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Abstract
Florida scrub, which concentrates a number of rare and endemic species, has been increasingly lost to anthropogenic activity. Opportunities to restore agricultural land provide an avenue to reestablish and protect listed scrub plants. Factors limiting seed production, germination and seedling establishment in disturbed habitat must be understood in order to create an effective restoration plan for rare and endemic species. Through observational studies and experiments, we aimed to describe seed production of both endemic (Eryngium cuneifolium, Hypericum cumulicola, L. ohlingerae, P. basiramia) and widespread (Balduina angustifolia, Chamaecrista fasciculata) scrub species, and evaluate the germination and seedling establishment of seeds sown in different densities in greenhouse conditions and disturbed and native habitats. We have developed a planting scheme including seed sowing time (B. angustifolia seeds in the spring and Fall, C. fasciculata in the Summer, E. cuneifolium in late Fall to early Winter), stage (planting adults of P. basiramia and H. cumulicola instead of seeds), ground cover type (H. cumulicola in bare sand; B. angustifolia, C. fasciculata and P. basiramia in a variety of microsite types), and shrub proximity (H. cumulicola planted away from shrubs, C. fasciculata (depending on level of disturbance) and L. ohlingerae near shrubs). In coordination with a prescribed burning regime, our recommendations will help land managers to restore disturbed scrubland to a state as closely resembling native conditions as possible.
Introduction
Understanding the dynamics of ecosystems with a large number of rare and endemic species like Florida scrub is key to preserving biodiversity. Florida scrub is found on well-drained sandy soils with locally elevated topography, conditions also desirable for human development. Scrubland in Florida has drastically declined with anthropogenic activity, emphasizing the urgency of its preservation. Opportunities to restore degraded scrub sites and augment scrub habitat have increased the necessity for information about the management and conservation of its listed species. We must develop wise procedures to increase numbers and population viability of rare and endemic plant species in disturbed scrub. This goal will only be met through an understanding of the life history dynamics of plants in both native and disturbed scrub habitat.

We conducted both observational studies and experiments with a variety of herbs, both endemic and widespread native species, to gain a broad perspective on factors limiting germination and seedling establishment of scrub plants. The objectives of our project were: (1) to describe seed production of two endemic (Eryngium cuneifolium, Hypericum cumulicola) and two widespread scrub species (Balduina angustifolia, Chamaecrista fasciculata), and (2) to evaluate seed germination and seedling establishment of seeds sown in different densities in greenhouse conditions and disturbed and native habitats. We were also able to collect data on P. basiramia germination and seed production, and L. ohlingerae seed production. For each job, we describe the tasks completed, our results, and continuing work.

Job 1. Conduct evaluations to describe seed production across different microsites defined

by distance to dominant shrubs, number of neighboring plants and ground cover in

disturbed and native habitats.

Work accomplished:

We monitored seed production of H. cumulicola in July - August 2010, L. ohlingerae in July –September 2010, and C. fasciculata in September - October 2010. For each species, we haphazardly selected 10 - 20 reproductive individuals per site in both disturbed (Woolfenden, Reserve) and native scrub habitats (Archbold Biological Station). For each individual, we recorded distance to dominant shrub (see Appendix for list of spp.), ground cover (bare sand, litter or lichen), number of conspecific neighboring individuals (within approximately 2 m), and shortest distance to a conspecific individual. We counted number of reproductive structures, which included all of the following: buds, flowers, nascent reproductive structures, unripe fruits/pods/seed heads, ripe fruits/pods/seed heads, and peduncles from dispersed pods or seed heads. We utilized reproductive structures as our unit of measure. We also collected 1 ripe fruit, seed pod or seed head from each individual for dissection in the laboratory. We considered that these measures provided an estimate of annual reproductive output since each structure had the potential to become a ripe fruit/pod/seed head which constituted a snapshot sample of a longer term process (as in Quintana-Ascencio and Morales-Hernandez 1997). All together, our data for fruits/pods/seed heads per individual and our data for number of seeds per fruit/pod/seed head provided an approximation of how many seeds each reproductive individual could contribute to the population. We were not able to obtain environmental data for H. cumulicola in the native scrub at Archbold. This type of information has been previously collected for this species (Quintana-Ascencio and Morales-Hernandez 1997). 
Ground cover and shrubs

For C. fasciculata and L. ohlingerae, there were proportionally more reproductive individuals in litter microsites in the native than in the disturbed habitat, while the plants were more evenly distributed throughout different ground cover microsites in the disturbed habitat (especially for C. fasciculata) (Figure 1). For H. cumulicola, an overwhelming majority of individuals in the disturbed scrub were found in bare sand microsites as was shown previously for the native scrub (Quintana-Ascencio and Morales-Hernández 1997). We observed contrasting shrub trends in native and disturbed scrub for both C. fasciculata and L. ohlingerae (Figure 2; G4 = 10.89, P = 0.028 and G4 = 38.5, P < 0.001 respectively): there was a generally positive association of shrubs and reproductive individuals in native habitat (the greatest proportion of individuals were found under shrubs), but a negative association in disturbed habitat (the greatest proportion of individuals were found the furthest away from shrubs). However, C. fasciculata plants were positioned slightly differently from L. ohlingerae plants in that most plants were between 0 and 0.5 m from shrubs instead of directly under shrubs in native habitat. For H. cumulicola, we also found a negative association of shrubs and reproductive individuals in disturbed habitat (the greatest proportion of individuals were found the furthest away from shrubs).
Conspecific neighbors

The greatest number of reproductive C. fasciculata individuals were found near 2 to 5 conspecific individuals in both native and disturbed scrub, and none of the sampled plants were found near more than 10 conspecific neighbors (Figure 3). The greatest number of reproductive L. ohlingerae in the disturbed scrub were likewise found near 2 to 5 conspecific neighbors, but there was a negative association between reproductive individuals and number of conspecific neighbors in the native scrub (most L. ohlingerae plants were found in isolation). For H. cumulicola, most of the reproductive plants were also near 2-5 neighbors. When conspecific neighbors were present, there was a moderate amount of variation in the proximity of the nearest neighbor to the observed reproductive individuals (Figure 4). We noticed that there was a disproportionately high number of C. fasciculata plants at a distance of more than 1.5 m away from their nearest neighbors. Also, there was a negative association between the number of H. cumulicola plants and distance from their nearest neighbors (most H. cumulicola plants were found between 0 and 0.5 m from their nearest neighbor).
Reproductive structures per plant and seeds per structure

For C. fasciculata, L. ohlingerae and H. cumulicola, there was a great deal of variation in the number of reproductive structures per individual across the sampled sites (Figures 5-7). 
For H. cumulicola and L. ohlingerae, there was no relationship between number of reproductive structures per individual and habitat type, number reproductive structures per plant and seeds per reproductive structure (Figures 8-9). 
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Seed deployment for the seed density experiment

Future work:

We are in the process of collecting seed production data for B. angustifolia, E. cuneifolium and P. basiramia. When all data has been collected and entered, we will compare it to our C. fasciculata, H. cumulicola, and L. ohlingerae seed production data.
Job 2. Conduct experiments evaluating seed germination and seedling establishment of seeds

sown in different densities in greenhouse conditions and disturbed and native habitats.
Work accomplished:

We continued monitoring seed germination both within a greenhouse (starting date 2/9/10) and through field experiments (starting date 3/20/10) to test the effect of microsite type and seed density on germination and seedling establishment. Our field experiment has additionally tested the effect of habitat type (disturbed vs. native scrub). 

Greenhouse experiment

The greenhouse, located on campus at the University of Central Florida, is a semi-permanent structure with metal framework, clear plastic covering and two solar powered ventilators. A sprinkler system provided moderate moisture at programmed intervals (twice a day for 20 min). In addition, flats were watered by hand as needed to avoid desiccation. For this experiment, we randomly assigned different seed densities of each study species to locations in flats. Within each flat, we planted seeds (one species per compartment) into rectangular plastic compartments filled with sand collected from Archbold Biological Station and baked. During planting, seeds were sprinkled with only enough sand to cover them. We then distributed leaf litter across half of the flats (primarily Quercus leaves, retrieved from scrub habitat in the campus Arboretum), and kept 
the other half without litter, to simulate leaf litter vs. bare sand microsites. Germination data from 
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B. angustifolia seedlings within experimental cages

planted seed densities of 1, 4, 8 and 24 were weighted against a density of 0, which served as a control for any seed remaining in the sand or from outside seed sources (Turnbull et al. 2000). Overall, there were a total of 130 flat locations: 5 species x 2 microsite types (bare sand, litter) x (1 control + (3 replicates x 4 seed densities)). We planted a total of 1,100 seeds: 5 species x 2 microsite treatments x (1 + 4 + 8 + 24 seeds) x 3 replicates. We expected that in each simulated microsite treatment, higher densities of seeds would likely result in more seedlings than low seed densities until reaching density dependent limits (Poulsen et al. 2007). We also expected that there would be more germination and establishment in the bare sand treatment.
To date, all species have had germinants (Table 1), and none of the controls have had germination. B. angustifolia has had 121 (46 in bare sand, 75 in litter), C. fasciculata has had 85 (36 in bare sand, 51 in litter), E. cuneifolium has had 11 (all in litter), H. cumulicola has had 93 (55 in bare sand, 38 in litter), and P. basiramia has had 133 germinants (68 in bare sand, 65 in litter). Overall, when considering the total number of germinants, there has been more germination from units with higher planted seed densities (Figure 10). However, when the proportion germination is examined (Figure 11), most species did not show an overall increasing or decreasing trend for germination with seed density. Two exceptions are that C. fasciculata in bare sand slightly increases in percent germination with seed density, and H. cumulicola in bare sand slightly decreases in percent germination with increasing seed density (Figure 11). Germination of study species was seasonal, with H. cumulicola and P. basiramia germinating the earliest in the year, followed by C. fasciculata and B. angustifolia (although B. angustifolia had more of a tendency to germinate in colder temperatures than C. fasciculata), and finally E. cuneifolium, which has only germinated since mid-November (10 months after seeding; Table 2). 

Field experiment

For the field experiment, we planted seeds of the study species in different densities in

the disturbed Archbold Reserve (2 sites) and native rosemary scrub of Archbold Biological

Station (2 sites). We randomly assigned seed density, study species, and microsite type (using

Microsoft Excel 2007) to random points in each site (generated with Arc Map 9.3.1).

Coordinates were adjusted as points were located; wire-stake flags with uniquely numbered

metal tags were placed in the nearest location where the assigned microsite (bare sand, litter

only, or under shrubs with litter) occurred. At each point, a PVC collar was pressed into the

ground, with a few centimeters protruding to protect the seeds from wind and water. Seeds were

sprinkled on top of the sand inside each PVC collar, then sand was sprinkled on top until the

seeds were just covered. For the litter only and shrub with litter treatments, leaf litter

from the immediate area was used to cover the sand within each PVC collar after planting. All

PVC collars were covered by square vertebrate exclosures constructed with ½” wire mesh

hardware cloth.

We monitored each point in each site for germinants and established seedlings once a week at the initiation of the rainy season, and once a month thereafter. As with the greenhouse experiment, the densities of 1, 4, 8 and 24 were be weighted against the 0 density, which served as a control for any seed arrival from extant adult plants (Turnbull et al. 2000). After taking into account any establishment from the control density treatments, we assumed parsimoniously that established seedlings were only from the nearest point of seed release, the seeds deposited in this study (vs. from an outside source). Overall, we used 156 points: 4 sites (2 disturbed, 2 native) x 3 microsite types (bare sand, litter only, shrub with litter) x (1 control + (3 replicates x 4 seed densities)). We planted 5,328 seeds: 5 species x 4 sites x 3 microsite treatments x (1 + 4 + 8 + 24 seeds) x the number of replicates per species (variable among species, see below). We used 2 replicates for each of the endemic species, and 3 replicates for the more common species. We expected that in each habitat, higher densities of seeds would likely result in more seedlings than low seed densities but their number will depend on density dependent effects (Poulsen et al. 2007). We also expected that more seedlings will establish in the disturbed scrub of the Reserve 
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B. angustifolia and C. fasciculata germinants inside a cage
than in the less disturbed Archbold scrub due to the disturbance-adapted nature of the study species and the more open habitat structure of the Reserve.


Thus far, there have been a total of 52 B. angustifolia germinants, 64 C. fasciculata germinants, 3 P. basiramia germinants, 7 E. cuneifolium germinants, and no H. cumulicola germinants. These seeds came from the same sources as the ones used for the greenhouse experiment. For B. angustifolia, there were many more germinants in the disturbed scrub than in the native scrub (36  vs. 16); the majority of these germinants were found in bare sand or under shrubs with litter for the disturbed scrub, and the majority of the native germinants were found under shrubs with litter (Figure 12). C. fasciculata demonstrated the same trend as B. angustifolia in the disturbed scrub, and in the native scrub there was an increasing number of germinants from bare sand to litter to under shrubs with litter (Figure 13). There have only been 2 germinants in the bare sand of the native scrub and 1 germinant in litter in the disturbed scrub for P. basiramia (Figure 14). All 7 of the germinants of E. cuneifolium were found in 1 PVC unit under a shrub in the disturbed scrub. For all species with germination, the number of germinants increased with planted seed density (Figure 15).
Background germination

We observed germination of seeds from each study species in the growth chamber (3/25/2010 – 7/21/2010) as a reference point for maximum potential germination in the greenhouse and field (Table 3). The trial was initiated with spring temperatures for central Florida; this was changed to early summer temperatures as of 5/7/2010 (high 30, low 21 degrees C), and to later summer temperatures as of 7/5/2010 (high: 35, low 21 degrees C). We terminated the trial after germination had ceased for several weeks. We used 40 seeds per species for the 3 rare species, and 60 seeds per species for the 2 common species. Ten seeds of a given species were placed on moistened filter paper inside a Petri dish, and the filter papers were moistened as needed. We found that B. angustifolia had the greatest germination (93%), with E. cuneifolium having the next highest (87%). C. fasciculata was surprisingly low, as seeds from the same sources in the greenhouse and field had comparable germination to the other species.

Job 3. Develop strategies to enhance and improve chances of seed germination and seedling

establishment of five listed scrub endemic plant species.
Work accomplished:
We have summarized our results (below), and interpreted our data in order to make recommendations for restoration efforts.

Our data indicates that for the six herbs species addressed in this study (4 listed, 2 widespread natives) it is best to plant seeds when conditions are appropriate for their germination, as this will minimize seed predation (see our 2009 final report). An appropriate timeline for restoration of these species to disturbed scrub would involve planting H. cumulicola and P. basiramia in late winter, some B. angustifolia seeds in the spring, C. fasciculata in the Summer after the rainy season starts, the rest of the B. angustifolia seeds in the Fall, and E. cuneifolium in late Fall to early Winter. Data from our previous report (2009) suggests that L. ohlingerae germination peaks in the summer, which is when seeds of this species should be planted. Relatively higher densities of seeds (not less than 8) would be more successful in yielding enough seedlings that would survive to adulthood, although L. ohlingerae can be planted in lower densities (see our 2009 final report). Our growth chamber study demonstrated that seed viability was not a limitation for the germination of these species, but other variables reduced germination in the greenhouse and field. Several of our study species have displayed microsite preferences as germinants or reproductive adults. 

 In moist conditions (greenhouse), B. angustifolia germinates better in litter (which simulates the litter alone field microsite) than in bare sand. However, in the field, this species germinates better in bare sand and under shrubs with litter than in litter alone. A good strategy for the restoration of this species to disturbed areas lacking B. angustifolia would be to plant seeds in the early spring in all microsite types; these seeds will benefit from the onset of the rainy season. Additional seeds should be planted in only bare sand and under shrubs with litter in the late Fall when it is drier. 

For C. fasciculata, there was more germination in litter treatments than in bare sand in the greenhouse. This some what corresponds to the moderate germination of this species in litter of native scrub. However, in both disturbed and native scrub, there is the highest germination under shrubs with litter. Reproductive adults were found more frequently in the native scrub growing in litter under or near shrubs, but growing in all ground cover types in the disturbed scrub away from shrubs. In restoration, C. fasciculata would be an appropriate choice when selecting fast growing natives to take up area previously occupied by pasture grasses in abandoned ranch lands. Here, C. fasciculata could be planted on bare sand away from shrubs until other natives could be introduced. When land was been brought closer to a native-like habitat structure, efforts could focus on planting seeds in litter alone, and near shrubs with litter.

P. basiramia seeds germinated in both bare sand and litter in the greenhouse, and a very small number of seeds germinated in the field in both microsites. Based upon these results, restoration efforts should introduce this species to both bare sand and litter covered microsite types. Due to the low germination of P. basiramia in the field, and the relative ease of it’s germination in the growth chamber and greenhouse, we suggest using seedlings and adults reared in pots for introduction into disturbed scrub. 
H. cumulicola germinated best in bare sand in the greenhouse, and the vast majority of reproductive adults were found in bare sand in the disturbed habitat. In line with these results, we recommend that H. cumulicola be introduced into bare sand microsites in disturbed scrub areas 
[image: image5.jpg]



Beth Stephens setting a sample in the field

lacking this species. Due to the complete lack of H. cumulicola germination in the field, and the relative ease of it’s germination in the growth chamber and greenhouse, we suggest that it will be best to plant pot-reared seedlings and adults of this species in the field. Seedlings and adults should then be planted away from shrubs and in groups of 2 to 5 individuals in the field.

In accordance with our seed production study results, L. ohlingerae should be planted underneath shrubs with litter and in isolation or small groups to simulate their native distribution. These plants can be introduced as seeds, due to their relatively high field germination, but protected by exclosures, due to their high rate of seed predation (see our 2009 final report). Lastly, we are still collecting data concerning microsite conditions conducive to E. cuneifolium germination, growth and reproduction. Thus far, this species germinates better in litter in the greenhouse, but we anticipate additional germination in the next month.
 
These planting recommendations should not be considered alone, but should be incorporated into a prescribed fire plan. In contrast to historical scrub conditions, disturbed scrub is often fire suppressed, and burning will likely need to precede the reintroduction of native plant species.  Patchy burns are preferable because these can provide a greater variety of microsite types suitable for a range of plant species. After burning and once herb species are established, our results suggest that propagation should be fairly successful, as seed production was not significantly different between disturbed and native habitat types.
Job 4. Produce interim and annual reports detailing progress and activities.

Please refer to this document.
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Cages under a shrub
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Tables and Figures
Table 1. Proportion germination of study species (3 replicates) in greenhouse

(as of 11/14/10) for different planted seed densities in bare sand and litter. 

	Species
	Microsite
	Seed density
	Total germination
	Total planted
	Average germination

	B. angustifolia
	bare sand
	1
	2
	3
	66.67%

	B. angustifolia
	bare sand
	4
	6
	12
	50.00%

	B. angustifolia
	bare sand
	8
	13
	24
	54.17%

	B. angustifolia
	bare sand
	24
	25
	72
	34.72%

	B. angustifolia
	litter
	1
	2
	3
	66.67%

	B. angustifolia
	litter
	4
	8
	12
	66.67%

	B. angustifolia
	litter
	8
	15
	24
	62.50%

	B. angustifolia
	litter
	24
	50
	72
	69.44%

	C. fasciculata
	bare sand
	1
	0
	3
	0.00%

	C. fasciculata
	bare sand
	4
	1
	12
	8.33%

	C. fasciculata
	bare sand
	8
	8
	24
	33.33%

	C. fasciculata
	bare sand
	24
	27
	72
	37.50%

	C. fasciculata
	litter
	1
	2
	3
	66.67%

	C. fasciculata
	litter
	4
	8
	12
	66.67%

	C. fasciculata
	litter
	8
	8
	24
	33.33%

	C. fasciculata
	litter
	24
	33
	72
	45.83%

	E. cuneifolium
	bare sand
	1
	0
	3
	0.00%

	E. cuneifolium
	bare sand
	4
	0
	12
	0.00%

	E. cuneifolium
	bare sand
	8
	0
	24
	0.00%

	E. cuneifolium
	bare sand
	24
	0
	72
	0.00%

	E. cuneifolium
	litter
	1
	1
	3
	33.33%

	E. cuneifolium
	litter
	4
	2
	12
	16.67%

	E. cuneifolium
	litter
	8
	7
	24
	29.17%

	E. cuneifolium
	litter
	24
	1
	72
	1.39%

	H. cumulicola
	bare sand
	1
	0
	3
	0.00%

	H. cumulicola
	bare sand
	4
	7
	12
	58.33%

	H. cumulicola
	bare sand
	8
	13
	24
	54.17%

	H. cumulicola
	bare sand
	24
	35
	72
	48.61%

	H. cumulicola
	litter
	1
	1
	3
	33.33%

	H. cumulicola
	litter
	4
	4
	12
	33.33%

	H. cumulicola
	litter
	8
	5
	24
	20.83%

	H. cumulicola
	litter
	24
	28
	72
	38.89%

	P. basiramia
	bare sand
	1
	3
	3
	100.00%

	P. basiramia
	bare sand
	4
	8
	12
	66.67%

	P. basiramia
	bare sand
	8
	12
	24
	50.00%

	P. basiramia
	bare sand
	24
	45
	72
	62.50%

	P. basiramia
	litter
	1
	2
	3
	66.67%

	P. basiramia
	litter
	4
	8
	12
	66.67%

	P. basiramia
	litter
	8
	16
	24
	66.67%

	P. basiramia
	litter
	24
	39
	72
	54.17%


Table 2. Germination dates for study species in greenhouse (as of 11/14/10).

	Species
	Germination dates (2010)

	B. angustifolia
	March, October - November

	C. fasciculata
	primarily May - September

	E. cuneifolium 
	started mid November

	H. cumulicola
	February - March

	P. basiramia
	February - March


Table 3. Percent background germination in growth chamber from March 22 / April 1, 2010 to August 18, 2010.  Number of seeds in background germination trial was proportional to number of field sites planted for each species.
	Species
	Germination
	Total seeds

	B. angustifolia
	93.33%
	60

	C. fasciculata
	6.67%
	60

	E. cuneifolium
	87.50%
	40

	H. cumulicola
	80.00%
	40

	P. basiramia
	72.50%
	40
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Figure 1. Ground cover microsite types for C. fasciculata, H. cumulicola (disturbed only) and L. ohlingerae plants in seed production study.
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Figure 2. Shrub proximity to C. fasciculata, H. cumulicola (disturbed only) and L. ohlingerae plants in seed production study.
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Figure 3. Number of conspecific neighbors to each C. fasciculata, H. cumulicola (disturbed only) and L. ohlingerae plant in seed production study.
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Figure 4. Distance to nearest conspecific neighbor of C. fasciculata, H. cumulicola (disturbed only) and L. ohlingerae plants in seed production study.
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Figure 5. Average C. fasciculata reproductive structures per plant in each site. Reproductive structure values represent the maximum number of buds, flowers and seed heads found on a plant in a given visit. Error bars represent standard error values of averages.  N = native sites, D = disturbed sites.
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Figure 6. Average L. ohlingerae reproductive structures per plant in each site. Reproductive structure values represent the maximum number of buds, flowers and seed heads found on a plant in a given visit. Error bars represent standard error values of averages.  N = native sites, D = disturbed sites. 
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Figure 7. Average H. cumulicola reproductive structures per plant in each site. Reproductive structure values represent the maximum number of buds, flowers and fruits found on a plant in a given visit. Error bars represent standard error values of averages.  N = native sites, D = disturbed sites. D3 represents 1 H. cumulicola plant.
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Figure 8. Seeds per seed head vs. reproductive structures per plant for L. ohlingerae in each habitat type. Reproductive structure values represent the maximum number of buds, flowers, seed heads, and dispersed seed heads found on a plant in a given visit. There was no evidence of differences in seed production between habitats (P > 0.05).
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Figure 9. Seeds per fruit vs. reproductive structures per plant for H. cumulicola in each habitat type. Reproductive structure values represent the maximum number of buds, flowers, seed heads, and dispersed seed heads found on a plant in a given visit. There was no evidence of differences in seed production between habitats (P > 0.05).
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Figure 10. Total number of germinants in greenhouse (11/14/10) of study species at different planted seed densities in bare sand or litter.
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Figure 11. Percent germination in greenhouse (11/14/10) of study species at different

planted seed densities in bare sand or litter.

[image: image18.png]Number of germinants

18
16
14
12

onN s o ®

M Disturbed

M Native

Bare sand

Litter Shrub/litter

Microsite





Figure 12. Total number of B. angustifolia germinants in field experiment (10/15/10) from seeds planted in different microsites in disturbed and native habitats.
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Figure 13. Total number of C. fasciculata germinants in field experiment (10/15/10) from seeds planted in different microsites in disturbed and native habitats.
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Figure 14. Total number of P. basiramia germinants in field experiment (10/15/10) from seeds planted in different microsites in disturbed and native habitats.
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Figure 15. Total number of germinants in field experiment (10/15/10) of study species at different planted seed densities in disturbed and native scrub habitats.

Appendix
	Shrubs nearest to

 L. ohlingerae
	Shrubs nearest to 

H. cumulicola
	Shrubs nearest to 

C. fasciculata

	Ceratiola ericoides
	Ceratiola ericoides
	Asimina obovata

	Garberia heterophylla
	Persea humifusa
	Ceratiola ericoides

	Quercus chapmanii
	Quercus chapmanii
	Garberia heterophylla

	Quercus geminata
	Quercus geminata
	Lyonia fruticosa

	Quercus inopina
	Quercus inopina
	Palafoxea fea

	Quercus myrtifolia
	Serenoa repens
	Persea humifusa

	Sabal etonia
	Sideroxylon tenax
	Quercus chapmanii

	Serenoa repens
	Ximania americana
	Quercus geminata

	Sideroxylon tenax
	
	Quercus inopina

	Ximania americana
	
	Serenoa repens

	
	
	Sideroxylon tenax

	
	
	Ximania americana


Budget with detailing federal and individual match
	
	 Year 4
	 match 

	Salaries 
	 $      15.003
	 $   9,074

	
	
	

	
	
	

	Expenses
	 $      4,862
	

	
	
	

	Expense 
	 $      6,365
	 

	
	 
	 

	Total Direct Costs 
	 $    19,865 
	 $     9,074 

	 Indirect Costs State of Florida (5%)
	 $         993 
	 $        454*  

	 
	 
	 

	 
	 
	 

	Total Direct and Indirect Costs 
	 $    20,858 
	 $     9,528

	
	
	


*The indirect total will be used as foregone overhead and is added to the total as match

