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Abstract The dispersal of seeds through hydroch-
ory can be an important driver of community
dynamics and play an integral role in the colonization
of restored wetlands. We assessed sources of seeds on
the shoreline and in adjacent waters of the Potomac
River to Dyke Marsh in Virginia. Drift-line samples
were taken at 40 random points four times during
2005-2006, and water surface net trawling took place
on the Potomac River from 2003-2005 using six,
200-m transects around the perimeter of the marsh.
Seed supply through hydrochory and species richness
was low at Dyke Marsh when compared to other
regional tidal freshwater marshes. We discovered
distinct temporal patterns, where high species rich-
ness and seed density were found in the fall for the
water trawl samples but in the spring for the drift-line

K. N. Hopfensperger (<)

Appalachian Laboratory, University of Maryland Center
for Environmental Science, Frostburg, MD 21532, USA
e-mail: khopfensperger@al.umces.edu;

khopfensperger @mail.colgate.edu

K. N. Hopfensperger - A. H. Baldwin
Marine-Estuarine-Environmental Sciences Program,
University of Maryland, College Park, MD, USA

Present Address:
K. N. Hopfensperger
Colgate University, Hamilton, NY 13346, USA

A. H. Baldwin
Department of Environmental Science and Technology,
University of Maryland, College Park, MD 20742, USA

samples. High fall dispersal in the water trawls may
exist owing to peak plant senescence and seed
release, while high seed germination in the spring
along shorelines may arise due to sufficient cold
stratification of marsh seeds.
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Introduction

Wetland species can be distributed by various
mechanisms including wind and animals, but water
dispersal, or “hydrochory,” is the primary method of
seed dispersal in riparian and tidal wetlands (Bakker
et al. 1985; Middleton 1995). Hydrochory can be an
important driver of community structure in wetland
ecosystems (Schneider and Sharitz 1988) because it
can result in the introduction of new species (Mitsch
et al. 1998) and the introduction of exotic species
(Thomas et al. 2005; Tabacchi et al. 2005) leading to
more diverse wetland plant communities (Leyer
2006).

Seed dispersal via water has been found to play an
integral role in the regeneration of restored wetland
systems. Gurnell et al. (2006) investigated the
vegetation colonization of a newly created channel
in the United Kingdom. Hydrochory was the domi-
nant source of seeds deposited along river banks in
the winter. Plants that were recruited from these
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deposited seeds then acted as a significant local seed
source the second year, which created a feedback
loop trapping additional propagules and sediment,
thereby propelling river bank succession. Huiskes
et al. (1995), Wolters et al. (2005), and Gurnell et al.
(2006) all found the seasonality of seed dispersal
through waterways to strongly influence colonization
of newly created wetland areas. For example, during
the reestablishment of a salt marsh in Germany,
Wolters et al. (2005) found peak dispersal of salt
marsh species in the fall. Furthermore, hydrochory
played a more critical role than dredge material in the
revegetation of a tidal freshwater marsh restoration in
Washington, D.C. (Syphax and Hammerschlag 1995;
Baldwin and DeRico 2000; Baldwin 2004; Neff and
Baldwin 2005).

The species pool hypothesis (Taylor et al. 1990)
states that the most important determinant of plant
species richness is the number of species available for
local colonization (Partel and Zobel 1999), and
hydrochory has been found to increase the pool of
colonizing species (Jansson et al. 2005; Gurnell et al.
2006). When species richness is increased at a
restored site through hydrochory, many niches may
be filled, thereby decreasing the opportunity for
invasive species to dominate (Jansson et al. 2005;
Boers et al. 2007). Our main objective was to
estimate the number of species in the species pool
that is available to recolonize Dyke Marsh, a
fragmented urban tidal freshwater marsh, using two
different methods: the number of species that have
seeds in the drift-lines on its shores, and the number
of species that are floating in the Potomac River
adjacent to the marsh. While it was not possible to
directly link the composition and abundance of
floating and drift-line seeds, we sampled seed pools
as an indicator of potential propagule dispersal to
future restored wetlands at the site.

Methods

Study area

Dyke Marsh is a tidal freshwater marsh on the
Potomac River, just south of Alexandria, Virginia
(38.77° N, 77.05° W; Fig. 1). The marsh is an ideal

location for our study because it is (1) situated on a
large river in a highly urbanized area, (2) near other
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studied Washington, D.C. marshes, and (3) being
considered for restoration by the National Park
Service (the marsh is part of the George Washington
Memorial Parkway, a National Park Service prop-
erty). Throughout the 1940s-1970s, ~ 110 hectares
of marshland along the outer fringes of Dyke Marsh
was dredged and removed for underlying sand and
gravel. The dredging operation left holes up to
9.14 m deep in the river surrounding the marsh,
created new channels through outer marsh edges, and
reduced the total marsh size by half (NPS 1977). The
federal government was given control of the existing
196 hectares of forested (72 ha) and non-forested
marshland (124 ha) in 1976 (Xu 1991). Currently, the
National Park Service is studying possible restoration
scenarios to replace some or all of the dredged area at
Dyke Marsh, but restoration has not yet been
completed. At the study site, mixed tides (two high
and low tides per day of differing heights) occur daily
with a mean tidal range of 0.5-0.9 m (Carter et al.
1994).

The vegetation composition of Dyke Marsh is
typical of tidal freshwater marshes on the east coast
(Whigham and Simpson 1977; Leck and Simpson
1995). Dominant annual species in Dyke Marsh
include Impatiens capensis Meerb., Amaranthus
cannabinus (L.) Sauer, Bidens laevis (L.) B.S.P., and
Polygonum arifolium L. Dominant perennial species
in the marsh include Typha angustifolia L., Peltan-
dra virginica (L.) Schott, Nuphar luteum (L.) Sm.,
Acorus calamus L., and Schoenoplectus fluviatilis
(Torr.) M.T. Strong. All species names follow the
nomenclature of USDA NRCS (2009).

Field sampling

In fall 2003, six 200-m transects were established
around the perimeter of the non-forested marsh
(Fig. 1). Water surface trawling took place in fall
2003, and spring, summer, and fall of 2004 and 2005
on the Potomac River near the Dyke Marsh shoreline
for a total of seven sampling events. During each
sampling event, three trawls were made along each
transect using a modified plankton net (40.9 cm
width by 25.6 cm height) with a seed trap that was
towed by a motor boat (Neff and Baldwin 2005) to
sample the floating seed rain. The plankton net and
the seed trap had buoyant floats attached to ensure the
surface of the water was sampled by keeping the top
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Fig. 1 Location of Dyke
Marsh on the Potomac
River. Inset includes
transect (solid) and drift-
line (dashed) sampling
locations

of the net above the water surface (see photo in Neff
and Baldwin 2005). The net was dragged approxi-
mately 0.6 m from the side of the boat, ahead of the
wake, at a speed of 2.7-2.9 km/hr. The sampling area
of each transect was ~ 82 m?. After each of the three
trawl passes on each transect, the seed trap was
scraped and rinsed into an individual plastic bag
(n = 18 subsamples per sampling event).

The abundance and species richness of seeds was
quantified along 920 m of non-forested marsh drift-
line along the Potomac River. The drift-line area is
located along the upper tidal limits of the shore line

Alexandria, VA

Potomac River

Dyke
Marsh
Preserve

where coarse organic debris settles (Bakker et al.
2002). Drift-line samples were 100 cm® by 2 cm deep
and were taken at 40 random points in spring,
summer, and fall of 2005 and spring 2006 (Fig. 1).
Drift-line material was collected within a 10 x
10 cm metal sampling frame at randomly spaced
sample points along the 920-m-long marsh edge;
distances between sample points ranged from 5 to
75 m. Each drift-line sample was placed into a plastic
bag and returned to the greenhouse for seedling
emergence assay. For both the water surface trawl
and drift-line sampling the subsamples were placed in
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a cooler at the field site for transportation to a 4°C
room at the laboratory. Subsamples were processed
the next day using the following treatment procedure.

Sample treatment

The seedling emergence technique (Poiani and
Johnson 1988; Gross 1990; Baldwin et al. 2001;
Neff et al. 2009) was used to determine germinable
seed density and species composition of the trawl and
drift-line samples. Subsamples were spread over
vermiculite in individual black-plastic bedding trays
(W xL xH=27 x 53 x5cm) and placed in a
greenhouse misting room for germination. Coarse
material including leaves, sticks, and trash were
removed from the samples, rinsed with water over the
tray to remove any seeds, and was then discarded. In
late autumn, all trays were stored at ~4°C over
winter to cold-stratify any remaining seeds and so
they would not freeze solid, and then placed back into
the greenhouse to continue germination in the spring.
Seedlings emerging from each subsample were
identified as young as possible, and removed from
the tray when identified. Seedlings of unknown
species were transplanted and allowed to mature for
identification.

Data Analyses

Data were analyzed using SAS (SAS Institute, Cary,
NC) with significance defined at o = 0.05.
Variables we calculated included seedling density
(seedlings/m?), species density (Number of species/
sample), and species richness (Number of species/
sampling event). Mean, maximum, and standard
error of seedling and species density of subsample
greenhouse trays were calculated for each transect at
each sampling event. We tested for the effect of
sampling event on seedling and species density of
trawl and drift-line samples to determine if season-
ality had an effect using repeated measures analysis
of variance (RMANOVA) with Tukey comparisons
of least square means (using the Mixed procedure of
SAS). The fixed effect was sampling event, the
response variable was seedling density, and the
repeated measure was transect. Drift-line species
density was log + 1 transformed to conform to
normality assumptions. Drift-line seedling density,
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seed trawl seedling density, and seed trawl species
richness were square-root transformed to conform to
normality assumptions.

Due to the difference in number of individuals
collected between the two sampling methods, and to
be able to compare our results to a previously
published study (Neff and Baldwin 2005), we calcu-
lated sample-based rarefaction curves and species
richness estimations using EstimateS 5.0.1 (Colwell
1997). Rarefaction curves are a type of species
accumulation curve formed by repeatedly determin-
ing richness for random samples of individuals from
the data. The rarefaction curves remove sampling
effects and allow for comparisons of species richness
when samples contain different numbers of individ-
vals (Colwell and Coddington 1994, Gotelli and
Colwell 2001). We used rarefaction curves to com-
pare the species richness of floating and drift-line
seed pools in addition to species density data, because
the latter are strongly dependent on densities of
individuals observed and therefore level of sampling
effort (Gotelli and Colwell 2001). Using EstimateS,
we estimated the total number of species in the
sampled floating and drift-line seed pools using
nonparametric asymptotic species richness estimators
to determine if our sampling effort was adequate for
both the water trawl and drift-line sampling tech-
niques. Chao 1 (Chao 1984) is an estimator of the
total number of species in an assemblage based on the
number of rare species in the sample (Magurran
2004). Chao 2 (Chao 1987) is a modified approach of
Chao 1 that uses presence/absence data based on the
distribution of species among the samples (Magurran
2004). Chao 1 was the first estimator to reach an
asymptote for both sampling techniques; therefore we
will only discuss the Chao 1 data (Colwell and
Coddington 1994).

Results

A total of 42 species were identified using both the
drift-line and seed trawl methods. The number of
emerged seedlings was much greater in the drift-line
(1,669 seedlings; 2005-2006) than in the seed trawl
samples (292 seedlings; 2003-2005). Species with a
high number of emerging seedlings found in both the
drift-line and seed trawl samples were A. cannabinus
and Pilea pumila (Table 1).
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Table 1 Number of
seedlings emerging, all
seasons sampled
collectively, for each
species, from the water
surface trawling and drift-
line sampling techniques

Superscripts represent
which season the species
was found in: *spring,
bsummer, “fall

Water surface trawling

The seed trawls contained an average of about 0.03
seedlings/m” (280 seedlings/ha; Table 2) with the
lowest sampling event of the study being zero
seedlings/m” in summer 2005, and the highest being

Species

Number of seedlings emerging

Water surface trawling

Drift-line sampling

Amaranthus cannabinus (L.) Sauer
Ammania latifolia L.

Bidens frondosa L.

Bidens laevis (L.) B.S.P.

Carex grayi Carey

Cuscuta gronovii Willd. ex J.A. Schultes
Echinochloa muricata (Beauv.) Fern.
Eclipta prostrata (L.) L.
Eleocharis engelmannii (Steud.)
Helenium autumnale L.

Hibiscus moscheutos L.

Hydrilla verticillata (L.f.) Royle
Impatiens capensis Meerb.

Iris sisyrinchium L.

Juncus effusus L.

Leersia oryzoides L. (Sw.)
Ludwigia palustris L. (Ell.)
Lycopus amplectens Raf.
Microstegium vimineum (Trin.) A. Camus
Mikania scandens L. Willd.

Najas minor All.

Nuphar lutea (L.) Sm.

Peltandra virginica (L.) Schott
Pilea pumila (L.) Gray

Polygonum pensylvanicum L.
Polygonum persicaria L.
Polygonum punctatum EIll.
Ranunculus cymbalaria Pursh
Rorippa palustris (L.) Bess.
Rotala ramosior (L.) Koehne
Rumex crispus L.

Sagittaria latifolia Willd.

Schoenoplectus fluviatilis (Torr.) M.T. Strong

Solanum dulcamara L.
Typha angustifolia L.
Zizania aquatica L.

Unknown species
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0.09 £+ 0.01 seedlings/m2 (£ SE) in fall 2004. Seed
density did not vary among trawl replicates (data not

shown), indicating that the first trawl pass for any
transect did not impact subsequent trawl passes on the
same transect. Rarefaction analysis indicated that
species accumulate rapidly with sampling effort
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Table 2 Density and species richness metrics measured and estimated at Dyke Marsh and the near-by Anacostia River

Water surface trawl Drift-line

Dyke Marsh Anacostia River Dyke Marsh Anacostia River
Average density + SE (seedlings/m?) 0.03 £ 0.01 0.59 £+ 0.10 1,043 £ 424 1,500 +£ 485
Average species density + SE (species/sample)® 1.1 £0.36 27 £ 2.08 1.8 £ 0.38 16 £ 2.22
Observed species richness 30 82 27 21
Maximum estimated species richness® + SE 34 £ 0.56 104 £ 5.5 29 £ 0.19 Not available
Species estimated at 250 individuals sampled 28 25 12 37

2 Sample size for the water surface trawl at both locations was 81.8 m?; sample size for drift-line at Dyke Marsh was 0.01 m?, and at

the Anacostia River was 0.05 m>

® Chao 2 was used for the Anacostia River study and Chao 1 was used for the Dyke Marsh study

Source: Neff and Baldwin (2005)

(Fig. 2a). For comparison purposes, the rarefaction
estimated 28 species when sampling 250 individuals
(Table 2). The species richness estimator Chao 1
estimated a total of 34 species (Table 2). Collectively
from all sampling events, the seed trawls produced 30
species, indicating that the trawl sampling was
effective in capturing almost all species present in
the hydrochorous species pool (30 out of 34 species).

Four annual species dominated the floating seed
pool: I capensis, A. cannabinus, B. laevis, and
P. pumila (Table 1). Fall sampling events contained
22 species, 14 of which were only found in the fall,
when I. capensis and B. laevis were dominant. Eight
species were found during spring sampling events,
none of which were unique to spring samples, and
P. pumila dominated the spring species pool. Seven
species were sampled during summer sampling
events, two of which were only found in summer
samples, and Lycopus amplectens dominated the
species pool in the summer.

The highest number of seedlings and species were
found during the fall sampling events, versus spring
and summer (RMANOVA overall model for seedling
density: F = 15.54, df = 2, 39, P < 0.01, and species
density: F = 17.84, df =2, 39, P < 0.01; Fig. 3).
Fall sampling produced significantly higher seedling
density (0.05 &+ 0.009) than spring (0.02 £ 0.006;
p = 0.01) and summer (0.004 + 0.002; P < 0.01)
sampling, however spring and summer seedling
density did not differ (P = 0.13). Similarly, fall
sampling events had higher species density (0.02 &
0.004) than spring (0.007 £ 0.002; P < 0.01) and
summer (0.003 £+ 0.001; P < 0.001), however spring
and summer species density did not differ (P = 0.27).
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Fig. 2 Sample-based (solid line) and individual-based (dashed
line) rarefaction curves for a water surface trawls and b drift-
line sampling at Dyke Marsh

Interestingly, the summer 2005 sampling event did
not have any seedlings emerge at all.

The seed trawl transects did not differ in seedling
density or species density with all sampling events
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Fig. 3 a Average number of seedlings per sample (£ 1 SE)
and b average number of species per sample (£ 1 SE) from
water trawl samples (white dots; all SE <0.01) and drift-line
samples (black dots) for each sampling date. Water trawl
sample = 81.8 m?, and drift-line sample = 0.01 m?

combined (ANOVA for seedling density: F' = 1.82,
P = 0.11). However, transects containing the greatest
seedling density differed among seasons (ANOVA
overall model: F = 6.90, P < 0.01). In spring sam-
pling, transect 1 (see Fig. 1) had the highest seedling
density (0.07 £ 0.03 seedlings/m?), followed by
transects 2 (0.03 & 0.02) and 3 (0.02 £+ 0.008).
Transects 2 (0.06 £ 0.02), 3 (0.08 £ 0.03), and 6
(0.06 % 0.03) had the highest seedling density in fall;
however no differences existed among the transects
in fall (ANOVA F = 0098, P = 0.44) or summer
(ANOVA F = 1.13, P = 0.36).

Drift-line

An average of about 1,000 seedlings/m” (10 million
seedlings/ha) was sampled from the drift-line
(Table 2), with the lowest being 208 £ 56 seed-
lings/m”> in fall 2005, and the highest being

2,160 + 645 seedlings/ m? in summer 2005. The
drift-line sampling resulted in 27 species from all
sampling events. Fifteen of the species found in the
drift-line samples were also found in the seed trawl
samples. Rarefaction analysis indicated that species
accumulated with sampling effort (i.e., number of
samples) more slowly with drift-line sampling than
for trawl samples (Fig. 2b). For comparison with
trawl samples, rarefaction estimated only 12 species
at 250 individuals, and the species richness estimator
Chao 1 estimated a maximum richness of 29 species
(Table 2), indicating that our sampling effort col-
lected almost all species in the drift-line pool (27 out
of 29 species).

Species with a high number of emerging seedlings
found in the drift-line included T. angustifolia,
Ludwigia palustris, A. cannabinus, Najas minor, and
P. pumila (Table 1). Spring sampling events captured
20 species, and 10 of those were found only in the
spring. Eleven species were found in summer sam-
ples, four of which were unique to summer. The fall
drift-line samples contained 11 species, two of which
were unique to fall samples. Typha angustifolia and
L. palustris dominated samples from all seasons, and
A. cannabinus was most prevalent in spring, while
Najas minor was found most in fall samples.

In contrast to the seed trawl samples, the highest
number of species and seedlings for the drift-line
samples were found in spring (RMANOVA overall
model for seedling density: F' = 9.48, P < 0.01; and
species density: F = 10.20, P < 0.01; Fig. 3). Seed-
ling density was significantly higher in the spring
2005 than summer and fall 2005. However, summer
and fall seed density did not differ. Similarly, species
density was also higher in spring 2005 than in
summer (P < 0.01) and fall (P < 0.01) 2005, but
summer and fall did not differ in species density.

Discussion

We observed about 30 species each in both the
floating and drift-line seed pools. The two pools
shared about 15 species and contained a total of about
40 species. In addition, we found that relatively few
individual seedlings were required to adequately
sample the floating seed pool through our water
trawl sampling compared to the drift-line sampling,
suggesting that the spatial distribution of drift-line
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seeds is patchier. For both the water trawl and drift-
line sampling, the low standard error of the Chao 1
estimates and the fact that the rarefaction curves
leveled off near the Chao 1 estimates demonstrate
that both sampling efforts were successful in captur-
ing most species within present. However, we must
note that while the Chao 1 maximum richness values
are similar for the floating seed (34) and drift-line
(29) communities, the estimates were derived sepa-
rately from different populations of seeds. The two
species pools are comprised of different species
(Table 1), thereby indicating a more species-rich
ecosystem than suggested by Chao 1 values for each
sampling method alone. Estimating the number of
species at a common number of individuals is a
useful way to compare seed collection methods and
studies. We found 82% of total species at a site
should be sampled when collecting 250 individuals
using the water surface trawling technique, and only
41% of total species are sampled at 250 individuals
for the drift-line technique, again suggesting a
patchier distribution of drift-line seeds.

Spatial and temporal variation

After examining the locations of the water trawl
transects on a digital aerial orthophoto of Dyke Marsh
and a map of marsh elevations created in 2006
(Elmore 2007), we discovered that transects with the
highest density of seedlings were located downstream
of major tidal creek outlets, for example transect 3
(Fig. 1). This demonstrates the importance of transect
location selection for assessing seed sources.

Both the seed trawl and drift-line sampling
resulted in seasonal variation of species richness.
Higher species richness was found in the fall water
trawls versus spring and summer. Wolters et al.
(2005) found a similar pattern in diaspore dispersal in
an England tidal salt marsh where the main dispersal
of diaspores took place between October and Decem-
ber. High dispersal may occur in the fall owing to the
end of peak biomass and plant senescence. During
this time, seeds are being released everywhere—into
the air, the water, and the substrate below the parent
plant. Many of the seeds find their way to the water,
either directly or indirectly through tidal flushing
(Bakker et al. 1985; Huiskes et al. 1995). Finally,
they enter the river in the fall.
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Contrary to peak richness in the water trawls, we
found the highest drift-line species richness in the
spring and summer. High richness and density in the
spring is consistent with the above pattern of mass-
seed dispersal in the fall. In autumn, seeds are being
dispersed, being flushed towards the channels, and
floating in the water. In winter, seeds begin to collect
and concentrate in the drift-line. Once in place in the
drift-line, seeds cold-stratify, which is a requirement
for germination for many tidal freshwater marsh
species (Leck and Simpson 1993). However, seeds
floating in the water over winter and during spring
may not be properly cold-stratified and therefore do
not germinate.

Regional seed sources

Our results indicate that Dyke Marsh has low floating
and drift-line seedling density, species density, and
species richness compared to other regional tidal
freshwater marshes (Table 2). Neff and Baldwin
(2005) studied the floating seed pool in fall, spring,
and summer around two restored tidal freshwater
marshes on the nearby Anacostia River in Washing-
ton, D.C. using the same surface water trawl
techniques that we used. Kenilworth and Kingman
Marshes on the Anacostia River are located less than
25 km from Dyke Marsh and the Anacostia River
flows directly into the Potomac River about 10 km
north of Dyke Marsh. Using the species richness
estimator Chao 2, Neff and Baldwin (2005) estimated
many more total species in their seed trawls versus
Dyke Marsh, but when sampling 250 individuals,
rarefaction indicates that about the same number of
species occurred for the Anacostia River and Dyke
Marsh (Table 2). However, richness metrics esti-
mated many more species when sampling 250
individuals for the drift-line at the Anacostia River
versus the Dyke Marsh drift-line (Table 2). This
indicates that species accumulated at a similar rate
initially but leveled off at a lower total number of
species at Dyke Marsh than at the Anacostia River. A
major difference between the two locations is river
discharge; the Potomac River is much larger than the
Anacostia River. In addition, the Anacostia River has
more marsh areas in close proximity than Dyke
Marsh (Neff and Baldwin 2005). Thus, the area of
wetlands relative to watershed size and the proximity
of wetlands that can serve as seed sources are
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important factors controlling the density and richness
of hydrochorous seeds.

Studies documenting the floating seed pool and
drift-line communities are rare in the literature.
However, similar to the lower floating seed species
richness found at Dyke Marsh (30) versus the nearby
Anacostia River (>80), we found total species rich-
ness around Dyke Marsh to be dramatically lower
than the Upper Eider River in Germany (76 species;
Vogt et al. 2004). We could not find any studies on
drift-line seed pools in tidal freshwater marshes;
however our results (27 species) were comparable to
studies in salt marshes and rivers: Wolters and Bakker
(2002) examined a 100-year-old salt marsh drift-line
in the Netherlands and found a total of 19 species. In
addition, two drift-line river studies found a total of 23
and 37 total species (Cellot et al. 1998; Vogt et al.
2007). We could not compare drift-line seed abun-
dance among studies because each study used
different sampling and processing methods.

Through our study we have learned more about
floating seed pools in and around a tidal marsh in a
large, urban river, as well as the importance of using
more than one sampling method. We found both the
surface water trawl and drift-line techniques success-
ful in analyzing the seed pool. However, seed density
and species richness surrounding Dyke Marsh were
substantially lower than at near-by Anacostia River
marshes, suggesting that seed dispersal may be a more
local phenomenon than was previously thought for
tidal freshwater marshes. Managers of tidal freshwater
marshes should examine if regional or watershed
influences affect the marsh seed pool before initiating
restoration projects. We found many of the dominant
aboveground marsh species in the floating seed pool
and drift-line samples, suggesting that a diversity of
marsh propagules may be available to promote a
heterogeneous restored wetland. However, not all
dominant species were found, so initial planting of
some species may be advantageous to prevent colo-
nization of non-natives and to ensure a complete
representation of native marsh species.
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