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Abstract

Aeschynomene virginica is a rare annual plant found in freshwater tidal wetlands of the eastern United States. We
hypothesized that standing vegetation and water inundation were two important environmental factors in its
population dynamics. To test these hypotheses, we sowed seeds into plots with undisturbed vegetation or plots
with all aboveground vegetation removed in 1998 and 1999. Presence/absence of seedlings was noted and seed-
ling survival to reproduction, final size, and seed set were measured throughout both growing seasons. Seedling
establishment from germination to the first true leaf stage increased with decreasing water depth. Vegetation re-
moval plots had greater seedling establishment, higher seedling survival, and higher seed set per plant than non-
removal plots. In a greenhouse study designed to test the effects of water level on seed germination and seedling
establishment, no seedlings established in submerged soils, and seed germination and seedling establishment were
lower in waterlogged soil than in wet soil. Physical stress associated with deeper water likely limits the distri-
bution of A. virginica to higher elevations, where seeds that colonize patches with low vegetative cover are more
likely to produce reproductive adults that produce more seeds relative to patches with established vegetation. A.
virginica appears to be a fugitive species specializing on open habitat patches in tidal wetlands. This species may
be dependent on disturbances for population establishment and maintenance.

Introduction

The freshwater tidal wetlands found on the eastern
coast and Gulf Coastal Plain of the United States sup-
port as many as 60 different plant species in localized
areas (Odum et al. 1984). Despite this high species
diversity, these wetlands are usually dominated by
only a few species (Simpson et al. 1983). The domi-
nant species are typically perennials that form dense
stands that are assumed to competitively suppress
other species. Perennial species can reach high bio-
mass levels, up to 2300 g m−2 yr−1 (Whigham et al.
1978), relatively early in the growing season (Odum
1988), when annual species are germinating, thus
making seedling establishment difficult. Many of the
less abundant plant species are rare and endemic to

freshwater tidal wetlands (Ferren and Schuyler 1980).
Understanding the traits that allow these rare species
to maintain themselves within these unique wetland
communities is important to managing and conserv-
ing the biodiversity of these diminishing habitats.

Both biotic and abiotic factors limit the distribu-
tion and growth of plant species within tidal wetlands.
High standing biomass of perennials and tidal inun-
dation were identified as two important variables re-
stricting the distribution of annual wetland species
(Parker and Leck (1979, 1985); Simpson et al. 1983).
Biomass reaches 2300 g m−2 yr−1 in these wetlands
(Whigham et al. 1978) and creates a potentially
highly competitive environment. Tidal inundation can
dislodge seedlings in lower elevation areas and the
velocity and depth of water may impact the survival
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and growth of seedlings (Parker and Leck 1985). De-
spite these generalizations, Leck and Simpson (1994,
1995) observed high within and between year varia-
tion among species in seed rain, seedbank composi-
tion, and number of established seedlings. They con-
cluded that plant distribution patterns were a complex
result of an individual species’ demography, interspe-
cific interactions, and physical stress. Therefore, re-
search targeted upon specific species is needed to bet-
ter explain the population dynamics and distribution
of plant species within freshwater tidal wetlands. This
is particularly relevant when addressing population
growth and distribution of rare plant species. Assump-
tions about specific limiting factors based on gener-
alizations may result in ineffective conservation and
management of rare species.

Aeschynomene virginica (L.) (Fabaceae) is a fed-
erally threatened plant (U.S. Fish and Wildlife Ser-
vice 1992) that grows only in freshwater tidal wet-
lands of the mid-Atlantic coast of the United States
(Ferren and Schuyler 1980). It is usually found in ar-
eas of decreased standing vegetation on the levee or
high marsh (U.S. Fish and Wildlife Service 1995).
Our overall objective in this study was to determine
the effects of standing vegetation and depth of water
inundation on the establishment and growth of A. vir-
ginica. Accordingly, we manipulated aboveground,
standing biomass in experimental plots to compare
seedling establishment, survival to reproduction,
adult fecundity, and adult size between plots with or
without competing vegetation. Next, we conducted
greenhouse experiments using different soil water
treatments to test the effects of water depth on seed
germination and seedling establishment. We hypoth-
esized that: 1) removal of standing biomass in plots
of A. virginica would increase seedling establishment,
seedling survival to adulthood, and seed set of A. vir-
ginica; and 2) higher water levels would decrease
seed germination and seedling establishment of A.
virginica.

Methods

Study species

A. virginica is distributed on the coastal plain of the
eastern US from southern New Jersey to central North
Carolina. Twenty of the twenty-six extant populations
are found in Virginia. Populations are patchily distrib-
uted along tidal wetland streams and are often asso-

ciated with disturbance related to muskrat (Ondatra
zibethica (L.), nomenclature from Wilson and Reeder
(1993)) herbivory or areas of sediment accretion with
little standing vegetation (U.S. Fish and Wildlife Ser-
vice (1995); A. B. Griffith, personal observation).

Seeds of A. virginica germinate in late May and
early June (Baskin and Baskin 1995; Davison and
Bruderle 1984) and individuals grow to about 1.5
meters by late August or early September. Individu-
als flower and set seed in August and September and
seed pods contain 6 – 9 seeds (Gleason and Cronquist
1991). Common annual plants associated with A. vir-
ginica are Zizania aquatica (L.), Bidens laevis (L.)
BSP, Polygonum arifolium (L), and Polygonum sag-
ittatum (L.). Perennial associates include Leersia
oryzoides (L.) Sw., Peltandra virginica (L.) Kunth.,
and Pontedaria cordata (L.) (U.S. Fish and Wildlife
Service 1995). Plant nomenclature follows Gleason
and Cronquist (1991).

Seed stock

All seeds used in this research originated from the
Cumberland Marsh Preserve, New Kent County, Vir-
ginia. In the fall of 1997, seeds were collected from
natural A. virginica populations on the preserve. A
maximum of 5% of the total seed crop in any popu-
lation (all seeds on each individual were counted) was
harvested to minimize population impacts. Seed stock
from all collection sites was mixed to randomize any
genetic differences between individuals at different
harvest sites. For 1999 experiments, seeds were not
harvested from natural populations. Rather, seeds
were harvested in the fall from the 1998 experimen-
tal plots, counted, and then mixed. Seeds were stored
dry over winter in paper bags at room temperature.
Stratification is not a germination requirement of this
species, and greenhouse germination rates are 79% or
90% for hard seeds sown in or out of the seed coat,
respectively (Baskin and Baskin 1995). In this re-
search, any hard seed was considered viable.

Field experiment

This research was done at sites along Holt’s Creek in
the Cumberland Marsh Preserve (37° 30� N, 77° 0�
W), which is owned by the Virginia Nature Conser-
vancy. The preserve is in the coastal plain of Virginia,
adjacent to the Pamunkey River in New Kent County.
Experimental plots were set up from May through
December at three sites in both 1998 and 1999. One
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of the three sites was different between 1998 and
1999 due to low seedling establishment rates in 1998.
The experimental sites were chosen based upon the
observed habitat characteristics of extant populations
(U.S. Fish and Wildlife Service (1995); A. B. Grif-
fith, personal observation; J. Dunscomb, The Nature
Conservancy, personal communication). Plots at each
site were set roughly parallel to and within 3 to 4
meters of the stream bank on the high marsh (sensu
Simpson et al. (1983)). This distance is typical of A.
virginica plants in the Cumberland Marsh (Griffith
2002). All plots were at least 50 meters from known
A. virginica populations in order to reduce contami-
nation from extant seed sources. Sites span most of
the range of A. virginica along Holt’s Creek.

Treatments were replicated in four blocks at each
site to control for variability over short distances. In
1998, each block contained three 1 m2 plots with
treatments including vegetation uncut and seeds
added, vegetation cut and seeds added, and vegetation
uncut and no seeds added. A fourth 1 m2 plot was
added to each block in 1999: vegetation cut and no
seeds added. Vegetation was not manipulated in the
uncut vegetation plots. In the cut vegetation plots, all
plants except A. virginica were clipped at the soil
surface before seed addition and at the time of each
census. One hundred A. virginica seeds were dropped
haphazardly from about 1.5 meters into each seeded
plot in late May. The purpose of the unseeded plots
was to detect the presence of A. virginica seeds in the
soil. Any seeds establishing in the unseeded plots
were assumed to have germinated from the seed bank.
The number of plants that established in unseeded
plots was subtracted from seeded plots in the same
block for subsequent analyses. In 1999, treatment
plots were enclosed by nylon screen (92 cm high and
6 mesh/cm) to stop potential seed movement in and
out of plots.

As seedlings emerged, individual plants were
uniquely marked with plastic plant stakes. Plots were
censused every two to three weeks in 1998 and every
four weeks in 1999. Newly appearing seedlings were
marked at each census period. As we could not fol-
low individual seeds germinating, we did not distin-
guish between seed germination and seedling estab-
lishment to the first true leaf stage. We combined
these stages and called it seedling establishment. We
then followed established seedlings until an individ-
ual flowered and set seed and called this stage seed-
ling survival to reproduction. Measurements, at each
census time, included plant presence/absence, height,

and stem diameter at the soil surface. In September,
seed set was counted for individual plants.

Due to the high number of seeds per individual and
the effort required to completely characterize seed set
for every individual plant in 1999, seed set per plant
was estimated by harvesting 39 individuals from ex-
perimental plots. Plant height and stem diameter at
the soil surface from the 39 harvested plants were
used to calculate plant stem volume with the formula
for a cone. Viable seeds were then counted on each
individual. Viable seed number was regressed, using
no intercept, on plant stem volume. The stem volume
gave a better fit (R2 = 0.83, p < 0.0001) to the data
than a multiple regression of plant height and stem
diameter or a simple regression of plant height.

Water depth at high tide was estimated for each
experimental plot by marking sediment lines on two
PVC marker stakes. The rising tide carried and de-
posited soil particles onto the surface of the stakes,
allowing us to use the maximum height of soil par-
ticles to estimate water depth. Measurements from
both stakes were averaged in each plot. The stakes
were then wiped clean after each population census.
The mean maximum height of soil particles (maxi-
mum water depth) was calculated for each plot as the
mean of two visits. Plots with higher soil marks are
lower in elevation and are inundated by the tide for a
longer time relative to plots with lower soil marks.

Greenhouse experiment

Twelve plastic pots (21 × 21 cm) were filled with a
50:50 mixture of sterilized soil and sand and 40 A.
virginica seeds, marked with toothpicks, were evenly
spaced across the soil surface of each pot. The twelve
pots were placed randomly in a tank (1.1 × 3.8 × 0.3
m) in one of three water level treatments (Squires and
van der Valk 1992). One treatment group was sub-
merged with the soil surface 12 cm below the water
level (submerged treatment). The second group was
positioned with the water level 3 cm below the soil
surface (waterlogged treatment). The third group of
pots was elevated, with the water level 15 cm below
the soil surface (wet treatment). Individual seeds were
checked daily for 17 days for seed germination and
seedling establishment. Seed germination was defined
as the appearance of a radical. Seedlings were estab-
lished when they produced the first true leaf.

This greenhouse experiment was designed to sim-
ulate observed surface soil moisture differences be-
tween different elevations in the field. The soil surface
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at lower elevation sites in the field was noticeably
more waterlogged at low tide. The waterlogged treat-
ment produced a completely saturated soil surface,
while the wet treatments produced a wet but not satu-
rated soil surface. The submerged treatment simulated
conditions that a seed might experience in low eleva-
tion sites where tidal inundation is longer than high
elevation sites.

Data analysis – field experiment

The vegetation removal experiment was analyzed us-
ing mixed model analysis of variance. Dependent var-
iables included percent seedling establishment (num-
ber of seedlings established per 100 seeds placed in
plot), percent seedling survival to reproduction that is
conditional on seedling establishment (number of
seedlings surviving to reproduction per number of es-
tablished seeds), and mean seed set per plant. Vegeta-
tion treatment (e.g. vegetation cut or uncut), site, and
maximum water depth were fixed effects in our mod-
els. Block effects nested within site were treated as
random effects. Seedling establishment and seedling
survival to reproduction in both years were arcsine
transformed to meet model assumptions. Data trans-
formation of the 1999 seedling survival to reproduc-
tion did not produce homogeneous variances. Hence,
a sign test (Sokal and Rohlf 1987) was used to test
significant treatment effects and the mixed model fur-
ther tested site and interaction effects. Transformed
results are presented as back transformed data. The
adjusted Bonferroni procedure was used for pairwise
comparisons. Percentages are presented with 95%
confidence intervals (CI) and all other means are pre-
sented with standard errors (SE). Analyses were con-
ducted using SAS V 6.12 (SAS Institute Inc. 1996).

Data analysis – greenhouse experiment

The greenhouse experiment was analyzed with analy-
sis of variance using SAS V 6.12 (SAS Institute Inc.
1996). Dependent variables were percent seed germi-
nation and percent seedling establishment – condi-
tional on seed germination. Differences among water
level treatments were tested using one-way ANOVA.
The adjusted Bonferroni procedure was used for pair-
wise comparisons. We arcsine transformed seed ger-
mination and seed establishment to meet model as-
sumptions. Results are presented as back transformed
percentages with 95% confidence intervals (CI).

Results

Seedling establishment was significantly greater in
cut than in uncut plots in both 1998 and 1999 (Fig-
ure 1, Table 1). Seedling establishment decreased as
maximum water depth increased in experimental
plots in both years (Figure 1, Table 1).

Once established, seedling survival to reproduc-
tion in 1998 did not vary between sites or treatments
(Figure 2, Table 1). Site 3 had the highest mean wa-
ter depths, and seedling establishment at site 3 was
low, 8.6 % and 5.2 % for cut and uncut plots, respec-
tively. Hence, sample sizes for seedling survival to
reproduction were low in this site. Seedling survival
to reproduction in 1999 was greater in cut than in un-
cut plots (Sign test, p < 0.05; Figure 2 and Table 1),

Figure 1. Percent seedling establishment of Aeschynomene virgin-
ica seedlings in relation to maximum water depth in experimental
plots in 1998 and 1999. Cut and uncut treatments are significantly
different at the 0.0003 level, in 1998. The negative slope with wa-
ter depth is significant at the p < 0.0001 level. Cut and uncut treat-
ments are significantly different at the p = 0.002 level, in 1999.
The negative slope with water depth is significant at the p = 0.0009
level.
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but the effect of cutting vegetation varied between
sites (significant treatment X site interaction; Figure 2
and Table 1). There were treatment differences at site
2 (p < 0.001) and site 3 (p < 0.001), but no treatment
differences at site 1.

Seed set per plant in both 1998 and 1999 was sig-
nificantly greater in cut plots than in uncut plots (Fig-
ure 2, Table 1). In 1998, the effect of cutting in-
creased, moving from site 1 to site 3 (significant
treatment X site interaction; Figure 2 and Table 1).
Seed set at site 1 was not significantly different be-
tween cut and uncut plots (p = 0.86) because two
plots, both with high maximum water depths, pro-
duced no plants in cut and uncut plots (Figure 1). In
the remaining replicate plots of site 1, seed set was
greater when standing vegetation was removed. Seed
set was significantly greater in cut plots than in uncut
at site 2 (p = 0.0001) and at site 3 (p = 0.0003). In
1999, no surviving plants produced seeds in uncut
plots at sites 1 and 3 (Figure 2).

In the greenhouse experiment, water level signifi-
cantly affected percent seed germination (F2,9 = 18.4,
p = 0.0007; Figure 3) and percent seedling establish-
ment of germinated seeds (F2,9 = 218.0, p < 0.0001;
Figure 3). The wet soil treatment germination rate
(82.7%, CI = 73.4 – 90.4%) was greater than both the
waterlogged (55.7%, CI = 44.4% – 66.6%; p =
0.0002) and submerged (44.3%, CI = 33.4 – 55.6; p
= 0.005) treatments. The waterlogged and submerged
germination rates were not significantly different (p =
0.14). No plants established in any of the submerged

treatment pots. The wet treatment group had greater
seedling establishment (94.4%, CI = 88.3 – 98.4%)
than the waterlogged treatments (84.0%, CI = 75.1 –
91.2%; p = 0.03).

Discussion

Three crucial life stages of A. virginica, seedling es-
tablishment, seedling survival to maturity, and seed
production were all strongly affected by the removal
of standing vegetation in the field. Even when sur-
vival to maturity was not affected by the removal of
vegetation, there were fewer stems of A. virginica that
produced fewer seeds per plant in the presence of
standing vegetation. This is consistent with other
freshwater tidal annuals for which seedling establish-
ment (e.g. Amaranthus cannabinus (L.) Sauer.,
Bidens laevis; Leck and Simpson (1994)) and seed
production (e.g. Ambrosia trifida (L.), Polygonum
punctatum Elliot; Leck and Simpson (1994)) are im-
portant factors in the establishment and maintenance
of populations.

Greater numbers of adult A. virginica plants, each
producing more seeds per stem will place a larger
number of seeds into the seed pool of patches with
little or no standing vegetation. Assuming equal seed
survival in sites with and without standing vegetation,
more seeds will germinate from the no vegetation
sites of the previous year. Therefore, A. virginica pop-
ulations establishing in areas of little or no vegetation

Table 1. Mixed model results of vegetation removal experiments in 1998 and 1999. Plot treatments consisted of vegetation removal or non-
removal. Site includes three different locations on the marsh. Maximum water depth is a measure of the height the tide rises in plots. “–”
indicates variable was not significant and not included in the final model. Maximum water depth had no significant interactions with treat-
ment, hence this interaction is not shown and was not included in the final model. In 1999, seed set was estimated using the relationship
between seed number on a plant and plant stem volume (i.e. 1/3 � [1/2(stem diameter)]2 (height)).

Source of Variation Dependent variable

Seedling establishment Seedling survival Seed set

1998 df (ndf, ddf) F p df (ndf, ddf) F p df (ndf, ddf) F P

Treatment 1, 21 18.9 0.0003 1,9 2.92 0.1218 1,3 49.7 0.0059

Site – – – 2.9 3.66 0.0688 2.7 18.9 0.0015

Treatment X Site – – – 2,9 3.32 0.083 2,3 11.4 0.0396

Maximum water depth 1,21 46.0 <0.0001 – – – – – –

1999

Treatment 1, 21 11.9 0.002 1, 9 111.5 <0.0001 1,1 223.2 0.0471

Site – – – 2, 9 18.3 0.0007 2,8 4.59 0.0426

Treatment X Site – – – 2, 9 24.6 0.0002 – – –

Maximum water depth 1,21 14.8 0.001 – – – – – –
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may have a greater probability of re-establishing the
following year. This pattern of high seed production
in one season followed by high seedling numbers the
following season is common in freshwater tidal wet-
lands. Leck and Simpson (1994) saw high seed rain
followed by high seedling numbers for Ambrosia tri-
fida, Bidens laevis, and Impatiens capensis, three
freshwater tidal annuals.

Seedling establishment differences in the cut and
uncut vegetation plots probably were not affected by
the movement of seeds out of experimental plots, al-
though seed movement by tidal waters is considered
an important part of plant distribution in freshwater
tidal wetlands (Leck and Simpson (1993, 1994);
Parker and Leck 1985). The nylon screen surround-
ing experimental plots in 1999 stopped seed move-
ment with the tide. Differences in seedling establish-
ment between vegetated and unvegetated plots were
seen with and without the additional screening (1998
and 1999, respectively). This suggests that vegetation

Figure 2. Percent surivival to reproduction (± 95% CI) and seed set (± 1 SE) of Aeschynomene virginica in cut and uncut vegetation plots
at three sites, in 1998 and 1999. ‘*’ is significant at the p = 0.05 level. ‘**’ is significant at the p = 0.01 level, ‘***’ is significant at p < 0.001
level.

Figure 3. Percent seed germination (± 95% CI) and percent seed-
ling establishment, conditional on seed germination (± 95% CI) of
Aeschynomene virginica seeds in wet, waterlogged, and submerged
treatments in a greenhouse study. No seedlings established in the
submerged treatment. Upper case letters indicate significant differ-
ences in percent seed germination (p < 0.01) and lower case letters
indicate significant differences in percent seedling establishment,
conditional on seed germination (p < 0.01).
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removal was the primary factor affecting seedling es-
tablishment.

Maximum water depths, associated with lower
wetland elevations (Simpson et al. 1983), decreased
seedling establishment in A. virginica in the field in
1998 and 1999 (Figure 1). Greenhouse experiments
corroborated this result, as seed germination and
seedling establishment were lowest in submerged and
waterlogged water treatments. In these greenhouse
experiments, germinated A. virginica seeds were
buoyant and often floated to the surface of the inun-
dated treatments (A. B. Griffith, unpublished data).
Both lower germination rates and seedling buoyancy
would lead to lower seedling establishment in places
with deeper water and longer inundation times. The
greenhouse results should be interpreted with some
caution, as tides were not simulated. The waterlogged
treatment, although consistently wetter than the wet
treatment, resembled soil moisture differences be-
tween higher and lower elevation sites, but could not
mimic twice daily inundation due to the tide. Seed-
lings in the field do not see constant inundation in the
field like that of the greenhouse submerged treatment,
but lower elevations experience longer periods of in-
undation, that are considered an important physical
stress in freshwater tidal wetlands (Parker and Leck
1985).

Our results of low seedling establishment at lower
elevations and low germination and establishment in
inundated and waterlogged soil conditions are consis-
tent with the distribution of A. virginica (U.S. Fish
and Wildlife Service 1995) and other freshwater tidal
wetland annuals like Bidens laevis and Impatiens cap-
ensis Meerb. (Simpson et al. 1983). These species are
typically found on the higher elevations of the levee
and high marsh.

Other investigators have shown decreased germi-
nation of seeds under inundated conditions (Baldwin
et al. 1996; Seabloom et al. 1998). A number of fac-
tors are known to effect seedling establishment in in-
undated conditions. Seeds and/or seedlings may be
physically dislodged by higher water velocities on
stream banks (Parker and Leck 1985; Leck and Sim-
pson 1994). In addition, seedlings face a suite of
stresses with the combination of greater depth, dura-
tion, and velocity of water at lower elevation sites on
stream edges (Parker and Leck 1985). Soils may be-
come anoxic under prolonged inundation, preventing
seed metabolism.

Fugitive plant species are characterized as having
low competitive abilities, but high dispersal rates

(Hutchinson 1951; Armstrong 1976). These species
maintain ephemeral populations within a community
by dispersing to newly created, open sites, where in-
dividuals of more competitive species do not grow, or
are found in low density. These populations are even-
tually displaced when competitive dominants finally
reach and establish in a particular habitat patch. Rates
of disturbance and successive colonization of open
patches are two important determinants of the success
of a fugitive species. The fugitive species concept
may be useful in understanding causes of rarity in
some species and habitats (Hutchinson 1951; Levins
and Culver 1972; Horn and MacArthur 1972). For
example, disturbance (Campbell et al. 1988; Kirkman
and Sharitz 1994; Bornette et al. 1998) and harsh en-
vironmental conditions (Bertness et al. 1992; Sto-
ecker et al. 1995) have been found to create habitable
patches for locally rare fugitive species. Rare plants
in both wetland (Smith et al. 1993) and non-wetland
habitats (Campbell et al. 1988) have been shown to
be sensitive to high levels of standing biomass. Nev-
ertheless, broad evidence is lacking regarding how
known rare species respond to the absence or pres-
ence of co-occurring species.

Given the differences in seedling establishment,
seedling survival to maturity, and seed set due to veg-
etation removal, A. virginica distribution may be re-
stricted to disturbed sites with low standing biomass.
Some common wetland disturbances produce patches
low in plant density or devoid of cover. For example,
muskrats (Ondatra zibethica) remove vegetative
cover, in varying amounts, depending on their density
(Lynch et al. 1947). The association between muskrat
presence and A. virgninca populations has been ob-
served by several investigators (U.S. Fish and Wild-
life Service (1995); J. Dunscomb, The Nature Con-
servancy, personal communication; A. Griffith,
personal observation) and the recovery plan for this
threatened plant states that muskrat population de-
clines are a potential threat to populations (U.S. Fish
and Wildlife Service 1995). Also, winter ice scour
(Gawler et al. 1987; Keough et al. 1999), the accu-
mulation of litter (McKee and Baldwin 1999; Hart-
man 1988), and flood events (Sousa 1984) remove
patches of vegetation. These disturbances create
openings for the establishment or maintenance of A.
virginica populations (U.S. Fish and Wildlife Service
1995). As with other fugitive species that rely upon
the presence of ephemeral, patchy disturbances, the
reduction in overall habitat availability may nega-
tively affect A. virginica (Armstrong 1976). With re-

7



ductions in overall wetland extent, fewer patches will
be created, leaving fewer sites for population estab-
lishment, as well as, fewer patches from which seeds
may disperse.

Other rare plant species require disturbed patches
for population establishment and maintenance. Bolto-
nia decurrens, a perennial endemic of the Illinois
River Valley, disappears from disturbed areas in its
habitat after a few years of succession. It requires
high light levels for maximum growth rates and seed
production and when overtopped by other floodplain
species, growth rates and seed production are reduced
significantly (Smith et al. 1993). Fire disturbance may
have maintained populations of Trifolium reflexum in
Kentucky before European settlement. This species is
still more abundant in areas to the south and west of
Kentucky where fire disturbance is more common
(Campbell et al. 1988). Human activities that reduce
the amount of habitat and/or the sources of natural
disturbance for such fugitive species could dispropor-
tionately affect rare plants that specialize on patches
that are relatively rare in the landscape.

Our study verifies the importance of open patches
for the presence of A. virginica. In addition, it sup-
ports the use of seed additions and vegetation removal
in the conservation and management of this rare spe-
cies. A. virginica populations can be readily estab-
lished by seed addition to open patches on the levee
or high marsh (sensu Simpson et al. (1983)). Removal
of competing vegetation in extant A. virginica popu-
lations would increase seedling establishment and
seed production, as well as adding more seeds that
could be dispersed to other favorable habitat patches.
The observed connection between muskrat disturb-
ances and A. virginica populations suggests that man-
agement to increase muskrat populations and restore
pre-European settlement disturbance regimes may in-
crease the availability of high quality habitat for this
plant.
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