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Summary

Disruption of the historical fire regime has posed threats to some fire-dependent
ecosystems and the endemic species therein. In this study, | determine the effects of
experimental fire regimes on demography of Chamaecrista keyensis, an endemic herb of a fire
dependent ecosystem in South Florida. Three experimental treatments, summer burn, winter
burn, and control unburned, were imposed on two blocks of pine rockland of different ages since
last fire in 1998. Preliminary results from census data indicate that the winter burn may be the
most beneficial treatment for maintaining or increasing population of C. keyensis. These seasonal
fire treatments have been (1999) and will be repeated at four other blocks to see whether this
trend holds. In addition, | am carrying out several experiments to determine seed bank dynamics
under different fire regimes. Population viability analyses under contrasting fire regimes will be
conducted based on the above ground census and seed bank data. Furthermore, | will determine
the relationship of C. keyensis demographic processes with fire-mediated habitat variables.
Results from this study will shed light on the processes that can lead to local population decline
and extinction.
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l. Introduction

Disturbance has been widely recognized as an important agent influencing population
dynamics of plants and animals (Sousa 1984, Pickett and White 1985). Fire is the most ubiquitous
terrestrial disturbance after human urban and agricultural activities, and studying the effects of fire
on plant population in various fire-prone ecosystems has been an important topic in ecology
(Whelan 1996, Bond and van Wilgen 1996). In many fire-prone ecosystems of North America, the
historical fire regimes have been disrupted for decades (Pyne 1982, Pyne et al. 1996), resulting in
decline and disappearance of certain ecosystems and endemic species that reside in them. As the
conservation of natural area and their rare and endangered species becomes a prominent issue,
restoring historical fire regimes is desirable. In some cases, however, it is difficult to identify the
historical fire regimes (Snyder et al 1990). Studying demographic responses of the endemic
species to experimental fire regimes may solve this issue, as it is reasonable to expect a favorable
population response of endemic taxa to the fire regime in which they evolved (Menges and
Kohfeldt 1995).

Many fire-related studies measure only certain features of plant populations, such as post-
fire mortality, fecundity or recruitment (Whelan 1996). Such information is important, but not
enough to infer the effects of fire on population dynamics. Instead, long-term demographic
monitoring of replicated populations that have subjected to experimental fire treatments is
desirable (Whelan 1996, Streng et al. 1993). Such data can be put together in population matrix
models to infer the effects of fire on population dynamics. Demographic analysis through
population matrix modeling is strongly recommended in conservation of rare and endangered
species because it offers analytical tools to identify the life history stages that most affect
population growth (Menges 1990. 2000, Schemske et al. 1994). Population matrix models have
rarely been used to characterize effects of fire on populations of endangered species (but see
Quintana-Ascencio 1997, Kirkman et al. 1998). Population viability analysis via matrix models
provides more or less realistic assessments of population extinction risk, depending on the quality of
the demographic data (Menges 2000).

In communities that experience periodic disturbance, the environments change cyclically
instead of randomly, with disturbance frequency determining the cycle length. By combining the
scenario of disturbance frequency, season, and intensity with the demographic responses to such
disturbance regimes, the impact of periodic disturbance and of subsequent recovery on population
dynamics can be modeled (Menges 2000). An alternative approach for modeling population
dynamics in cyclic environments is the use of megamatricies to combine the vegetation recovering
rate with the associated population dynamics (Alvarez-Buylla 1994, Cipollini et al. 1994, Valverde
and Silvertown 1997, Pascarella and Horvitz 1998). Only recently has modeling population
dynamics in relation to disturbance cycles has been done. Modeling disturbance cycles is a
powerful tool for comparing different disturbance management regimes (Menges 2000), but yet has
rarely used in fire-dependent communities (but see Burgman and Lamont 1992, Quintana-
Ascencio 1997, Enright et al. 1998).

Although seed banks are recognized to have important demographic and genetic functions,
such as reducing extinction risk (Kalisz and McPeek, 1992) and buffering the local extinction of
genotypes (Silvertown and Lovett Doust 1993), dynamics of seeds in the soil are difficult to study.
One way to alleviate this problem is to employ experimental seed banks to explore the dynamics of
seeds. However, such an approach has rarely been used in demographic studies (Menges 2000).

Besides demographic analysis, microhabitat analysis is also important to conservation
efforts as it provides succinct description of habital requirements of a species. Most microhabitat
analyses, however, have focused on only seeds and seedlings (e.g. Silvertown and Smith 1989,
Facelli and Pickett 1991, Guzman-Grajales and Walker 1991, Molofsky and Augsburger 1992,
Barkham 1992). Microhabitat parameters may influence plant demography at any stages of their
life cycle. For example, canopy openness has been showed to influence fecundity of 82 ground
level species in oak savannas in southern Wisconsin (Leach and Givish 1999). Nevertheless, few
studies have explored explicitly the effects of microhabitat variation on demographic parameters
(but see Menges and Kimmich 1996, Lesica 1997, 1998, Quintana-Ascencio and Morales-
Hernandez 1997). Knowledge of how demographic parameters, including rates of growth,
flowering, and survival of the species change in relation to microhabitat parameters will add to our
understanding of the mechanisms determining persistence of plant populations.



Il. Research Goals

I am studying the effect of fires on the demography of Chamaecrista keyensis, a narrow
endemic understory herb of Pine Rocklands of the lower Florida Keys. The goals of my study are:
(1) Determine the direct effects of fire of two seasons (wet vs. dry) on mortality, seed production, and
seed germination of populations of C. keyensis. (2) Characterize seed bank dynamics of C. keyensis
via natural seed bank sampling and experimental seed banks. (3) Characterize population
dynamics in relation to the post-fire succession using site-specific population matrices. (4) Explore
the relationship between succession-related microhabitat variables and demographic parameters of
C. keyensis. (5) Characterize forest recovery / succession rate via canopy cover and litter depth. (6)
Simulate population extinction probability under different fire regimes with stochastic population
models, and with a megamatrix model, incorporating the forest succession rate with associated
population dynamics. The fire regimes are defined specifically by fire seasonality and return
interval.

ll. Study System

Study Species -- Chamaecrista keyensis (Pennell) Britton & Rose is a pine rockiand
understory herbaceous plant. It has multiply branched ligneous stems that arise from a contorted
rootstock and is capable of resprouting after the top is killed (by fire or herbivory). Plants flower and
fruit mainly during the summer (April-August). 5-10 seeds may be found in a mature seedpod, with
no obvious dispersal mechanism except for limited projecting force provided by twist-opened seed
pot. Plants of C. keyensis suffer from herbivory by leaf-tying moths and by Key Deer browsing, as
well as moth and fly pre-dispersal seed predators.

C. keyensis, known to only occur in the Lower Florida Keys (Isely and Barneby 1982), is
currently listed as endangered by the State of Florida and the Nature Conservancy, and
recommended for listing by the US Fish and Wildlifz (Wood 1986). A recent survey (Ross and Ruiz
1996) found it only on Big Pine Key, an island with the largest piece of pine rockland in the Lower
Keys. Habitat destruction is an obvious reason for the disappearance and declining of this species
on some islands. Invasion and shading from heavy shrubs may be responsible for the disappearance
of C. kensis from islands where the pine rocklands are protected under the National Key Deer
Refuge. One way to test this hypothesis is to study the remaining C. keyensis population on Big
Pine Key.

Study Area -- Pine rocklands occur on outcroppings of limestone of extreme southern
Florida. Land clearing in pine rocklands has rapidly reduced and fragmented the area of pineland
habitat, leaving pine rockland a globally endangered ecosystem (Snyder ei al. 1990). The canopy
of pine rockland is monotypic, composed of slash pine (Pinus elliottii var. densa). In contrast, a
diverse shrub and herb layer is present in pine rocklands due to the relatively open canopy (Snyder
et al. 1990).

Florida pine rockiand is a fire dependent ecosystem. A fire succession pattern where a
gradual increases of fire-sensitive hardwoods over a long time period can be seen after a fire
(Snyder et al. 1990). Long periods of fire exclusion (several decades) largely reduce herb diversity,
presumably due to the invasion and shading of the shrubby components, and allow succession
proceeding to hardwood hammock (Robertson 1955, Alexander 1967, Snyder et al. 1990). The
historical fire regime before European settlements is controversial (Snyder et al. 1980).

Big Pine Key, with the largest pine rockland fragments in the Lower Keys, is an important food
habitat for the federally endangered Key Deer and home of an array of rare, endangered and
endemic plant species (Dickson 1955, Alexander & Dickson 1972). Pinelands on Big Pine Key are
a mosaic of open and shrubby pinelands, created by a sporadic regime of prescribed burns (Bergh
and Wisby 1996). The open pinelands on Big Pine have a relatively sparse shrub layer and a well-
developed herb layer (hereafter “open pineland”). In contrast, shrubby pinelands have a dense
shrub layer and poorly developed herb layer (hereafter “shrubby pineland”). From 1985, prescribed
burns were conducted in the Refuge mainly for fuel reduction and to promote new growth for Key
Deer consumption, without much consideration for other ecological factors. This practice may
critically affect growth, survivorship, seed production, and seedling recruitment of a population,
because the evolved life history characteristics of a species may either conflict or coincide with the
altered disturbance regimes.

A five-year study is underway on Big Pine Key o develop ecological criteria for prescribed
fire in lower Keys pine rockland (Ross et al. 1997). My proposed dissertation project has and will



continue utilize the experimental design of this ongoing fire seasonality and vegetation study.
Experimental burns will be carried out on both open pinelands and shrubby pinelands. For each
type of pineland a block is randomly chosen each of three years for a total of 6 blocks (two
vegetation types x three years, from 1998 to 2000) (Table 1). Within each block, three experimental
units (100 x 100 meter® each) are established: one unit to receive a wet season burn, another to
receive a dry season burn, and the third to remain unburned as a control. Standing vegetation is
surveyed before each burn and further monitored at regular intervals after the burmns. Twenty shrub
plots (8 m in diameter) are established in a stratified random manner within each experimental unit
to measure shrubby plants that are greater than 1 meter tall (Figure 1). For plants less than 1 meter
tall, four herb plots (1m? each) are nested at four locations (Figure 2) at each shrub piot. Four fuel
loading plots (0.5 x 0.5 m) are established for each shrub piot (Figure 2). In summary, there are 20
shrub, 80 herb, and 80 fuel loading plots in each experimental unit, making a total of 60 shrub, 240
herb, and 240 fuel loading plots in each block of the ongoing fire seasonality and vegetation study.

IV. Methods

Demographic censuses of C. keyensis -- | use the herb plots nested within each
experimental unit to conduct C. keyensis annual censuses. | map individual C. keyensis within
each herb plot and record the length of every stem and the total number of stems, number of flower
buds, flower, and fruit present at the time of census. Signs of insect or Key-deer herbivory are aiso
noted. Censuses are started in the summer (flowering season) right before each wet season burn at
each block and once a year after the burns. These censuses will be used to estimate plant growth,
mortality and to some extent, fecundity. Additional censuses are carried out to estimate immediate
above ground consumption by fire, fruit production, seed production, and naturally occurred
seedling survivorship.

Currently, all six blocks with 18 experimental units have been established (Table 1). Due to
the large, 10-fold differences in plant density between the open and shrubby vegetation sites
(Table 1), two sets of sampling regimes have been adopted. For high C. keyensis density
experimental units, only the stratified randomly established herb plots are used. In contrast, in low
C. keyensis density units, in addition to all 80 random herb plots, | census 10-25 non-random C.
keyensis plots (of the same size as herb plots) at each experimental unit to increase the number of
individuals censused (Table 1). These plots were placed at where there are C. keyensis plants and
are excluded from density calculations. These sampling regimes ensure a more or less even
number of plants are censused at each experimental unit, which provide a good estimation of
parameters for stage transition (Eric Menges, personal communication), yet keeps the field work
load manageable.

Both the direct and indirect effects of two fire seasons will be determined by comparing
survivorship, proportion of reproductive vs. vegetative plants, and proportion of seedlings among the
burn sites and those of the controls using Chi-square tests. Year to year differences of these
variables at one unit will also be tested. Initial results of the direct effects of two seasonal fires on C.
keyensis indicated that winter burn caused lower mortality (Table 2) and increased sexual
reproduction (Table 3).

Seed Bank Dynamics -- To characterize seed bank dynamics of C. keyensis, | am
employing a four fold approach: 1) soil sampling, 2) experiment on seed mortality due to a fire
event, 3) seed bank experiment with bagged seeds, and 4) seed bank experiment with loose seeds.
Results of these experiments will compliment each other to generate information such as the
natural range of seed density, seed mortality due to fire, seed longevity in the soil, and proportion
of seeds remaining dormant each year (up to two years). Resuits from the two experimental seed
banks with confined vs. loose seeds will provide a chance for comparisons of the methodologies
that are commonly used in demographic studies. Experimental seedling survival will also be
compared with naturally occurred seedling survival.

Soil Sampling -- To estimate a natural range of C. keyensis seed density in soil, and how
seed density in soil is affected by fire events and the subsequent succession, | will conduct a series
of soil seed bank sampling. The ground surface of the pine rockland is characterized by mosaics of
very shallow soil, exposed rocks, and solution holes of varies sizes and depth, ranging from less than
1 cm in diameter and 5 cm deep to more than 5 m in diameter and 1 m deep (personal
observation). This feature makes a conventional soil sampling tools and methods virtually useless.
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To overcome this methodological challenge, | utilize a battery-powered vacuum cieaner to
pick up the soil. | arbitrarily placed soil quadrats (0.25 x 0.25 m %) clockwise next to the east and
west fuel plots (Figure 1). Soils up to 5 cm deep within soil quadrats are loosened and sucked up
with a vacuum. Soil from the east and west soil plots from the same shrub plot are combined to
form a single sample.

Soil sampling started in summer 1998 (blocks 1 and 2) and summer 1999 (blocks 3 and 4).
Ten soil samples were taken at randomly selected shrub plots twice a year, with one during the dry
season and the other during the wet season, for two more years. Soil plots were placed clockwise
next to the previous ones. However, only 5 soil samples were collected in 2000 due to constraints of
greenhouse space. Nevertheless, this sampling regime will capture spatial and temporal variation
of seed density within each experimental unit, with and without a fire event.

Soil samples were brought back to the greenhouse located at the main campus of Florida
International University. | quantify seeds of C. keyensis in the soil using the seedling emergence
method. Soil samples are spread soon after being collected in a layer of 1 cm thick on 2-3 cm of
moistened and sterilized standard potting soil in 50x20x5 cm flats, with one soil sample per flat. |
check seedling emergence biweekly and record the total number of C. keyensis seedlings that
emerge from the soil samples. Soil samples collected in 1998 were kept in the greenhouse for 6
months, but subsequent soil samples are kept for one year.

Seed Mortality Due To Fire -- Thirty seeds are spread into each of ten (0.25x0. 25m?) plots (
selected stratified randomly, Figure 1) one day before the burn. The top litter/soil layer at each plot
is retrieved the same day of the prescribed fire, but after the fire event. C. keyensis seeds are picked
out from the mixture of seeds, litter and soil. The retrieved seeds are counted and then planted in
potting soils for germinability test for two months. The remaining litter is planted to detect
overlooked C. keyensis seeds. An average of 36 % + 33% (n=10) seeds survived a summer fire
event. The same experiment will be repeated in 2000 burns to detect variations in effect of fire on
seed mortality.

Seed Bank Experiment With Bagged Seeds -- These experiments are to detect the
existence of a long-term soil seed bank of C. keyensis in the field. Ten seed bank experiment plots
are chosen at an experimental unit (Figure 1). Seed bags (10 x 10cm) made of fine-mesh
aluminum window screen material, with 20 seeds per bag, are placed at the soil surface around the
plot center after prescribed summer burn event. Freshly collected seeds from outside the
experimental units are used (at least 98% are viable at the beginning of the experiment). | have put
out two bags per plot at the summer burned and control units in block 3 and 4 in July 1999. One
bag per plot is to be retrieved at 1 and 2 years after burial, respectively, to determine seed fates. |
classify seed fates into the following categories: germinated in the field, viable, dead, and missing.
| have retrieved the first batch of the seed bags. Seeds in the burned sites had a higher percent of
long-term dormancy (Figure 3). Winter burn units at these two blocks were not used because the dry-
season prescribed fires were delayed for one year. In order to capture the temporal and spatial
variation of seed bank dynamics, | repeated the experiment in the same plots in early August of
year 2000 using freshly produced seeds, with only one bag at each plot. In addition, 7 seed bags
were put out at 7 randomly selected shrub plots. with one bag per plot in all 6 experimental units in
blocks 1 and 2 (which burned in 1998). All new and remaining seed bags will be retrieved in
summer 2001. Two-way ANOVA will be used to test the differences in transformed percent dormant
seeds among experimental units and years. Two-sample t-tests will be used to test the differences
between sites.

Seed Bank Experiment With Loose Seeds -- This experiment is designed to obtain data on
seed germination and seedling survival in the field. Ten (0.25 x 0.25m) field seed germination plots
were established near the seed bank experiment plots with bagged seeds in block 3 and 4. Twenty
seeds were spread into each of these piots in early August 2000 (natural seed germination occurs
most frequently from July to February). These plots are monitored for seedling emergence and
survival biweekly for two months and will be monitored once a month for one year (2000-2001).
New seedlings at each survey will be marked with color and shape coded toothpicks. Seed
germination and seedling survival will be recorded each month. A same size area (0.25 x 0.25 m %)
just next to the seed germination plot was used as a control piot for monitoring background
(naturally occurring) seediings. Annual percent seed germination from this experiment will be
compared with that of the confined seed bank experiment, and the seedling survival will be
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compared with the naturally occurring seedling survival obtained from the regular censuses using
one-way ANOVA.

Effects of fire-mediated microhabitat, mid-scale habitat, and macrohabitat variables on
C. keyensis demography --

Microhabitat -- Microhabitat data will be collected at the scale of a census plot (1 m?) to
explore the relationship between demographic parameters and fire-mediated microhabitat
variables. Preliminary microhabitat data have been collected in summer 2000 in two experimental
units in blocks 5 and 6 that have not yet been burned. Abiotic variables including litter cover and
depth, soil depth, and vertical canopy cover at 0.5 meter above ground using a spherical
densiometer were collected at each census plot in these two units. A stepwise logistic regression
analysis (Fienberg 1987) shows that only canopy openness significantly predicts the presence or
absence of C. keyensis. However, two-sample t tests show that both the vertical canopy cover at 0.5
meter and litter depth were significantly different between plots with and without C. keyensis. Based
on these results, | will measure vertical canopy cover at 0.5 meter above ground and litter depth at
each census plot. In addition, biotic variables including the presence of woody and palm species,
their density and percent cover, will be recorded. In plots with C. keyensis, effects of microhabitat
variables on the % mortality, mean growth, and mean reproductive output will be analyzed using
multivariate ANOVA and significant variables will be re-examined with univariate ANOVA.

Mid-scale habitat -- Mid-scale habitat variables will be evaluated at the shrub piot ievel (50
m?). In the fire seasonality and vegetation study, four variables are measured to characterize annual
shrub growth at each shrub plot: shrub (> 1 meter tall) biomass, derived from volume-biomass
regressions, and horizontal canopy covers at 0.5, 1.5, and 3 m above ground, which are measured
using a vegetation profile method (MacAthur and MacAthur 1961). These four variables, along with
mean litter depth and vertical canopy cover readings at each shrub plot, will be used as mid-scale
habitat variables to predict the presence or absence of C. keyensis using a stepwise logistic
regression model. Effects of mid-scale habitat variables on the % mortality, mean growth, and
mean reproductive output will be analyzed using multivariate ANOVA and significant variables will
be re-examined with univariate ANOVA.

Macrohabitat -- Effects of macrohabitat variables on C. keyensis demography will be
evaluated at the experimental unit scale (100 x 100 m?). There are two ways to characterize the
vertical canopy cover at this level. One way is the mean canopy cover over all the herb plots in
each unit. The other is to arbitrarily assign the value of vertical canopy cover of each herb/census
plot into one of the two categories: light vs. heavy canopy cover, with the mid point being the
average vertical canopy cover for plots with C. keyensis. Percent of plots in the light canopy cover
category will be calculated for each unit. Effects of vertical canopy cover, mean shrub biomass,
mean horizontal canopy cover at 0.5, 1.5, and, 2.5 meter above ground at each experimental unit
on % mortality, mean growth. mean fecundity, and the finite rate of growth (A) for the associated
unit will be analyzed using multivariate ANOVA. Significant variables will be re-examined with
univariate ANOVA.

Population dynamics and fire succession -- Based on the demographic and seed bank
dynamics data, | will construct a Lefkovich matrix model for each experimental unit and one-year
census period. Plants will be classified based on their size and reproductive stages (Figure 4). A
total of 32 matrices will be constructed representing populations at different ages since last fire
(ages 1-3 years from the experimental burns, 7-15 from open controls, and greater than 20 from
shrubby controls). These matrices will allow me to infer the effect of fire return interval on
demography of C. keyensis on Big Pine Key, using a method termed the synchronic method
(Pickett 1989). Analytical parameters of the matrix models will be calculated for each matrix.
Sensitivity and elasticity analyses will be conducted to identify the life history stages that most
affect population growth. Among the 32 matrices, 20 will represent populations 1 to 3 years of age
since prescribed burning of either wet or dry seasons. The analytical parameters from these 20
matrices will be used to compare the effects of fire in wet and dry seasons.

Population viability analysis -- Extinction probabilities of C. keyensis after an arbitrary
length of time (e.g. 500 years) under various fire regimes will be estimated from simulations of
stochastic population trajectories. | will use a selected program with an algorithm that projects a
sequence of different matrices with their probabilities of occurrence related to the age since last
fire. For example, there will be four matrices representing first year populations after a wet season
burn. These four matrices will be given equal probability to represent the first year population in a
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simulation of a wet season burning regime. Scenarios of fire regimes will vary in fire return interval
(burn every 10 years vs. every 20 years, or alternate the two) and burning season (wet vs. dry, or
alternate of the two).

Alternatively, extinction probability of C. keyensis can be determined through a
megamatrix approach, where individual matrices describing the behavior of individual populations
are linked into aggregate matrices that include transitions representing shifts among successional
stages (Menges 2000). Pine rockland succession rate can be inferred from changes in canopy
structure, including horizontal canopy covers and vertical canopy cover with time since fire. Since
pine rockland succession rate may differ based on fire season and vegetation type (open vs.
shrubby) before burn, different megamatrices may be constructed to reflect the burning season and
fire return interval, which determines the vegetation type for the next burn.

V. Feasibility

All the prescribed fires required in this study are carried out by the fire seasonality and
vegetation study. Thus, the financial and social challenge of prescribed burning in Big Pine Key is
minimized. Most the proposed experimental procedures have either already successfully
implemented, or preliminary data has been collected, except for computer simulations. Once field
data collection is complete, | will conduct the simuiations under Dr. Eric Menges’ guidance. To
add the microhabitat analysis and as the workload accumulates with time, field assistance is
needed in order to complete the proposed work in a timely fashion for year 2001 field season.

VI. Research Significance

Population matrix models have rarely been used to characterize the effects of fire on
populations, especially herbaceous species (but see Silva et al. 1991, Kirkman et al. 1998,
Quintana-Ascencio 1997). A matrix model is a powerful tool in a population ecology study because
it summarizes the overall demographic conditions of a given environment and allows room to
incorporate many ecological factors (e.g. disturbance frequency, seasonality, and intensity) to
determine their effects on population growth rate. This research will take full advantage of these
analytical functions. Nevertheless, the quality of a population viability analysis using population
metric models depends largely on the quality of the empirical data on which it is based. The
empirical data of this research are of high quality, as they cover multiple sites that are
representative of the whole species range over 4-year period. In addition, seed bank and seedling
dynamics, the most difficult challenge of demographic studies, are being studied in several
experiments.

In addition, results from the two experimental seed banks with confined vs. loose seeds will
provide a chance for comparisons of methodologies. These two methods are commonly used in
seed bank studies, yet rarely used for the same species. Experimental seedling survival will also be
compared with the naturally occurred seedling survival. Experimental seedling survival experiments
are often used in demographic studies when naturally occurred seedlings are rare. To my
knowledge, there is no study comparing results from the two methods for the same species.

With NSF funding, | will be able to collect the microhabitat data, which include vertical
canopy cover for experimental units at a broad range of ages since last fire. This information, along
with the horizontal vegetation covers, will be used to infer the vegetation recovering rate after fire,
which is essential for population viability analysis using megamatrix models. This will allow me to
conduct population viability analysis using two methods: simulation of a sequence of matrices with
particular probabilities and megamatrix models. Both population viability analyses are
recommended in conservation studies (Menges 2000). To my knowledge, no study has applied both
analyses to the same species to compare their relative efficacy.

Results of this research will provide solid scientific bases for making an appropriate
management plan for conserving this narrowly endemic species. In addition, the demographic
responses of this endemic species will help to infer the historical fire regime that shaped the pine
rockland community in the lower Florida Keys. More generally, knowledge from this research will
add to our understanding on the role of disturbance in shaping plant life history.



Table 1. Summary of C. keyensis census regime at each experimental unit

Block | Experimental Vegetation | Average | # of Census Prescribed

treatment type density census start year burn year
/m? plot

Control open 2.9 60 1998 NA

1 Wet-season burn | open 3.1 60 1998 1998
Dry-season burn open 2.3 60 1998 1998
control shrubby 0.51 100* 1998 NA

2 Wet-season burn shrubby 0.15 100* 1998 1998
Dry-season burn shrubby 0.32 90* 1998 1998
control open 0.86 95" 1999 NA

3 \Wet-season burn | open 1.03 95* 1999 1999
Dry-season burn open 0.27 105* 1999 2000
control shrubby 0.25 105* 1999 NA

4 Wet-season burn shrubby 0.47 105* 1999 1999
Dry-season burn shrubby 0.96 85* 1999 2000
control open 1.73 60 2000 NA

5 Wet-season burn | open 3.26 50 2000 2001
Dry-season burn open 5.5 40 2000 2000
control shrubby 0.19 90* 2000 NA

6 Wet-season burn | shrubby 0.46 90~ 2000 2001
Dry-season burn shrubby 0.75 90* 2000 2000

* Additional non-random plots are included.

Table 2. Comparison of individual plant fates in one year period (1998-1999) in three
experimental units in Orchid block.

Experimental unit

Conirol * Summer burn ° Winter burn ©
Plant fate dead count 60 114 104
% 26.5 69.1 41.9
survived count 115 26 82
% 50.9 15.8 33.1
New individual count 51 25 62
% 22.6 15.2 250

Note: Units with different superscripted letters are statistically significant from each other based on
Pearson Chi-square and Likelyhood ratio tests (p < 0.05).

Table 3. Comparison of 1999 (post-burn) proportion of reproductive vs. vegetative adult plants
(longest stem > 10 cm) in three experimental units in Orchid block.

Experimental unit

Control *  Summer burn * Winter burn °
Reproduc vegetative count 71 14 25
tive state % 59.2 41.2 30.9
Flower/fruit count 49 20 56
% 40.8 58.8 69.1

Note: Units with different superscripted letters are significantly different from each other based on
Pearson Chi-square and Likelyhood ratio tests (p < 0.05). No plants with the longest stem <= 15 cm
flower. Pre-burned proportions of reproductive adult plants are not significantly different among
these three units.
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Figure 1. Distribution of shrub plots within an experimental unit. Note that 20 s_hyub plots and 10
seed bank related experiment plots are randomly seiected among the 32 stratified points.
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Figure 3. Comparison of propotions of seed fates after one year in the artificial
seed banks at different experimental units (for recovered seeds only).
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PROPOSAL BUDGET FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO. [DURATION (months)

Florida International University Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

__Suzanne Koptur S
A. SENIOR P . PI/PD, Co-PI's, Faculty and Other Senior Associates s Funds Funds
E(List eaciﬂsig:r:gb with title, A.7. show nthber in brackets) CAL ye:g':qngséUMR F‘eg,‘i,?gi*j,e’ 9’3’,‘32;‘;,"‘,,5 A

1. Suzanne Koptur - none 0.00] 0.00] 0.00}s 0fs

2. Hong Liu - none 0.00{ 0.00| 0.00 0

3.

4

5.

6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7.{ 2)TOTAL SENIOR PERSONNEL (1 - 6)

. B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1.( () POST DOCTORAL ASSOCIATES

_2.(_0)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3.( ()) GRADUATE STUDENTS

4. ( 1)UNDERGRADUATE STUDENTS

5.( ()) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6.( ()OTHER

TOTAL SALARIES AND WAGES (A + B)

C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+ B + C)

. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

TOTAL EQUIPMENT

. TRAVEL 1. DOMESTIC (mCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2. FOREIGN

F. PARTICIPANT SUPPORT COSTS
1. STIPENDS 8
2. TRAVEL
3. SUBSISTENCE
4. OTHER

TOTAL NUMBER OF PARTICIPANTS

Cloloioie

( TOTAL PARTICIPANT COSTS

G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

TOTAL OTHER DIRECT COSTS

Sl ieeloe (=

H. TOTAL DIRECT COSTS (A THROUGH G)

I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A) 0
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 7,847
K. RESIDUAL FUNDS (if FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG I1.D.7.i.) 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 7,847 |3

M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT 8
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Budget Justification

B. Undergraduate stipend: $3120 = $6.5 x 20 hriweek x 4 week/month x 6 months
Fringe benefits (FIU rate 7.65%): $239

E. Travel (Domestic) includes housing subsidy and travel expenses

Housing subsidy for assistant: $2400 = $400 x 6 months

Travel expenses for Hong Liu: $2088 = $0.29/mile x 300 miles/trip x 4 trips/month x 6 month
{Between FIU campus and Big Pine Key)

Total: $7847

June 2001 to December 2001 will be my last yet the most intensive field season for the proposed
project. My 4-year research assistantship ends in December 2001. During this period, | would like to be
able to collect microhabitat data in addition to the fourth annual census of all 18 experimental units.
However, each of these tasks will take me 4.5 months, a total of 9 months to complete both on my own. |
may have to focus on just one task instead of both to avoid introducing the confounding seasonal
component in the data. It will be financially difficult me to work beyond December 2001 without my
research assistantship. In addition to a stipend, my assistantship covers partial rental cost of an
apartment on Big Pine Key. A fourth year of census data is essential for the continuity of the research for
inferring effects of fire on C. keyensis popuiations and will therefore be given the top priority. Yet
collection of microhabitat data will significantly contribute to the conservation biology aspect as it not only
allows me to examine the relationship between C. keyensis demographic processes and fire-mediated
habitat variables, it also provides opportunity to compare two important approaches of population viability
analysis.

A field assistant will help me to speed up these data collections and complete the proposed field
work in 6 months (3 months for census, 3 months for microhabitat data collection), a time frame that is
acceptable. |n the past two years, | was able to receive some funds from two different sources (Tropical
Biology Research Fund from FIU and Key West Garden Ciub Scholarship) to support a field assistant,
which has been crucial for me to conduct the proposed project in a timely fashion. But these funds will run
out before summer 2001. Reapplication to those funds for a field assistant is not possible. | therefore
request funding from NSF to support an undergraduate field assistant for the period of June 2000 to
December of 2001. The fund includes a limited stipend and a housing subsidy, to provide the assistant
with room and board. With this funding, there will be an educational and training opportunity in ecology to
a minority student as | would like to hire an undergraduate student from Florida International University, a
minority institution.



Current and Pending Support

(See GPG Section 11.D.8 for guidance on information to include on this form.)

[ The following information should be provided for each investigator and other senior personnel. Failure to provide this information may delay consideration of this proposal.

" Other agencies (including NSF) to which this proposal has been/will be submitted.
Investigator: Suzanne Koptur

Support: R Current OPending 0O Submission Planned in Near Future O *Transfer of Support

Project/Proposal Title: Developing Ecological Criteria for Prescribed Fire in South
Florida Pine Rockland Ecosystems

Source of Support: Department of the Interior

Total Award Amount; $ 0 Total Award Period Covered:  08/31/97 - 12/31/01
Location of Project: Big Pine Key, Florida

Person-Months Per Year Committed to the Project. Cal:2.00  Acad:0.00 Sumr: 2.00

Support: B Current 0OPending 0O Submission Pianned in Near Future O *Transfer of Support

Project/Proposal Title: Restoration of the Federally Endangered Crenulate
L.ead-plant, Amorpha crenulata (Fabaceae): a preliminary
study

Source of Support: U.S. Fish and Wildlife Service, Vero Beach Office

Total Award Amount: $ 149,565 Total Award Period Covered:  09/01/00 - 08/30/03

Location of Project: Dade County, Florida
Person-Months Per Year Committed to the Project. Cal:1.00  Acad:0.00 Sumr: 1.00

Support:  OCurrent 0OPending & Submission Planned in Near Future O ‘Transfer of Support
Project/Proposal Title: Effects of Habitat Fragmentation on Pollination of Pine

Rockland Plants
Source of Support: National Science Foundation
Total Award Amount: $ 0 Total Award Period Covered:  01/01/00 - 01/01/00

Location of Project: Dade County Florida
Person-Months Per Year Committed to the Project.  Cal:0.00  Acad:0.00 Sumr: 0.00

Support: B Current [OPending 0O Submission Planned in Near Future [0 *Transfer of Support

Project/Proposal Title: Dissertation Research: Effects of Fires on Population
Dymanics and Viability of Chamaecrista Keyensis
(Caesalpiiodeae), An Endemic Herb of the Lower Florida

Source of Support: NSF

Total Award Amount: $ 7,847 Total Award Period Covered:  05/01/01 - 04/30/02
Location of Project: FIU and Florida Keys

Person-Months Per Year Committed to the Project. Cal:0.00  Acad:0.00 Sumr: 0.00

Support: OCurrent [OPending 0O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:

Location of Project:

Person-Months Per Year Committed to the Project.  Cal: Acad: Summ:

* *If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.
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Current and Pending Support

(See GPG Section 11.D.8 for guidance on information to include on this form.)
The following information should be provided for each investigator and other senior personnel. Failure to provide this information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has be;n/will be submitted. \
Investigator: Hong Liu

Support: R Current OPending 0O Submission Planned in Near Future 0O *Transfer of Support
Project/Proposal Title: Seed bank dynamics of pine rocklands in the Lower Keys

Source of Support: Florida Native Plant Society

Total Award Amount: $ 500 Total Award Period Covered:  05/01/99 - 04/30/00
Location of Project: Big Pine Key, Florida

Person-Months Per Year Committed to the Project. Cal:0.00  Acad:0.00 Sumr: 0.00

Support: B Current [ Pending 0O Submission Planned in Near Future 0 *Transfer of Support
Project/Proposal Title: Demography of Chamaecrista keyensis

Source of Support: Key West Garden Club

Total Award Amount: $ 1,000 Total Award Period Covered:  07/01/00 - 06/30/01
Location of Project: Big Pine Key, Florida

Person-Months Per Year Committed to the Project. Cal:0.00  Acad:0.00 Sumr: 0.00

Support: B Current [ Pending [ Submission Planned in Near Future 0O *Transfer of Support
Project/Proposal Title: Seed bank of Lower Keys Pine Rockland

Source of Support: FIU Tropical Biology Research Award

Total Award Amount: $ 2,000 Total Award Period Covered:  05/01/98 - 09/01/98
Location of Project: Big Pine Key and FIU

Person-Months Per Year Committed to the Project.  Cal:0.00  Acad:0.00 Sumr: 0.00

Support: B Current [ Pending ©JSubmission Planned in Near Future O *Transfer of Support
Project/Proposal Title: Demographic Studies of Chamaecrista keyensis

Source of Support: FIU Tropical Biology Research Award

Total Award Amount: $ 2,000 Total Award Period Covered:  05/01/99 - 09/01/99
Location of Project: Big Pine Key

Person-Months Per Year Committed to the Project.  Cal:0.00  Acad:0.00 Sumr. 0.00

Support:  RCurrent [OPending O Submission Planned in Near Future [0 *Transfer of Support

Project/Proposal Title: Dissertation Research: Effects of Fires on Population
Dymanics and Viability of Chamaecrista Keyensis
(Caesalpiiodeae), An Endemic Herb of the Lower Florida

Source of Support: NSF

Total Award Amount: $ 7,847 Total Award Period Covered:  05/01/01 - 04/30/02

Location of Project: FIU and Florida Keys

Person-Months Per Year Committed to the Project.  Cal:0.00  Acad:0.00 Summ: 0.00

“If this project has previously been funded by another agency, please list and furnish information for immediately precedin_g funding period.
NSF Form 1239 (10/99) Page G2 USE ADDITIONAL SHEETS AS NECESSARY




FACILITIES, EQUIPMENT & OTHER RESOURCES

FACILITIES: Identify the facilities to be used at each performance site listed and, as appropriate, indicate their capacities, pertinent
capabilities, relative proximity, and extent of availability to the project. Use "Other” to describe the facilities at any other performance
sites listed and at sites for field studies. USE additional pages as necessary.

Laboratory: 1) Field lab at USFWS bunkhouse on Wilder Rd, Big Pine Key. Set up for plant and
insect collection, study, and storage. Small shadehouse facility for plant
propagation.
2) OE 268/270 (ca 600 sq. ft.) on FIU campus in Miami for computer work and specimen

Clinical:

Animat:

Computer: F1U mainframe with SAS, BMDP; field lab computer (Pentium 122) hookup via modem. FIU
lab computer (Pentium S66) networked with Ethernet. E-mail is invaluable for project
correspondence between Miami and the Keys.

Oftice: 1) Office in field lab at USFWS bunkhouse on Big Pine Key. Plant identification books

and relevant leterature. Telephone.
2) FIU campus: PI office OE 232 (100 sq. ft.); grad student office in PI lab (OE 268).
Journals and books relevant to project.

Other: _Ongoing and long-term research on pine rockland plants in south Florida and the Keys.
Necessary federal and local permits have been obtained.

MAJOR EQUIPMENT: List the most important items available for this project and, as appropriate identifying the location and pertinent
capabilities of each.

Leica (Wild) dissecting microscope for detailed plant and insect examination; ancient
Zeiss compound scope.

OTHER RESOURCES: Provide any information describing the other resources available for the project. |dentify support senvices
such as consultant, secretanal, machine shop, and electronics shop, and the extent to which they will be available for the project.
Include an explanation of any consortium/contractual arrangements with other organizations.
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