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INTRODUCTION


Since the approval of the Endangered Species Act of 1973, many plants and animals have been placed on lists of concern for conservation (both federal and state).  The Illinois Department of Natural Resources (2001) lists several criteria, which must be met before an animal or plant is placed on this list.  A species may be considered endangered or threatened in Illinois if the species is federally listed or if it was once widespread throughout the state, but has been nearly extirpated due to habitat destruction or other anthropogenic cause.  Also, if Illinois is part of the species’ restricted habitat range or if the population levels are low in Illinois, a species is considered endangered or threatened (IDNR 2001).  Kentucky also lists endangered and threatened species according to its danger of extirpation and/or extinction (KSNPC 2001).  According to the most recent list (1999), 331 species of plants are listed as endangered or threatened in Illinois with the majority of the decline due to habitat loss and degradation (IDNR 2001).  According to the Kentucky State Nature Preserves Commission (KSNPC 2001), 374 vascular plant species are listed as threatened and endangered in Kentucky.  Endangered species occur in various habitats and environments and require different strategies for restoration as a result.  Harper (1981) describes the population dynamics of certain species (often called fugitive or ephemeral species) that are considered rare, but whose numbers increase after recruitment from soil-stored seed bank following an environmental disturbance such as fire.  

 
Fire can play an important role in the management of some rare and endangered plant species (Hessl and Spackman 1995).  The disturbance created by fire may benefit plants by creating open habitat for establishment, stimulating seed germination, and reducing competitors.  Fire can also kill adult plants and the open spaces created may increase invasion by competitors.  In the case of rare and endangered plants, fire management should be used cautiously and the full effects of fire on each species should be researched thoroughly so as not to harm the species.  In a database search, Hessl and Spackman (1995), discovered references on the effects of fire for 172 federally listed plants (endangered and threatened) and 36 references on other rare plants.  Trifolium reflexum, though not a federally listed plant, was found to be a rare plant associated with fire, i.e., a fire fugitive.

Trifolium reflexum L. (Fabaceae) listed as either an annual or biennial is a native clover in eastern North America ranging from Virginia and the Carolinas south into Florida, west to central Texas, north to eastern Kansas, Nebraska, and Iowa, and east to Ohio (Vincent 2001).  Trifolium reflexum can be identified by its branching stems, globose heads that eventually reflex, absence of stolons, long calyx teeth (twice or more as long as the calyx tube), long pedicels (4 – 12 mm) and bright purplish to reddish flowers (Vincent 1991).  Several of the morphological characters of T. reflexum are variable, namely the amount of pubescence, the leaf margin and the growth habit (Vincent 1994).  Two varieties have been identified according to the differences in pubescence identified in the species, T. reflexum var. reflexum L. and T. reflexum var. glabrum Lojacono.  The type specimen of the glabrous form was located in 1842 in Augusta, IL (Hancock County) (Gambill 1953, IDC 1940).  It is often found in the northern part of the species range and is the only form found in Indiana (Gambill 1953).  This form is often confused with the federally endangered Trifolium stoloniferum due to its yellowish-white flowers and lack of hair on the stem, calyx and leaflets.  The most pubescent forms are typically found in the southernmost portion of the range while intergradations may occur in the middle to the mid-south portion of the range (Vincent 2001).  This observed difference in pubescence may be the result of variation in the population rather than a geographical adaptation (Vincent 2001).  Vincent (1991) explains the variation as the result of the age of the plant; young plants are very pubescent, but as the plants become older they become more glabrous.  Trifolium reflexum flowers from May through August in rocky open woods, glades, fallow fields and prairies, usually in acidic soils (Steyermark 1963).

The clover is now considered rare throughout much of its range and is listed as endangered in several states including, Kentucky (KSNPC 1996), Illinois (IDNR 2001) and Indiana (Vincent 1991).  Trifolium reflexum was rediscovered in Ohio by Michael Vincent (personal communication) and in Indiana by Dan Boone (personal communication).  The Indiana population was discovered in Posey County in a flatwoods area where it had not been seen in over a decade (citation from Natural Areas Newsletter). Vincent (1991) suggested that recently burned areas should be searched since this species has been known to appear after a disturbance such as fire.  The Ohio population of T. reflexum was rediscovered after a 1989 fire in an oak-pine woods located in Pike County after an absence of 34 years (Ohio Department of Natural Resources 1991). 

Several explanations have been proposed as to why this species is currently rare.  Vincent (1994) suggested that factors such as the introduction of non-native clovers, increased clearcutting, large-scale plowing and the suppression of fire have caused a reduction in the range of this species. Campbell et al. (1988) lists habitat destruction as well as fire suppression after European colonization as possible causes of its rarity. According to Campbell et al. (1988) the species was common along Indian and buffalo trails through wooded areas in Kentucky.  These trails either became overgrown after Europeans settled since they were no longer used or were widened considerably for colonization purposes.  The species began to disappear along the trails that were no longer used due to increased shading and were outcompeted by other species in the open areas thus driving the buffalo clover to the more shaded areas.  The suppression of fire seems to be a leading cause of this species’ rarity since fire may be necessary to break the seed coat.  Seed scarification (Campbell et al. 1988 and Taylor et al. 1994) and boiling the clover seeds have been reported (McNair 1917) to increase germination success.  The success of T. reflexum in several states such as Missouri where the species is not listed (MDC 2001) and where prescribed burns are frequent gives some evidence of the importance of fire to this species.  Lack of genetic variation may also be a possible cause of rarity as Hickey et al. (1991) determined that an Ohio population of T. reflexum contained no variation.

Several authors have described the habitat from both modern and historic records and have identified morphological characters of T. reflexum (Taylor et al. 1994; Campbell et al. 1988; Vincent 1991), however none have seemed to quantify such information.  Habitat specificity studies are apparently lacking as well as other life history studies with the exception of Taylor et al. (1994) who observed T. reflexum to be autogamously self-pollinated.  Also, the idea that populations are declining (e.g., as a result of fire suppression) as proposed by Campbell et al. (1988) has yet to be tested.  Fire effects and germination studies have yet to be conducted.  Therefore, several aspects of Trifolium reflexum’s life history should be studied further such as reproduction, germination, and the possible causes of this species’ rarity.    
OBJECTIVES

     The purpose of this study is to characterize both the current and historic habitats of a suspected fire fugitive, buffalo clover, Trifolium reflexum.  The ultimate goal is to infer the cause(s) of its rarity (i.e., specific habitat requirements and conditions for germination and reproduction) in certain areas and locate suitable habitat using GIS for relocation purposes. 
The first objective of this study is to characterize the habitat of Trifolium reflexum in two southern Illinois populations, two western Kentucky populations and two southeastern Missouri populations.  At each study site, soil data will be collected including soil type, moisture, acidity and color.  Other parameters such as associated species, canopy cover, slope, aspect and elevation will be recorded.  This will establish specific microsite characteristics and help determine similarities and/or differences between populations.  

     The second objective of this study is to locate the approximate location of individuals at each site using geographic positioning system (GPS) for use within a detailed habitat analysis of the species.  Known locations of individuals will be related geographically to vegetation, soil, and habitat characteristics, as well as the time elapsed since the last burn. Using GIS (ArcView 3.2), a model will be created from the data collected at each site.  This model can then be used to locate suitable habitat in the historic range of Trifolium reflexum so that suggestions for restoration and relocation can be made.  


The third objective of this study is to determine the dispersal pattern and life history characteristics of this species in its habitat.  A seed bank assay will be conducted to determine if there are viable seeds in the seed bank.  If seeds are available in the soil, factors necessary for germination may be determined through germination studies conducted in the greenhouse.

METHODS

Study sites


Several populations of T. reflexum will be studied in southern Illinois, western Kentucky and southeastern Missouri (Table 1).  Two sites will be chosen in Missouri from those listed in Table 1. 

Habitat analysis


Following the first objective, soil samples and other habitat parameters will be collected and measured at each site.  The number of samples collected may depend on the population size at each study site.  Six plants of the Flint Ridge Road population (approximately 287 individuals total) were chosen at random for habitat analysis.  Six areas that did not contain Trifolium reflexum were also chosen randomly for habitat analysis.  Random sampling cannot be conducted at other sites such as Little Grand Canyon where population sizes are much smaller (approximately 20 individuals).  One-gallon bags will be filled with soil at each Trifolium reflexum area and each non-Trifolium area.  Some of the soil will be sent to A and L Lab (Memphis, Tennessee) for analysis of the physical properties of the soil (i.e., percent rock fragments, soil texture, percent organic matter).  The rest of the soil will be used to determine moisture and pH in the lab according to modified methods of Brower et al. (1990) and for a seed bank assay (see below).  One – ten grams of each sample will be weighed and then dried at approximately 54o C (130o F) for 24 hours.  Soil moisture can be estimated from the difference between the dry and fresh weights of each sample.  Soil pH will be measured with an electronic pH meter.  Equal amounts of soil and distilled water will be mixed in a flask, filtered and the remaining solution used for analysis.  Soil color will be determined in the field for each horizon layer using a Munsell Soil Chart (2000).  Species associated with buffalo clover will be determined using a floristic survey.  A 1-m2 area around each target plant and in each corresponding non-Trifolium area will be marked off and all vascular species < 1 m will be identified within the area.  Nomenclature will follow Gleason and Cronquist (1991).  Percent cover of all species within the area will be estimated according to the modified Daubenmire scale (Abrams and Hulbert 1987).  Trees within a 5-m2 area of each plant will also be identified and the diameter at breast height (DBH) will be measured for each.  A spherical densiometer will be used to estimate canopy cover.  A compass and clinometer will be used to determine slope and aspect.  The elevation of each individual chosen for analysis will be estimated with a GPS device.  Time since last burn will also be determined at each study site.   

GIS application

      To meet the second objective, a model will be generated in ArcView from the habitat characteristic data collected in the field.  This model will be used to predict areas with features similar to those studied.  This suitable habitat can be used in a species recovery plan to relocate the species in historic sites, locate populations not yet documented or restore populations in new areas.    

Seed bank assay 


The remaining soil from the samples collected from each site will be used to conduct a seed bank assay.  The samples will be brought back to the greenhouse on SIUC campus where different treatments simulating fire and its properties (e.g. heat, boiling, mechanical scarification) will be applied to each sample.  At least three replicates of each treatment and control will be used per site.  Germination success will be recorded for each treatment and control.  Campbell et al. (1988) observed 90-100% germination after scarifying the seed coats with emery paper.  McNair (1917) observed 93% germination after soaking in cold water for 12 hours and then boiling the seeds for 60 seconds.  Seed viability will also be determined using the tetrazolium test (Baskin and Baskin 1998).

Data Analysis

Analysis of the habitat data (i.e. soil characteristics, slope, aspect and canopy cover) will be done once it is entered into the GIS database and will depend on the model used (raster or vector).  Once the known habitat features are entered potential sites may be projected based on geographic similarities to the habitats of the populations studied. 

Seed bank and germination results will be analyzed using ANOVA and/or multivariate analysis with PC Ord. 
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Table 1. Sites to be studied in IL, KY and MO.  Location (county, state, latitude/longitude), date of last observation, habitat and owner are provided for each site.  Information provided by Illinois Department of Natural Resources (IL) and Missouri Department of Conservation (MO). [* = suggest that area be burned]       

	Site name


	County/ state
	Date of last observation
	Latitude/

Longitude
	Habitat
	Owner

	Little Grand Canyon


	Jackson, IL
	September 22,2001
	37o41’17’’ N

89o23’52’’ W
	Sandstone glades 
	U.S. Forest Service

	Simpson Barrens


	Johnson, IL
	July 1996
	37o30’ N 

88o45’ W
	Limestone glades
	U.S. Forest Service

	Mammoth Cave National Park/ Flint Ridge Road 


	Edmonson KY
	December 20,2001
	unknown
	Mississippi limestone
	National Park Service

	Mammoth Cave National Park/ Onyx Cave


	Edmonson KY
	unknown
	unknown
	Mowed field/ wooded area
	National Park Service

	Mark Twain National Forest
	Madison, MO
	1996
	unknown
	unknown
	U.S. Forest Service

	Banker Hollow


	Shannon, MO
	June 5, 1997
	37o08’53’’ N

91o05’28’’ W
	Disturbed logging road
	Missouri Department of Conservation

	Dugan Hollow


	Shannon, MO
	May 22, 1997
	37o20’26’’ N

91o38’42’’ W
	Logging road/ ridge
	Missouri Department of Conservation

	Sunklands- Boyds Creek


	Shannon, MO
	May 22, 1993
	37o19’00’’ N

91o31’50’’ W
	Logging road/ base of hill
	Missouri Department of Conservation

	Sunklands -Boyds Creek

	Shannon, MO
	May 22, 1993
	37o17’53’’ N

91o31’57’’ W
	Dirt ridge road
	Missouri Department of Conservation

	Sunklands- Burr Oak Basin - Boyds Creek


	Shannon, MO
	May 21, 1993
	37o19’13’’ N

91o29’25’’ W
	Logging road/ base of hill
	Missouri Department of Conservation

	Magnolia Hollow*


	St. Genevieve, MO
	May 30, 1990
	38o02’17’’ N

90o08’19’’ W
	Upper edge of slope
	Missouri Department of Conservation

	Boone Conservation Area
	Warren, MO
	1994
	unknown
	Unknown 
	unknown

	Mark Twain National Forest
	Washington, MO
	1994
	unknown
	Unknown
	U.S. Forest Service
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