INTRODUCTION

Trillium pusillum Micheaux [incl var. ozarkanum (E. J. Palmer & Steyerm) Steryerm.] fide Timmerman-Erskine, et. al. (2001), the Ozark Wake Robin, is a perennial, woodland spring ephemeral that blooms in Missouri in late March or early April and fruits and senesces in early July. The species, which until recently was reported from five or six widely scattered varieties ranging from east Texas to the coastal plains of Maryland to South Carolina, is rare and is under consideration for listing as a federally endangered species (Timmerman-Erskine, 1999). Spring ephemerals are important components of deciduous forests, providing nectar and pollen to pollinators early in their above ground season when few other plants are in bloom. Moreover, they temporarily sequester nutrients that would otherwise be lost via erosion and leaching between early spring and the time of their senescence in late spring to midsummer (Vitousek and Reiners, 1975; Bormann and Likens, 1979; Blank et al, 1980; Hedin et al, 1995; Anderson and Eickmeier, 2000). T. pusillum, as a member of this guild, is presumed to play a similar important role in Ozark forests.

The conservation of this rare species requires an understanding of its habitat requirements for the development of strategies to restore declining populations. More specifically, such efforts will require quantitative data on the basic biology and ecology of the species. To date publications on this species have been limited to six taxonomic studies (Garrett, 1982; Cabe, 1995; Cabe and Werth, 1995; Freeman, 1996; Timmerman-Erskine, 1999; Timmerman-Erskine, et al, 2002) and a life history study of one population of T. pusillum in Missouri (Morgan and Wallace, 1987). 

Habitat. Morgan and Wallace (1987) carried out a life history study of T. pusillum in Missouri and this study provides some limited data related to community associations and habitat requirements. T. pusillum sites in Missouri have been described in general terms, such as “mesic to dry-mesic upland forests on gentle slopes, usually in cherty soils on calcareous substrates” or as occurring on a “gentle west-facing slope [with] shallow cherty soils (Yatskievych, 1999; Morgan and Wallace, 1987). A site in Barry County in southwest Missouri was described by Morgan and Wallace as an oak-hickory woodland with flowering dogwood (Cornus florida) as the dominant subcanopy species. The dominant herbaceous species included Anemonella thalictroides, Podophyllum peltatum, Dentaria laciniata, Erythronium albidum and Viola sp. 

Stage Structure. A series of studies (Ohara and Kawano, 1986; Kawano et al., 1986; Ohara and Utech, l986) have established that the growth of the genus Trillium consists of three major stages: one-leaf, three-leaved, and flowering. More elaborate, multi-stage class structures have been developed, but require the examination of the rhizome. Hanzawa and Kalisz (1993) created a multi-stage class structure based on leaf area and size of the rhizomes and Jules (1998) used a method of determining the age of trillium by counting the annual constrictions on rhizomes. Using a three-stage system, Morgan and Wallace (1987) in a three-year study found a relatively number of early stage stems (one-leaf and three-leaved), ranging from 248 (95%) in the first year to 208 (81%) in the third year. The number of flowering stems increased from 14 to 48 during this same period and the authors concluded that this population would probably increase in size or at least remain stable. The stage structure of this viable population in the first year of their study, determined by counting all plants in a 25 m2 plot, was 159 one-leaf stems, 89 three-leaved stems and 14 flowering stems. Ohara and Utech (1988) and Kawano, et. al. (1986) also found a similar depletion curve (a reverse-J shaped curve, with many unifoliate stems) in their demographic study of other species of trillium, suggesting that mortality in the unifoliate stage may be generally high in this genus.

Pollination. Pollinator visitation rates may be of particular concern with rare species, as several studies have suggested that low visitation rates are a probable contributing cause in limiting seed set, both in trillium (Jules and Rathcke, 1999; Irwin, 2000; Griffin and Barrett, 2002) as well as in other spring ephemerals (Melampy and Hayworth, 1980). Although information about pollinators and rates of visitation of T. pusillum is totally lacking, there is some information on related species in the literature. For example, in Vermont, T. grandiflorum, like T. pusillum, has a white, nectar-producing flower and was visited primarily by hymenopterans. In Ohio, T. nivale, also white-flowered, apparently does not produce nectar, but was observed to be “heavily visited by honeybees (Apis mellifera)” at one site and infrequently visited by beetles and flies on the two other sites (Nesom and Duke, 1985). The average frequency of pollinator visitation on sites has been found to be low for spring ephemerals in general (Schemske et al., 1978), as well as lower for white-flowered trillium species--0.08 visits per hour per flower-- than for red-flowered trillium (Irwin, 2000). 

Seed Dispersal. Like pollinator visits, there is no information available in the literature on seed dispersal of T. pusillum and the information was limited on other trillium species (Jules and Rathcke, 1999; Kalisz, et al., 1999). The seeds of trillium have elaiosomes attached, which are lipid-rich appendages that are associated with the dispersal of seeds by ants (Hughes et al., 1994).  Ants are, therefore, expected to be the major dispersers of seeds for T. pusillum in Missouri. Additional dispersers of other trillium seeds in the United States include yellow jackets (Vespula vulgaris) (Zettler and Spira, 2001; Jules, 1996), snails and slugs (Mesler and Lu, 1983), and birds (Kawano et al., 1992 in Timmerman-Erkskine, 1999). Several studies have examined variables that might affect seed dispersal by ants on sites. Jules and Rathcke (1999) found no effect of distance to edge in a fragmented forest in Oregon on the seed dispersal rate of T. ovatum. Mesler and Lu (1983) found ants were absent or rare on two of their sites, which they attributed to differences in temperature and moisture. A study of Sanguinaria canadensis demonstrated that habitat disturbance, in disrupting the ant fauna and hence the ant-seed mutualism, did have profound effects upon seed dispersion (Pudlo, et al, 1980). Smith, et al (1989) also found that seed dispersal of myrmecochores can be density dependent and ant-limited, suggesting that ants can become satiated within dense seed populations. 

The current study was designed first to study the demography of three populations of T. pusillum over a two-year period in southwest Missouri by examining the stage structure (number of one-leaf, three-leaved and flowering stems) at each for 2001 and 2002. In addition, the following questions were addressed: What are the characteristics of the plant community in which T. pusillum grows in Missouri, including species composition, species diversity, dominant species and cover? What are the edaphic characteristics where it grows? What are the light levels at these sites? What potential pollinators visit the flowers of T. pusillum? Does the frequency of flower-visitors visits differ by number of flowering stems or by site? Are there differences among sites in the number of seeds per capsule or size of the seeds or elaiosomes? How are seeds dispersed? Do the seed dispersal rates differ by site?  Answers to these questions will contribute to a general biological and ecological knowledge of this rare species and may identify some habitat conditions that vary on sites where the T. pusillum population is contracting, thereby contributing to any future conservation and/or restoration efforts in behalf of this species. 

METHODS

Study Organism

T. pusillum has been described by Gates (1940), Freeman (1969) Timmerman-Erskine (1999), and Yatskievych (1999) as a perennial with one or more glabrous, erect, aerial stems arising from a short, horizontal rhizome. Each stem when mature has one terminal, actinomorphic flower, which is borne above the leaves on a pedicel up to five centimeters long. The flower has three, free, oblong white petals, turning pink to rose as the flower ages. There are three herbaceous green sepals subtending the flower, three leaves in a single whorl, and three styles, united at the base, which rise through the six stamens as the flower matures with the stigmatic branches slowly separating and recurving. The ovary is superior, with three locules, each producing numerous relatively large, easily seen dark brown, shiny seeds, each with a white fleshy aril developing from the cells at the upper part of the raphe and at maturity covering the hilum. The fruit is an erect, green berry that abscises basally from the receptacle to eventually fall off into the leaf litter, sometimes with all seeds remaining inside. As a part of this study, voucher specimens of T. pusillum from each study site (see below) were deposited in the Ozarks Regional Herbarium at Southwest Missouri State University in 2002: The “Baker” site, April 21, 2002, #65827; the “Heckmaster” site, April 24, 2002, #65826; and the “Hoover Woods” site, April 21, 2002, #65838. Nomenclature follows Steyermark (1963).

 Study Sites

T. pusillum generally grows in one of three kinds of habitats in Arkansas and Missouri: near, but never in the standing water of, spring seeps (USDA Forest Service, Caddo Ranger Station, Trillium pusillum var. ozarkanum-Ozark Trillium, Occurrence Records); dry-mesic bottomland forests in narrow stream valleys where soils are shallow to deep (15-40” or more) and well drained (Paul Nelson, pers. comm.; Nelson, 1985); and on gentle slopes in mesic to dry-mesic upland forests (Yatskievych, 1999). The populations of T. pusillum at the three sites selected in Missouri, hereafter referred to as “Baker”, “Hoover Woods”, and “Heckmaster”, grow on wooded slopes.

Baker. The Baker site (360 41’ 39.4”N;  930 50’ 58.5”W) is believed to be one of the five Wildwood North populations in the records of the Missouri Department of Conservation (MDC) and is the largest of the three sites selected for this study. The site is an open oak-hickory woodland on a west-facing slope located in east Cassville (elevation 414.8m) in Barry County. The site is an irregularly shaped area of ~13,500 m2, which is fenced on three sides. It is bordered by woods on all four sides, but the border narrows to ~10m at the northwest corner and is lacking altogether on the upper part of the slope on the north side, where there is a fescue pasture. Narrow, private dirt roads border the site on the north and east. The Cassville wastewater treatment plant is located beyond the strip of woods on the western side at the base of the slope. 


There are two soil types on this site. Approximately one-half of the slope, the upper portion, (~9-14% incline) is Clarksville-Noark and is described as “well drained” and very friable, very gravelly silt loam, subsoil to 152.4 cm (United States Department of Agriculture, 1994). The soil type on lower half of the slope, which is quite steep (~35%), is Clarksville, which is described as “somewhat excessively well-drained” (Soil Conservation Service, 1994).  

There has been no harvesting of timber or major disturbance to this site during the last 58 years (Barbara McClure, pers. comm.), although cattle have had access to this area consistently throughout that time. Cattle were evident on the site, particularly during the first year of the study, when their trampling in the area resulted in the loss of some plants near the top of the slope. 


T. pusillum were found scattered throughout this site, but primarily on the mid to lower portions of the slope. The most abundant growth was located at the northwestern corner in the lower third of the slope.


Hoover Woods. Hoover Woods (elevation 414.8m) is also in Barry County (360 40’ 52.1”N; 930 52’ 30.9”W), within the city limits of Cassville just below the town’s two water towers. The site is a north-facing slope with an incline ranging from 14% at the bottom to 35% near the top. This semi-open, hickory dominated site is bordered by a field of fescue on the north beyond which is a paved road. The ridge is bordered on the south by a narrow strip of woods on the other side of which are two water towers and a private residence. The wooded slope continues to the east and west. The site has been undisturbed since 1945 (Gerry Hoover, pers. comm.), and history prior to 1945 is not available.


The site is ~4000m2 and the soil type is classified as Clarksville (United States Department of Agriculture, 1994).   Numerous signs of deer were noted on this site and one group of eight deer was observed during one visit. An invasive exotic evergreen vine, Euonymus fortunei, covers much of the ground and tree trunks on this site.


T. pusillum were located only in an area ~144 m2 on the lower, western area of the slope during 2001-2002. Flowering stems were found scattered about the sampling area in April 2001, but could not be located to be counted when the site was visited again in early May. In 2002 only three flowering plants were found scattered about this same area, but 87 stems (30 flowering) were found in a ~9m2 area at the base of the slope under some shrubs. MDC occurrence records indicate there were approximately 2000 “plants” in 1981 and 300-400 stems (flowering and sterile) scattered through this woodland in 1994. 


Heckmaster. The northernmost known population for this variety is located at the Heckmaster site (360 00’ 53.1”N; 930 50’ 32.3”W) (elevation 396.5m) in Lawrence County, 30 miles north of Cassville. The soil type at the site is Clarksville-Nixa, a “cherty silt loam, [with] 5 to 14 percent slopes” (United States Department of Agriculture, 1982). The population at this site was found to be growing on a rocky, open west-facing slope of approximately 14% incline in an oak-hickory woodland. 

The woodland continues on the east and north and for ~30m to the south where it is interrupted by a paved, public county road bordered by a fescue pasture on the south.

There is a bottomland at the base of the slope, which may at one time have functioned as an intermittent tributary of nearby Spring Creek, suggesting that this site is the “Spring River Tributary” site noted in MDC records. If so, the flow has been diminished in recent years by the “capture” of one of its forks upstream following the creation of a lake that does not hold water (Alvin Petree, pers. comm.). No water was noted in this area throughout the study period and the bottomland is now overgrown with Symphoricarpos orbiculatus.

The land has been held in the family of the current owner for three generations, covering a period of approximately 80 years. The owner reports that there has been no other direct or indirect disturbance to this area during that time (Donald Heckmaster, pers. comm.). 

Although T. pusillum are found throughout the 1000 m2 site, casual observation indicated that the most abundant growth, approximately 500-600 flowering stems, occurred within 100m2 at the bottom of the slope in 2001. In 1984 the population of T. pusillum at the Spring River Tributary site was described in MDC records as “130 and 50 plants in two separate patches”. 

Stage Structure 

Stage structure at each site was determined by using transects and permanent points along the transects to locate specific plants. A transect was run across each site either above or below the slope and perpendicular to it. At random points along each transect, parallel transects were run up or down the slope (Baker n = 5; Heckmaster n = 4; Hoover Woods n = 3). Permanent points were then established by random selection along each transect on the slopes and marked using metal spikes and flags (Baker n = 46; Heckmaster n = 20; Hoover Woods n = 15). Stems in each stage—unifoliate, trifoliate, and flowering—were counted within the 1m2 plots around each point at Heckmaster and Baker. At Baker where the clumps were very dispersed, stems in each stage were also counted in the nearest clump and its nearest neighbor outside of the m2 plot in each quadrant about each point. No count was made at Hoover Woods in 2001 because of the early disappearance of the stems on that site, but all stems were counted in 2002. 

Plant Communities

Plant community composition at each site was determined by point quarter and plot methods. Woody tree species >5cm dbh were surveyed in 2001 using a point quarter method (Barbour et al, 1999) in which the distance was measured from permanent points at each site to the nearest tree (>5cm dbh) in each quarter around the permanent points. From each of these trees, the distance was also then measured to the closest conspecific tree in that same quarter (also >5cm dbh) to measure the density, size and dominant tree species (as determined by the relative importance values at each site) (Baker n = 30; Heckmaster n = 12; Hoover Woods n = 34). Trees were also surveyed together with shrubs and woody vines in 2002 in 25 m2 plots set about the permanently established points on each of the transects. Herbaceous plants were surveyed in the 1m2 plots centered on these same points in April and May 2002. The percent of herbaceous cover was estimated in these plots in May 2001 and April 2002.
Herbaceous species diversity and average cover were calculated for each site both at or just before the time of T. pusillum anthesis and while the fruit was maturing. Herbaceous diversity on the three study sites was compared using the Shannon-Wiener’s Index (H’).  H’ was calculated using the following formula:

H’ = (N log N - ∑ni log ni) / N

where N = number of individual plants and ni = the abundance for each species.

The most abundant species, the dominant species and relative abundance of the dominant tree species were also determined. Dominance was defined as the species that contributed the most cover to the area (Barbour et al, 1999). Relative abundance and relative importance value for each species were calculated as a simple numerical percentage of total density and importance values respectively for each site. In addition, a species list was maintained of all plants observed on each site from late March through early July of 2001-2002.

Soil Characteristics

Soil samples were collected twice at a depth of approximately 6-8 cm, approximating the depth of the trillium rhizomes, using a stratified random sampling technique to gather samples from different areas on the slopes and across each site (first sampling: Baker n = 8; Heckmaster n = 5; Hoover Woods n = 4) (second sampling: Baker n = 9; Heckmaster n = 5; Hoover Woods n = 6). The first set of samples was sieved, dried in an oven at 60o C for a minimum of two weeks, weighed, dried in a muffle oven for four hours at 460-600° and reweighed to determine the percent of organic matter. The second set of samples was combined for each site (n = 1) per Laboratory instructions, sieved, and sent to the University of Missouri Soil Laboratories for analysis of organic matter, pH, P, K, Ca, Mg levels, Neutralizable Acidity (NA), and Cation Exchange Capacity (CEC). The analytic methods used by the MU Laboratories were as follows: organic matter, loss on ignition; pH, dilute salt solution (pHs); phosphorus, Bray I and II methods; potassium, calcium and magnesium, ammonium acetate extraction; and NA, New Woodruff Buffer method. The CEC was calculated as the sum of the three basic cations—Ca, Mg, and K—expressed in milliequivalents (meq) per 100 grams of soil plus the quantity of neutralizable acidity (NA) (Soil Testing in Missouri, 2001). Phosphorus levels were determined using a Thermo Spectronic SP401 spectrophotometer with a sensitivity to 0.1 ppm on the Bray I procedure (John Stecker, pers. comm.). Cations were measured with a Perkin Elmer Analyst 100.

Leaf Area Index 

The amount of photosynthetically active radiation (PAR) available to plants is as important to their growth as soil nutrients and moisture. The amount of light extinguished as it travels through the vegetation canopy depends on leaf area index (LAI). LAI was determined by measuring the PAR at approximately 15 cm above the ground using an Accupar (Decagon Devices, Inc., PAR-80). LAI is the ratio of the total area of all leaves on a plant to the area of ground covered by the plant. (Barbour et al, 1999). Areas with a high LAI are shady; areas with a low LAI are sunny. Measurements were taken at each site in March 2002 and at Baker and Heckmaster in April 2001 before the leaf opening of the tree canopy (Baker n = 62; Heckmaster n = 39; Hoover Woods n = 15), in May 2001 after leaf opening (Baker n = 36; Heckmaster n = 20; Hoover Woods n = 15), and in June 2002 (Baker n = 25; Heckmaster n = 13; Hoover Woods n = 15). 

Pollinator Visitation

Preliminary observations of flower visitors to T. pusillum were made at each site in early April 2002 to determine the optimal periods for flower-visitor counts. Sites were observed for one hour in mid-morning and one hour in mid-afternoon; in addition the population at Heckmaster was observed for one hour at twilight and at night. Observations, including the number of flower-visitors, the number of sequential visits per flower-visitor and number of separate species of flower-visitors, were subsequently made on warm, sunny days in the early to mid-afternoon for two hours at Baker and two hours at Heckmaster. To control variability introduced by the differing numbers of flowering stems and climate on the days the observations at Baker and Heckmaster were made, concurrent observations of a matched number of stems were made at Baker and Hoover Woods for two hours each on one warm sunny afternoon. 

Seed Size
To assess the number of seeds per fruit, berries were gathered at Baker and Heckmaster in 2001 and 2002 and at Hoover Woods in 2002 (Baker n = 10; Heckmaster n = 11; Hoover Woods n = 5). Permanent points at Baker and Heckmaster were grouped by area of the slope (upper, middle, lower) and transect and one point was randomly selected from each group to sample the populations over all areas of the slope. From the selected permanent points, the nearest T. pusillum stem with an intact fruit that dehisced easily, requiring no force, was harvested. At Hoover Woods in 2002, a starting point was haphazardly selected (tossing a wadded piece of paper over my shoulder) into the small area where all stems grew. Sampling then progressed as described above. The fruit were placed in a cooler in glass containers and transported to the laboratory. Seeds were then counted and seeds and elaiosomes were weighed to the nearest 0.0000 grams (Baker = 26; Heckmaster = 25; Hoover Woods = 30). Seed length and width were also measured. 

Seed Dispersal

In 2001, a stratified random selection (see above) was made from the permanent points at Baker and Heckmaster to sample all areas of the slope. Seed depots were then created at the two sites (Baker n = 9; Heckmaster n= 6) by clearing the leaf litter from 100 cm2 areas just outside the m2  plot around each of the selected points. Ten seeds were placed in each depot, six fresh and four that were stored for either two days (Baker) or four days (Heckmaster) at 4º C. Each seed depot was observed for one hour during the late morning or early afternoon.  In 2002, using similarly constructed seed depots, concurrent observations were made at Hoover Woods and Baker. Two depots at each site were matched for number of nearby fruiting stems and were observed for two hours during the early afternoon. All seeds used in 2002 were fresh.

Statistical Analysis  


Chi-square tests were used to compare stage structure of populations in 2001 and the stem survival in 2002 at Baker and Heckmaster. A G test for independence was used to compare the stage structure in 2002 at all three sites. Two-sample t-tests were used to compare the numbers of seeds dispersed from depots at Baker and Heckmaster in 2001. 

One-way ANOVA’s were used to compare differences in LAI by site, area of the slope and month, soil organic matter, size of dominant trees, and to compare the differences in the number of seeds per capsule, seed widths and lengths among the three study sites. When assumptions of ANOVA were violated, the non-parametric Kruskal-Wallis test was used; this included the comparison of LAI differences among sites in March/April (variances among groups were unequal), LAI differences among sites in June (this data failed normality testing) and differences of seed and elaiosome weights (variances among groups were unequal). When the Kruskal-Wallis indicated there were significant differences among groups (all of above), pair-wise comparisons were made using the Mann-Whitney U test, using the Bonferroni method for correcting the test-wise error rate. Statistical tests were performed using Minitab version 13, Minitab, Inc.

RESULTS

Stage Structure 

The stage structure for populations at Baker differed significantly from that at Heckmaster in 2001 (X2 = 67.39, df = 2, P < 0.001). These stage structures could not be compared with Hoover Woods, whose stage structure was determined in 2002, following the loss of T. pusillum stems at that site in 2001 (see Methods). The expected depletion curve typical for trillium was evident at Heckmaster in 2001, but not at Baker, where the number of one-leaf stems was less than the three-leaved or at Hoover Woods where the number of one-leaf and three-leaved stems was either equal to or less than the number of flowering stems. The stage structure at Heckmaster in 2001 most closely resembles the stage structure of the viable population in Morgan and Wallace’s 1987 study of another site in Barry county (Figure 1).

Plant Communities 

All sites differed from one another in the dominant tree species, density of the trees, dominant understory trees and in the Relative Importance Values (RIV) of

the dominant tree species (Table 1). While Baker and Heckmaster are predominately oak-hickory woodlands, Hoover Woods is dominated by hickories and, to a lesser extent, walnut. Although oaks were slightly larger at Heckmaster, they grew less densely than the dominant trees at the other two sites. The total woody species at each site are given in Appendix A.

The total number of herbaceous species observed between March and early July at each site was as follows: Baker, 30; Heckmaster, 22; Hoover Woods, 20 (Appendix B). All sites showed an expected increase in herbaceous cover from April to May (Figure 2), 
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Figure 1. A comparison of the stage structures at Baker and Heckmaster in 2001 and Hoover Woods in 2002 to the stage structure of a viable Trillium pusillum population growing in Barry county, Missouri (Morgan and Wallace, 1987).

Table 1.—A comparison of the dominant canopy and subcanopy tree data for three Trillium pusillum sites in Missouri as measured by density, mean DBH (±Standard deviation) and relative importance values. (Baker n = 30; Heckmaster n = 12; Hoover Woods n = 34)
________________________________________________________________________ 

Site 

     

         Density

      DBH
   Relative Importance

     Tree Species



      



  Value



      

      (#/hectare)                 (cm)

                  (%)








     

________________________________________________________________________

Baker

     Quercus velutina

         428.12

27.96 (14.02)

    0.48



     Carya texana

         356.77

16.42 (13.86)

    0.28

     Cornus florida

         107.03

  7.98 (  1.79)

    0.11

Heckmaster

     Quercus velutina

         166.67

29.97 (14.34)

    0.29

     Carya cordiformis

         166.67

18.63 (  9.41)

    0.20
     Sassafras albidum
                     111.11

  9.52 (  3.45)

    0.16
Hoover Woods

     Carya spp.


          962.32

25.67 (17.16)

    0.62
     Juglans nigra

          288.70

26.50 (13.64)

    0.19
     Euonymus atropurpureus
          177.35

  5.50 (  0.84)

    0.07
________________________________________________________________________
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Figure 2. Percentage of herbaceous cover on Baker, Heckmaster and Hoover Woods sites in April and May 2002.

except at Heckmaster where T. pusillum was the dominant species in both months. Hoover Woods had a significantly larger percentage of herbaceous cover in April and May (ANOVA: P = 0.001 and Kruskal-Wallis: P = 0.000) than at Baker or Heckmaster because of the presence of E. fortunei, which was included in the estimate of herbaceous cover since it grows in the herbaceous layer with T. pusillum, which must compete with it for nutrients, light and moisture. Heckmaster showed little increase in diversity of herbaceous plants between April and May (Table 2), as the only major change was the proliferation of Stellaria media, a small non-native, invasive species that was found on this site from April through June. The largest monthly change in diversity and the highest diversity index for herbaceous plants was at Baker, where the dominant species in May, Desmodium spp., accounted for slightly more than one-third of the plants. Both dominant and most abundant species differed on all sites.

Soil Characteristics
The bulk soil analysis of each site indicated high levels of organic matter compared to other Ozark sites (Gaylord Moore, pers. comm.), with pH ranging between 5.9-6.5, and P, K, Ca, and Mg levels in the medium-very high range (University Extension rating scale) with the exception of low levels of P and Ca at Heckmaster and excessively high levels of K at Baker (Table 3). Compared to Baker and Heckmaster, Hoover Woods soils had higher levels of P, Ca, and Mg, and higher Cation Exchange Capacity (CEC). In addition, the pH was highest at Hoover Woods and the Neutralizable Acidity (NA), a measure of the acidity on the soil particles, which provides a continuous supply for the acidity in the soil water, was the lowest on that site. Separate soil samples taken at each site and analyzed for organic matter yielded no significant differences by

Table 2.—Herbaceous plant community at three Trillium pusillum study sites in Missouri in April and May 2002. 

Community Measure

          Baker
        

 Heckmaster
   
      Hoover Woods

Shannon-Wiener’s Index
        






April



0.27 

   
      0.55


  0.37              


May



0.92       
    
      0.60  

              0.60

Most Abundant Species 
   


April


Dentaria laciniata
            Stellaria media
    Veronica hederaefolia

May


Desmodium sp.        

Stellaria media
    Geranium maculatum
Dominant Species


April


C. concatenate         

T. pusillum
       
    G. maculatum


May


Desmodium sp.         

T. pusillum
     
    G. maculatum

Relative Abundance of

      Dominant Species


April


    
0.86      
     
      0.48

              0.10


May



0.37

                  0.14

              0.50

Table 3. Bulk soil analyses at three T. pusillum sites in Missouri in 2002. Soil samples were analyzed by the University of Missouri Laboratories.

Soil Variable


  Baker

        Heckmaster
       Hoover Woods

PH



   6.1


  5.9


   6.5

P (kgs/ha)


   59


  32


   64

K (kgs/ha)


  837


 361


  494

Ca (kgs/ha)


 4419


3162


 7566

Mg (kgs/ha)


  301


 360


  398

Organic Matter (%)

   5.8


  8.8


   8.3

Neutralizable Acidity (meq)
   2.0


  3.0


   0.5

CEC (meq)


 13.9


10.8


 19.4

________________________________________________________________________

site (Figure 3).

Leaf Area Index

LAI differed significantly between sites (Figure 4). In March/April, LAI at Hoover Woods and Heckmaster were higher than Baker (Kruskal-Wallis: P = 0.001; Mann-Whitney U tests: U = 0.0094, 0.0016 respectively). In May, LAI was higher at Baker than at Heckmaster and Hoover Woods (Kruskal-Wallis: P = 0.000; Mann-Whitney U tests: U = 0.0067, 0.0004 respectively) and higher at Heckmaster than at Hoover Woods (Mann-Whitney U test =0.0143). Baker and Heckmaster LAI did not differ in June, but LAI at both were significantly less than at Hoover Woods (Kruskal-Wallis P = 0.001; Mann-Whitney U tests: U = 0.0038, 0.0004 respectively).

LAI differences within sites were also investigated for each month of the T. pusillum aboveground growing season by area of the slope. Generally these did not differ with the following two exceptions: (1) at Heckmaster in March 2002 LAI at the top of the slope (mean = 0.71) was significantly lower than at mid-slope (mean = 1.31) (ANOVA: P = 0.03); and (2) at Baker in June 2002 LAI was significantly lower at the top of the slope (mean = 5.10) than at the bottom (mean = 7.37) (ANOVA: P = 0.02).

Pollination Visitation

All sites were limited in the number of potential pollinator species, but particularly Hoover Woods (Table 4). While 67% of the visits were by honey bees at Hoover Woods, 86-88% of the visits were from honeybees at Baker and Heckmaster. This rose to 91-94% of sequential visits at these two sites; there were no sequential visits by pollinators at Hoover Woods.
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Figure 3. Percent soil organic matter at Baker, Heckmaster and Hoover Woods in 

2001. (Baker n = 8; Heckmaster n = 5; Hoover Woods n = 5)
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Figure 4. Mean (±SEM) leaf area index at Baker, Heckmaster and Hoover Woods for April 2001 and March 2002 (Baker n = 62; Heckmaster n = 39; Hoover Woods n = 15), May 2001 (Baker n = 36; Heckmaster n = 20; Hoover Woods n = 15) and June 2002 (Baker n = 25; Heckmaster n = 13; Hoover Woods n = 15)..

Table 4. Mean pollinator visitation to Trillium pusillum per hour at three sites in Missouri in 2002 (n = stems observed)








  SITES






__________________________________

Pollinator Variables


Baker
         Heckmaster       Hoover Woods
 

   (per hour)


         (n = 103)            (n = 450)             (n = 23)
    

______________________________________________________________________

Number of Pollinators


  10

    22.5

       1.5



Ratio of Pollinators to Stems

0.10
                0.05

       0.07

Visits per Pollinator


 3.4

     3.0                       1*                        

Total Visits


    
34.5

    68.5

        1.5*

Ratio of Pollinator Visits                    0.33

    0.15

       0.07

      to Stems

Number of Pollinator 


 2.5                      2.75                      1 

      Species


    

Visits by Honeybees                             86

     88

         67

      (% of Total Visits)

Sequential Visits to


  55

     69

          0

  

      Trillium Stems by all

      Pollinators (% of Total Visits)

Sequential Visits by

  
  91

     94

         __

      Honeybees (% of Total

      Sequential Visits)   

______________________________________________________________________

*Observer interfered with last pollinator following its first visit

Frequent rains and low ambient temperatures significantly decreased visits by A. mellifera (Vicens and Bosch, 2000), resulting in insufficient observational hours to 

statistically test the differences between sites or between numbers of flowering stems; observational time was sufficient to provide some baseline data on the latter, however.

The ratio of visits to stems increased as the number of stems increased from 23 (Hoover Woods) to 103 (Baker), but ultimately decreased as the number of stems increased from 103 to 450 (Heckmaster) (.07, .34, .15 in ascending order by number of

stems). The number of visits per pollinator, by contrast, decreased only slightly between 103 stems and 450 stems. 

Two-hour concurrent observations (four hours total) of groups of flowering stems numbering between 22-24 at Baker and Hoover Woods provided some replication of the data above, as it was necessary to again use the only group of stems available at Hoover Woods (Table 5). The results were consistent with those of the previous observation, indicating only one pollinator species per hour and pollinator visits of 0.07 h-1 flower-1. Results of the observations at Baker, where the small group of flowers were part of, but separated by 10m or more from a larger population of widely scattered clumps, included visits from three species h-1 and pollinator visits h-1 flower-1 of 0.15.

Seed Numbers and Size
The number of seeds per capsule was marginally different between sites (ANOVA, P =0.06) (Table 6). There were fewer seeds at Heckmaster than at Baker, but seed and elaiosome weights at Heckmaster were greater than at Baker and Hoover Woods (seed weight—Kruskal-Wallis: P = 0.000; Mann-Whitney U tests: U = 0.0076, 0.0000 respectively) (elaiosome weight—Kruskal-Wallis: P = 0.005; Mann-Whitney U tests: U = 

Table 5.—Mean pollinator visits per hour to groups of 22-24 stems observed for two concurrent hours at Hoover Woods and Baker sites in Missouri in 2002

Pollinator Variables

     
  Baker

               Hoover Woods

Total Visits


        
     3.5

      
 
1.5*

Total Number of

 
Pollinators

        
     3.5

      
 
1.5

Pollinators to Stems


    0.15


           0.07


Ratio

Visits/
Pollinator


       1

       
 
  1*

Species of Pollinators

   
       3

       

  1

________________________________________________________________________

*Observer interfered with pollinator following first visit

Table 6.—Mean (SD) Trillium  pusillum seed numbers and seed size and weight from three sites in Missouri in 2001-2002 (n= number of capsules)









       

  SITE

Reproductive Variable 

          Baker
                
          Heckmaster             
         Hoover Woods
     






        (n = 10)

      

 (n = 11)
                 
  (n = 5)
     

Mean Seeds/Capsule
          
                 18.5 (9.17)      
      

11 (4.80)
           

17.8 (6.46)                 
             

Seeds/Capsule (range)
         
                      8-33
          
        

   5-21

      

   12-27
   
          
                  

Mean Weight of Seed and
                15.56 (4.23)    
    
          17.80 (2.20)              
           14.97 (1.19)               

      Elaiosome (mg)

Mean Weight of Seed (mg)                     10.89 (1.73)                
          12.16 (1.20)
           
           10.39 (0.88)  
       
 

Mean Weight of Elaiosome (mg)
      4.67 (2.73)
                  

5.64 (1.56)   
   

4.57 (0.80)   
         
   

Mean Length of Seed
(mm)

      3.02 (0.21)
                  

2.96 (0.42)               

2.96 (0.21)
         
   

Mean Width of Seed (mm)         
      2.12 (0.20)
                  

2.10 (0.15)
           

2.01 (0.16)


____________________________________________________________________________________________________________

0.0119, 0.0152 respectively). Seeds at Hoover Woods were significantly narrower than at the remaining two sites (ANOVA, P = 0.041); seed length did not differ among sites.
Seed Dispersal 

 
Ants (4-7mm) readily explored and removed the seeds from the artificial depots at 
all sites, although the range of the number of seeds removed varied as widely as 1-10 among depots at Heckmaster (Table 7). Only at Hoover Woods in 2002 was any other disperser observed. At this disturbed site, harvestmen (Opilionids) were observed dispersing seeds <1m from the depots (Table 8).

There was no significant difference in the number of seeds removed from depots observed at Baker and Heckmaster in 2001 (Two-sample t-test, P = 0.62). Concurrent observation at Baker and Hoover Woods in 2002 appeared to reflect higher overall dispersal in that year, although the limited numbers could not be analyzed statistically. Dispersal at Hoover Woods was 100% from the two depots observed. There did appear to be a significant difference in the number of seeds removed from depots by areas of the slope at Heckmaster, with fewer seeds dispersed from depots in the middle of the slope (ANOVA, P = 0.04).  There was no difference in seed removal by area of slope found at Baker (ANOVA, P = 0.50).

Table 7. Seed dispersal from seed depots during one-hour observations at Baker and Heckmaster in 2001 (n = number of depots observed)









SITE

Dispersal Variables



Baker
        

Heckmaster







(n = 9)


   (n = 6)

Mean Seeds Dispersed/Depot (SD)

7 (2.92)

   6 (4.15)


Range of Seeds Dispersed/Depot

  3-10

  
     1-10

       (Maximum = 10)

Ants as a Percentage of Dispersers

 100%

 
     100%

Table 8. Seed dispersal from depots matched for number of flowering stems and area of the slope (middle, lower) during two concurrent one-hour observations in 2002 (n =  depots observed)

Seed Dispersal Variables


Baker

     Hoover Woods







(n = 2)


(n = 2)

Seeds Dispersed 



6, 10


10, 10

Ants as Dispersers



100%


70%

Harvestmen as Dispersers


 __


30%

DISCUSSION


This study was designed to provide basic biological and ecological information that would be valuable in the conservation of T. pusillum in Missouri. The study examined the T. pusillum population structure at three sites in southwest Missouri as well as the plant community, edaphic characteristics and leaf area index associated with those habitats. In addition, seed mass, seed dispersal and potential pollinators of T. pusillum were investigated. Comparison of population structure, current size and history of two of the sites studied—Hoover Woods where the population of T. pusillum appears to be decreasing and Heckmaster where the population of T. pusillum appears to be increasing—offer some important insights regarding habitat conditions that may favor or, conversely, threaten populations of T. pusillum.
Stage Structure 

The population at the Heckmaster site appears to be expanding, based on one-leaved or “juvenile” and three-leaved or “adolescent” stage recruitment in 2001. This is also consistent with historical records of this site, if the site has been correctly identified. Based on the percentage of  the three-leaved stems, the population of T. pusillum at the Baker site also appears to be increasing, although the relatively low percentage of one-leaved stems suggest possible problems for this population in the more distant future. Some caution in the interpretation of these results is suggested, as stage structure was sampled in only one year of the study. Recruitment of three-leaved stems as measured by the percentage of these stage stems at Hoover Woods was below that at the Baker site and both the number of one-leaved and three-leaved individuals was less than that found at the Heckmaster site.

Historical field observations, as well as those reported here, support the conclusion that the T. pusillum population at Hoover Woods may be declining. For example, a number of flowering stems found in 2001 on the slope above the small population at the base, did not reappear in 2002. Moreover, an overall estimate of 2000 stems (vegetative and/or flowering not noted) was reported on this site in 1981 and 300-400 stems (flowering and vegetative) in 1994 (Missouri Department of Conservation, Element Occurrence Record: T. pusillum var. ozarkanum for Hoover Woods). 

Physical Habitat

The densest T. pusillum growth occurred at the base of the slope at each site, on Clarksville or Clarksville-Nixa soil with inclines of ~14% on two sites (one west-facing, one north-facing) and ~35% on the third (west-facing). Soils on the sites where the population status appeared to be stable or expanding—Baker and Heckmaster—was 5.9 and 6.1, respectively. At Hoover Woods where the population was declining, the soil pH was 6.5 and the neutralizable acidity was lower than found at the other two sites.


Leaf area index (LAI) at the three study sites might offer some explanation for the apparent decline of the population of T. pusillum at Hoover Woods. LAI measures the photosynthically active radiation, upon which plants depend for production of carbohydrates, that is able to penetrate the leaf canopy. Mean LAI at Baker and Heckmaster where T. pusillum populations appeared to be increasing was <1 at anthesis, <3.5 during May and <7 when the canopy was completely closed (i.e., June). By contrast, LAI was higher during anthesis (1.39) and was >8 by June at Hoover Woods, where the T. pusillum population was declining. Both the density of the dominant trees and the presence of E. fortunei throughout this site, often extending as much as 2’ in all directions from the trunks of the many trees on which it grows, shades the forest floor and contributes to the increased LAI at Hoover Woods. It is also possible that E. fortunei growing densely on the forest floor at Hoover Woods is sufficient to shade out the cotyledons and one-leaf stems of T. pusillum and may be contributing to the relative lack of early stage stems on this site. These data suggest that T. pusillum requires the higher light conditions at Baker and Heckmaster to persist and/or reproduce. 

The densest growths of T. pusillum were on the lower parts of the slopes at all sites. Examination of the variables in this study—LAI, herbaceous density, seed dispersal, slope incline—that might contribute to this pattern were inconsistent. Although soil moisture was not measured, soil moisture is typically greater on the lower portions of slopes than the upper portions (Thomas DeWitt, pers. comm.) and might account for the denser growth of T. pusillum in this area of the slope. This would be consistent with the fact that populations of this species in other areas of the country inhabit wetter, even boggy, habitats (Timmerman-Erskine, 1999) and that the other habitats in which T. pusillum grows in Missouri and Arkansas are in dry-mesic bottomland forests in narrow stream valleys and near the standing water of spring seeps (United States Department of Agriculture, Forest Service, loc. cit.). It is noted, however, that the three sites included in this study and the dry-mesic bottomland sites are well drained and that the heavier rainfall in April-June 2002 versus 2001—54.4 cm and 27.9 cm, respectively (USDA Forest Service, Cassville Ranger Station, Record of River and Climatological Observations)—may have had an adverse effect on T. pusillum stem survival in the lower portion of the slope at Baker (Appendix C). These apparently conflicting observations support the suggestion by previous researchers that the range of optimal moisture levels for this species appears to be quite narrow (Freeman, 1996; Timmerman-Erskine, 1999). 

Freeman (1994), based on the ability of T. pusillum to thrive in both man-made and natural, disturbed areas, suggested that the species does best as a seral component during the first couple of decades of plant succession, flowering less and less until another disturbance recurs. However, the lack of any history in the last 80 years of disturbance on the Heckmaster site where the T. pusillum population is expanding does not support this assumption.

Plant Community

 Canopy and understory trees differed on all three sites, but were most similar at Baker and Heckmaster, where Black oak (Quercus velutina) was the dominant tree (RIV at Baker = .48, Heckmaster = .29) and a species of hickory was second in dominance (Carya texana at Baker, C. cordiformis at Heckmaster). By contrast, oaks were largely missing from Hoover Woods, which was strongly dominated by hickory (RIV = .62), but with walnut trees (Juglans nigra) second in dominance (RIV = .19). It is suggested that the well-known allelopathic properties of J. nigra (Smith, 1996) may also be a factor in the contraction of the T. pusillum population at Hoover Woods as well as the overall diminished richness and diversity of herbaceous species. Dominant understory trees differed at all sites. Dominant trees, understory and herbaceous species on the three study sites also appeared to differ from those reported for T. pusillum habitat in nearby Arkansas (USDA Forest Service, loc. cit.). In addition, the dominant tree canopy species at T. pusillum sites in Missouri and Arkansas, with the exception of oak, differ from those reported for other areas of its range—sweetgum, blackgum, beech and hazel alder (Freeman, 1994).
Baker, the site with the largest area, predictably had the greatest number of herbaceous species. The slightly larger number of species at Heckmaster than Hoover Woods, however, was not consistent with the smaller size of Heckmaster (~1000 m2 vs. ~4000 m2). Diversity of herbaceous species in May also appeared greatest at Baker and similar at Heckmaster and Hoover Woods. These data suggest that changes at Hoover Woods have not only resulted in a decrease over time of the T. pusillum population, but of richness and diversity of herbaceous species in general. This, in combination with the decline in the numbers of T. pusillum, may have contributed to the suspected loss of  T. pusillum stems in 2001 to deer herbivory.
Reproduction

Flower visits by crepuscular or nocturnal species were ruled out by preliminary observations during dusk and evening hours. Consistent with Aizen and Feinsinger (1994) who found flower visits in forest fragments dominated by honey bees (Apis mellifera) rather than native species, honey bees accounted for a high percentage of visits to T. pusillum stems at all sites and an even higher percentage of sequential visits. As there is some evidence that T. pusillum (Timmerman-Erskine, 1999) outcrosses and Irwin (2000) found that outcrossed trillium produced more successful fruits and seeds than self-pollinated plants, pollination by honey bees may be very important to this species in Missouri where no T. pusillum populations grow in continuous ( sensu Aizen and Feinsinger, 1994) forests (Andre, pers. obs.). In that case, diminished numbers of honeybees resulting from tracheal and varroa mites may present a threat to many native plants, including T. pusillum (Raymond Nabors, pers. comm.)

Average frequency of pollinator visitation has been reportedly low for a white-flowered species vs. a red-flowered species on the same site-- .08 visits h-1 flower-1 vs. .51 visits h-1 flower-1 (Irwin, 2000).  Pollinator visitation is also low for trillium compared to other spring ephemerals. For example, Irwin (2000) citing work by Schemske et al, (1978) reported 0.84 visits/h for Claytonia virginica, 1.38 visits/h for Dentaria laciniata [=Cardamine concatenata], and 4.26 visits/h for Erythronium albidum. While T. pusillum in this study appeared to fare somewhat better than the trillium in Irwin’s study, ranging to a high of 0.34 visits h-1 (Baker), the results of the current study are generally consistent with these observations. At Baker, where flower visitation was observed for matched numbers of flowering stems on different areas of the slope, it was observed that stems in the middle of the slope attracted fewer flower-visitors. This appeared to be related to increased competition in that area of the slope with Dentaria laciniata, consistent with Melampy and Hayworth’s (1980) observations that the maximum seed set for Isopyrum biternatum occurred after the flowering peak of D. laciniata. This is also consistent with the observation that plants with fewer pollinators may experience fluctuations in visits more commonly, especially if the pollinators visit other species (Johnston, 1991 and refs. within). However, to use this information in selecting optimal sites for new or transplanted populations of T. pusillum in Missouri, research is needed to determine (1) the degree of outcrossing in this species, and (2) whether populations of T. pusillum in continuous forests in Arkansas receive visits from an increased diversity of pollinators. 

Pollinator visits h-1 flower-1 also varied with patch size, peaking at least once between 23 and 450 flowering stems. Concurrent observations of matched numbers of flowering stems (22-24) at Baker and Hoover Woods, suggested that visits by honey bees, which accounted for all sequential visits, do not occur often in groups of this size. The number of pollinator species visiting these flowers did increase slightly, however, possibly due to less competition. It is noted that any one of the observed visits could have been a sequential visit without the observer’s knowledge, particularly at Baker where there were many T. pusillum elsewhere on the site. Total number of flower-visitors to these small groups of flowering stems at Baker were twice that at Hoover Woods and the number of species triple that at Hoover Woods. These observations appear to suggest that opportunities for outcrossing in small groups of T. pusillum within a larger, dispersed populations are lower than for somewhat larger groups and even less for isolated, small groups that are not part of a scattered population. It is suggested that the lack of any other flowers nearby to attract pollinators reduced pollinator visitation to the isolated populations at Hoover Woods and that small groups of flowering T. pusillum, in general, may experience fewer sequential visits because of the reduced likelihood of a sufficient number of flowers being at their peak of nectar production at any given time.

Preliminary data on breeding systems suggests that this species may be capable of outcrossing, self-pollinating and, perhaps, apomixis, but no conclusions could be drawn because of the low survival of flowering stems on the lower portion of the slope at Baker in 2002 (Appendix D).

Seed Dispersal

In contrast to the low pollinator visitation at Hoover Woods, 100% of the seeds placed in depots at Hoover Woods in 2002 were dispersed versus an average of 85% at Baker in 2002 and 70% at Baker and 60% at Heckmaster in 2001. Each of these comparisons appears consistent with earlier observations by Smith, et al. (1989), who found that seed dispersal of myrmecochores can be density dependent and ant-limited, i.e. that ants can become satiated within dense seed populations. It is also possible that the selection for the heavier weights of seeds and elaiosomes (and, hence, smaller numbers per capsule) found at Heckmaster might be density-dependent. Increased competition for dispersers at Heckmaster, suggested by the lower dispersal rate on that site, might be one way in which density might affect selection of elaiosome weight. Density might affect seed weight as well by selection of larger seeds with more stored nutrients, necessary for survival with the increased conspecific competition for space.
Hoover Woods also differed from Baker and Heckmaster in the kinds of seed dispersers observed. Harvestmen (Opilionids) dispersed 30% of the seeds at Hoover Woods and were observed eating the elaiosome and/or seed within 1m of the depot. Seed fate was not determined for these or for the ant-dispersed seeds. Even if the seed itself is not eaten, but deposited where the elaiosome is consumed, specific advantages shown for dispersal by ants—e.g., deposition in a nest providing increased nutrients (Beattie and Culver, 1983) and protection from predation (Culver and Beattie, 1980)—would be lost. Moreover, Jules and Rathcke (1999) found that seed predation by rodents of Trillium ovatum increased with proximity to edge in a fragmented forest. Because of the proximity of the T. pusillum population at Hoover Woods to the nearby field (<10m), protection from predation may be particularly important on this site. Seed dispersal or predation by harvestmen, heretofore undocumented, may represent still another threat to the remnant population at Hoover Woods.

Summary

This study was undertaken to provide some basic information about the current population status of T. pusillum at three sites in southwest Missouri and the habitat requirements of T. pusillum, as well as its potential pollinators, flower-visits by patch size and seed dispersers. The data gathered during this study indicate multiple differences between the site where the T. pusillum population was contracting and the sites where the populations were expanding. More specifically, where the T. pusillum population was contracting there was a higher soil pH, a shift in dominance of tree canopy species to one with allelopathic properties (J. nigra), and lower light levels associated with a higher tree density and the presence of the exotic invasive E. fortunei. Additional changes, possibly related to a contraction of not only T. pusillum, but other herbaceous species as well, included possible pollinator limitation, a change in seed dispersers, and an increased herbivory by deer.  While these data might offer some clues to factors responsible for the decline of certain populations, further data is needed to preserve this species in Missouri. Data are particularly needed on its breeding systems, seed predation, moisture requirements, and, if it outbreeds, its pollinators in non-fragmented forests. For the remaining populations in Missouri, which largely grow on slopes unsuitable for development, the greatest threats to T. pusillum populations appear to be from changes in the habitat, including invasive exotics and, if it primarily outbreeds, overdependence on honey bees (A. mellifera), whose populations are threatened by parasitic mites. Preservation of populations on managed public lands and education for private landowners are suggested to prevent extirpation from invasive non-native plants and other actions that can destabilize these habitats. Establishing T. pusillum populations in appropriate habitats in non-fragmented forests is offered as a potential long-term solution for an overdependence on the honey bee. 
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Appendix A

Checklist of Trees, Shrubs and Woody Vines at Baker, Heckmaster

 and Hoover Woods

Site 1 = Baker

Site 2 = Craig/Hoover

Site 3 = Heckmaster 

Site #

Scientific Name
1

Acer negundo var. negundo
1

Acer saccharum
1

Amelanchier arborea
1

Campsis radicans
1  2  3

Carya cordiformis
1      

Carya texana
        3

Carya tomentosa
1      3

Celtis occidentalis
1

Cornus florida
1  2  3

Corylus americana
    2

Euonymus alatus
1  2  3

Euonymus atropurpureus
1  2

Euonymus fortunei
1      3

Juglans nigra
1      3

Juniperus virginiana
1  2

Lonicera japonica var. japonica
1

Morus rubra
1

Nyssa sylvatica var. sylvatica
1  2  3

Parthenocissus quinquefolia
1      3

Prunus serotina ssp. serotina
1      3

Quercus alba
    2

Quercus meuhlenbergii
1      3

Quercus velutina
1

Rhamnus caroliniana
1

Rhus aromatica
1  2  3

Ribes spp.

1  2  3

Rosa multiflora
1  2  3

Rubus spp.

1  2  3

Sassafras albidum
1  2  3

Smilax spp.

1  2  3

Symphoricarpos orbiculatus f. orbiculatus
1

Toxicodendron radicans
Site #

Scientific Name
1      3

Ulmus rubra
1

Vaccinium spp.

1  2  3

Vitis spp.

    2

Vitis vulpina
Appendix B

Checklist of Spring Herbaceous Species at Baker, Heckmaster

 and Hoover Woods

Site 1 = Baker         Site 2 = Hoover Woods
Site 3 = Heckmaster 

Site #

Scientific Name

    2

Adiantum pedatum var. pedatum
1

Asclepsias quadrifolia
1  2

Asplenium platyneuron
1      3

Botrychium virginianum var. virginianum



1

Cimicifuga racemosa
1

Claytonia virginica
1

Dentaria laciniata
1      3

Desmodium sp.

    2

Dioscorea quarternata
1

Dodecatheon  meadia
1

Erythronium albidum
1

Eupatorium rugosum var. rugosum
1 

Galium arkansanum
1      3

Galium virgatum
1  2  3

Galium  aparine f. aparine
1  2  3

Geranium maculatum f. maculatum
1      3

Geum canadense var. camporum
        3

Ipomoea purpurea
1      3

Isopyrum biternatum
        3

Lamium purpureum var. purpureum
        3

Latuca serriola f. serriola
    2

Lonicera japonica var. japonica
1

Maianthemum racemosum ssp. racemosum
1

Monarda fistulosa
    2

Osmorhiza longistylis
1

Oxalis violacea
1  

Parietaria pensylvanica var. pensylvanica
1

Perilla frutescens
    2  

Phlox divaricata f. laphamii
1      3

Phryma leptostachya var. leptostachya
1  2  3

Podophyllum peltatum
    2

Polegonatum biflorum var. commutatum
    2

Polemonium reptans var. reptans

        3

Potentilla simplex var. simplex


Site #

Scientific Name
1  2  3

Ranunculus sp.

    2

Ranunculus recurvatus f. recurvatus
1

Rudbeckia hirta
1

Silene virginica
    2

Smilacina racemosa
1  2  3

Stellaria media
        3

Taraxacum officinale
    2

Toxicodendron radicans spp. negundo
        3

Tradescantia ernestiana f. ernestiana
1  2  3

Trillium pusillum 

    2

Trillium viridescens
        3

Triodanis perfoliata f. perfoliata
        3

Triosteum perfoliatum
    2

Uvularia grandiflora
    2

Veronica hederaefolia
1      3

Viola triloba
1      3

Zizzia aptera
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Figure C1. Stem survival in breeding study at Baker in 2002 by area of the slope. 

 (Lower n = 14, Middle n = 8, Upper n = 11) (Chi-Square Test, X = 0.02, df = 2)
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Figure D1. Percent of Trillium pusillum stems with maturing fruit in May and June 2002 in breeding study at Baker by treatment. To determine the breeding system of this species, 33 flowering stems were selected at Baker in 2002 along two transects, one across the ridge and one laid across the site diagonally from the northwestern corner at the bottom of the slope to mid-slope. Although T. pusillum appears to be protandrous, with the stigma only slowly lengthening through the stamens and the stigmatic branches finally recurving days after anthesis, stems were selected and treated as the flower bud matured, but prior to its opening. Each was randomly assigned to one of four groups—control (no treatment, n = 10), outcrossed (emasculated, manually outcrossed with one fresh stamen from a stem outside of the immediate vicinity and bagged, n = 10), selfed (manually selfed and bagged, n =10), and apomixis (emasculated and bagged, n = 3). Bags were removed when the stigmas had begun to darken and were no longer receptive. Flowers were observed in late May and late June.
PAGE  
53

_1112769817.txt
��������Minitab Graph - Microsoft Word in aa94-25.doc�����������������������������������������������������������������������������������������������0G������¨F��Minitab Graph - Microsoft Word in aa94-25.doc�����������������������������������������������������������������������������������;; HMF V1.24 TEXT
;; (Microsoft Win32 Intel 386)  HOOPS 4.12-3 I.M. 3.00-3
(Selectability "windows=off,edges=on!,faces=on,lights=on,lines=on!,markers=on,i
mages=on,text=on,string cursors=on")
(Visibility "on")
(Color_By_Index "Geometry,Face Contrast" 1)
(Color_By_Index "Window" 0)
(Window_Frame "off")
(Window -1 1 -1 1)
(Camera (0 0 -5) (0 0 0) (0 1 0) 2 2 "Stretched")

;; (Driver_Options "disable input,subscreen=(-0.999875,0.247627,-0.999833,0.110
;; 168),no update interrupts,use window id=3496")
(Edge_Pattern  "---")
(Edge_Weight 1)
(Face_Pattern "solid")
(Heuristics "no related selection limit")
(Line_Pattern  "---")
(Line_Weight 1)
(Marker_Size 0.421875)
(Marker_Symbol ".")
(Text_Font "name=arial-gdi-vector,no transforms,rotation=follow path")
(User_Options "angle=0,arrowdir=0,arrowstyle=0,polygon=0,isdata=0,mtb aspect ra
tio=0.667925,graphicsversion=5,optiplot=0,toplayer=0,textfollowpath=1,ldfill=0,
solidfill=0,3d=0,usebitmap=0,canbrush=0,brushrows=0,light scaling=.00000")
(Segment "include" ())
(Front ((Segment "figure1" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "faces=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.59997 -0.59997 0) (0.59997 -0.59997 0) (0.59997 
		 0.59997 0) (-0.59997 0.59997 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "^*")
		    (Text_Font "name=arial-gdi-vector,size=0.03365 sru")
		    (Segment "major" ())
		    (Segment "minor" ())))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.03365 sru")
		    (Segment "major" ())))))))
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.04206 sru")
		    (Text_Path 6.12303e-17 1 0)
		    (Segment "" (
		      (Selectability "polygons=on!,text=off")
		      (Visibility "polygons=off")
		      (Text_Alignment "v>")
		      (Text_Path 0 1 0)
		      (User_Options "angle=90,polygon=3,linect=1,charct=22")
		      (Polygon ((-0.907261 -0.590657 0) (-0.907261 0.575454 0) 
			(-0.803648 0.575454 0) (-0.803648 -0.590657 0)))
		      (Renumber (Text -0.829551 -0.590657 0 "PERCENT ORGANIC MA
TTER") 1 "L")
		      (Segment "raw" (
			(Visibility "off")
			(Renumber (Text 0 0 0 "PERCENT ORGANIC MATTER") 1 "L"))
		       )))
		    (Segment "" (
		      (Front ((Polyline ((-0.59997 -0.579971 0) (-0.59997 
			   0.579971 0)))))))))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "^*")
		    (Text_Font "name=arial-gdi-vector,size=0.04206 sru")
		    (Segment "" (
		      (Text 1.49004e-8 -0.769961 0 "SITES")))
		    (Segment "" (
		      (Front ((Polyline ((-0.579971 -0.59997 0) (0.579971 
			   -0.59997 0)))))))))))))))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.58 0.58 -0.58 0.58)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "figure2" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "faces=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.59997 -0.59997 0) (0.59997 -0.59997 0) (0.59997 
		 0.59997 0) (-0.59997 0.59997 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())
	      (Segment "bar1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "^*")
		    (Text_Font "name=arial-gdi-vector,size=0.03365 sru")
		    (Segment "" (
		      (Text 0.386647 -0.669966 0 "Hoover Woods")))
		    (Segment "" (
		      (Text 1.49004e-8 -0.669966 0 "Heckmaster")))
		    (Segment "" (
		      (Text -0.386647 -0.669966 0 "Baker")))
		    (Segment "major" (
		      (Segment "" (
			(Front ((Polyline ((0.386647 -0.59997 0) (0.386647 
			     -0.639968 0)))))))
		      (Segment "" (
			(Front ((Polyline ((1.49004e-8 -0.59997 0) (1.49004e-8 
			     -0.639968 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.386647 -0.59997 0) (-0.386647 
			     -0.639968 0)))))))))
		    (Segment "minor" ())))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.03365 sru")
		    (Segment "" (
		      (Text -0.669966 0.552501 0 "17")))
		    (Segment "" (
		      (Text -0.669966 0.366313 0 "16")))
		    (Segment "" (
		      (Text -0.669966 0.180125 0 "15")))
		    (Segment "" (
		      (Text -0.669966 -6.0634e-3 0 "14")))
		    (Segment "" (
		      (Text -0.669966 -0.192251 0 "13")))
		    (Segment "" (
		      (Text -0.669966 -0.378439 0 "12")))
		    (Segment "" (
		      (Text -0.669966 -0.564627 0 "11")))
		    (Segment "major" (
		      (Segment "" (
			(Front ((Polyline ((-0.59997 0.552501 0) (-0.639968 
			     0.552501 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.59997 0.366313 0) (-0.639968 
			     0.366313 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.59997 0.180125 0) (-0.639968 
			     0.180125 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.59997 -6.0634e-3 0) (-0.639968 
			     -6.0634e-3 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.59997 -0.192251 0) (-0.639968 
			     -0.192251 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.59997 -0.378439 0) (-0.639968 
			     -0.378439 0)))))))
		      (Segment "" (
			(Front ((Polyline ((-0.59997 -0.564627 0) (-0.639968 
			     -0.564627 0)))))))))))))))
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Font "name=arial-gdi-vector,size=0.04206 sru")
		    (Text_Path 6.12303e-17 1 0)
		    (Segment "" (
		      (Front ((Polyline ((-0.59997 -0.579971 0) (-0.59997 
			   0.579971 0)))))))))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Font "name=arial-gdi-vector,size=0.04206 sru")
		    (Segment "" (
		      (Front ((Polyline ((-0.579971 -0.59997 0) (0.579971 
			   -0.59997 0)))))))))))))))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.58 0.58 -0.58 0.58)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" ())
		  (Segment "" ())
		  (Segment "" ())))))
	      (Segment "bar1" (
		(Visibility "faces=off")
		(Color_By_Index "Face Contrast,Line,Edge" 1)
		(Color_By_Index "Face" 0)
		(Edge_Pattern  "---")
		(Edge_Weight 1)
		(Line_Pattern  "---")
		(Line_Weight 1)
		(User_Options "ldfill=0")
		(Segment "" (
		  (Visibility "faces=off")
		  (Color_By_Index "Face Contrast,Line,Edge" 1)
		  (Color_By_Index "Face" 0)
		  (Edge_Pattern  "---")
		  (Edge_Weight 1)
		  (Face_Pattern "solid")
		  (Line_Pattern  "---")
		  (Line_Weight 1)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((0.499975 -0.99995 0) (0.833292 -0.99995 0) 
		       (0.833292 0.165404 0) (0.499975 0.165404 0)))))))
		(Segment "" (
		  (Visibility "faces=off")
		  (Color_By_Index "Face Contrast,Line,Edge" 1)
		  (Color_By_Index "Face" 0)
		  (Edge_Pattern  "---")
		  (Edge_Weight 1)
		  (Face_Pattern "solid")
		  (Line_Pattern  "---")
		  (Line_Weight 1)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((-0.166658 -0.99995 0) (0.166658 -0.99995 0) 
		       (0.166658 0.227758 0) (-0.166658 0.227758 0)))))))
		(Segment "" (
		  (Visibility "faces=off")
		  (Color_By_Index "Face Contrast,Line,Edge" 1)
		  (Color_By_Index "Face" 0)
		  (Edge_Pattern  "---")
		  (Edge_Weight 1)
		  (Face_Pattern "solid")
		  (Line_Pattern  "---")
		  (Line_Weight 1)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((-0.833292 -0.99995 0) (-0.499975 -0.99995 0) 
		       (-0.499975 -0.805881 0) (-0.833292 -0.805881 0))))))))))
	     )))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "figure3" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "faces=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.59997 -0.59997 0) (0.59997 -0.59997 0) (0.59997 
		 0.59997 0) (-0.59997 0.59997 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.58 0.58 -0.58 0.58)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "connect1" (
		(Color_By_Index "Face Contrast,Line,Edge" 1)
		(Edge_Pattern  "---")
		(Edge_Weight 1)
		(Line_Pattern  "---")
		(Line_Weight 1)
		(Front ((Segment "group1" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((-0.666633 -0.96149 0) (-0.666633 
			   -0.650273 0)))))))))
		  (Segment "group2" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((0 -0.437281 0) (0 0.892797 0)))))))))
		  
		  (Segment "group3" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((0.666633 -0.630682 0) (0.666633 
			   0.96149 0)))))))))))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "figure4" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "faces=off")
	    (Color_By_Index "Face" 0)
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.59997 -0.59997 0) (0.59997 -0.59997 0) (0.59997 
		 0.59997 0) (-0.59997 0.59997 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.58 0.58 -0.58 0.58)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "connect1" (
		(Color_By_Index "Face Contrast,Line,Edge" 1)
		(Edge_Pattern  "---")
		(Edge_Weight 1)
		(Line_Pattern  "---")
		(Line_Weight 1)
		(Front ((Segment "group1" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((-0.777739 -0.96149 0) (-0.555528 
			   -0.96149 0)))))))))
		  (Segment "group2" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((-0.777739 -0.650273 0) (-0.555528 
			   -0.650273 0)))))))))
		  (Segment "group3" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((-0.111106 -0.437281 0) (0.111106 
			   -0.437281 0)))))))))
		  (Segment "group4" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((-0.111106 0.892797 0) (0.111106 
			   0.892797 0)))))))))
		  (Segment "group5" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((0.555528 -0.630682 0) (0.777739 
			   -0.630682 0)))))))))
		  (Segment "group6" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Segment "" (
		      (Front ((Polyline ((0.555528 0.96149 0) (0.777739 0.96149
			   0)))))))))))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "annotation" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "toplayer=1")
    (Front ((Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.04206 sru")))))))))
(
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "annotation" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "toplayer=1")
    (Front ((Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.04206 sru")))))))))
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		2002						BAKER POLLINATION STUDY												NOTES
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		3		1		lower		n1		n		n								1. deer prints nearby
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		5		3		lower						n								3. only bottom 2/3 of stem left
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		10		4		lower		y				n

		11		2		lower						y6														22-May

		12		3		middle		n		n		n
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