has been studied more prevalently in warm, xeric grasslands (Moroń et al. 2008).  The authors of this study claim that this may be the first examination of wild bees in wet meadow habitats in Europe.  This study introduces important considerations, such as the variation in diversity composition between hydric and xeric grasslands, which will be a focal point of our proposed research (Moroń et al. 2008).

Ebeling et al. (2008) sought to distinguish the relative importance of plant diversity for different classes of pollinators, and to determine the relationship between the diversity of flowering plants and the "dynamic stability," or temporal range, of pollinator activity.  Their study focused on the following pollinators: honey bees, bumble bees, solitary bees, and hover flies.  The study found a correlation between plant species diversity and blossom cover to pollinator richness and frequency of visits, but they reached a saturation point at a certain level and did not increase beyond that point.  This was a trend across pollinator classes/guilds.  Honey bees represented the highest number of visits, followed by bumble bees, and then solitary bees and hover flies.  High numbers of honey bees during our study could indicate problematic competition for native pollinating insects.  

Alternately, pollinator diversity may not be directly related to plant species diversity per se but be an artifact of the condition where the sampling plots with the greatest diversity are more likely to contain highly valuable plants for insect pollination (Huston 1997). Individual plant species have been found to disproportionally provide nectar-pollen rewards (Tuell et al. 2008) and nectar-pollen reward mechanisms have been the dominant factor influencing insect diversity (Bosch et al. 1997). Therefore, our study needs to examine the contribution of individual plant species and their temporal bloom time to pollinator species diversity (Ebeling et al. 2008).

PROPOSED RESEARCH


We propose to evaluate the vegetation and pollinator diversity across a moisture gradient. The pollinators we are choosing to examine are native bees and hover flies.  Understanding the relationship between pollinators and prairie vegetation is important for the future of prairie restoration efforts. In addition, understanding the variation in vegetation diversity across a moisture gradient can help restoration planners know where to plant certain target species.  This study will evaluate the role of swales and riparian areas in prairie habitat community structure and their contribution to the native bee and hover fly species diversity.

Study Sites

The proposed locations are two gravelly outwash prairies in the South Puget Sound.  Each has a seasonally flooded riparian creek flowing through the outwash prairie. The Morse Wildlife Preserve, Pierce County, WA. (Fig. 1) N 47°, 01’31”N, 122° 20’ 00” is located at the headwaters of Muck Creek, a tributary in the Nisqually River watershed. The property is held by the Cascade Land Conservancy and has been used for scientific surveys in the recent past. West Rocky Prairie, Thurston County, WA 46° 53’ 21” N, 122°52’ 18” W contains Beaver Creek, a stream that flows into Scatter Creek as part of the Chehalis River watershed.  The property is held by the Washington Department of Fish and Wildlife (WADFW).  Numerous research projects in prairie restoration are centered here and conducted by The Nature Conservancy and the WADFW.

Hypothesis and Methods


Our question asks how a soil moisture gradient influences vegetation diversity, and whether such influence would impact pollinator diversity.  We think it would focus our methods and analysis to evaluate this central question through three hypotheses.

1.. H0; The moisture gradient across a wet prairie swale will not create a differentiation of plant communities (β diversity).

  H 1 : The moisture gradient across a wet prairie swale creates a differentiation of plant communities (β diversity).

Our first task will be the determination of the hydric and xeric boundaries of the soil moisture gradient at each site. A transect will be extended perpendicularly 200 meters from the water’s edge (Fig. 3).  The location of the transect will be determined by local conditions (i.e. ensuring that the transect does not cross a road or other anthropogenically disturbed region).  The transects would be located and labeled in-situ as well as being transferred to GIS coordinates by GMX hand held GPS, 1-3 meter precision (Trimble 2009).  Every 10 meters along the transect, a permanent water level meter stick will  be inserted, calibrated to mm. Water level will be measured twice monthly for one year, from Oct – Sept at each meter stick along the transect.  Every 10 meters along the transect, two soil samples will be taken once a month from Oct – Sept. We will seal 2” core samples in moisture-sealed plastic bags and analyze them that day in the lab using mass change after drying to determine moisture content and soil structure (Gardener et al. 2001).  

We will establish a series of moisture gradients along the transect where our soil moisture measurements indicate a decrease of soil moisture by 20%.  Two parallel transects of equal length to this original transect, approximately 20 to 40 meters on each side will be set up.  Again, the placement of the two additional transects will be determined by the local habitat conditions to minimize extreme habitat variations not related to soil moisture gradient.   Three transects will be randomly spaced apart across the area, all on the same compass bearing perpendicular from the baseline (Fig. 3.). The transects will be placed in such a way as to enable us to capture the moisture gradient from wet prairie to dry prairie. 






For our proposed study, we plan to utilize 1 m quadrats placed regularly along transects for vegetation sampling surveys.  Every 10 m, we will establish a 1m2 quadrat sampling plot across all three transects.  Placing a sampling quadrat every 10 m along each transect will allow us to capture potential vegetation changes along the moisture gradient and give us a sample size of 60 for each site.  Each quadrat location will be recorded in the GIS unit and in-situ through re-bar inserted in the ground attached with aluminum labels in the SW corner of the quadrat.

Prior to conducting the vegetation sampling, we will conduct a qualitative site evaluation by walking the site and becoming familiar with the vegetation present by identifying each plant to species (Hitchcock et al. 1969).  All plant species will be collected as specimens and placed in The Evergreen State College herbarium. Each quadrat will be sampled for plant species, calculating percent cover of plant species, litter, bryophyte and bare soil using a revised Braun-Blanquet method (Podani 2006). 

2). H0; The plant species diversity (α diversity) within established plant communities (β diversity) has no effect on the diversity (α and β diversity) of insect pollinators.
  H 1 : The plant species diversity (α diversity) within established plant communities (β diversity) has no effect on the diversity (α and β diversity) of insect pollinators.
For pollinator sampling, pan traps (plastic food bowls approximately 4” in height, available from Fred Meyer, spray-painted with UV-bright shades of blue, yellow, and white) will be placed in equilateral triangle clusters at the southeast corner of each quadrat plot. The containers will be partially filled with soapy water to reduce surface tension and prevent pollinator escape. The bowls will be set out at the location of the quadrats two days prior to surveying.  On the day of the survey, the contents will be collected by pouring the contents through a sieve and placing the pollinators into labeled vials containing 70% ethanol for preservation until identifications can be made. Each vial will indicate bowl color and quadrat number, as well as date, time collected and persons collecting.  

Pollinator sweep surveying will occur 2 days a month during the period of May through September (5 months) in order to capture the temporal blooming period.  One day will focus on a morning survey at one site and an afternoon survey at the other, with an inverse of the order on the second day, so that each site’s monthly surveys include both a.m. and p.m. data.  The weather protocol for the surveys would be sunny conditions, low wind velocity, and air temperature above 12.8 degrees Celsius, to ensure suitable flight conditions (Ebeling et al. 2008; Kwaiser & Hendrix 2008; Moroń et al. 2008).  Additionally during the quadrat surveys, the surveyor will examine the quadrat site for 5 minutes, collecting any insect found visiting a flower at the site by aspiration or net. We will only record insect visits on flowering ramets of forbs (Ebeling et al. 2008).  We will place each insect in a numbered vial – the name of the plant species being visited and the quadrat number will be written on the vial. 


In early October, the invertebrate samples will be provided to students studying natural history at The Evergreen State College.  Our method of utilizing the services of Evergreen undergraduates for identifying species will provide valuable educational experience for the students (Kim 2009) and reduce our project costs.  From October through the following April, we will work with the students to identify all of the specimens to genus and species.  

3). H0; The plant species and temporal bloom period within established plant communities have no effect on the diversity (α diversity) of insect pollinators.
  H 1: The plant species and temporal bloom period within established plant communities have an effect on the diversity (α diversity) of insect pollinators.

The phenology of the plant species will be noted along with the number of flowering ramets per quadrat.  The vegetation surveys would be performed once in April prior to our first pollinator survey and repeated twice during June – Oct. for each plot to account for phenological variance. The calendar bloom time will be recorded for each species and each quadrat. The plant species identification, phenology giving temporal bloom period and flowering density will be analyzed with the data collected above from pan traps and 5 minute sweeps.
Data Analysis

We will perform an analysis of similarities (ANOSIM) among the plant communities and a cluster analysis to measure the similarities or differences between the sites using the program EstimateS (Magurran 2004).  A Non-metric Multidimensional Scaling (NMDS) ordination of the plant communities will be performed using the statistical package PC-ORD 5.0, due to the ordinal data provided by the Braun-Blanquet scale (Podani 2006).  The matrix will consist of plant identification to species and soil moisture (Magurran 2004).  Any plant communities indentified along the moisture gradient will be classified by using the NatureServe database (NatureServe 2009); any unique plant communities not in the database will be described and submitted for inclusion.

We will measure two aspects of biodiversity of vegetation of the individual quadrats (α diversity) as suggested by Magurran (2004): rank abundance of species sampled to measure species richness and Simpsons (D) index of diversity.  Biodiversity among identified plant communities along the transect (β diversity) will be calculated by using Whittaker’s measure of β diversity (Whittaker 1972, Magurran 2004). Mean β-diversity and confidence intervals will be generated by bootstrap sampling.  

Native bee and hover fly biodiversity from individual quadrats will also be measured by two means: rank abundance of species sampled to measure species richness and Simpsons (D) index of diversity. Biodiversity among communities identified along the transect (β diversity) will be calculated by using Whittaker’s measure of β diversity (Whittaker 1972, Magurran 2004). Mean β-diversity and confidence intervals will be generated by bootstrap sampling.  A Non-metric Multidimensional Scaling (NMDS) ordination of the temporal bloom period, insect and plant species, and soil moisture will be performed using the statistical package PC-ORD 5.0.


Multiple linear regression models of the quadrat samples will be calculated to examine the relationships among the soil moisture gradient, plant community species diversity (species richness and Simpsons D), plant temporal bloom duration (calculated using the mean number of days of ramet presence per block), mean ramet density and pollinator diversity (species richness and Simpsons D). The models will be calculated using the statistical software package JMP 8.0 (SAS Institute) with an α < 0.05.










To test the third hypothesis, requires an ANOVA due to the nominal data provided by the plant species and temporal bloom period.  A two way ANOVA with replications will be performed (JMP 8.0, SAS Institute) to compare the variance of mean insect plant diversity (α diversity) among the quadrats in response to the presence of particular plant species and temporal bloom period. We will perform a Tukey’s HSD (JMP 8.0, SAS Institute) to conclude which mean(s) is (are) significant (α = 0.05).

TIMELINE

October Year 1: Water level and soil moisture will be measured during the water year in the Pacific Northwest: October year 1 to September year 2.

April Year 2:  Vegetation and pollinator sampling quadrats will be established, and soil/vegetation analysis will occur at both sites beginning in April and continuing through to September.

April Year 2: Pollinator surveys will occur two times a month for five months (May through September).

Fall Year 2: Taxonomy of collected specimens will occur October through April, in collaboration with TESC undergraduate students. Data analysis will be conducted as soon as taxonomic data is available.

SIGNIFICANCE AND BROADER IMPACTS

With the recent concerns over honeybee colonies, native pollinators are gaining attention. Over thirty percent of global food crops depend on animal pollination.  In the United States, honey bees pollinate an estimated $14.8 million dollars worth of crops (Winfree et al. 2007), and over 80% of food crop production in Western Europe is facilitated by insect pollination (Grünewald 2010).  Native bees can play an important role in agricultural production.  Winfree et al. (2007) utilized data from a field survey of both honey bee and native bee flower visits and pollen deposition in a watermelon crop to design a simulation to compare fruit production resulting from native and honey bee pollination.  They determined that native bees would be as effective as honey bees for pollinating watermelon crops, as long as suitable habitats were available.   Although native bees are not effective pollinators of extensive monoculture crops, they are known pollinators of canola, sunflowers, and watermelons (Winfree et al. 2007).  They are superior pollinators of blueberry, alfalfa, and squash (Tuell et al. 2008).

Prairie habitat may provide reserves for native pollinators that could support food crop production (Tuell et al. 2008).  Neal (1998) reflects on the strategy of placing ecotones around agricultural fields. These ecotones would not only support native insects but also help adjacent croplands by providing pollination.   Proximal native habitat assemblages can increase crop yield through the activity of native pollinators.  The prairie ecotones also provide the additional ecosystem services of potentially reducing pests and enriching soil quality. 

We are fairly certain that our study would be the first to study vegetation and pollinator diversity along a moisture gradient in Puget Sound lowland prairie habitat.  This study will support preliminary research on prairie pollinator diversity and examine how this diversity changes along a moisture gradient and possibly along the vegetation gradient.  Furthermore, we intend to share the mapped vegetation data on the NatureServe database making our findings available for other scientists and restoration practitioners.  The knowledge gleaned from our study should inform habitat management decisions and possibly inspire new approaches and emphases in South Sound prairie restoration.
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Figure 1. Morse Wildlife Preserve, Pierce County, WA.
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Figure 2. West Rocky Prairie, Thurston County, WA
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Figure 3. Sample design, boxes represents placement of vegetation quadrats and pollinator traps. The three quadrats are placed in a random stratified design along the moisture gradient to capture the changes associated with wet and dry prairies.
