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The Role of a Seed Bank in Establishment and Persistence
of Aeschynomene virginica, a Rare Wetland Annual

Alan B. Griffith1,* and Irwin N. Forseth2

Abstract - Seed banks of Aeschynomene virginica may have significant implica-
tions for population dynamics and conservation of this rare, freshwater wetland,
annual plant. Little work, however, has been done on the size and extent of the seed
bank of this threatened plant. Experimental seed banks were placed at three sites to
estimate overwinter seed survivorship and the potential for long-term seed dor-
mancy. The soil beneath 5 extant populations was sampled after current-year seed
germination and before seed fall to determine the presence and spatial distribution
of seeds surviving more than one season. An average of 47.4 ± 2.8 (± 1 SE) of the
125 seeds placed in the field survived over winter. Of those seeds that were
recovered from experimental seed banks, an average of 37.3 ± 1.7 germinated
under greenhouse conditions. When the seed coats of ungerminated seeds recov-
ered from experimental seed banks (10.3 ± 0.3) were scored, 4.9 ± 0.8 seeds
germinated. Analysis of soil cores from the field showed high variability in natural
seed distribution. Significantly more potentially viable seeds were found in plots
with standing A. virginica plants than in those with no standing plants. Results
indicate that A. virginica forms a Type III seed bank. The seeds in a seed bank may
augment population size following poor seed production years, or they may re-
establish locally extinct A. virginica populations.

Introduction

A variety of seed bank patterns is found among flowering plant spe-
cies (Thompson and Grime 1979). Two broad types are transient and
persistent seed banks. Transient seed banks are characterized by almost
complete germination of seeds during the first year after seed production.
Ungerminated seeds typically die. In contrast, some ungerminated seeds
in a persistent seed bank remain viable in the soil for more than 1 year.
Each pattern represents a different strategy in population regeneration.
Transient seed banks allow plants to take advantage of predictable and/or
consistent seasonal conditions (Parker et al. 1989). If present in annuals,
transient seed banks lead to separate cohorts, with no overlap of parental
and offspring generations (Epling et al. 1960, Kalisz 1991). In contrast,
persistent seed banks in annuals are most often associated with less pre-
dictable environments (Brown and Venable 1986, Cohen 1966, Parker et
al. 1989). Less predictable environments are typically characterized by
physical disturbances, such as flooding, that greatly reduce seedling sur-
vival or with unfavorable growth conditions that may reduce adult seed
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set in a particular year (e.g., drought or late-season frosts). Persistent
seed banks often lead to overlapping generations of plants in the same
population. Thus, genotypes produced in past years may be mixed with
recent genotypes in the population (Brown and Venable 1986).

Aeschynomene virginica (L.) B.S.P. (Fabaceae; sensitive joint-vetch) is
an annual plant inhabiting freshwater, tidal wetlands of eastern North
America. The species is currently listed as threatened by the US Fish and
Wildlife Service (USFWS 1992). Aeschynomene  virginica’s conservation
status alone suggests the importance of understanding the population
dynamics of this plant. In addition, populations most often are found in
disturbed or sparsely vegetated sites (USFWS 1995) along the banks of
streams and rivers. This nitrogen-fixing plant may be an important nitrogen
source for the disturbed wetland patches with which it is associated. Nitro-
gen quickly washes out of these wetlands (Odum et al. 1984), and none of
the dominant species fixes nitrogen (Odum et al. 1984).

Previous reports have indicated that some patches of A. virginica disap-
pear and reappear from year to year (Dunscomb et al. 1998, USFWS 1995).
This type of population dynamic may result from delayed germination of
seeds from a persistent seed bank (Husband and Barrett 1996, Kalisz 1991)
and/or interpopulation dispersal resulting in recolonization of extinct
patches (Hanski and Simberloff 1997, Husband and Barrett 1996). It is
important to distinguish between these possible causes of inter-annual vari-
ability because the processes governing seed germination and seed dispersal
are very different. For example, seed germination is primarily influenced by
local patch conditions like red/far-red ratios, substrate temperature fluctua-
tion, and soil moisture (Baskin and Baskin 1998). Seed dispersal, on the
other hand, depends on regional conditions such as population size (Pulliam
et al. 1992), type and availability of seed vectors (Willson and Traveset
2000), and distances between populations (Nilsson et al. 1991). Since these
processes have different conservation and management implications, it is
important to determine which processes contribute to the re-establishment of
populations in this rare plant.

Seed-bank dynamics also may have a large effect on local population
persistence and growth. High seed survival over a year or more may allow
persistent domination of a favorable site. If there is spatial and temporal
variation in the environmental conditions controlling seed survival,
dormancy break, and germination, there may be wide variation in local
population size and persistence from site to site and from year to year
(Kalisz 1991, Kalisz and McPeek 1992). Seed banks also buffer populations
of annual plants from the effects of reduced seed set in response to
nonoptimal growth conditions (Kalisz and McPeek 1992).

Different life-history stages may differ in their effects on overall popula-
tion growth (Caswell 2001, Schemske et al. 1994). Identifying these critical
stages is a major priority for endangered species. Once the most sensitive
life-history stages have been identified, targeted management programs can
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be designed that will aid in preservation efforts for a rare species. Percent
seed germination and multi-year seed survival are often key life-history
stages for annual plants. Accordingly, the goals of our study were to deter-
mine 1) survivorship of A. virginica seeds over winter in the habitat,
2) natural distribution of 1-year-old A. virginica seeds in the soil, and
3) potential for a multi-year seed bank for A. virginica.

Methods

Study species
Aeschynomene virginica is an emergent, freshwater, tidal wetland plant

generally distributed on stream and creek edges. Its typical habitat is dis-
turbed sites associated with muskrat herbivory or accreting point bars in
marshes. Current global distribution of this species is on the coastal plain in
southern New Jersey, Maryland, Virginia, and North Carolina. As of 1995,
there were 26 extant populations, with 20 of them in Virginia. Seeds germi-
nate in late May and early June (Baskin et al. 2005, Davison and Bruderle
1984), and fruits begin to form soon after plants flower in August. Fruiting
continues through October. Fruits are a loment, containing 4–10 seeds and
growing to 2.5 to 6.0 cm in length by 0.6 cm in width. Sutures develop in the
walls of the loment, separating single seeds that fall to the ground while still
enclosed in the loment walls (Brown and Brown 1984, USFWS 1995). Seeds
have a waxy, impermeable seed coat (i.e., physical dormancy), which may
be broken after about 5 months in the soil; cold stratification is not a
dormancy-breaking requirement for seeds of this species. Germination was
consistently 80% or greater for non-scarified seeds (Baskin et al. 2005).
Seeds require moist to wet soil conditions and will germinate under flooded
conditions (Baskin et al. 2005).

Research site
The Cumberland Marsh Preserve, New Kent County, VA, is owned by

The Nature Conservancy. The preserve is on the coastal plain along Holt’s
Creek and the Cumberland Thorofare, both tributaries of the Pamunkey
River. The Pamunkey River flows into the York River in the southern
reaches of the Chesapeake Bay. The Cumberland Marsh Preserve consists of
443 hectares of freshwater tidal marsh and upland forest. All A. virginica
populations and research sites at the Cumberland preserve are inundated
twice daily by the tide.

Over-winter seed survival
To estimate survival of seeds in the field over winter, experimental seed

banks were established (Kalisz 1991). One hundred twenty-five (125) re-
cently harvested seeds were placed in each of 27 nylon mesh (6 mesh/cm)
bags (25 cm x 25 cm x 5 cm). Each bag was filled with soil from A. virginica
population sites on the Cumberland Marsh Preserve. Soil from different
populations was mixed thoroughly and autoclaved prior to seed placement to
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kill any seeds in the soil. All bags were sown shut on all sides to prevent
seeds from dispersing.

Mesh bags containing the seeds were placed at three sites on the
Cumberland Marsh Preserve on October 25, 1999. At each site, three bags
of seeds were placed at each of three distances from the shoreline of the
creek (nine bags total at each site). The first three bags were placed 2 m
from the shoreline, the second three bags were 7 m from the shoreline, and
the last three bags were 12 m from the shoreline. The three bags at each
distance from the shoreline were 1 m apart from each other. The top of
each bag was placed level with the soil and secured in place with U- shaped
wires pressed into the soil. The relative elevation of each bag was mea-
sured in the field using a simple surveyor’s level and a platform held at a
constant height above the marsh soil surface. The relative elevation of the
three sites was measured using this same level and measuring the water
height at each site in succession.

All bags were removed from the soil on May 31, 2000, placed on ice, and
then maintained at -4 °C until processed. To recover viable seeds, the bags
with their soil contents were thawed at room temperature, and the soil was
sifted through a standard screen (2.4 mesh/cm). The remaining soil and
organic matter were sorted by hand, and seeds were removed. Seeds recov-
ered from each bag were sown on sand in separate aluminum pans and
placed on a greenhouse mist bench to promote germination. Germination
was checked at least weekly for 7 months. When germinated, seedlings were
counted and removed from the pans. The remaining non-germinated seeds
were removed from the sand by sifting through a standard screen (2.4 mesh/
cm) and picking out seeds. These seeds were scored with a razor blade and
placed in a small amount of water to test for viability (Baskin et al. 2005).
These final germination tests were done under fluorescent lights in a labora-
tory at about 20° C.

Seed-bank sampling
Five extant populations of A. virginica were chosen for sampling seeds in

the soil. Soil samples were collected August 16 and 17, 1999, before the
current season’s seeds had matured and begun to fall to the ground. This
insured that seeds found in the soil samples had been produced in the
previous year(s). Sampled seeds represented potentially viable seeds re-
maining in the soil for at least 1 year.

At four of five sites, an area 10 m x 10 m was marked off around each
population. At Site 4, the population grew on a peninsula only 3 m wide, so
a 3-m x 10-m area was measured. The sample areas were subdivided into 1-
m x 1-m sections (plots). Ten of these plots were chosen randomly for
sampling at low tide. An eleventh plot containing a standing A. virginica
plant was sampled at Site 3, because none of the randomly sampled plots
contained A. virginica plants. Each 1-m x 1-m plot was subsampled at seven
evenly spaced positions to improve the sampling accuracy (Bigwood and
Inouye 1988, Evans and Cabin 1995).
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Seed bank samples were taken as soil plugs using a 7.7-cm diameter PVC
pipe sunk to a depth of 10 cm. The bottom edge of the pipe was sharpened to
ease its entry into the soil and minimize soil compaction. Soil plugs were
placed in individual, sealed plastic bags and kept on ice for a maximum of 72
hours until they could be frozen at -4 ºC and thus stored until processed.

Each soil sample was searched by hand for the presence of seeds or seed
pods. Soil samples were sifted in standard screens (2.4 meshes/cm) to
separate most non-seed material. The remaining soil and organic material
were sorted by hand to search for seeds. Hard (not imbibed) seeds were
considered to be potentially viable (Baskin and Baskin 1989). When hard
seeds were found, the seed coat was scored with a razor blade and the seed
was placed in a small amount of water to test for viability (Baskin et al.
2005). Germination tests were done under fluorescent lights in a laboratory
at about 20 °C, and seeds germinating in 1 to 2 weeks were considered
viable.

Statistical analysis
Over-winter seed survival data were analyzed with ANOVA in which

site and distance from the water edge were categorical variables and relative
bag elevation was a continuous variable. All variables were classified as
fixed effects. The ANOVA models were analyzed with PROC MIXED (SAS
Inc. 1996).

Seeds from the seven subsamples of each plot in the seed bank sampling
experiment were pooled for analysis. Hard seeds were not found in the
majority of plots. This type of sparse (i.e., most counts are zero) count data is
expected to follow a Poisson distribution. The Poisson regression uses log
transformed data and assumes the mean of the independent variable equals
the variance of the dependent variable. The Poisson regression model was
analyzed with PROC GENMOD (SAS Inc. 1996).

Results

Winter-survival experiment
Mean number of hard seeds recovered from the mesh bags was 47.4 ± 2.8

seeds (± 1 SE). Number of hard seeds recovered was not significantly
different between sites (F2,21 = 1.46, P = 0.254), over different elevations
(F1,21 = 0.29, P = 0.594), or at different distances from the water edge (F2,21 =
0.90, P = 0.420).

Overall average of recovered hard seeds that germinated on the green-
house mist bench was 37.3 ± 1.7. Number of recovered seeds germinating
was not significantly different among sites (F2,21 = 3.1, P = 0.07), at different
soil elevations (F1,21 = 1.38, P = 0.25), or at different distances from the water
edge (F2,21 = 1.41, P = 0.27) (Fig. 1).

On average, 10.3 ± 0.3 of the recovered seeds remained hard and did not
germinate over the 7-month observation period in the greenhouse. This
number did not vary significantly among sites (F2,21 = 0.14, P = 0.87), at
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different soil elevations (F1,21 = 0.44, P = 0.51), or at different distances from
the water edge (F2,21 = 0.04, P = 0.96) (Fig. 1). An average of 4.9 ± 0.8 of
these seeds germinated after their seed coats were scarified. This number did
not vary significantly between sites (F2,17 = 2.04, P = 0.16), at different soil
elevations (F1,17 = 0.17, P = 0.68), or at different distances from the water
edge (F2,17 = 2.12, P = 0.15) (Fig. 1).

Seed-bank sampling
A total of 25 hard seeds was found in 357 soil cores from 51 plots. Total

number of seeds found at each site varied from 0 at site 1 to 12 at site 4.
Twelve of 51 plots contained hard seeds. Number of plots containing hard
seeds varied between sites and plots with or without standing A. virginica
plants (Table 1). For example, no plots in Site 1 contained seeds, while half
of those at site 4 had at least one seed. Despite the smaller sample size for
plots with standing A. virginica plants, a greater percentage of these plots
contained at least one seed at three of the five sites. Mean number of seeds
per plot was greater in plots with standing A. virginica plants than in plots
without standing A. virginica plants, at three of the five sites (Fig. 2). Mean
germination percentage of all hard seeds was 88%, with a maximum of
100% at sites 3 and 5 (Fig. 2).

Figure 1. Seeds recovered after 7 months from nine experimental seed banks in each of
three Aeschynomene virginica populations. Each experimental seed bank began with
125 seeds. Seeds recovered and germinated are those from mesh bags that germinated
over a 7-month period on a greenhouse mist bench. Seeds recovered and non-germi-
nated are recovered seeds that did not germinate on the mist bench. Viable,
non-germinated seeds are those seeds from the mist bench that germinated after their
seed coats were scarified with a razor blade. Error bars are 1 S.E.
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Poisson regression of mean number of hard seeds was significantly
different between sample plots with and without plants (χ2

1 = 12.7,
P < 0.001) and marginally significantly different between sampled sites
(χ2

4 = 9.2, P = 0.056). Plots with A. virginica plants were significantly more
likely to contain hard seeds (Fig. 2). Sites 3 and 4 had more seeds/plot than
the other sites (Fig. 2). Mean number of viable seeds follows the same
relationship as hard seeds, due to the high germination percentage.

Table 1. Number of sample plots containing Aeschynomene virginica (A.v.) plants and number
of plots with soil containing hard (water-impermeable) A.v. seeds. During the fall 1999, five
sites were sampled on Cumberland Marsh Preserve, New Kent County, VA. Presence/absence
of A.v. refers to status at time of seed bank sampling.

Number of plots Number of plots with water-impermeable seeds

Site with A.v. without A.v. with A.v. without A.v.

1 1 9 0 0
2 3 7 2 0
3 1 10 1 2
4 7 3 5 0
5 2 8 0 3

Figure 2. Mean number of hard (water-impermeable) Aeschynomene virginica (A.v.)
seeds found per plot in seed bank samples from five A.v. populations. Viable seeds
germinated in moist, greenhouse conditions. Filled symbols designate plots that
contained at least one live A.v. plant. Open symbols designate plots that contained no
A.v. plants.
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Discussion

Seeds of A. virginica were patchily distributed in the soil, with greater
numbers occurring under extant A. virginica populations. Winter appears to
be a time of significant seed loss from populations. Approximately 60% of
seeds formed in the fall either disappeared or became nonviable by the next
spring. Seeds that survived the winter showed a mixed germination pattern,
with most of them germinating the spring after they were formed, but a
minority remaining viable but ungerminated for more than 1 year.

Our results are consistent with a Type III seed bank strategy (Leck and
Simpson 1993, Thompson and Grime 1979). In this strategy, most seeds
germinate within a year of seed set, but a small percentage of them remains
viable in the soil for more than 1 year. Ungerminated seeds remaining viable
in the soil may germinate and establish 2 or more years after they are
produced. The results of both the seed-bag experiment and the seed-bank
sampling experiment were consistent with this Type III strategy. Most of the
viable seeds germinated quickly after the first winter. However, about 8% of
the seeds originally buried in the bags did not germinate in the greenhouse
and about half of these remained viable. This high level of viability in hard
seeds is consistent with our other seed germination results and with those of
Baskin et al. (2005).

Seeds extracted from soil cores were produced in a previous growing
season, since they were collected after the current year plants had germi-
nated, but before the current year plants had set and dropped seeds. These
seeds did not germinate in the current year, but the majority remained viable
(88% germination) at the beginning of the second winter. These
ungerminated, viable seeds have the potential to survive a second winter in
the seed bank and thus to contribute to the next year’s population. While
some of these seeds may die during the second winter a small multi-year
seed bank does appear to exist.

Baskin et al. (2005) also found the potential for a multi-year seed bank in
A. virginica. Surface-sown seeds germinated at a high percentage, but about
35% of seeds buried 7 cm deep in a greenhouse experiment remained viable
for 1.75 years after burial. The Type III strategy is also the most common
seed bank strategy among other freshwater tidal wetland species, such as
Amaranthus cannabina (L.) Sauer, Bidens laevis (L.) BSP, and Impatiens
capensis Meerb (Leck and Simpson 1993, 1994). Other common plants of
this habitat, such as Pilea pumila (L.) Grey (Leck and Simpson 1987) and
Polygonum punctatum Ell. (Leck and Simpson 1994), do not form a persis-
tent seed bank.

Type III seed bank strategy may be adaptive in the habitat of A. virginica
for several reasons. Aeschynomene virginica populations typically are found
in disturbed patches with little standing vegetation (USFWS 1995). Longer-
lived seeds in patches of heavy vegetation may be able to survive and delay
germination until wetland disturbances reduce vegetation cover (Cohen
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1966, Thompson and Grime 1979). Models generally predict that seed banks
will increase population growth rates in temporally varying conditions
(Cohen 1966). Additionally, the low over-winter survival of seeds (just over
37%) may be a bottleneck in the life cycle of this rare plant. The high
mortality of seeds during winter reduces the number of seeds to germinate
and thus seedlings that can establish the following growing season. Long-
lived seeds in the soil would increase the total number of seeds in the soil
available to germinate. Hence, seeds produced the previous year plus long-
lived seeds may provide some buffer against years of low seed set (Kalisz
and McPeek 1992).

Aeschynomene virginica seeds are dormant for a minimum of 5 months
in the field after they are produced. As in many other Fabaceae, seeds of A.
virginica have a water-impermeable seed coat with a specialized structure
known as the lens on the seed coat (C. and J. Baskin, University of Ken-
tucky, Lexington, KY, pers. comm.; A. Griffith, pers. observ.) that must be
opened before water can enter the seed; thus, seeds have physical dor-
mancy (Baskin and Baskin 1998). Physical dormancy is consistent with the
observation that about 50% of hard, ungerminated  A. virginica seeds will
germinate after the seed coat is cut (also see Baskin et al. 2005). Further,
physical dormancy can also be broken by large temperature fluctuations
experienced by seeds in the soil (Baskin and Baskin 1989), a process that is
associated with the removal of vegetative cover and increased solar radia-
tion input.

The probability of seed survival over winter was similar in a variety of
microhabitats in the marsh. Seeds at different places on the marsh, different
elevations, and different distances from the stream edge survived equally
well. Given these similarities, spatial differences in population regeneration
and size can be attributed to differences in seed germination, seedling
establishment, survival to reproduction, and reproduction rates. Our previ-
ous work showed that A. virginica plants growing in plots with all competing
vegetation removed had increased seedling establishment, survival to repro-
duction, and seed set (Griffith and Forseth 2003). Thus, habitat patches with
low density of competing vegetation increase the absolute number of seeds
entering the seed bank.

Despite the equal survival of seeds over the winter at different places, A.
virginica seeds were not distributed evenly over the surface of the marsh. It
has been observed that A. virginica plants tend to re-establish in the same
place year after year (USFWS 1995). Seeds in our soil samples showed that
seeds in the soil were in a clumped distribution and were more likely to be
found close to standing A. virginica plants. This clumped distribution may
result from leptokurtic Phase I seed dispersal and limited secondary seed
movement, when seeds lodge among the stem and root masses of standing
vegetation (Griffith 2002, Griffith and Forseth 2002). Kalisz and McPeek
(1992) also found spatial variability in seed bank size of Collinsia verna
Nutt., a floodplain annual.
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Kalisz and McPeek (1992) also modeled hypothetical removal of the
seed bank in C. verna and found decreased population growth rates,
especially following years of low reproductive output. This suggests seed
germination and establishment from a seed bank augments population
size following years of poor seed production. The presence of a seed bank
in A. virginica also means that local populations that have gone extinct
may be re-established through germination of seeds stored in the soil.
From the standpoint of conservation and management, this implies that
populations of A. virginica may be maintained or augmented by providing
optimal conditions for seed germination and establishment following
years of poor seed production. Vegetation removal is one treatment that
would likely stimulate seed germination and it has already been shown to
increase seedling establishment and mean seed reproduction of this rare
species (Griffith and Forseth 2003).
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