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2.
Abstract:
	Cladium jamaicense is found extensively throughout the Everglades ecosystem, and can propagate by both sexual and asexual means (Miao 1998). This study will examine the genotypic diversity of sawgrass populations through horizontal gel-electrophoresis of field samples, in the Water Conservation Areas and Florida’s Everglades National Park. The results will consider how the various modes of propagation of C. jamaicense affect the genetic structure of their populations, and assess whether asexual formation of clonal plantlets from C. jamaicense has lowered genotypic diversity of the Eastern Everglades’ sawgrass.  
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4.
How the various modes of propagation by Cladium jamaisence affects the genotypic structure in populations of sawgrass in the Florida Everglades  
Introduction:
Cladium jamaicense (sawgrass) is a perennial sedge found extensively in the Florida Everglades, and can spread through both sexual and asexual methods of reproduction. This means they can distribute seeds (sexually), or produce horizontal rhizomes or form plantlets among the reproductive organs (asexually) (Miao 1998). The ability to produce clone plantlets, on the buds of flowers, that co-exist with the flower itself has only been reported by two other species of plants (Miao 1998). C. jamaicense is highly adapted to its environment: they can live under a range of inundation levels and periods (Todd 2010), germinate in saturated conditions (Ponzio 1995), and have a relatively low and slow nutrient uptake rate (Lissner 2003).  These various modes of propagation are a survival mechanism that has successfully allowed sawgrass to expand across the nutrient poor Everglades. 
Stands of C. jamaicense trap sediments and other decaying organic matter around the base of the stalks and roots, and become built-up into ridges directed parallel to water flow (Ogden 2005). Sawgrass ridges are self-organized through feedback mechanisms and can control topographical elevation and hydrology (Watts 2010). Some of these feedback mechanisms are hydrology, nutrient availability, and competition of other plant species. These ridges are important for controlling the flow of water, primary production (Ogden 2005), releasing phosphorus into the hydrologic system from organic matter that becomes trapped, and providing essential habitat to many different organisms. 
Loss of feedback mechanisms caused by 20th century water management practices has had a significant impact on the landscape of the Everglades and its plant communities (Bernhardt 2009). Without essential feedback mechanisms sawgrass ridges cannot be sustained. As the water is drained from a previously inundated area, there will be a loss of ridges and topographical flattening will occur (Watts 2010). As water is pumped into a previously dryer area, higher water levels force competition between sawgrass and other slough plant communities. C. jamaicense cannot successfully compete with other plant species when water and nutrient levels are higher than average due to its low nutrient absorption rate (Ponzio 1995, Chiang 1999). Other competing plants with a higher nutrient absorption rate, such as Typha domingensis (cattail), simply outgrow sawgrass.
By producing clone plants that become clustered together (Ivey and Richards 2001 b.), C. jamaicense may be reducing the possibility of sexually reproducing with other members close by because of  sawgrass’ low recruitment rate of seedlings demonstrated in laboratory study (Webb 2008). If the rate of clonal production of plantlets is higher than that of sexual reproduction, genotypic diversity may be reduced in populations due to the lack of gene flow. Lower genotypic diversity in populations of sawgrass would reduce their likelihood of reestablishment after a large-scale disturbance such as a fire, hurricane, or alteration of water management practices. 


5.
Research Objectives:
This proposal will attempt to determine how the various modes of propagation of C. jamaicense have affected its genotypic structure in populations of sawgrass in the Everglades. By exposing the existing genotypic diversity, with horizontal starch-gel electrophoresis, in populations of sawgrass and comparing results from a similar, previous study done (Ivey and Richards 2001 b.), changes in genotypic diversity can be observed in populations of sawgrass in the Everglades over time. The hypothesis being tested is whether the asexual formation of clonal plantlets from C. jamaicense has led to a decrease in genotypic diversity within populations of sawgrass in the Everglades.
Study Design:	
18 sampling sites have been selected throughout water conservation areas WCA1, WCA2, WCA3, and Everglades National Park in the Florida Everglades (Ivey and Richards 2001 a.) (Fig. 1). WCA1, WCA2, and WCA3 are water conservation areas that have had their hydrology changed from historical patterns by water management practices. These sampling areas have been chosen because sawgrass is found in greater numbers in the Eastern Everglades. Samples will be collected from each site using scissors and Horizontal starch-gel electrophoresis will be used to examine genotypic diversity within populations. Samples with different multilocus allozyme phenotypes will be considered to represent different genotypes (Ivey and Richards 2001 b.)
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6.
Data Collection:
Two previous studies in 2001 by Christopher Ivey and Jennifer Richards, examined the genetic diversity and the genotypic diversity and clonal structure of Everglades sawgrass. These two studies are similar in design to the proposed study and have been helpful in the design and data interpretation processes. Assuming that their methods and data are accurate, statistical processes will be borrowed and results will be compared to their findings.
An 11m transect will be made at each designated site with six, 1m2 sampling areas, placed on alternating sides. Eight samples will be collected in each 1m2 area in a replicated grid pattern (Ivey and Richards 2001 a.) (Fig. 2). Leaf material will be collected from the ramets most closely rooted at each sampling point, within a 15cm radius. If no ramets occur within a 15cm radius of the sampling point, no samples will be taken from that position. The leaf material will be placed in bags and stored on ice, until enzyme extraction takes place. An estimate of ramet density will be made at each site, by counting the numbers of culms in the third quadrat from each transect.  
[image: ]
Leaves will be crushed to fine powder in a mortar using liquid nitrogen and sand, then a potassium phosphate extraction buffer will be added to the powder to stabilize the enzymes, and finally the extraction will be filtered through Miracloth and absorbed onto 8 × 3-mm wicks cut from 3M chromatography paper (Ivey and Richards, 2001a). The wicks will be stored at -80°C until electrophoresis can be performed. Horizontal starch-gel electrophoresis will be used to estimate genotypic diversity after leaf material has been treated and prepped.

7.
Data Analysis: 
To estimate genotypic diversity in populations, the number of genotypes per population will be divided by the proportion of distinguishable genotypes as G/N (Ivey and Richards, 2001b). To estimate evenness of genotypic diversity, the complement of Simpson’s index for each population will be calculated as,  A second estimate of genotypic evenness, not influenced by sample size, will be calculated as,  (Ivey and Richards, 2001 b.). The unit Dmin is, , Dmax is, , and k = the number of multilocus genotypes in the population. The maximum number of possible genotypes within each population and its expected frequency in a population will also be determined (Ivey and Richards 2001 b.) A two-way ANOVA test will be used to examine clustering of clones by calculating the distance between all possible pairs of ramets that have the same genotype within each population and compare them to distances between pairs of non-clone plants (Ivey and Richards, 2001 b.). The probability of clonal identity as a function of distance in populations, an indirect estimate of the relative success of asexual vs. sexual reproduction, and mean clone area will also be evaluated.                                                                                                                     
Broader Implications: 
	Sawgrass ridges are important in the direction of historical sheet flows and topographical elevation in the Florida Everglades. The hydrologic alteration of the Everglades done by the Army Corps of Engineers in 1948, has demonstrated how hydrologic alterations can affect plant communities. By understanding how the various modes of propagation of C. jamaicense affects the genotypic structure in populations of Everglades’ sawgrass, predicting how populations would respond to a disturbance would benefit the extensive restoration efforts of sawgrass and  best water management practices by the state.
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