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TEN-YEAR SEED BANK AND VEGETATION DYNAMICS OF
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A decade-long examination was made of recruitment and establishment in a tidal freshwater high marsh along the
Delaware River. Over the 10 yr of the study, seed bank, field seedlings, and vegetation showed variable patterns and
significant year-to-year fluctuations. Patterns of each species were unique, perhaps the result of specific germination and/or
establishment requirements and seedling morphology. For a given species there was little correlation among seed bank,
seedling, and vegetation patterns, and germination success did not guarantee establishment. Species diversity showed sig
nificant year-to-year fluctuation, but there was no trend, and perennials did not change in importance during the IO-yr period.
Because four annual species (Bidens laevis, Cuscuta gronovii, Impatiens capensis, and Polygonum arifolium) composed
over 90% of the seed bank and field seedlings, and 58-89% (X = 70 :!: 4) of the cover, community dynamics were dependent
on seedling recruitment. For a given species life history stages (seed bank, field seedlings, and vegetation) were not pre
dictable over the temporal scale of a decade. It is predicted, however, that if hydrology remains unchanged, the same suite
of species will persist. The importance of the parasite Cuscuta gronovii is noteworthy.

Our previous studies of the Hamilton Marshes, a Del
aware River tidal freshwater wetland, emphasized that the
vegetation at a given site reflects the seed bank at that
site (Parker and Leek, 1985; Leek and Simpson, 1987).
This is in large measure due to the importance of annual
species, which comprise from 31 to 86% of the seed bank
and the reduced numbers of graminoids (Leek, 1989).
Similarities between seed bank composition and vegeta
tion have also been observed in other wetlands, such as
coastal marshes (Hopkins and Parker, 1984), lakeshores
(Keddy and Reznicek, 1982), and inland marshes (van
der Valk and Davis, 1978; Pederson, 1981). (See Leek,
1989 for additional examples and exceptions.)

We have also found that species diversity in this marsh
varies with life history stage, although few studies have
examined the seedling stage (Leek, 1989). When there is
lack of similarity between floristic composition of the
vegetation and the seed bank, it may be due to a variety
of factors, including dominant species that produce few
or no viable seeds (e.g., Acarus calamus; Leek and Simp
son, 1987), lack of specific germination requirements
(e.g., Agalinis paupercula, a hemiparasite; Keddy and
Reznicek, 1982), small seedling size (e.g., Typha latifolia
or Bidens laevis; Leck.gnd Simpson, 1993), or germina
tion time (perennials, for example, tend to germinate later
than annuals; Leek, Simpson, and Parker, 1989).

Interpretations of relationships between soil seed banks
and vegetation are often based on data obtained from I
or possibly 2 yr (Leek, Simpson, and Parker, 1989) or in
fewer studies several times during a single year (e.g.,
Sarukhan, 1974; Thompson and Grime, 1979; Schneider
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and Sharitz, 1986). To our knowledge there are no studies
that have examined seed banks in one site for a decade,
although the desirability of long-term studies is acknowl
edged (Franklin, 1989).

In this 10-yr study we focused on a small spatial scale
in a single high marsh site. Our goals were: (I) to doc
ument changes in seed bank size and composition, (2)
relate these changes to annual regeneration and commu
nity structure by comparing the seed bank data with year
ly field germination and mature vegetation cover, and (3)
examine the relative success of annual vs. perennial spe
cies in long-term regeneration and establishment of this
high marsh plant community. Regarding the second goal,
we addressed the following questions: Are there corre
lations among seed bank, field seedling, and either cur
rent year or previous year cover? Is there evidence for
dependent relationships among species involving the
three life history stages (e.g., does cover of species A
affect the seed bank of that species or other species the
next year)?

STUDY SITE

The Hamilton Marshes have been the site of several
seed bank studies (Leek and Graveline, 1979; Parker and
Leek, 1985; Leek and Simpson, 1987, 1994). The high
marsh site for this study, one of the sites studied by Leek
and Simpson (1987), was 1000ted = 100 m from a small,
=0.7 m deep, stream channel and = 100 m from a for
ested island with no transitional ecotone. The site is
flooded for =3 hr during each tide cycle. Additional in
formation about the wetland may be found in Simpson
et al. (1983).

The dominants are four annuals (Bidens laevis, Cus
cuta gronovii, Impatiens capensis, and Polygonum ari
folium) and four perennials (Acorus calamus, Peltandra
virginica, Sagittaria latifolia, and Scirpus fluviatilis). The
annual Zizania aquatica var. aquatica also occurs within
the study site; other perennials include Leersia oryzoides,
which is frequent, and Typha latifolia, which occurs in a
thin stand =75 m away. By 1991 a small stand of Phal-
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aris arundinacea was established within 10m of the east
end of the site.

MATERIALS AND METHODS

Soil samples were obtained each year from 1982 to 1991 and seedling
and vegetation data each year except 1985. Samples and field data were
obtained along 15-m transects oriented on a north-south axis perpen
dicular to the stream channel. Each year the transect was located = I m
away from that of the previous year. Over the 10 yr there was probable
overlap of transects, but due to the unconsolidated nature of the sub
strate, there was no evidence of where samples had been removed. The
chance of superimposing sample locations across all years was small.
The site, which had been chosen for its uniform vegetation (Leek and
Simpson, 1987), was =15 m wide.
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Soil samples-Each year samples were collected during March be
fore field germination had begun; dates ranged from 3 to 30 March.
Ten 10 X 10 X 2 (deep) em samples were collected at = I-m intervals
using a serrated knife to prevent compaction. Each sample was placed
into a plastic bag; in the greenhouse the sample was spread in a layer
=1 em thick on 2-3 em of moistened perlite in a 20 X 20 X 4.5 em
aluminum pan. Samples received ambient photoperiod, =30% solar il
luminance, and a temperature range of 5-30 C. Soils were kept saturated
with distilled water and fertilized (5:5:5 N:P:K) twice during the grow
ing season.

At weekly intervals seedlings that could be identified were removed.
Samples were monitored regularly from March until the 1st wk in De
cember. The numbers of seedlings emerging from these samples were
used to estimate seed banks. A previous study (Leek and Simpson,
1987) determined that 1.9% ungerminated seeds remained to germinate
during a second growing season. Therefore, germination was considered
to be an adequate method of quantifying seeds in the seed bank.

Field vegetation-Seedling densities were estimated by counting
seedlings at the approximate time of maximum density (Parker and
Leek, 1985) on dates ranging from 22 April to 13 May. Fifteen 10 X

10 em quadrats located along the transect where soil samples were
collected in March were examined.

Vegetation was determined from ten 50 X 50 em quadrats located
along the soil sample transects on dates ranging from 27 June to 26 July.
The original transect could not be relocated in 1991; vegetation was de
termined along a parallel transect 2-3 m away. Percent cover as well as
species present in the quadrat but not contributing to cover were recorded
as being present, because they too contribute to the seed bank. The pres
ence data were used to determine species totals and frequency; only those
species actually contributing to cover were used for vegetation analyses.
The exception was that in regression analyses involving Cuscuta gronovii
cover, presence was arbitrarily assigned the value of I.

Species area curves, often used to address sampling adequacy, show
considerable variation from year to year for a life history stage; mean
values (Fig. I) indicate that the sampling design for each life history
stage was, in fact, adequate. The size and number of seed bank samples,
totaling 1,000 cm-, are within the range for terrestrial pastures (Forcella,
1984) and similar to that (1,280 cm-) for wetlands (Brock, Theodore,
and O'Donnell, 1994). Although a large number of small samples may
be preferable to fewer large ones (e.g., Bigwood and Inouye, 1988),
potential seed or fruit sizes ranging from <0.1 mm (e.g., Juncus effusus)
to > I em (e.g., Peltandra virginica) influenced our sampling design. It
seemed that small samples would not adequately census Peltandra vir
ginica fruits.

Nomenclature follows Fernald (1970) except Zizania aquatica var.
aquatica L. (Gleason, 1952) and Phragmites australis (Gleason and
Cronquist, 1991).

Some data for 1982 and 1983 were previously reported in Leek and
Simpson (1987) and for 1982-1985 in Leek, Simpson, and Parker
(1989).

Fig. I. Species area curves for seed bank, field seedlings, and veg
etation (cover). Values are means over 10 yr (N = 10 soil samples for
seed bank; N = 9 quadrats for field seedlings and cover). Arrows in
dicate range of samples that are statistically similar (P :5 0.05) based
on Duncan's multiple range test.

Statistical analysis-to determine changes in life history stages and
relationships among stages a number of analyses were used. These in
cluded:

Density and diversity-Density data are presented as x ::t: SE seed
lings/rn- and richness as species/sample or total species.

Variability-For individual species' densities and totals, the 95%
confidence limit (x ::t: L; L = 1.96 s/v7t; Zar, 1979) was used to test
differences and establish variability from IO-yr means. For a compari
son of the variability among life history stages, coefficients of variation,
which allow comparisons between data having different units (e.g., no.
/ m- and % cover), are reported.

Changes over time-The repeated-measures analysis of variance
(RMANOVA) was used to determine whether seed bank, field seed
lings, and vegetation (cover) changed over time and whether there was
a year X category effect (i.e., whether the variation over time depended
on the species or category examined). The three categories were: (a)
dominants, including Bidens laevis, Cuscuta gronovii, Impatiens capen
sis. Peltandra virginica, and Polygonum arifolium; (b) number of spe
cies, including species/sample and perennial species/sample; and (c)
total densities, including annuals and perennials. For the RMANOVA
Wilks' lambda values are reported. We used analysis of variance (ANO
VA) to help interpret the RMANOVA. The ANOVA, coupled with
Duncan's multiple range test, allowed us to determine any trends over
time of individual species, species/sample, perennials/sample, or totals.

Relationships among life history stages-Correlation analysis was
used to establish relationships among seed bank and field seedlings, and
the vegetation of the preceding year or the current year. Spearman cor
relation coefficients were examined.

Dependent relationships-Simple linear regressions were used to de
termine dependent (predictable) relationships. Three questions were ex
amined in an attempt to identify relationships between dominant spe
cies, life history stages, and annuals and perennials. These were: (1)
Within a life history stage are there dependent relationships among spe
cies (i.e., does high seed bank density of species A affect that of species
B)?' (2) Is the current year cover dependent on seed bank or field seed
ling values? (3) Are there intra- or interspecies dependent relationships
between last season's cover and the current year's seed banks or field
seedlings? Seed bank data were also transformed (Y' = yY+O:5 for
count data; Zar, 1979), but examination of results indicated that trans-
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TABLE I. Frequency (FQ) and % of total (X :!: SE) ove r 10 yr for species exceeding 5% for one or more stages. (For frequency eac h yea r N =
10 so il sa mples for seed bank , 15 qu adrats for field seedl ings, and ten quadr ats for vege tation. Percen t of total is based on yea rly values; seed
bank N = 10 yr, and field seed lings and cover N = 9 yr.)

Seed bank Field seed lings Vege ta tio n

FQ % FQ % FQ %

A corus ca lamus (1')' 0 0 0 0 59::':: 8 3.9 :!: 1.0
Bidens laevis (A) 72 :!: 9 12 :!: 4 51 :!: 12 19.3 :!: 8.4 40 :!: 13 4.2 :!: 1.7
Cuscuta gronovii (A) 78 :!: 9 32 :!: 8 51 ::':: 12 13.3 ::':: 5 .1 66:!: I I 1.3 :!: 0.8
Impatiens capens is (A) 92:!: 4 14 :!: I 84 :!: 7 20.5 :!: 4 .5 96:!: 3 28.8 :!: 4 .7
Leersia oryzo ides (1') IO :!: I < I 5::'::3 0 30:!: 7 0.7 :!: 0.4
Peltandra virginica (1') 30:!: 4 2 ::':: 1 2 1 :!:4 1.9 :!:0 .5 76 ::':: 8 19.2 :!: 2.8
Phragmites aus tralis (1') 7::'::3 < I 0 0 0 0
Pilea pumila (A) IO :!: I I :!: I 16 :!: 7 < I 4 ::':: 2 < I
Polygonum arifolium (A) 99 :!: 1 35 ::':: 7 84 :!: 10 42 .5 :!: 6.8 98:!: 2 34.3 :!: 6.4
Sag itta ria latifolia (1') 5 :!: 2 < 1 I :!: 1 < I 56 :!: 9 4.5 ::':: 1.5
Scirpus jluviatilis (1') 0 0 0 0 56 ::':: 12 3.7 ::':: I.l
Typha latifolia (1') 26 ::':: 5 1 ::':: 1 I ::':: I < I 0 0
Zizania aquatica var. aquatica (A) 4 ::':: 3 0 5 ::'::2 < 1 19 ::':: 5 0 .9::':: 0.3

a P = perennial, A = annual.

Fig. 2. Cont ribution to see d bank , field see dlings , and cover (% of
total ) of Bidens laevis, CUSCUla gro novii, Impatiens capensis, Peltandra
virginica, Polygonum arifolium. and other spec ies. Note that no fie ld
seed ling or cover da ta were obt ained in 1985 .

formation was not necessary (P. Morin, person al communication, Rut
gers Univers ity).

For regression analysis , all co mbi nations of spec ies , as well as an
nuals, pe rennia ls, and totals (exce pt cov er) we re used as dependent and
indepen dent variables . Plots of all significa nt relation sh ips we re exam
ined.

RES U LT S

Except for the 95 % confidence limi t used to tes t differences from 10
yr means, analyses used SAS ( 1989) procedures.

Importance, density, and diversity- T he five dominant
spec ies, four ann uals, Bidens laevis, Cuscuta gronovii,
Impat iens capensis, and PoLygonum arifoLium, and one
perennial, PeLtandra virginica, consistently had high fre 
quency and/or represented a large component of each life
history stage (Table I). These species were considered to
be the most important to vegetation dynamic s and are the
focus of the analyses presen ted below .

Seed bank, field seedlings, and vegetation will be con
sidered in turn. Fo ur annual speci es (Bidens laevis, Cus
cuta gronovii, Impatiens capensis, and PoLygonum ari
f olium) (Figs. 2, 3), comprised 91-98% of the total seed
bank . De nsities of annuals showed considerable variation
from year to year (Figs . 2, 3; Table 2). The seed bank of
Bidens laevis, for example, was 0 in 1986 and 1,950 ::t
873/m 2 in 1987, Cuscuta gronov ii 4,470 ::t 1,058 in 1984
and 50 ::t 50 in 1985, and Po Lygonum arifoLium 5,390 ::t
6 14 in 1987 and 450 ::t 79 in 1988 . However, the differ
ences from the lO-yr mean (Fig. 3) for the dominants
show no common pattern. The apparent exception was
that seed bank totals, showing year-to-year oscillation
around the lO-yr mean, generally reflect the trends seen
in Cuscuta gronovii.

Seed bank rich ness ranged from 3.4 ::t 0.4 to 6.6 ::t
0.6 species/sample and 8 to 15 total species each year (x
= I 1.3 ::t 0.9) (Table 2). Ove r the 10 yr, 33 spec ies ger
minated in soil samples (Appendix 1) . Of the se, II were
not found in the immediate vicinity of the site (Andro
pogon virginicus, Conyza canadens is, Cyperu s sp., Epi 
lobium coLoratum, Erechtites hiera cifolia, GnaphaLium
obtus ifolium, Mikania scandens, Pan icum dichotomiflo
rum , Paulownia tom entosa, Phragmites australis, and
So lidago sp.); except for Panicum dichotomiflorum and
Cyperu s sp., all are wind dispersed.

Field seedl ing den sities, with a high of 4,607 ::t 540
seedlings/m- in 1988 and low of 707 ::t 73 seedlings in
1986, like those of the seed bank, showed con siderable
variation among year s (Table 2) . Richness was between
2.4 ::t 0.2 and 4.2 ::t 0.2 species/sample and between 5
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Fig. 3. Yearly differences from the lO-yr mean of Bidens laevis, Cuscuta gronovii, Impatiens capensis, Polygonum arifolium, Peltandra virginica,
and total for seed bank, field seedlings, and cover; lO-yr means are given inparentheses on the y-axes. The * indicates that the value exceeds the
95% confidence limit. The year numbers are the last digit of any given year (i.e., 2 = 1982).
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and 11 (x = 7.3 ± 0.7 species)/yr (Table 2). Thirteen spe
cies were recorded in field seedling quadrats. The same
four annuals tBidens laevis, Cuscuta gronovii, Impatiens
capensis, and Polygonum arifolium) that dominated the
seed bank comprised 90-98% of the seedlings observed.
The only common perennial species was Peltandra vir
ginica; others, Leersia oryzoides, Sagittaria latifolia, Sium
suave, and Typha latifolia, were uncommon (n = 12). To
tal field seedling values (Table 2; Fig. 3) were 12-95% (x
= 34 ± 9%) of the seed bank values. For the common
species field seedling densities were usually considerably
less than seed bank values. Exceptions were Bidens laevis
in 1988 and 1991, Impatiens capensis in 1988, and Pel
tandra virginica in 1982, 1990, and 1991 (Table 3).

Species richness of the vegetative cover ranged from
3.0 ± 0.3 to 6.0 ± 0.4 species/sample and from 6 to 10
total species/yr (Table 2). Twelve species contributed to
cover; three others (Polygonum sagittatum, Fraxinus sp.,
and Pilea pumila) were also present. Of these three ad
ditional species, only Pilea pumila contributed to the seed
bank. Together Polygonum arifolium and Impatiens ca
pensis contributed >60% to cover. Low cover values for
Cuscuta gronovii, it should be noted, are related to the
time of sampling; this species becomes more conspicuous
as the season progresses.

The perennials, Acorus calamus, Peltandra virginica,
Sagittaria latifolia, and Scirpus fiuviatilis, were frequent
and contributed to cover, with Peltandra virginica being
the most important (Table 1). Neither Acorus calamus nor
Scirpus fiuviatilis were found as seedlings. Peltandra vir
ginica represented I % of the seed bank and 1.6% of field
seedling densities. There were few Sagittaria latifolia
seedlings in seed bank samples (~l%) probably due to
the fact that samples were not continuously flooded (Leek
and Simpson, 1987) and only one was recorded in the
field.

Woody/shrubby species were uncommon. Single seed
lings of Hibiscus palustris, Cephalanthus occidentalis,
and Paulownia tomentosa germinated in the soil samples
and one of Fraxinus sp. was found when determining
cover.

Ten-year variability-Seed bank and field seedling
densities and cover of Bidens laevis, Cuscuta gronovii,
Impatiens capensis, Peltandra virginica, Polygonum ar
ifolium, as well as seed bank and field seedling totals,
showed significant vi!.Qability from the 10-yr mean (Fig.
3). Coefficients of variation (Table 4) showed that Im
patiens capensis, Polygonum arifolium, total densities,
annuals, and total species/sample had low values, gen
erally < 100, with similar values across life history stages.

Year and category X year effects-For seed bank and
field seedlings RMANOVA showed significant differ
ences over time in the three categories examined, domi
nants, species/sample, and totals (Table 5). Vegetation
(cover) for the dominants and totals showed no differ
ences over time while cover for species showed no year
X species interaction. ANOVA and Duncan's multiple
range test results showed no consistent year rankings for
life history stages. For example, Bidens laevis high field
seedling values for 1988 and 1987 were significantly dif
ferent from each other and from all other years (P

<0.001), but cover values were low; for Polygonum ar
ifolium 1987 and 1990 seed bank values were signifi
cantly greater than those of other years (P <0.001), but
field seedling and cover values for those years were low.
Peltandra virginica and total perennials did not differ
significantly over 10 yr for any life history stage.

Relationships between life history stages-For the five
dominant species, perennial species/sample, perennials,
and totals over the 10 yr, there were few significant cor
relations between seed bank X field seedlings, seed bank
X cover, and field seedlings X cover for a given year, or
for previous year cover X seed bank, and previous year
cover X field seedlings. In fact, there were fewer signif
icant values (8) than possible by chance (18; 0.05 X 369).
These results suggest that for a species high cover values
in a given year were not related to high seed bank or
high field seedling values the next year, nor were cover
values correlated with seed bank or field seedling values
of that year.

Dependent relationships-Regression analyses were
designed to answer the following questions: (a) are there
dependent relationships among species within a life his
tory stage, (b) are seed bank and seedling densities influ
enced by the vegetation (cover) of the previous year, and
(c) is vegetation dependent on current year seed bank and
field seedling densities? Analyses within life history
stages (Table 6A) showed a number of dependent rela
tionships, notably among Impatiens capensis, Polygonum
arifolium, and Cuscuta gronovii. Slopes were generally
positive for seed bank and field seedling comparisons, but
negative for cover, which means that higher seed bank
densities were correlated with higher seedling densities
but not with cover. However, a particular relationship did
not hold across all three life history stages. For example,
low Impatiens capensis was related to high Polygonum
arifolium in seed bank and cover stages, but not for seed
lings, and Bidens laevis appeared to be negatively influ
enced by Polygonum arifolium in the field seedling stage,
but not in seed bank or cover stages. Bidens laevis seed
bank values varied independently of other dominants;
only its seedling values depended on Polygonum arifol
ium (Table 6). The dependence of the total seed bank on
Cuscuta gronovii seed bank was strongly positive, as was
the dependence of the total field seedling density on Cus
cuta gronovii field seedling density (see also Fig. 2).

Current year cover was largely independent of seed
bank and field seedlings (Table 6B). Both Impatiens ca
pensis and Polygonum arifolium cover appeared nega
tively influenced by Bidens laevis field seedling densities.
Interestingly, high Impatiens capensis cover appears to
have been negatively related to its high seed bank den
sities. These results indicate that high seed bank or field
seedling densities did not result in increased cover for
any of the dominant species. Because of the low r values
of many regressions, any predictions would be tenuous.

The dependence between annual cover and perennial
cover, as expected, was highly significant.

Analysis of seed bank and field seedling densities with
previous year cover (Table 6C), also showed a number
of significant relationships among Cuscuta gronovii, Im
patiens capensis, and Polygonum arifolium. None of
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TABI.E 2. Ten-year summary for seed bank, field seedlings, and vegetation. Except for total species and cover species, values are X =SE.

1982 19~3 1984 Il)X~

Seed bank

Total density/m' 8,900 :!: 2,499 4,720 :!: 733 lU90:!. 1,331 3,490:!. 394
Density perennials/m' 120:!: 49 270 :!: 56 210:!: 78 250:!: 207
Species/sample 5.2:!: 0.6 5.3 :!: 0.4 5.9:!: 0.3 3.4 :!: 0.4
Perennial species/sample 1.0 :!: 0.4 1.4:!: 0.3 1.2 :!: 0.2 0.4 :!. 0.2
Woody species/sample 1O:!: 10 10:!: 10

Total species 15 14 13 8

Field seedlings
Total density/rn- 4,360 :!: 608 1,927 :!: 172 2,253 :!: 166
Density perennials/m' 113 :!: 53 6=6 47:!: 22
Species/sample 4.1 :!: 0.4 3.5 :!: 0.2 4.1 :!: 0.2
Perennial species/sample 0.4 :!: 0.2 0.1 :!: 0.1 0.3 :!: 0.1

Total species 6 7 6

Vegetation

Cover species/sample 3.0:!: 0.3 3.4:!: 0.7 3.0:!. 0.3
Perennial species/sample 1.2 :!: 0.2 1.0 :!: 0.2 I.I + 0.3
Cover species 5 7 6
Total species 8 10 8

these. interactions occurred across the three life history
stages. A seemingly incongruous relationship occurred
between Bidens laevis cover and Cuscuta gronovii be
cause Bidens laevis occurred in few other significant re
lationships. However, this may reflect the dependent cov
er relationship of Bidens laevis with Impatiens capensis
and Polygonum arifolium (Imp + Poly; Table 6A). The
number of dependent relationships decreased from seed
bank to field seedling to cover.

DISCUSSION

This long-term study showed that (I) there is consid
erable year-to-year variability in seed bank and field seed
ling densities and vegetation (percent cover) for each spe
cies; (2) regression analysis showed a number of depen
dent relationships between seed bank, field seedling, and
vegetation of either the previous year or current year, but
because of low r2 values, these relationships were not
strong, and thus (3) species appeared to vary indepen
dently of one another over time; and (4) annuals are a
significant and continuing force in community dynamics
as are perennials despite the paucity of the latter in the
seed bank or field seedling stages. In this discussion we
consider the importance of the time scale to vegetation
dynamics, the community perspective, and specific spe
cies' strategies.

Temporal scales-In our early studies, based only on
I or 2 yr, we reported that the seed bank reflects the
vegetation at a given site (Leek and Graveline, 1979; Par
ker and Leek, 1985; Leek and Simpson, 1987; Leek,
Simpson, and Parker, 1989). This is true on one spatial
scale; Polygonum punctatum and Acnida (Amaranthus)
cannabina were common in stream channel sites and Ty
pha latifolia dominated a cattail site. However, by ex
amining a community for a decade, it becomes obvious
from this study that the dominants fluctuate relative to
one another. Over longer periods of time, several decades,
centuries, or millennia, others have shown that dominant
species change in this wetland (or wetlands of similar
type) (Orson, Simpson, and Good, 1992). Most likely, the
dynamics of the time scale phenomenon involve differing
factors that drive the change. Spatial differences observed
over a short period (1-2 yr) may involve varying toler
ances to physical (e.g., driven by hydrology) or biotic
stresses (Parker and Leek, 1985). Over a decade (at one
site) hydrological factors may be less important, but bi
otic influences (competition, but also predation and par
asitism) as well as particular species' responses to micro
habitat and chance may determine the recruitment and
establishment patterns seen in this study. On a longer
scale, during the centuries following colonization by Eur
opeans, human impact has been substantial (Orson, Simp
son, and Good, 1992).

TABI.E 3. Relationship of field seedling to seed bank densities (seedling/seed bank ratio) of common high marsh species and total.

Year

Species 1982 1983 1984 1986 1987 1988 1989 I ()<X) 1991

Bidens laevis 0.22 0.29 0.32 a 0.50 1.65 0.15 0.11 2.67
Cuscuta gronovii 0.42 0.19 0.13 0.03 0.00 025 0.004 0.02 0.04
Impatiens capensis 0.99 0.35 0.40 0.11 0.86 1.03 0.58 0.41 0.50
Peltandra virginica 2.90 0.43 0.31 0.47 0.16 0.00 0.50 1.06 1.33
Polygonum arifolium 0.52 0.60 0.57 0.48 0.12 0.65 0.34 0.20 0.53
Total 0.49 0.41 0.27 0.12 0.21 1.06 0.23 0.17 0.27

.,Seed bank = O.
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1986

5,770::':: 1,217
80::':: 42

3.7::':: 0.3
0.5::':: 0.2
10::'::10

9

707::':: 73
36::':: 17

2.6::':: 0.3
0.4 ::':: 0.2

9

4.2::':: 0.4
2.2::':: 0.3

9
10

1987 1988 1989 1990 1991

8,270 ::':: 1,045 4,330 ::':: 1,173 8,220 ::':: 1,489 5,480 ::':: 1,063 7,660::':: 1,607
370::':: 114 30::':: 15 240::':: 54 120::':: 53 290::':: 115
5.4 ::':: 0.4 4.9::':: 0.3 6.6::':: 0.5 3.9::':: 0.5 4.9::':: 0.7
1.5 ::':: 0.3 0.3::':: 0.2 1.7 ::':: 0.4 0.8::':: 0.3 1.5 ::':: 0.3

10 9 16 9 10

1,750::'::309 4,607::':: 540 1,880::':: 267 953::':: 96 2,060::':: 177
38::':: 15 40::':: 21 53::':: 19 73::':: 33

2.4 ::':: 0.2 4.2::':: 0.2 3.3::':: 0.3 2.5::':: 0.3 4.1::':: 0.3
0.3::':: 0.1 0.3::':: 0.2 0.4::':: 0.1 0.8::':: 0.3

5 6 10 6 II

5.3::':: 0.5 4.1 ::':: 0.4 3.3 ::':: 0.4 4.6::':: 0.2 6.0::':: 0.4
2.5::':: 0.3 2.2::':: 0.4 1.6 ::':: 0.3 2.3::':: 0.5 2.8::':: 0.2

8 8 9 10 10
11 12 II 10 10

Community perspective-At the community level there
were three noteworthy features: lack of predictability for
a given species, continuing dominance by annuals, and
persistence of perennials despite the dominance of an
nuals in the seed bank and field seedling stages. Lack of
predictability is indicated by inconsistent regression re
lationships among life history stages and low r2 values
(Table 6). Over the decade there was considerable vari
ability among years and among species (Fig. 3; Table 4).
Moreover, results from RMANOVA (Table 5), the vari
able correlation coefficients (Table 4), and correlation
analysis also support the conclusion that the importance
of life history stages for a given species varies (Figs. 2,
3), and the dependent relationships among species and
between life history stages are not strong (Tables 4-6).
Germination success did not guarantee establishment. In
years with large seed banks (e.g., Bidens laevis 1987 and
1988, Cuscuta gronovii 1984, and Polygonum arifolium
1987), there was poor establishment (low cover) (Fig. 2).
However, the site does not experience drought, soil is
uniform, and nutrient distribution is probably uniform,
therefore differential success must be related to biotic
stresses and/or microsite differences in, and tolerances to,
standing water during Iow tide. Factors contributing to
establishment are poony understood. Success is deter-

TABLE 4. Coefficients of variation over 10 yr for dominant species,
totals, and no. species/sample.

Seed Field
bank seedlings Cover

Bidens laevis 180 213 292
Cuscuta gronovii 171 228 430
Impatiens capensis 83 108 74
Peltandra virginica 323 259 123
Polygonum arifolium 78 77 77
Total 68 77
Annuals 70 78 34
Perennials 151 222 88
Total species/sample 33 35 35
Perennial species/sample 187 179 55

mined by various factors, including litter deposition and
decomposition patterns, predation, timing of storms dur
ing the spring, or conditions, including temperatures, tim
ing of the tide cycle, and/or mud coating of seeds during
seed afterripening and germination periods (Leek, Simp
son, and Parker, 1989).

Often the proportion of seeds surviving to be seedlings
in the field was considerably less than unity, indicating
considerable losses (Table 3). This was especially obvi
ous for Cuscuta gronovii, but varied with year for other
species. However, we have little evidence of the impor
tance of seed predation during and after seed production.

A second feature of this plant community is the im
portance of annuals (Table 1; Figs. 2, 3). Annual species
make up >90% of the seed bank and field seedlings and
70% (x = 70 ± 4; range 58-89%) of the vegetation.
Accordingly, community dynamics are dependent on
seedling recruitment. Somewhat earlier germination time
of annuals (Leek, Simpson, and Parker, 1989) combined
with large seedling size (especially of Impatiens capensis
and Polygonum arifolium; Leek and Simpson, 1993) and
high seed bank densities collectively control vegetation
dynamics. This impact occurs regardless of which species
are dominant in a given year.

Despite the importance of annuals in the seed bank and
as field seedlings, perennials, especially Peltandra vir
ginica, but also Acorus calamus, Sagittaria latifolia, and
Scirpus jiuviatilis, remained a consistent feature of the
vegetation cover (Fig. 3). The continuing importance of
perennials compared to annuals results from their lon
gevity and the phenologically different productivity pat
terns (Whigham and Simpson, 1992).

Considerable variation existed in the vegetation as well
as in population densities and species diversity of seed
and seedlings, but there was no evidence (i.e., greater
importance of perennials or woody species) for direction
al change (succession), supporting the conclusion of
Mitsch and Gosselink (1986) that linear succession does
not occur in aquatic ecosystems. Moreover, examination
of aerial photographs from 1930 to 1980 showed similar
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TABLE 5. Wilks' lambda values for repeated-measures analysis of variance. Analysis categories were: (A) dominants-Bidens laevis, Cuscuta
gronovii, Impatiens capensis, Polygonum arifolium, and Peltandra virginica; (B) no. species/sample and perennials/sample; and (C) annual
total and perennial total. (NS = P 2: 0.05).

A B C

Life history stage Year Year X Dominants Year Year X Species Year Year X Total

Seed bank 0.0020 0.0001 0.0001 0.0095 0.0001 0.0001
Field seedlings 0.0001 0.0001 0.0004 0.0001 0.0001 0.0001
Cover NS 0.0001 0.0001 NS NS 0.0003

vegetation features to current ones. Perennials in addition
to Peltandra virginica are frequent in seed bank and/or
vegetation stages, but not as field seedlings (Fig. 2; Table
1), an observation noted elsewhere (Parker and Leek,
1985; Leek, Simpson, and Parker, 1989).

Species strategies-Individual species strategies differ.
Some, for example, have transient seed banks, while oth
ers depend on persistent seed banks (Leek and Simpson,
1993, 1994). In addition, seedling phenology and size
were observed to vary (see also Leek, Simpson, and Par
ker, 1989; Leek and Simpson, 1993); these attributes may
ultimately contribute to the dynamics observed in this
study (Figs. 2, 3). Moreover, as previously noted, biomass
phenology of annuals and perennials differs (Whigham
and Simpson, 1992).

Of the dominant species, Bidens laevis appears to have
the greatest population swings, with some years favoring
field germination (e.g., 1987 and 1988) yet not establish
ment. Year-to-year fluctuations have been observed at
other sites, such as along the stream channel (Leek, Simp
son, and Parker, 1989), and thus the high marsh is not an
atypical site. The behavior of Bidens laevis, compared to
the other dominant annuals, suggests that it has more spe
cific germination and/or establishment requirements. In
terestingly, of the annual dominants, it had the fewest
dependent relationships (Table 6). This may indicate that
it has the least impact on community dynamics and/or its
population was not adequately assessed.

Germination studies (Leek, Baskin, and Baskin, 1994)
show that Bidens laevis requires light, adequate aeration,
and alternating temperatures following a long period of
stratification at 5 C. Field and greenhouse germination
appeared to be quite synchronous with those of Impatiens
capensis and Polygonum arifolium. (In fact, in the green
house Bidens laevis germinated more quickly, e.g., 61 %
of the total in the 1st wkcompared with 7 and 15% in
the other two species; V. T Parker and M. A. Leek, un
published data.) Thus, competitive success appears not to
be related to relative emergence time (see Silander and
Pacala, 1990). However, low cover values but fairly high
frequency (Figs. 2, 3; Table 1) suggests that Bidens laevis
seedlings are at a disadvantage. They are, in fact, smaller
than Impatiens capensis and Polygonum arifolium at the
time of germination (Leek and Simpson, 1993). Harper
(1977) notes that small differences in height can have
considerable effect on plant growth. It is possible that
Bidens laevis seedlings, which may be shade tolerant,
persist below the Impatiens-Polygonum seedling canopy
until these weak-stemmed species topple over in midsum
mer, providing gaps.

Several authors (e.g., Harper, 1977; Grime, 1979; Til-

man, 1988) emphasize the importance of plant morphol
ogy in population and community dynamics. The weak
stemmed annuals Impatiens capensis and Polygonum ar
ifolium grow so densely that they support one another;
eventually they may grow too tall and topple over, sur
viving nicely as "semi" vines and often rooting at nodes.
Thus, we postulate that if Bidens laevis seedlings, with
an upright morphology throughout their lives, can exploit
gaps resulting from die-back of the perennials that reach
peak biomass in early to mid-July (Whigham et al., 1978;
Whigham and Simpson, 1992) or the toppling of annuals,
reproduction will occur. In addition, we speculate that
competitive stresses associated with small seedling size
may account for reliance on a persistent seed bank and
this dependence, in tum, is related to small seededness
(Thompson and Grime, 1979; Leek, 1989). Of the dom
inant annuals, Bidens laevis seeds are the lightest and
Bidens is the only one to possess a persistent seed bank
(Leek and Simpson, 1993)

An interesting feature of this site is the importance
(Fig. 2; Table 1) of Cuscuta gronovii, a parasite with a
viney habit. In general, low Cuscuta gronovii cover ap
pears to predict a larger seed bank size the following year
for Impatiens capensis, its primary host (Figs. 2, 3; Table
6). Also, results (Table 6) suggest that if the host is suc
cessful, so is the parasite. We are aware of few reports
of parasites in other wetlands. In seed bank samples from
eight Iowa prairie marshes, Cuscuta sp. was unimportant
(van der Valk and Davis, 1976), but it was frequent in
the seed bank (79%) and vegetation (28%) of another
(van der Valk and Davis, 1978). In addition, note is taken
of the occurrence of a hemiparasite (Agalinis paupercula)
in the vegetation of an Ontario lake, but no germination
occurred from soil samples presumably due to lack of
specific nutritional requirements (Keddy and Reznicek,
1982).

The impact of pathogens and parasites on community
dynamics is important (e.g., Harper, 1977; May, 1984;
Clay, 1990), yet their impact in wetlands has apparently
received little attention. Even here, the impact of Cuscuta
gronovii on other species, although potentially great
(Kuijt, 1969), is not known.

Community ecology assumes, although not unchallen
ged (e.g., Wiens, 1984; Fowler, 1990), that patterns in
natural communities involve competition, and are orderly
and predictive. And although we observed a predictable
continuance of a suite of annual and perennial species,
there were weak (low r2 values) interactions among spe
cies and lack of correlations among life history stages. It
is possible that the disorder, stemming from a variety of
sources (Fowler, 1990), decreases the strength of the re
lationships among species and among life history stages
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TABLE 6. Regression analyses between (A) life history stages, (B) current year cover and seed bank or field seedlings, and (C) previous year cover
and life history stages. All significant relationships (P :s 0.05) are given. Note that all possible combinations of dominant species, and total
annuals and perennials were examined.

Dependent variable Independent variable P r' Y Intercept Slope

A) Within life history stage
Seed bank/Seed bank

Cuscuta Impatiens 0.005 0.08 Cus = 10.05 + 1.68(lmp)
Polygonum 0.008 0.07 Cus = 38.13 - 0.68(Poly)
Annuals 0.0001 0.75 Cus = -26.7 + 0.8(ann)
Total 0.0001 0.73 Cus = -27.7 + 0.79(tot)

Impatiens Cuscuta 0.005 0.08 Imp = 7.3 + 0.05(Cus)
Polygonum 0.02 0.06 Imp = 10.5 - O.IO(Poly)
Annuals 0.003 0.09 Imp = 5.55 + 0.05 (ann)

Peltandra Perennials 0.0001 0.58 Pelt = -0.25 + 0.61(per)
Polygonum Cuscuta 0.008 0.07 Poly = 24.6 - 0.1 I (Cus)

Impatiens 0.02 0.06 Poly = 26.87 - 0.58(lmp)

Seedling/Seedling

Cuscuta Impatiens 0.0008 0.08 Cus = 1.49 + 0.50(lmp)
Annuals 0.0001 0.35 Cus = -2.72 + 0.29(ann)
Total 0.0001 0.73 Cus = -2.87 + 0.29(tot)

Impatiens Cuscuta 0.0008 0.08 Imp = 3.88 + 0.16(Cus)
Peltandra Perennials 0.0001 0.58 Pelt = 0.04 + 0.65(per)
Polygonum Bidens 0.04 0.Q3 Poly = 8.07 - 0.08(Bid)

Annuals 0.001 0.08 Poly = 5.48 + 0.09(ann)
Perennial species Total species 0.0001 0.12 per spp = -0.25 + O.17(tot spp)

Cover/Cover

Bidens Impatiens 0.03 0.05 Bid = 7.71 - 0.13(lmp)
Imp & Poly 0.0003 0.14 Bid = 14.7 - O.17(lmp & Poly)

Impatiens Bidens 0.03 0.05 Imp = 30.32 - 0.41 (Bid)
Peltandra 0.02 0.06 Imp = 32.83 - 0.22(Pelt)
Polygonum 0.0001 0.19 Imp = 40.5 - 0.35(Poly)

Peltandra Impatiens 0.02 0.06 Pelt = 26.67 - 0.27(lmp)
Polygonum 0.0001 0.23 Pelt = 33.60 - 0.43(Poly)
Perennials 0.0001 0.73 Pelt = -7.10 + 0.85(Pelt)
Annuals 0.0001 0.68 Pelt = 75.68 - 0.82(ann)

Polygonum Impatiens 0.0001 0.19 Poly = 49.47 - 0.53(lmp)
Peltandra 0.0001 0.23 Poly = 44.44 - 0.54(Pelt)
Perennials 0.0001 0.38 Poly = 55.40 - 0.69(per)

Annuals Perennials 0.0001 0.97 ann = 99.1 - 0.98(per)

B) Current year cover
Cover/Seed bank

Cuscuta Impatiens 0.04 0.05 Cus = 0.08 + 0.32(lmp)
Impatiens Cuscuta 0.03 0.Q3 Imp = 31.64 - O.IO(Cus)

Impatiens 0.0009 0.12 Imp = 37.34 - 1.02(lmp)
Polygonum Cuscuta 0.01 0.07 Poly = 28.69 + 0.17(Cus)

CoverlField seedlings

Impatiens Bidens 0.0001 0.18 Imp = 24.88 - 0.84(Bid)
Polygonum Bidens 0.001 0.11 Poly = 37.63 - 0.82(Bid)

C) Previous year cover._
Seed bank/Cover

Cuscuta Impatiens 0.04 0.05 Cus = 8.56 + 0.37(lmp)
Polygonum 0.03 0.06 Cus = 31.50 - 0.49(Poly)

Impatiens Impatiens 0.01 0.08 Imp = 5~45 + 0.08(lmp)
Peltandra Polygonum 0.03 0.12 Pelt = -0.35 + 0.04(Poly)
Polygonum Polygonum 0.02 0.07 Poly = 17.98 + O.17(Poly)

Impatiens 0.01 0.08 Poly = 30.86 - 0.23(lmp)

Field seedling/Cover

Cuscuta Perennials 0.04 0.06 Cus = 3.01 - 0.03(per)
Annuals 0.04 0.06 Cus = -0.52 + 0.04(ann)

Impatiens Impatiens 0.006 0.11 Imp = 2.22 + 0.07(lmp)
Polygonum 0.002 0.13 Imp = 6.98 - 0.08(Poly)

Cover/Cover

Bidens Cuscuta 0.0008 0.15 Bid = 3.01 + 1.38(Cus)
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(Table 6). Several other possibilities, with suggestions
coming from Strong et aI., (1984), exist. (a) Sampling
was inadequate to assess species interactions. (b) Com
petitive patterns do not occur, but other interactions may
operate. For example, a species may be a "keystone"
species controlling densities of other species, a species
may serve as a facilitator in the structuring of the com
munity, or phenological morphological changes (e.g.,
varying temporal dominance of perennials; Whigham and
Simpson, 1992) may reduce overlap in use of resources.
(c) Patterns depend on abiotic rather than biotic features,
although this seems unlikely given high field seedling
densities (>4,000 seedlings/rn-). (d) Analyses were una
ble to discern strong dependent relationships or the causal
processes, involving autecology and natural history, that
underlie patterns.

This study has shown that annuals vary from year to
year, but collectively can be a continuing force in com
munity dynamics. Presumably, because of early germi
nation and high densities, they influence and decrease
establishment of perennials. Strategies for each life his
tory stage (seed bank, field seedlings, and vegetation) ap
pear to differ because each species has unique dormancy
and/or germination characteristics, seedling tolerances,
and growth forms. Over the decade, size and diversity of
the three life history stages varied, interactions between
species varied, and species variability among the three
life history stages varied. Although there were a number
of significant relationships (simple linear regression anal
yses), these were generally weak (low r- values), and,
thus, relationships between and among species and be
tween and among life history stages are not strongly de
pendent (predictable). In addition, germination success
did not guarantee establishment. The single reasonable
prediction is that, given unchanging hydrology, this high
marsh site will continue to be dominated by the same
suite of annuals and perennials with year-to-year popu
lation fluctuations.
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ApPENDIX 1. Species recorded in seed bank samples (b), as field seedlings (f), and in the vegetation (cover quadrats, c). For 1985 only seed bank
data are available.

Year

Species

Acorus calamus
Andropogon virginicus
Aster pilosus
Bidens laevis
Cardamine pensylvanica
Cephalanthus occidentalis
Cicuta maculata
Conyza canadensis
Cuscuta gronovii
Cyperus sp.
Epilobium coloratum
Erechtites hieracifolium
Fraxinus sp.
Gnaphalium obtusifolium
Hibiscus palustris
Impatiens capensis
Leersia oryzoides
Mikania scandens
Panicum dichotomiflorum
Paulownia tomentosa
Peltandra virginica
Phragmites australis
Pilea pumila
Polygonum arifolium
Polygonum sagittatum
Ranunculus sceleratus
Sagittaria latifolia
Scirpus fluviatilis
Sium suave
Solidago sp.
Typha latifolia
Zizania aquatica var. aquatica
Composite
Unknown
Total species

1982

c
b
b

bfc

b
b

bfc

b

bfc
bc

bfc
b
bf
bfc

b
c
c
f

b
b

19

1983

c

bfc

b

bfc

b
b

bfc
b
b

bfc

bfc
bfc
c
b
c

bf

b
c

18

1984

c

bfc

b

bf

bfc
fc
b
b

bfc
b
bf
bfc

bc
c

b

bf
16

1985

b

b

b

b

b

b
b

b

8

1986

c

bfc

bfc

c

bfc
c

b
bfc

bf
bfc

fc
c

bf
f
b

15

1987

c

bfc
b

b
bc

bfc
c

bfc

bfc
bfc

c
c

b
c
b

15

\988

c

bfc

c

bfc

bfc
bc

bfc

bfc
bfc

c
c

b
bfc

b
14

1989

c

bfc

f
b

bfc

b

b

bfc
bfc
b

bfc
b
bf

bfc

bc
c
c
b
b

bfc

f
21

1990

c

bfc

bfc

b

bfc
c
b

bfc

bfc

bc
c

b
fc

13

1991

c

bfc

bfc
b

b

bfc
bfc

bfc
b
bf

bfc

c
c
b

b
fc

b
17


