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Map 3. Kingman Marsh Area 2 with randomized transect and hydrologger locations. Arrowheads depict the
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Map 4. Kenilworth Marsh depicting locations of Mass Fill 1 and Mass Fill 2 as well as transect, SET and
hydrologger locations. Arrowheads depict direction transects were read.
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Map 5. Sketch map locations of transects and hydrologgers at Dueling creek and Patuxent Marshes, the
unreconstructed reference wetlands.
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Table 1. Repeated measures analysis of variance table for vegetative parameters. Analyses were conducted on
July and September data for all areas for the five-year period 2000 through 2004. Significance noted as * (<0.05);
*# (<0.01); *** (<0.001); **** (<0.0001). Expression written: Fvalue (Numerator df, Denominator df).

Area x

Area Year Area x Year Month(Year) Month(Year)
Cover 15.18****(5,27.88) | 5.93***(4,82.97) 3.70****(20,95.72) 4.87***(5,82.92) | 3.69****(25,98.06)
Species
Richness 2.83%(5,27.87) 71.45****(4,101.60) | 20.02****(20,98.95) | 1.94(5,101.49) 2.39"*(25,101.47)
Diversity 4.49**(5,27.56) 48.45****(4,88.11) | 15.27****(20,93.83) | 2..70*(5,89.10) 1.79%(25,96.02)
Annuals 11.19****(5,30.52) | 18.05****(4,255.64) | 12.83****(20,255.20) | 3.02*(5,255.62) | 0.93(25,255.12)
Perennials 6.32**%(5,29.54) 1.53(4,98.59) 3.87****(20,91.58) 4.22**(5,98.55) 3.21****(25,93.71)
Exotics 1.23(5,30.45) 0.0.20(4,254.54) 2.40***(20,254.22) 1.75(5,254.52) 1.78%(25,254.18)
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Table 2. Segrenson's Similarity Matrix comparing presence/absence of species from paired
sites. Based on annual species lists compiled from transect data from all sampling events in

that year.

Kingman
Areal
Kingman
Area 2
Kenilwort
h MF1
Kenilwort
h MF2
Dueling
Creek

Patuxent

Kingman
Areal
Kingman
Area 2
Kenilwort
h MF1
Kenilwort
h MF2
Dueling
Creek

Patuxent

Kingman
Areal
Kingman
Area 2
Kenilwort
h MF1
Kenilwort
h MF2
Dueling
Creek

Patuxent

48

(a) 2000
Kingman Kingman Kenilworth Kenilworth Dueling
Area l Area 2 MF1 ME2 Creek Patuxent
1 0.63 0.23 0.32 0.26 0.28
1 0.21 0.28 0.26 0.22
1 0.53 0.71 0.33
1 0.61 0.35
1 0.46
1
(b) 2003
Kingman Kingman Kenilworth Kenilworth Dueling
Area 1l Area 2 MF1 MEF2 Creek Patuxent
1 0.55 0.57 0.54 0.44 0.54
1 0.39 0.47 0.35 0.35
1 0.48 0.50 0.41
1 0.54 0.43
1 0.51
1
c) 2004
Kingman Kingman Kenilworth Kenilworth Dueling
Area 1 Area 2 MF1 MFE2 Creek Patuxent
1 0.11 0.51 0.47 0.46 0.47
1 0.11 0.14 0.13 0.09
1 0.52 0.50 0.45
1 0.58 0.54
1 0.46

1




Table 3. Change in average sediment elevations of transects at Kingman Marsh
Area 1 and 2 from 2001 to 2004 as determined using a laser level tied to CoE
benchmarks. Elevations are NGVD 29 datum, that is elevations are relative to sea
level mean for the years near 1929. Almost all transects lost elevation.
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Transect # Elevation | Elevation | Sediment Elevation
2001 2004 Change
Kingman Area 1 feet feet Feet Cm
planted 1 1.51 1.11 -0.40 -12.2
2 1.37 1.15 -0.22 -6.7
3 1.53 1.53 0.00 -0.0
4 1.93 1.73 -0.20 -6.1
5 1.89 1.67 -0.22 -6.7
6 2.18 2.04 -0.14 -4.3
7 1.86 1.68 -0.18 -5.5
8 1.82 1.76 -0.06 -1.8
9 1.57 1.47 -0.10 -3.1
10 2.02 2.05 +0.03 +0.9
11 1.82 1.66 -0.16 -4.9
unplanted 1 2.25 2.14 -0.11 -3.4
2 2.16 1.88 -0.28 -8.5
3 1.53 1.40 -0.13 -4.0
Kingman area 2
planted 1 1.97 1.80 -0.17 -5.2
2 1.87 1.87 0.00 -0.0
3 1.64 1.48 -0.16 -4.9
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Figure 1. Total vegetative cover. Data points represent least squares means + SE. Labels are
based on Tukey test results (family-wise error rate o = 0.05). Within areas (Fig. 1a), monthly
means sharing the same upper-case letters are not significantly different from year to year
within the same month. Within a sampling event (Fig. 1b), means sharing the same lower-
case letters are not significantly different Unlabeled series have no significant differences.
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Figure 2. Dominant cover types. Data points represent means + SE based on data from
July and September of each year. Cover types shown are those with an annual mean >
5% for at least one of the study years. Study area names are abbreviated as follows:
KL1 (Kingman Area 1), KL2 (Kingman Area 2), MF1 (Kenilworth Mass Fill 1), MF2
(Kenilworth Mass Fill 2), DC (Dueling Creek), and PAX (Patuxent Marsh). Species
abbreviations are provided in Appendix 1.
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1(a) Differences between years within areas and months.
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Figure 3. Species richness. Data points represent least squares means + SE. Labels are based
on Tukey test results (family-wise error rate o = 0.05). None of the areas exhibited significant
differences between years for the same months. Within a sampling event (Fig. 1b), means
sharing the same lower-case letters are not significantly different. Unlabeled series have no
significant differences.
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1(a) Differences between years within areas and months.
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Figure 4. The Shannon Index was used as an indicator of diversity. Data points represent least
squares means + SE. Labels are based on Tukey test results (family-wise error rate o. = 0.05).
Within areas (Fig. 1a), monthly means sharing the same upper-case letters are not significantly
different from year to year within the same month. Within a sampling event (Fig. 1b), means
sharing the same lower-case letters are not significantly different. Unlabeled series have no

significant differences.
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Figure 5. Elevation change over time. Sector elevation data was obtained annually in
2001 and 2004 using a laser level pegged to local benchmarks at Kingman. NGVD ’29
is an elevation base which is keyed to average sea levels for several years near 1929.
Data points represent least squares means + SE. Labels are based on Tukey test results
(family-wise error rate o = 0.05). Within areas, means sharing the same upper-case
letters are not significantly different from year to year. There were no significant
differences between areas within years.
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Figure 6. Percent time inundated for each wetland area. Values are means + SE. Labels are
based on Tukey test results (family-wise error rate o = 0.05). Means sharing the same letter are
not significantly different. Data is derived from hydrologgers operating in 2001. Areas are
abbreviated as follows: KLL1 (Kingman Area 1), KL2 (Kingman Area 2), MF1 (Kenilworth Mass
Fill 1), MF2 (Kenilworth Mass Fill 2), DC (Dueling Creek), and PAX (Patuxent Marsh). From
K. P. Neff’s Masters Thesis, 2002. University of Maryland
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Phragmites versus Elevation
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Figure 7. Relationship of per cent cover of Phragmites australis to elevations at Kingman and

,,,,, Kenilworth Marshes. NGVD °29 is an elevation base which is keyed to average sea levels for
several years near 1929. Areas are abbreviated as follows: KL1 (Kingman Area 1), KL.2
(Kingman Area 2), MF1 (Kenilworth Mass Fill 1), MF2 (Kenilworth Mass Fill 2), DC (Dueling
Creek), and PAX (Patuxent Marsh). From K. P. Neff Master’s Thesis, 2002. University of
Maryland)
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Figure 8. Total cover versus elevation at Kingman and Kenilworth, based on annual
averages of July and September data. Sector elevation data was obtained using a laser level
pegged to local benchmarks. Analysis is based on data from all odd-numbered sectors; unit
of analysis was the sector, rather than the transect, since many of the transects included
elevational gradients. NGVD 29 is an elevation base which is keyed to average sea levels
for several years near 1929,
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Figure 9. Richness versus elevation at Kingman and Kenilworth, based on annual
averages of July and September data. Sector elevation data was obtained using a laser
level pegged to local benchmarks. Analysis is based on data from all odd-numbered
sectors; unit of analysis was the sector, rather than the transect, since many of the
transects included elevational gradients. NGVD °29 is an elevation base which is keyed
to average sea levels for several years near 1929.
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Figure 10. Cover contributed by planted species. Data points represent least squares
means + SE. Labels are based on Tukey test results (family-wise error rate a = 0.05).
Within areas, means sharing the same upper-case letters are not significantly different
from year to year. Series lacking labels had no significant differences between years for
the same months. There were no significant differences between areas within sampling
events.
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Figure 11. Planted species cover compared to total vegetative cover in the planted and
unplanted areas of Kingman Marsh over time. Data points represent least square means + SE.
Labels are based on Tukey test results (overall a = 0.05). Means sharing the same upper-case
letters are not significantly different from year to year for the same month. Within sampling
events, means sharing the same lower case letters are not significantly different. Unlabeled
series have no significant differences.
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Figure 10. Cover by species planted and replanted*
at Kinaman.

Cover (%)

Figure 12. Cover by species planted and replanted at Kingman. Data points represent least
squares means + SE. Labels are based on Tukey test results (family-wise error rate . = 0.05).
Within areas, means sharing the same upper-case letters are not significantly different from
year to year within the same month Within a sampling event, means sharing the same lower-
case letters are not significantly different. Unlabeled series have no significant differences.
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Figure 13. Cover by annuals. Data points represent least squares means + SE. Labels are
based on Tukey test results (family-wise error rate o= 0.05). Within areas (Fig. 13a), monthly
means sharing the same upper-case letters are not significantly different from year to year within
the same month. Within a sampling event (Fig. 13b), means sharing the same lower-case letters
are not significantly different. Unlabeled series (e.g., Fig.13b, in Jul-03, Kingman Area 1,
Kingman Area 2, Kenilworth Mass Fill 1, etc.) have no significant differences.
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Figure 14. Cover by perennials. Data points represent least squares means + SE. Labels are based
on Tukey test results (family-wise error rate a = 0.05). Within areas (Fig. 14a), monthly means
sharing the same upper-case letters are not significantly different from year to year within the same
month. Within a sampling event (Fig. 14b), means sharing the same lower-case letters are not
significantly different. Unlabeled series have no significant differences.
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Figure 15. Cover by annuals at Patuxent Marsh over time. Data points represent least square
means + |1 SE. Labels are based on Tukey test results (overall a = 0.05). Within transects, means
sharing the same upper-case letters are not significantly different from year to year. Transects

lacking labels had no year to year differences.
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Figure 16. Cover by exotics. Data points represent least squares means + SE. Labels are based on
Tukey test results (family-wise error rate a = 0.05). Within areas, monthly means sharing the same
upper-case letters are not significantly different from year to year within the same month. Unlabeled
series have no significant differences. There were no significant differences between areas within
sampling events.
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Figure 17. Cumulative changes in elevation and accretion (deposition) at
Kingman Marsh. The measurements represent values from individual
Surface Elevation Tables (SETSs).
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Water Level Readings for Dueling Creek (02 vs. '03)
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Figure 20. Water levels at Dueling Creek for the period 5/23 -8/7 for 2003 (a wet year) averaged
2-5" higher than for the same period in 2002 (a dry year).
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Figure 21. Biomass (of living material). Data points represent least squares means + SE of
biomass data collected annually. Labels are based on Tukey test results (family-wise error rate
o =0.05). Within a year, means sharing the same lower-case letters are not significantly
different. Unlabeled series have no significant differences.
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Appendix 1
Plant Species Observed at Kingman
2000 through 2004
NWI
Species Common Name Acronym | Ind Status

Acalypha rhomboidea Virginia threeseed mercury ACARHO FACU-
Acer saccharinum silver maple ACESAC FACW
Ailanthus altissima tree of heaven AILALT
Albizia julibrissin silktree ALBJUL
Alisma subcordatum American water plantain ALISUB OBL
Amaranthus blitum purple amaranth AMABLI NI
Amaranthus cannabinus tidalmarsh amaranth AMACAN OBL
Ammannia coccinea valley redstem AMMCOC OBL
Arctium minus lesser burrdock ARCMIN FACU-
Artemisia vulgaris common wormwood ARTVUL UPL
Azolla caroliniana Carolina mosquitofern AZOCAR OBL
Bidens cernua nodding beggartick BIDCER OBL
Bidens connata purplestem beggarticks BIDCON OBL
Bidens frondosa devil's beggartick BIDFRO FACW
Bidens laevis smooth beggartick BIDLAE OBL
Bidens tripartita threelobe beggarticks BIDTRI FACW
Boehmeria cylindrica smallspike false nettle BOECYL FACW+
Callitriche heterophylla two-headed water-starwort CALHET OBL
Cardamine pensylvanica Pennsylvania bittercress CARPEN OBL
Carex frankii Frank's sedge CARFRA OBL
Carex lurida shallow sedge CARLUR OBL
Carex stricta upright sedge CARSTR OBL
Carex tribuloides blunt broom sedge CARTRI FACW+
Carex vulpinoidea fox sedge CARVUL OBL
Catalpa speciosa northern catalpa CATSPE FAC
Cephalanthus occidentalis common buttonbush CEPOCC OBL
Chamaesyce maculata spotted sandmat CHAMAC FACU-
Chenopodium ambrosioides Mexican tea CHEAMB FACU
Cleome hassleriana pink queen CLEHAS FACU-
Convolvulus arvensis field bindweed CONARV
Conyza canadensis var. canadensis Canadian horseweed CONCAN UPL
Cuscuta gronovii scaldweed CUSGRO
Cynodon dactylon Bermudagrass CYNDAC FACU
Cyperus difformis variable flatsedge CYPDIF OBL
Cyperus erythrorhizos redroot flatsedge CYPERY FACW+
Cyperus flavescens yellow flatsedge CYPFLA OBL
Cyperus iria ricefield flatsedge CYPIRI FACW
Cyperus odoratus fragrant flatsedge CYPODO FACW
Cyperus squarrosus bearded flatsedge CYPSQA FACW+
Cyperus strigosus strawcolored flatsedge CYPSTR FACW
Dichanthelium clandestinum deertongue DICCLA FAC+
Digitaria sanguinalis hairy crabgrass DIGSAN FACU-
Duchesnea indica Indian strawberry DUCIND FACU-
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Dulichium arundinaceum threeway sedge DULARU OBL
Echinochloa crus-galli barnyardgrass ECHCRU FACU
Echinochloa muricata rough barnyard grass ECHMUR | FACW+
Appendix 1 (Cont.)
Plant Species Observed at Kingman
2000 through 2004
NWI
Species Common Name Acronym [ Ind Status

Echinochloa walteri coast cockspur grass ECHWAL | FACW+
Eclipta prostrata false daisy ECLPRO FAC
Eleocharis obtusa blunt spikerush ELEOBT OBL
Eleusine indica Indian goosegrass ELEIND FACU-
Equisetum arvense field horsetail EQUARV FAC
Eragrostis pectinacea tufted lovegrass ERAPEC FAC
Eragrostis pilosa Indian lovegrass ERAPIL FACU
Eupatorium capillifolium dogfennel EUPCAP FACU-
Eupatorium perfoliatum common boneset EUPPER FACW+
Eupatorium serotinum lateflowering boneset EUPSER FAC-
Fimbristylis autumnalis slender fimbry FIMAUT FACW+
Fraxinus pennsylvanica green ash FRAPEN FACW
Galinsoga quadriradiata shaggy soldier GALQUA
Heteranthera reniformis kidneyleaf mudplantain HETREN OBL
Hibiscus moscheutos crimsoneyed rosemallow HIBMOS OBL
Hibiscus trionum flower of an hour HIBTRI
Hypericum mutilum dwarf St. Johnswort HYPMUT FACW
Impatiens capensis jewelweed IMPCAP FACW
Ipomoea lacunosa whitestar IPOLAC FACW
Iris pseudacorus paleyellow iris IRIPSE OBL
Juncus acuminatus tapertip rush JUNACU OBL
Juncus canadensis Canadian rush JUNCAN OBL
Juncus diffusissimus slimpod rush JUNDIF FACW
Juncus effusus common rush JUNEFF FACW+
Juncus marginatus grassleaf rush JUNMAR FACW
Juncus tenuis poverty rush JUNTEN FAC-
Juncus torreyi Torrey's rush JUNTOR FACW
Kyllinga brevifolia shortleaf spikesedge KYLBRE FACW
Leersia oryzoides rice cutgrass LEEORY OBL
Lemna perpusilla minute duckweed LEMPER OBL
Leptochloa fusca ssp. fascicularis bearded sprangletop LEPFUS FACW
Lindernia dubia yellowseed false pimpernel LINDUB OBL
Ludwigia alternifolia seedbox LUDALT FACW+
Ludwigia decurrens wingleaf primrose-willow LUDDEC OBL
Ludwigia leptocarpa anglestem primrose-willow LUDLEP OBL
Ludwigia palustris marsh seedbox LUDPAL OBL
Ludwigia peploides ssp. glabrescens floating primrose-willow LUDPEP OBL
Lycopus americanus American water horehound LYCAME OBL
Lycopus rubellus taperlead water horehound LYCRUB OBL
Lycopus virginicus Virginia water horehound LYCVIR OBL
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Lythrum salicaria purple loosestrife LYTSAL FACW+
Mazus pumilus Japanese mazus MAZPUM FACU-
Microstegium vimineum Nepalese browntop MICVIM FAC
Mikania scandens climbing hempvine MIKSCA FACW-+
Mimulus alatus sharpwing monkeyflower MIMALS OBL
Appendix 1 (Cont.)
Plant Species Observed at Kingman
2000 through 2004
NWI
Species Common Name Acronym | Ind Status

Mimulus ringens Allegeny monkeyflower MIMRIN OBL
Mollugo verticillata green carpetweed MOLVER FAC
Murdannia keisak wartremoving herb MURKEI! OBL
Myosoton aquaticum giantchickweed MYOAQU FACW
Najas minor brittle waternymph NAJMIN OBL
Nuphar lutea yellow pond-lily NUPLUT OBL
Oxalis stricta woodssorrel OXASTR UPL
Panicum dichotomiflorum fall panicgrass PANDIC FACW-
Paulownia tomentosa princesstree PAUTOM UPL
Peltandra virginica green arrow arum PELVIR OBL
Penthorum sedoides ditch stonecrop PENSED OBL
Phalaris arundinacea reed canarygrass PHAARU FACW
Phragmites australis common reed PHRAUS FACW
Pilea pumila Canadian clearweed PILPUM FACW
Plantago rugelii blackseed plantain PLARUG FACU
Platanus occidentalis American sycamore PLAOCC FACW-
Pluchea odorata var. odorata sweetscent PLUODO OBL
Poa annua annual bluegrass POAANN FACU
Polygonum arifolium halberdleaf tearthumb POLARI OBL
Polygonum caespitosum oriental ladysthumb POLCAE FACU-
Polygonum hydropiper marshpepper knotweed POLHYD1 OBL
Polygonum hydropiperoides swamp smartweed POLHYD2 OBL
Polygonum lapathifolium curly knotweed POLLAP FACW+
Polygonum pensylvanicum Pennsylvania smartweed POLPEN FACW
Polygonum persicaria spotted ladysthumb POLPER FACW
Polygonum punctatum dotted smartweed POLPUN OBL
Polygonum sagitattum arrowleaf tearthumb POLSAG OBL
Pontedaria cordata pickerelweed PONCOR OBL
Populus deltoides eastern cottonwood POPDEL FAC
Portulaca oleracea little hogweed POROLE FAC
Potamogeton diversifolius ? waterthread pondweed POTDIV OBL
Ranunculus sceleratus cursed buttercup RANSCE OBL
Robinia pseudoacacia black locust ROBPSE FACU-
Rorippa palustris ssp. fernaldiana Fernald's yellowcress RORPAL OBL
Rumex crispus curly dock RUMCRI FACU
Rumex obtusifolius bitter dock RUMOBT FACU-
Rumex verticillatus swamp dock RUMVER OBL
Sagittaria latifolia broadleaf arrowhead SAGLAT OBL
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Salix nigra black willow SALNIG FACW+
Schoenoplectus fluviatilis river bulrush SCHFLU OBL
Schoenoplectus pungens common threesquare SCHPUN FACW+
Schoenoplectus tabernaemontani softstem bulrush SCHTAB OBL
Scirpus cyperinus woolgrass SCICYP FACW+
Scirpus polyphyllus leafy bulrush SCIPOL OBL
Scutellaria lateriflora blue skullcap SCULAT FACW+
Appendix 1 (Cont.)
Plant Species Observed at Kingman
2000 through 2004
NWI
Species Common Name Acronym | Ind Status

Setaria parviflora marsh bristlegrass SETPAR FAC
Sium suave hemlock waterparsnip SIUSUA OBL
Solanum nigrum black nightshade SOLNIG
Sonchus asper spiny sowthistle SONASP FAC
Spirodela polyrrhiza common duckmeat SPIPOL OBL
Symphyotrichum dumosum var. dumosum rice button aster SYMDUM FAC
Taraxacum officinale common dandelion TARQFF FACU-
Trifolium repens white clover TRIREP FACU-
Typha angustifolia narrowleaf cattail TYPANG OBL
Typha x glauca TYPGLA OBL
Typha latifolia broadleaf cattail TYPLAT OBL
Ulmus rubra slippery elm ULMRUB FAC
Verbena hastata swamp verbena VERHAS FACW+
Veronica peregrina neckweed VERPER FACU-
Zizania aquatica annual wildrice ZIZAQU OBL
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Part 2: SOILS

Andrew H. Baldwin and Kelly Phyillaier Neff
Department of Biological Resources Engineering
1423 Animal Science Building
University of Maryland
College Park, Maryland, USA 20742

Introduction

Soils were investigated to provide a context for understanding vegetation development as
well as to examine development of soils in Kingman Marsh relative to other restored and natural
marshes. Soil samples were collected in 2000 and 2001 at Kingman Marsh, Kenilworth Marsh,
Dueling Creek, and Patuxent. Additional work concerning the impact of flooding on wetland
soils from a beaver impoundment may be found in Kristin Rusello’s M.S. Thesis (Rusello, K.
2005), as well as freshwater tidal wetland soil development in the Anacostia in Stephanie
Kassner’s M.S. Thesis (Kassner, S. L., 2001).

Methods

Soil samples were collected in mid-August of 2000 and 2001 from all transects. Samples
were taken at 5, 10, and 15 meters along each transect in, 2000 and at 7.5, 12.5, and 17.5 meters
in, 2001 (to avoid sampling the exact same location twice). Samples were taken from depths of
0-7.5 cm, 7.5-15 cm, and 15-30 cm and combined to form a composite sample for each of the
three depths along the transect. Soil samples were analyzed for organic matter, total nitrogen,
total carbon, total sulfur, total phosphorus, and texture. Additionally, samples from, 2000 at a
depth of 0-7.5 cm were analyzed for cadmium, copper, chromium, lead, nickel, and zinc. In
August, 2000 and, 2001, we measured soil water pH for each transect and soil redox potential
(Ep) in each sector.

Since the measured values at the different soil depths were similar, we combined soil
depths for analysis (Neff, 2002). We used RMANOVA to determine differences among sites and
years for sand, silt, clay, organic matter, total nitrogen, phosphorus, total sulfur, total carbon,
redox potential, and pH. We used ANOVA to determine differences among sites for cadmium,
chromium, copper, lead, nickel, and zinc.

Results

Soil characteristics did not change much between 2000 and 2001, so values for 2001 are
not shown but can be found in Neff (2002). Soils at Kingman consisted of significantly less clay
than the natural sites Dueling Creek and Patuxent, but were similar to those from Kenilworth
(Table 1). The soil parameters organic matter, total carbon, total nitrogen, and total phosphorus
were significantly higher at Patuxent than the urban sites. There were no significant differences
in metal concentrations between the sites with the exception of cadmium, which was
significantly higher at Patuxent.
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Discussion

Kingman and Kenilworth had soils of coarser texture than the natural sites that may limit
germination and growth of certain species. The other measured soil properties at all three urban
sites were similar to each other, but quite different from the natural rural site. This was
unexpected because restored wetland soils are would be expected to differ from reference
wetland soils, but in this case it seems that landscape setting was an important factor in soil
structure and apparently limited organic matter (3-5%) at the Dueling reference site (Kassner,
S.L. 2001). Wetland soils take considerable time to develop fully. Organic matter accumulation
may especially take time as freshly deposited organic matter may be prone to oxidation in a
newly established wetland. Thus while it is important to have a grasp on the baseline condition
of newly established wetland soils, one might not rely on them much as a functional indicator in
relatively short term studies such as these. Thus, the Anacostia wetland soils possessed
expectable qualities, especially for more urban, disturbed locations. The wetland soils at the
Patuxent site, especially with respect to the elevated organic matter (nearly 50%), reflect a long
established, undisturbed location that has existed under anaerobic conditions.
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Table 1. Soil variables at restored (Kingman, Kenilworth) and natural wetlands
(Dueling, Patuxent) in, 2000. Values are mean®", averaged across depth, with
the exception of lead, which is mean yc;, 1 cp - Different letter denote significant
difference between sites (Tukey-Kramer test).
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2000
Parameter Kingman Kenilworth Dueling  Patuxent
Sand (%) 49.146 45,130 240104 35673
Silt (%) 34.4%% 36.84% 42953 3068
Clay (%) 164%b  18.2°%ab  33.1%%  36.3%la
Total Carbon (%) 2.7%% 3.1 32 14123
Organic Matter (%) 52p 6.4%% 68%%  21.9%7a
Total Nitrogen (%) 0.13% 016"  021°%  1.09%°%a
Total Phosphorus (mg/kg) 5862  590'*b  703%%  2263*°a
TN:TP 2.14%%p  231%  286%°°b  5.67%%a
Total Sulphur (%) 0.12°5p  0.17%%ab  0.13%%%ab  1.07°%a
Cadmium (mg/kg) 331%%  2.60%p  4.01%%p  8.12%%4
Chromium (mg/kg) 63.3%° 62.6'¢ 74284 493864
Copper (mg/kg) 45948 47.4% 51.4'"° 297115
Nickel (mg/kg) 35,936 35.48%! 45,651 37.6%°
Lead (mg/kg) 738, 56 101263, 64 14.;].66, 78 516()4, 30
Zinc (mg/kg) 2417% 2394 259 20952

pH 697%%  641%%b 6.19%%a  6.15%%a
Redox (mV) 120%ab  136*'ab  202%%a 37%%p
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Part III SEED DISPERSAL

Andrew H. Baldwin and Kelly Phyillaier Neff
Department of Biological Resources Engineering
1423 Animal Science Building
University of Maryland
College Park, Maryland, USA 20742

Abstract;

Although seed dispersal is assumed to be a major factor determining plant community
development in restored wetlands, little research exists on density and species richness of seed
available through dispersal in these systems. We measured composition and seed dispersal rates
at a restored tidal freshwater marsh in Washington, DC, USA by collecting seed dispersing
through water and wind. Seed dispersal by water was measured using two methods of seed
collection: (1) stationary traps composed of coconut fiber mat along an elevation gradient
bracketing the tidal range and (2) a floating surface trawl net attached to a boat. To estimate wind
dispersal rates, we collected seed from stationary traps composed of coconut fiber mat positioned
above marsh vegetation. We also collected a small number of samples of debris deposited along
high tide lines (drift lines) and feces of Canada Goose to explore their seed content. We used the
seedling emergence method to determine seed density in all samples, which involved placing the
fiber mats or sample material on top of potting soil in a greenhouse misting room and
enumerating emerging seedlings. Seedlings from a total of 125 plant species emerged during this
study (including 82 in river trawls, 89 in stationary water traps, 21 in drift lines, 39 in wind traps,
and 10 in goose feces). The most abundant taxa included Bidens frondosa, Boehmeria cylindrica,
Cyperus spp., Eclipta prostrata, and Ludwigia palustris. Total seedling density was significantly
greater for the stationary water traps (212+30.6 seeds/m”*/month) than the equal-sized stationary
wind traps (18+6.0 seeds/m*/month). Lower-bound estimates of total species richness based on
the non-parametric Chao 2 asymptotic estimators were greater for seeds in water (106+1.4 for
stationary water traps and 104+5.5 for trawl samples) than for wind (54+6.4). Our results
indicate that water is the primary source of seeds dispersing to the site and that a species-rich
pool of dispersing propagules is present, an interesting result given the urbanized nature of the
surrounding landscape. However, species composition of dispersing seeds differed from
vegetation of restored and natural tidal freshwater marshes, indicating that planting is necessary
for certain species. At other restoration sites, information on densities of dispersing seeds can
support decisions on which species to plant.

Introduction
Seed dispersal studies can describe the species composition and density of propagules

available for regeneration of vegetation in restored sites, thereby informing decisions on the
necessity or species of plantings. While wetland species can be dispersed by more than one
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mechanism, water dispersal is the primary method of seed dispersal in many wetland systems,
where seeds and fruits can float for extended periods.

Seed dispersal may be of critical importance in the natural reassembly of a diverse plant
community in restored wetlands. Numerous volunteer species established shortly after
restoration of Kenilworth Marsh in Washington, DC, USA, where dredge material from an
adjacent river was used to raise sediment elevations (Syphax and Hammerschlag 1995). Based
on a seedling emergence assay, seeds probably were dispersed to the site rather than residing in
dredge material (Baldwin and DeRico 2000). While natural revegetation of several kinds of -
restored wetlands via colonization has been documented (Middleton 1999), data regarding the
densities and species of naturally dispersing seeds necessary to predict the volunteers that will
colonize a site are not available.

Our initial objective for this study was to evaluate the composition of seeds dispersing via
water and wind into Kingman Marsh (Figure 1). We hypothesized that water dispersal would be
a more important dispersal pathway than wind, given the tidal hydrologic connection of the
restored wetland to the Anacostia River and the reported predominance of water dispersal for
wetland plants. To accomplish this objective, we designed and used stationary water and wind
traps and a floating seed trawl net to collect seeds at and near the site. During our site visits, we
also observed drift lines and goose feces and collected a small number of samples of these
materials to explore their seed content.

Methods
Seed Collections

Water Surface Trawling. We trawled for seeds along the surface of the Anacostia River in
November 2000, early April 2001, and early June 2001. This sampling period began after seed
production in 2000 was complete and extended until after the period of maximum seedling
recruitment in tidal freshwater marshes of the mid-Atlantic region (early spring). We designed a
seed trawling sampler that was built according to our specifications by Wildlife Supply
Company (Saginaw, MI). Specifically, this sampler had a 600 um Nitex® mesh net (with an
opening of 40.9 cm width x 25.6 cm height) that funneled seeds into a Dolphin™ bucket (with a
582-um stainless steel mesh), allowing river water to flow through the net and deposit seeds and
small debris into the bucket and the net (Figure 2). Two floats were attached to the sides of the
net and one float to the Dolphin bucket to allow the top of the net to float about 7.6 cm above the
water surface. The net was attached by a rope to a perforated metal beam, allowing the trap to
float about 0.6 m from the side of our boat. The trap was dragged along the front side of the boat,
ahead of the wake, at a motoring speed of 2.7-2.9 km/hr. When the Dolphin bucket was full,
debris and seeds from the net and Dolphin bucket were scraped and rinsed into a plastic
container. Coarse material such as twigs, leaves, trash, and rhizomes was rinsed over the trawl
net in the field to remove seeds and discarded. Trawl distance was determined by GPS (12 Map,
Garmin, Olathe, KS).

We sampled multiple locations each time we trawled. On the Anacostia River, we
collected samples along three trawl transects. One location extended upstream from the northern
inlet of Kingman Marsh (Figure 1) to the inlet of Kenilworth Marsh, another restored tidal
freshwater marsh (= 773 m), a second began at the Kenilworth inlet and extended to the mouth of
Dueling Creek, which has a small natural tidal freshwater marsh adjacent to it (= 1175 m), and a
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third extended upstream from Dueling Creek to a boat ramp at Bladensburg Historic Waterfront
Park (= 869 m). Additionally, we collected samples along one trawl transect in a deep water area
of Kenilworth Marsh (= 508 m) and another transect in Dueling Creek adjacent to a natural
marsh (=208 m).

The density and species composition of seeds from the trawl samples was determined
using the seedling emergence technique. Material from trawl samples was spread on top of 3.5
cm of moist potting soil in 25.4 x 50.8 cm plastic pans with perforations on the bottom to allow
for drainage. The pans were then placed on a greenhouse misting bench along with randomly
placed control pans containing potting soil. Samples from November 2000 and April 2001 were
placed in the greenhouse in April 2001. The November samples were stored at 4 C until April for
stratification. Samples from June 2001 were placed unstratified in the greenhouse in June 2001.
For seven months, we periodically counted and removed seedlings that could be taxonomically
identified and transplanted and grew unknown seedlings until they could be identified.

The seedling emergence method is effective in determining the species composition of
viable seeds buried in wetland soils (Poiani and Johnson 1988, Gross 1990). Based on past
results of seed bank emergence studies in the same region in which few species germinated only
in flooded treatments (Baldwin and DeRico 2000), we did not conduct an inundated treatment in
the greenhouse.

Stationary Water Traps. As another method for characterizing the seed entering Kingman Marsh
through water dispersal, we collected seeds using stationary water traps during three periods,
October 1999 - May 2000, November 2000 - April 2001, and April 2001 - June 2001. These time
periods roughly span the time between completion of seed production in one year and initiation
of seed germination in the subsequent year. Traps were attached to the supports of a golf cart
bridge at Kingman Marsh at the north surface hydrologic connection to the Anacostia River
(Figure 1). Three traps were facing the Anacostia River and three traps were facing Kingman
Marsh to intercept seeds from both inflowing and outflowing tides. Each trap had four seed
collectors, A, B, C, and D, each positioned at a different height (Figure 3). The intent was for the
collectors to receive water inputs from the tidal range of low to high tide, with the lowest
collector (D) being inundated by water during most of the tidal cycle and the highest collector
(A) receiving tidal water input only during extreme high tides.

Each stationary seed trap was constructed by first attaching a 132 x 3.8 x 19.1 cm plank
of pressure-treated wood to one of the six bridge supports to form the base. Four seed collectors
were constructed by attaching four 46.5-cm-long planks of pressure treated wood perpendicular
to the base, and attaching to each of these at a 30-degree angle from horizontal a 25.4 x 55.8 cm
plate of 2-mm-thick aluminum sheet metal, with two 10.2 x 15.2 cm rectangular holes cut out to
allow for percolation of water. The 2.5-cm-wide section at each narrow end of the sheet metal
was bent upward so that the ends of the sheet metal rested flat against the wooden base and
support; screws were then used to attached the sheet metal to the wood. On top of the sheet
metal, two 25.4 x 50.8 cm coconut fiber mats (CF Mats, BonTerra, America, Inc., Genesee, ID)
were attached with plastic electrical cable ties. The bottom mat was a 0.7-cm-thick coconut
fabric held together by plastic netting, and the top mat was a 0.7-cm-thick coconut fabric within
a plastic reinforcement structure. This plastic structure created an undulating or terraced effect to
slow water runoff and increase the likelihood of seeds getting caught in the fabric. We used
coconut mats to allow water to infiltrate through and trap seeds, therefore reducing seed losses
by water runoff, as well as providing a substrate for seed germination after removal.
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For the first sample period (October 1999 — May 2000), we used a slightly different
design than that for the second and third sample periods. This first design (installed by Rebecca
Stack, University of Maryland) had coconut fiber seed collectors of the same size but a different
type of coconut fiber mat, Bog Mat (BonTerra America, Inc., Genesee, ID), which is no longer
available. This first design, which was built from thinner planks of wood and no metal, also
proved to be too weak in structure for the high-energy system, based on the loss of eight of a
total of 24 seed collectors by the end of the sample period (missing traps were from heights B-D;
no level A collectors were missing). In contrast, no collectors were missing from the improved
traps (made partially of sheet metal and installed in November 2000) during the remaining
sampling periods. Previously, we had used the floating bucket trap design of Middleton (1995)
but found that the trap tether lines became tangled due to changes in water flow direction during
each tidal cycle, and the bucket liners quickly tore, possibly due to the tidal energy and extensive
floating trash and organic debris in this system; for additional details on trap development, see
Neff (2002).

We collected mats from the original traps in May 2000 (after seven months of exposure).
After installing the stronger traps in November 2000, we collected and replaced their coconut
mats in early April 2001 (after five months of exposure) and then collected the coconut mats in
early June 2001 (after two months of exposure). All of the collected mats were placed directly on
top of moist potting soil in 25.4 x 50.8 cm plastic pans with perforations on the bottom to allow
for drainage and subjected to the emergence method for seven months on a greenhouse misting
bench as described for trawl samples. Samples from the 2000 collection were placed in the
greenhouse in May 2000, and samples from 2001 were put in the greenhouse in April 2001 and
June 2001, depending on collection date.

Drift Line Samples. After the majority of dredged sediment was placed in the wetland, we
observed deposition of pockets of coarse organic debris at the upper tidal limits (drift lines;
Bakker et al. 2002). To examine which species and relative contributions of seeds could be
measured from this material, we collected four drift line samples within Kingman Marsh in early
May 2000 (after sediment placement but prior to planting and natural establishment of
vegetation). We recognize that we collected fewer samples than those collected in other studies
but wanted to explore the utility of drift line sampling as a cost-effective method. Samples were
collected at haphazardly chosen locations where debris had accumulated by scraping off seeds
and debris from the upper 1 cm of the soil surface using a plastic scoop with a rectangular
opening to a volume of approximately 500 cm’ (surface area = 0.05 m?). All samples were stored
at 4°C until processed. Coarse material such as sticks, leaves, trash, living roots, rhizomes, or
other obviously vegetative material was rinsed with distilled water over the sample to remove
any seeds and then discarded. Each sample was spread over 3.5 cm of potting soil in 25.4 x 50.8
cm plastic pans and subjected to the emergence method as described previously. Seeds in the
samples were allowed to germinate for seven months, with sediment in the pans remaining moist
but not inundated.

Stationary Wind Traps. We collected seeds via wind traps during two periods. We set up six
wind seed traps in November 2000, two on the Anacostia River (one on the west side of the river
at the northern end of Kingman and the other on the east side of the river at the southern end),
and four in the restored portion of Kingman Marsh (Figure 1). Each trap had two sheet metal
collectors (similar to those described for the stationary water traps) welded onto a metal frame
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attached to two perforated metal beams driven into the ground (Figure 4). Like the stationary
water traps, these seed collectors each had two 10.2 x 15.2 cm holes for drainage and four 0.7 cm
holes for attaching the coconut mats. These collectors were set about 2.4 m above the ground to
minimize seed deposition from adjacent vegetation. As for the water traps, two coconut mats
were attached to each collector using plastic cable ties. The intention was for rain to percolate
through these mats, reducing seed losses from water runoff. To direct airborne seeds onto the
traps, we welded a 25.4 x 25.4 cm cross-shaped wind deflector on top of the trap.

The traps were positioned to face the prevailing wind directions in the area, 320° and
140°, as reported by the National Weather Service. These coconut mats were installed in
November 2000, collected and replaced in early April 2001 (after five months exposure), and
collected again in early June 2001 (after two months exposure). Seedling emergence on these
coconut mats was monitored for seven months as described previously. Birds, especially Red-
winged Blackbirds (Agelaius phoeniceus Linnaeus), were seen perching on the wind traps, and
bird droppings were observed on their coconut mats. Therefore, these wind traps also collected
any seed remaining viable after excretion from the bird’s gut and seed from their feathers and
feet, as well as wind-dispersed seed (this limitation of wind traps has been noted elsewhere;
Kollmann and Goetze 1998).

Goose Feces Samples. Five total Canada Goose (Branta canadensis Linnacus) feces samples,
each comprising two fecal cylinders, were collected between Fall 2000 and Spring 2001 to
explore the utility of goose feces sampling as a seed dispersal monitoring tool for tidal
freshwater wetlands. These samples were stored at 4 C until processing. In April 2001, they were
spread into a thin layer onto 3.5 cm of moist vermiculite in aluminum pans (15.6 x 21.8 cm
surface area, 5.1 cm depth) with perforations on the bottom to allow drainage and placed
randomly with the other seed samples on the greenhouse misting bench. The emergence method
was conducted for seven months on these samples.

Data Analyses

Species composition data were summarized by calculating arithmetic mean and standard
error (SE) of number of seedlings emerging from samples. For conciseness, we present mean and
SE only for the five most abundant species from each sampling technique, with the addition of
Lythrum salicaria L. and Phragmites australis (Cav.) Trin. ex Steud., two species of particular
interest to environmental managers. Also calculated were mean and SE of seedling density (total
number of seedlings per sample), species density (equivalent to number of species per sample (or
area of sample), and species richness per sample (Simpson 1964, Gotelli and Colwell 2001)). For
all sample types except goose feces, we calculated area-adjusted density (seedling density
divided by sample surface area, expressed as seedlings/m?), and for stationary water and wind
traps, we calculated and time- and area-adjusted density (density divided by sample surface area
and duration of deployment, expressed as seedlings/m*/month). Data from the trawl samples in
open water areas adjacent to Dueling Creek Marsh and Kenilworth Marsh, referred to hereafter
as “Offsite Wetland” trawl samples, were separated from trawl samples collected along the main
stem of the Anacostia River to see if seed densities were greater near other wetlands (i.e., the
wetlands were seed sources) and because we thought the Anacostia River samples would be
more representative of the composition of seeds actually entering the Kingman site. For the
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Anacostia River trawling samples, we used repeated measures Analysis of Variance (ANOVA)
to determine differences between months for area-adjusted seedling density (seedlings/m?,
calculated from width of trawl net and distance trawled). Data from stationary water and wind
traps were log;o(x+1)-transformed to meet assumptions of ANOVA, which was used to compare
the two methods for the November 2000 — April 2001 and April 2001 — June 2001 periods
combined. Since the top collector of the stationary water traps (height A) likely collected wind as
well as water dispersed seeds, data from collectors at this height were separated from collectors
B, C, and D data for analysis. There was no significant difference in seed density or species
density of seeds between collectors B, C, or D, so the data from these three collectors were
combined.

Because of the wide range in numbers of individuals collected using the various methods,
direct comparisons of species density and total number of species between the various pathways
and sampling methods are difficult. This is because the number of species observed often
increases with an increasing number of individuals sampled (Gotelli and Colwell 2001). As a
means of improving comparisons between the various sampling techniques, we calculated
sample-based rarefaction curves using EstimateS 5.0.1 (Colwell 1997). Rarefaction curves are
created by repeatedly determining richness for random samples of individuals from the data.
These curves allow for comparisons of species richness at specific numbers of individuals, which
may be more appropriate in many situations than comparing species density between samples
having different numbers of individuals (Colwell and Coddington 1994, Gotelli and Colwell
2001).

- Richness estimation and rarefaction analyses were performed for Anacostia River trawl
samples, stationary water trap collectors B, C, and D combined, wind traps, and drift line and
goose feces samples. We acknowledge that the various sampling techniques we used necessarily
differed in mechanism and level of effort and thus may have over- or under-represented certain
species (Gotelli and Colwell 2001). However, we also believe it is more meaningful to use
rarefaction curves to compare richness of different sampling techniques than to use the species
density data (Gotelli and Colwell 2000), which are strongly dependent on densities of individuals
observed and, hence, level of sampling effort. As another means of comparing between different
sampling techniques, we estimated “S,” the total number of species in the sampled community,
using non-parametric asymptotic species richness estimators for the stationary wind and water
traps and the trawl samples in EstimateS (estimators used were Chao 1 (Chao 1984), Chao 2
(Chao 1987), and Jackknife 1 and Jackknife 2 (Burnham and Overton 1978, 1979), reviewed by
Colwell and Coddington (1994)). We used multiple species richness estimators because the
individual estimators may or may not reach asymptotes, depending on the data set.

Plant nomenclature follows the USDA PLANTS database (USDA, NRCS 2001) and
taxonomy was determined according to Brown and Brown (1984, 1992). Identification was to
species level, with the exception of Typha spp. (which did not flower in the greenhouse), sedges
that did not flower or were not identifiable based on vegetative morphology (there were
identified as Cyperaceae), and dicot seedlings that never flowered or died before they grew large
enough to identify (these were identified as dicotyledons (Class Magnoliopsida)). Hereafter,
seedlings at all taxonomic levels are referred to as “species” for simplicity.
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Results

We found a total of 125 species using the various dispersal sampling methods, with the
most species (80-90) and greatest total number of emerging seedlings (1,900-3,700) occurring in
the Anacostia River trawl samples and the lower levels of the stationary water traps (Table 1).
Species density (number of species per sample) and seedling density (number of seedlings
emerging per sample) were greatest in the trawl samples, intermediate in the stationary water and
drift line samples, and lowest in the wind and goose feces samples. However, the sample types
varied widely in the number of samples collected (4-46), surface area of samples (0.05-384 m %,
and duration of sample collection (ranging from instantaneous grab sampling to 7 months).

Adjustment of seedling emergence for area revealed that the greatest densities of
emerging seedhngs on an areal basis were present in the drift line samples (about 1500
seedhngs/m ). Time- and area-adjusted seedling density and species density were significantly
greater for stationary water traps (about 210 seedlings/m*/month and 14 species/sample) than
wind traps (about 18 seedlings/m*/month and 2 species/sample) for November 2000 through
June 2001 (F;,53=88.7, P<0.0001 and F; 5s=123.8, P<0.0001 respectlvely) There were no
significant differences between months for seedling density (seedhngs/m ) of trawl samples
along the river or for seedling density of stationary water traps facing Kingman Marsh compared
to those facing the Anacostia River (P>0.05). The trawling samples collected more individuals
per sample than any other method, although density was lower than in samples using the other
methods when expressed on an areal basis (Table 1). Additionally, the area-adjusted seedling
density of Offsite Wetland trawl samples was about four times that of the Anacostia River trawl
samples, suggesting that these wetlands are potential seed sources for downstream wetlands.

Of the most abundant species, Cyperus odoratus, Ludwigia palustris, and unknown dicot
seedlings were widespread in the environment, occurring in samples from all sample types
(Table 1). Additionally, Bidens frondosa, Boehmeria cylindrica, unknown Cyperaceae, Cyperus
erythrorhizos, and Eclipta prostrata occurred in all sample types except for goose feces.
Schoenoplectus fluviatilis occurred in all sample types except drift line and was the most
abundant species in goose samples. While not among the five most abundant species in any
sample type, the non-native invasive Lythrum salicaria (purple loosestrife) occurred in wind and
water traps and trawl samples, and two seedlings of the invasive grass Phragmites australis
occurred in one Offsite Wetland trawl sample.

Despite the occurrence of these species in most or all sampled dispersal pathways, there
was considerable variability in abundance of seeds between sample types. For example,
Boehmeria cylindrica, Leersia oryzoides, Ludwigia palustris, Pilea pumila, and Typha spp. were
much more abundant in the trawl samples than in the stationary water traps (Table 1).
Additionally, these species occurred at their greatest abundance in the Offsite Wetland trawl
samples. The distributions of these species contrast with those of Cyperus erythrorhizos and
Bidens frondosa, which were most abundant in stationary water traps (heights B-D), and
unknown Cyperaceae, Juncus effusus, Lindernia dubia, and Ulmus rubra, which were most
abundant in drift line samples. Celastrus scandens occurred primarily in stationary wind trap
samples and height A of the stationary water traps, suggesting it was primarily wind- or bird-
dispersed.

While the total number of species observed was greatest in trawl and water trap samples,
rarefaction analysis indicated that, at 20 individuals, the goose feces species richness was greater
than that of the other dispersal methods (Table 2). This means that, even though few seedlings
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were identified in a low number of goose feces samples (Table 1), the species richness of those
individual seedlings was greater than would be expected at similar numbers of individuals
sampled using the other methods. Similarly, when comparing the remaining methods at a larger
number of individuals (up to 250), drift-line samples had the largest number of species for a
given number of individuals. The lower stationary water traps (heights B-D), the seed dispersal
method with the largest number of discovered individuals and most samples (Table 1) had
estimated total richness reaching an asymptote for estimators Chao 1 (111+1.8 species), Chao 2
(106+1.4), and Jackknife 2 (121; no variance equation developed for this estimator). This
suggests that if we continued to sample using this method until we collected every possible seed
species, the total number of seed species would be at least 105-120 (for a review of species
richness estimators, see Colwell and Coddington 1994). For the other sampling methods, Chao 2
was the only estimator reaching an asymptote, and this estimate could only be made for trawl
samples and wind traps, with the drift line and goose feces methods having too few samples to
reach asymptotes (Table 2). Comparing the number of species observed (Table 1) with the Chao
2 estimates indicates that the percent of the total species pool we collected was 79% for river
trawling, 84% for stationary water traps, and 72% for wind traps.

Discussion
Relative Importance of Dispersal Pathways

Water dispersal was the predominant seed dispersal pathway in the environment of the
Kingman Marsh site, a finding consistent with Middleton (1995). Stationary water traps had an
order of magnitude greater seedling density and more than twice the species density and total
number of species than wind traps. Similarly, species richness estimators of stationary water and
wind trap data indicate that the pool of species dispersing via water was about twice that of
wind-dispersed species. Even though total seed densities expressed on an area basis were much
lower in trawling samples than for stationary water trap samples, similar numbers of species
were found in both, further demonstrating the importance of hydrochory in establishing and
maintaining diversity. Drift line samples, while few in number, had the greatest area-adjusted
seedling emergence densities, providing additional evidence of prolific water dispersal. The few
goose feces samples we collected are insufficient to characterize the importance of this pathway
relative to wind and water dispersal, but our results suggest that this is an important pathway for
some species.

The species composition of dispersed seeds differed from that of the vegetation at the
restored Kingman Marsh and at natural tidal freshwater wetlands of the mid-Atlantic U.S. coast.
For example, several of the important annuals we observed occur in natural tidal freshwater
marshes (e.g., Bidens frondosa, Cyperus odoratus, Lindernia dubia, and Pilea pumila), but seeds
of other annuals common in vegetation of tidal freshwater marshes were rare in or absent from
our dispersal samples (e.g., Amaranthus cannabinus (L.) Sauer, Bidens laevis (L.) B.S.P.,
Impatiens capensis Meerb., and Polygonum arifolium L. Similarly, we observed dispersing seeds
of Boehmeria cylindrica, Leersia oryzoides, and Schoenoplectus fluviatilis, perennial species of
natural tidal freshwater marshes, but seeds of other common marsh perennials, such as Acorus
calamus, Peltandra virginica, Pontederia cordata, Sagittaria latifolia, and Schoenoplectus
tabernaemontani, were rare in or absent from our samples.
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Implications for Wetland Restoration

Species that are absent or rare in seed dispersal pathways are potential candidates for
reintroduction. Conversely, those that are prolific colonizers need not be planted. For example, at
the Kenilworth Marsh restoration site mentioned in the Introduction, Leersia oryzoides was
planted at considerable cost but after construction was observed to be a prolific colonizer
(Syphax and Hammerschlag 1995). Our results show that Leersia is dispersed via water on the
Anacostia River, a finding that, had it been available at the time, would likely have eliminated
Leersia from the planting list for Kenilworth. Seed dispersal studies can also provide advance
warning of potential colonization by non-native or invasive species. For example, we observed
water- and wind-dispersed seeds of Lythrum salicaria, which colonized the Kingman Marsh site
even before planting was completed.

While sampling of seed dispersal pathways may describe the pool of propagules available
for colonization at restored sites, the species that actually become established will be constrained
by the availability of sites suitable for germination, seedling establishment, and growth. In
particular, factors such as flooding and animal disturbance can inhibit seedling recruitment in
restored and natural tidal freshwater marshes (Neff 2002). In the case of our drift line samples,
for example, the abundance of seeds does not mean that plants will become established at that
location. Therefore, the pool of seeds dispersing via wind, water, and animals is an indicator of
the propagules available for colonization but not a determinant of species that will ultimately
colonize. At the Kingman Marsh site, hydrology and animal activity are important determinants
of vegetation establishment from dispersing seeds (Neff 2002)
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Table 1. Densities of the top five most abundant species emerging from each of seven seed dispersal sample types. The five highest
values for each technique are given in boldface type. Also shown are results for Lythrum salicaria and Phragmites australis. Values
are arithmetic mean®® of number of seedlings emerging from samples in a greenhouse. At the bottom of the table are parameters
relating to diversity (species density, total number of species) and sampling effort (seedling density, sample number and area, time and
area adjustments to seedling density, and total number of seedlings).

Species Trawl Stationary water trap Drift line  Stationary Goose
AnacostiaRiver Offsite Heights Height A wind trap feces
Wetlands B-D (top)

Bidens frondosa L. 43130 5 5065 4.6%7 19963 1.0%58 0.04904 )
Boehmeria cylindrica (L.) Sw. 79,8269 97,3348 10.0142 8,722 8.5561 0.5046 i
Celastrus scandens L. 0.1%!! i i 0604 - 0.302 )
Cyperaceae 3 166 43359 20083 1.1079 5.3206 0.04%%4 }
Cyperus erythrorhizos Muhl. 6.9 3 0%% 32.5567 2.8126 0.3025 1.9088 }
Cyperus odoratus L. 10.124 33144 71105 5.8087 3.0147 0.9%39 0.4%40
Eclipta prostrata (L.) L. 6.81.74 g 5484 34042 5 4065 1.5087 02017
Juncus effusus L. i ) 0.6%52 ) 4.0%% 0.202!1
Leersia oryzoides (L.) Sw. 2 4058 18,3127 0.3008 0.20:09 0.5050

(continued)

88



NN N NN N N NV W A VRV Y Y Y W W I A RN D S S D R S )

Table 1 (continued).

Species Trawl Stationary water trap Drift line  Stationary Goose

Anacostia  Offsite Heights Height A wind trap feces
River Wetlands B-D (top)
Lindernia dubia (L.) Pennell 0.1 i 0.2011 i 14,0140 02020
Ludwigia palustris (L.) ElL 2161018 7,566 30060 03011 1.0°7! 0.6°% 0.402%
Lythrum salicaria L. 03024 1,802 0.70:46 ) 0.50% 0,040 i
Morus alba L. 24.41688 ) 0.3010 0.7032 3 0.1099 )
Phragmites australis (Cav.) Trin. ex
Steud. ) 0.5050 ) ) i} . .
Pilea pumila (L.) Gray 09026 11.81010 0.1%05 ) ) ) }
Rorippa palustris (L.) Bess ssp.
Fernaldiana (Butters & Abbe) Jonsell
5 ol7 0.3025 0.2097 0.402 ) ) 1.2120

Schoenoplectus fluviatilis (Tarr.) M.T.
Strong 0.9%42 3 0212 1.0030 0.2017 ) 0.04%%4 1.4140
Typha spp. 4 733 15.01401 0.0202 ) ) ) .
Ulmus rubra Muhl. ) ) 0.4014 0.3014 1131059 ) }
Unknown Dicot 0,993 0.8025 0,309 0.4012 1,807 0.199 0.4040
(continued)
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Table 1 (continued).

Species Trawl Stationary water trap Drift line  Stationary Goose
Anacostia  Offsite Heights Height A wind trap feces
River Wetlands B-D (top)
Species density (species/sample) 27 0> 28 034 13,7971 10314 15.5222 5.1040 5 4040
Seedling density (seedlings/sample)
21643360 9gg 59945 80,2698 39 5625 7482427 5 6157 5 9156
2
Sample area () 3841240 146.7°5% 0.129 0.129 0.05 0.129 -
Area—adjustegl seedling density
(seedlings/m”) 0.59 10 5 99077 622.0°%12  2571.0%42 1495 (%541 43 61215 )
Time- and area-adjuszted seedling i i i i
density (seedlings/m“/month) 12,3305 g5 2030 18,3603
Total seedlings 1948 1158 3691 585 299 135 26
Total number of species 22 57 29 55 21 39 10
Total number of samples 9 4 46 18 4 24 5
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Table 2. Comparisons of species richness at same numbers of individuals based on rarefaction curves for all sampling methods. Also
shown is S, the Chao 2 estimator of total number of species, = SE. Stationary water samples do not include level A (top level); trawl
samples do not include “Offsite Wetland” samples. — = insufficient number of individuals to compare richness using rarefaction
curves. * = species richness estimator did not reach an asymptote.

Sampling Method
Individuals Water Trawl Drift line Wind Goose
(stationary)

20 3.5 2.2 4.3 5.6 9.2
125 17 13.6 24 21 —
250 254 25 373 — —
1500 68 65.9 — — —
3000 86 — —_ — —
Chao 2 “S” 106+1.4 104+5.5 * 54+6.4 *
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Part IV SEED BANK

Andrew H. Baldwin, Kelly Phyillaier Neff, and Kristen Rusello
Department of Biological Resources Engineering
1423 Animal Science Building
University of Maryland
College Park, Maryland, USA 20742

Abstract

Seed banks play a key role in the establishment and maintenance of vegetation in
many wetlands, but studies of seed bank development have rarely been included in
evaluations of wetland restoration success. We compared the seed bank of a recently
restored tidal freshwater marsh in Washington, DC (Kingman Marsh) with seed banks
of three other tidal freshwater marshes (the 7-year old Kenilworth restored urban
marsh, and two “natural” marshes, one urban and one relatively rural). Kingman
Marsh was restored in 2000 by increasing sediment elevations using river dredge
material and planting. We collected soil samples for seed bank assay using the
emergence method in 2000 (after sediment placement but before planting), 2001 and
2003. Kingman rapidly colonized between 2000 and 2001. By 2003, Kingman was
similar to each of the other marshes with regards to emerged seedlings, taxa density,
and evenness. In 2000, Kingman contained an average of 2 species/pan; in 2003,
there were approximately 10 species/pan. The evenness at Kingman in 2003 was
0.67. This was less than the evenness of the two natural marshes, but higher than the
other restored marsh. Based on Sgrenson’s Similarity Index for species composition,
Kingman was most similar to the other restored marsh in 2001 and 2003. It is,
however, becoming more similar to the natural marshes with time. In 2003, six of the
top ten dominant species at Kingman were also found in at least one of the two
natural marshes and included: Cyperus spp., Juncus effusus, Ludwigia palustris,
Lythrum salicaria, Rorippa palustris, and Typha sp. Seed banks of both of the
restored sites contained few or no seeds of several important species at the natural
sites, including Polygonum sagittatum, Polygonum punctatum, and Pilea pumila.

Restored wetlands starting with few seeds in the soil can thereby quickly develop a
dense seed bank, provided sufficient densities of propagules can be dispersed to the
site. In these situations, supplemental planting may not be necessary. Seed banks are
relatively easy to study and, in conjunction with vegetation monitoring, provide an
understanding of vegetation dynamics that integrates species composition, seed
dispersal, germination, establishment, and growth. Therefore, we suggest that seed
banks are a valuable metric of wetland restoration success and urge that seed bank
studies be incorporated into monitoring programs for restored wetlands.
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Introduction

The seed bank is an important component of wetland plant community dynamics,
particularly in tidal freshwater marshes. Standing vegetation composition in tidal
freshwater marshes, including vegetation reproduction, is strongly influenced by the
seed at the site, with different species having different degrees of dependence on
seed. The seed bank (i.e., buried viable seeds and propagules) is determined by the
production of seed from past and current vegetation and the seed longevity in the site,
and develops over decades.

Constructed wetlands often start with poor seed banks, and seed bank richness in
some restored wetland systems has been reported to be lower than in reference. Leck
(2003) reported seed density and seed bank richness to be low the first year in a
restored tidal wetland and quickly increased, with high seed dispersal implicated as a
possible cause. After only a short amount of time, seed density and richness was
found to be higher in restored sites than reference sites of tidal freshwater wetlands
(Baldwin and DeRico, 2000; Leck, 2003).

Comparisons of seed banks of restored wetlands to reference wetlands may be a good
measure of restoration success (Baldwin and DeRico, 2000). In addition, examining
the seed bank for presence of invasive or undesirable species allows predictions of the
susceptibility of the restored site to an invasion.

In order to understand the initial development of seed banks after a wetland
restoration, we examined changes in the seed bank of the Kingman Marsh restored
wetland the first year after construction then two years later and compared these seed
banks with those of an older restored wetland (Kenilworth Marsh) and two natural
wetlands. We hypothesized that the seed bank of the newly restored site would
develop quickly as reported for other sites (Baldwin and DeRico, 2000; Leck, 2003).
We also began the exploration of a hypothesis that species either exhibit allobanking,
when a species establishes through environmental factors, or autobanking, when a
species mainly establishes through its own seeding when populating a site. Through a
quantitative evaluation of seed bank development, we also hoped to explore the utility
of seed bank studies in evaluating the success of restored or constructed wetlands for
determining the types and quantities of plantings needed.
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Methods
Seed bank sampling

Seed bank samples were collected at each of the transects used in the vegetation
monitoring program, although that number changed between 2000 and 2001
(Table 1). These study sites were Kingman Marsh (restored in 2000), Kenilworth Marsh
(restored in 1992-93), and two natural wetlands, one urban (Dueling Creek) and one
relatively rural (Patuxent Wetland Park). Samples collected from different cells or fill
areas within each restored site were combined to increase sample number for analysis.
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Transects were divided into seven 5 meter long sectors, and a 4.8 cm diameter by 5 cm
deep core of soil (surface area = 18.1 cm?, volume = 90.4 cm®) was taken for seed bank
assay at each of the five middle sectors. Samples were taken from the first third of these
sectors in May 2000, the middle third in March 2001, and the last third in March 2003, so
that samples were not taken from the exact location as those from previous years.
Samples were combined for the entire transect to form a composite sample of
approximately 450 cm’ per transect (surface area = 90.4 cm?). The later collection date in
2000 was due to the late placement of dredge material at Kingman in May 2000. In both
2000, 2001, and 2003 the seed bank sampling date was after the period of natural cold
stratification.

In order to see if surface sediments contained recently dispersed seeds that were not
present in the dredge material, we collected Kingman fill soil samples at the depth 0.45 to
0.50 m using an Edelman auger in May 2000 (Eijkelkamp, Agrisearch Equipment,
Giesbeek, The Netherlands). These samples were taken near the location of the surface
seed bank samples. Three subsurface samples were taken from each transect and mixed to
create one composite sample for each transect.

All samples were stored at 4 C until processed. Coarse organic matter and large
vegetative parts (e.g., living rhizomes), if present, were removed from the soil. The
sample was thoroughly mixed. One half of this soil sample was spread in an
approximately 1.3 cm thick layer on top of 3.5 cm of moist vermiculite in aluminum pans
(15.6 cm by 21.8 cm surface area, 5.1 cm depth) with perforations on the bottom to allow
drainage. These were randomly placed on a greenhouse misting bench at the University
of Maryland. Samples from 2000 were put in the greenhouse in mid May 2000, samples
from 2001 were put in the greenhouse in early April 2001, and samples from 2003 were
placed in the greenhouse in mid-March 2003. Sediment in the pans remained moist but
not inundated. In 2000 and 2001, only half of the sample was used in the experiment,
while in 2003 the experiment utilized the whole sample because a flooded treatment was
included to determine flooding effect on seedling emergence. Emerging seedlings were
identified and counted for seven months in 2000 and 2001, and for nine months in 2003.
Unknown species were transplanted and grown until they could be identified. This
emergence method gives an acceptable estimate of species composition of buried wetland
viable seeds (Poiani and Johnson, 1988) and is commonly used in wetland seed bank. The
USDA Plants Database Version 3.5 (http://plants.usda.gov/; 2005) and Brown and Brown
(1984;1992) were consulted for plant taxonomy, nomenclature and life history (Neff,
2002).

Data analysis

Total seedling emergence (number of total seedlings emerged/pan), density/m2
(number of seedlings/pan extrapolated to a square meter), taxa density (number of
species/sample), and Pielou’s J (a measure of evenness) were analyzed with a repeated
measures ANOVA (SAS version 8.2 for Windows, SAS Institute, Cary, NC, Proc Mixed)
to detect differences in these parameters across years and sites. An alpha level of 0.05
determined significance. We ran the Tukey-Kramer test to determine pairwise mean
comparisons on these parameters. Total seedling emergence and density/m? were log
transformed [log;o (x + 1)] to meet the assumptions of analysis of variance; all other
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parameters met the assumptions. Means were detransformed for presentation. Pielou’s J
was calculated as: J = H’/log S (McCune and Grace, 2002). The closer a value to one, the
more even the distribution of abundance across species. H’ is the Shannon-Wiener
diversity measure, calculated as: H* = - X (pi log pi) where pi is the percentage
importance based on relative density and S is the species richness per plot (McCune and -
Grace, 2002). Serenson’s quotient of similarity was used to examine the similarity in
seed bank species composition between the four sites: qs=2c/(a+b); ¢ = number of species
occurring in common at both sites; a = total number of species found at site a; and b =
total number of species occurring at site b (Serenson, 1948). The closer a value is to one
between two sites, the more similar they are.

The total number of annuals and natives was determined for each site in each
year. The Chi-square test of independence (SAS version 8.2 for Windows, SAS Institute,
Cary, NC, Proc Freq) was then used to determine if the composition of annuals vs.
perennials and natives vs. non-natives found at each site was independent of site. Species
classified as annual/biennial or annual/perennial in the USDA PLANTS Database
Version 3.5 (http://plants.usda.gov/; 2005) were included with the annuals. Fisher’s Exact
Test was used for 2000 data because the sample size was potentially too small for a valid
Chi-square test. Vegetation identified only to family or genus was not included in the
Serenson’s similarity index or Chi-square calculations. In addition, the number of
samples taken increased in 2001 at some sites (i.e., Kingman increased from 12 to 18
samples and Patuxent from 5 to 6 samples) and total seedling emergence increased over
the year at some sites. Dominant species in 2003 were determined based on the arithmetic
mean number of seedlings per pan. Arithmetic means were used because sample sizes
were too small for mixed model analysis of variance. Unidentified dicots and monocots
were not included in the dominant species list. Phragmites australis was assumed to be
the non-native genotype for classification purposes.

Results

Seedling emergence density, taxa density, and evenness all varied siginificantly
between sites and sample years, and site x year interactions were also significant,
indicating that the degree of difference between sites depended on sample year (Table 2).
In 2000, Kingman had lower seedling emergence densities (approximately 310 seeds/m”)
than all other sites, with values being significantly lower at Kingman than at Kenilworth
(Figure 1, see Number of Seedlings). Density varied significantly between 2000 and 2001
only at Kingman (Figure 1). Between 2000 and 2001, seedling densities increased
significantly and by >58 times at Kingman to more than 25,300 seeds/m”. At this point,
Kingman had seedling densities greater than the natural sites, but not higher than
densities at Kenilworth. In 2003, there was no significant difference between the four
sites with regard to seedling density. The mean seed bank densities, adjusted to a square
meter basis, for each site in 2003 were: 19,092 seeds/m? at Dueling Creek; 28,985
seeds/m” at Kingman Marsh; 48,498 seeds/m” at Kenilworth Marsh; and 9073 seeds/m? at
Patuxent River Park. In 2000, seed bank taxa density was significantly lower at Kingman
(approximately 2 species per sample) than at Kenilworth (approximately 11 species per
sample) (Figure 1). In 2003, 38 species emerged from Kingman seed bank samples, more
than at any other site (Table 3). Taxa density at Kingman increased significantly in 2001
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by 6 times to levels higher than at the other sites, being significantly higher than at
Patuxent. Taxa density at Patuxent increased significantly from 2000 to 2003, becoming
similar to all other sites by 2003 with regard to number of species. As was the case for
seedling density, interactions between site and year were significant, indicating that
changes in taxa density between 2000 and 2003 differed between sites. Evenness, which
is a measure of how well species are distributed across a site, showed a significant
decline from 2000 to 2003 at Kingman (Figure 1). Kingman’s evenness fell from its
initial high in 2000 of 0.9 to 0.6 in 2001 and 0.65 in 2003. Overall, Patuxent maintained
the greatest evenness across years, although it did experience a continuous but not
significant decline in evenness from 2000 to 2003, which did not occur at the other sites.
By 2003, all the sites were similar in their evenness. There were no significant
differences between surface and subsurface samples in 2000 at Kingman for seed bank
seedling density (F1,15<0.01, P=0.95), species density (F;,5=0.01, P=0.94), or diversity
(F1,15:0.06, P:080)

Serenson’s similarity index for 2003 suggests that species composition of
Kingman was most similar to Kenilworth and least similar to Patuxent, the same results
found in 2001 (Table 4). Kenilworth species composition was about as similar with
Dueling Creek as Kingman was with Kenilworth. Similarity values in 2001 were low,
with the most similar sites sharing <60% of the species, suggesting the populations were
fairly different even between the most similar sites. Similarity indices increased across
the board in 2003, however, with the exception of Patuxent and Kenilworth, which
decreased by 0.01. All urban sites were least similar to Patuxent in both years.

In 2000, about 6% of emerging seedlings from Kingman were annual species,
increasing by >6 times in 2001, and then decreased by more than half in 2003 to 11%
(Table 5). In 2001, Kingman had approximately 26% annual seeds in the seed bank, more
than any other site. By 2003 Patuxent had the highest percentage of annual species with
57% annuals. Kenilworth had approximately 7% annuals and Dueling Creek had about
9% in 2003. Fisher’s Exact Test (for 2000) and the chi-square test of independence (for
2001 and 2003) were significant all three years (2000: p <0.0001; 2001:
%0.053=359.8310, p <0.0001; 2003: 3%0.053=518.1178, p <0.0001) demonstrating that the
percentage of annuals is not randomly distributed across sites. The percentage of native
species at Kingman decreased in 2003 to about 70% from a high of approximately 97%
in 2001 (Table 5). Dueling’s native species steadily increased across years, while
Patuxent remained fairly static. Patuxent’s seed bank, however, was already largely
comprised of native species (~90% +). Kenilworth Marsh varied between years, but
became similar to Dueling Creek. The chi-square test of independence (for 2000, 2001
and 2003) was significant all three years (2000: x2 0053=172.4, p <0.0001; 2001: x20_05,3=
1507.2, p <0.0001; 2003: x20,05,3= 434.8, p <0.0001). These findings signify that the
distribution of native species is dependent on site.

Species of importance at Kingman differed between years and between other
sites. Kingman seed bank samples were dominated by Juncus effusus and Juncus tenuis
in 2000, although even these species occurred at only about 2 seedlings/sample of each
species. In 2001, Lindernia dubia, Ludwigia palustris, and Cyperaceae species were
predominant and many other species occurred at levels higher than Juncus spp. did in
2000. Dominants in 2003 at Kingman included Ludwigia palustris and Lythrum salicaria
(with approximately 70 seedlings/sample for each species) (Table 3). Dominant species at
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Kenilworth in 2003 included Lythrum salicaria, Typha spp. and Cyperus spp. (with
values of approximately 85, 85, and 30 seedlings/sample respectively). Lythrum was
important at all urban sites in 2003, being the most dominant species at Kenilworth and
Dueling Creek, and the second most dominant at Kingman. Typha, also present at all
urban sites, had the highest number of seedlings at Kenilworth. Pilea pumila was the
most important species at Patuxent, a species present at all other sites but not a dominant
at them. Several species important in the 2001 seed bank at Patuxent or Dueling Creek
(although in low numbers) were absent in their 2000 seed bank (i.e., Carex tribuloides,
Epilobium ciliatum, Hypericum mutilum, Ludwigia palustris, Onoclea sensibilis,
Panicum dichotomiflorum, Pilea pumila, Polygonum arifolium, and Polygonum
sagittatum).

Flooding significantly reduced seedling emergence density, taxa density, and
number of emerging seedlings of several species (Table 6). These included Juncus
effusus, Lythrum salicaria, Mikania scandens, Phragmites australis, and Polygonum
sagittatum.

Discussion
Patterns of seed density and diversity

The seed bank at Kingman Marsh developed rapidly, showing large increases in
emerging seedling density, taxa density, and evenness between 2000 and 2001. In 2003,
all sites were found to be similar with regard to these parameters (Figure 1). The total
number of species found in 2001 was also much higher than in 2000. Significantly higher
seedling density (mean ranging from about 450 to 62,000 seeds/m’ in first year, 55,000 to
301,000 seeds/m” in second year) and species density (increasing from 9 to 22
species/sample) were also found at a created tidal wetland in Delaware after one year of
development (Leck, 2003). These numbers were higher than at the natural sites, a finding
also reported by Baldwin and DeRico (2000) in a study of a 3%-year old restored wetland
(mean values of 8 to 13 species/sample at the restored sites and 7 to 8 species/sample at
the natural sites; mean dens1ty of 75,000 to 130,000 seeds/m” at the restored sites and
15,000 to 55,000 seeds/m” at the natural sites).

Sources of buried seeds

There are several possible sources for the high densities of seed found in 2001,
including: (1) seeds in dredge material; (2) seed production by the planted species during
the 2000 growing season; (3) seed dispersal into the site that directly entered the seed
bank; and (4) seed production by plants that colonized, flowered, and reproduced during
the 2000 growing season. Regarding possible source (1), the surface and subsurface seed
bank from 2000 had low density and richness, so apparently few seeds were present in
the dredge material (or dispersed into the site prior to our 2000 seed bank collection).
Siegley et al. (1988) found a seed density of 980 seeds/m’ in dredge material, similar to
our report of about 310 seeds/m” in Kingman dredge material. The contribution of the
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planted species to the seed bank, potential source (2), was negligible; four of the seven
planted species were not detected in the 2001 seed bank and the remaining three that
were occurred at low density. A low early contribution of planted species to the seed
bank was also found by Collins and Wein (1995), with planting not affecting richness or
species composition and only one species, Eleocharis quadrangulata, being present
mainly in seed bank samples from planted sections. In addition, in a study by Leck
(2003), of 14 species planted, only Sagittaria latifolia was found in the seed bank. Since
this species was in the vegetation cover prior to the restoration, Leck suggests the seed
was already present in the seed bank.

Of the remaining potential seed sources, (3) and (4), the seed dispersal studies at
Kingman Marsh (included elsewhere in this report) have shown that high densities of
seeds dispersed into Kingman Marsh, with the majority of species originally entering
through tidal water dispersal and the rest entering through wind and animal dispersal.
Since high densities of seed continued to be dispersed into Kingman throughout 2000, it
seems likely that seed dispersal directly contributed some seed to the seed bank. By
looking at the 2001 seed bank collected from transects with little or no vegetation cover
in 2000, we were able to estimate relative quantities of seed entering through direct
dispersal and seed entering through seed rain of adjacent vegetation. The three Kingman
transects with low or absent 2000 vegetation cover had low seedling density
(approximately 2,200 seeds/m?) and species density (6 species/sample) in 2001, values
only twice as high as those found for the seed bank in 2000, and values much lower than
the overall seedling density and species density in 2001. Since seed rain directly from the
vegetation cover contributed little seed to these three transects and increases in seed were
dependent on dispersal, these findings suggest that seed rain from established volunteer
(i.e., non-planted) vegetation was the source of the majority of seeds found in the 2001
seed bank. Many seeds that were dispersed into Kingman in 2000 grew, flowered, and
seeded during the 2000 growing season (personal observation), with most species in the
2001 seed bank also being documented in the 2000 vegetation. Although dispersal of
seed was responsible for originally getting the seed to the site, overall it appears that the
majority of seed in the 2001 seed bank was a result of the rapid species establishment and
seed production from 2000 vegetation.

We suggest two pathways that species follow when contributing to the seed bank,
allobanking and autobanking. Allobanking applies to species such as Ludwigia palustris,
which produces lots of seed that often disperses through hydrochory. Neff (2002)
conducted trawls in the Anacostia River and at Kenilworth in 2000 and found an
abundance of L. palustris seeds. Environmental factors, here tidal waters and soil
elevations, primarily contribute to seed set and germination in allobanking, much the
same way that species distribution is dictated by response to environmental factors in the
allogenic succession model (Mitsch and Gosselink, 2000). Species such as Lythrum
salicaria follow the autobanking process whereby a minor amount of seed comes in on
the wind or in water, but most comes from the seeds already in the soil. Neff (2002)
found few L. salicaria seeds in river trawls. Autobanking seeds rapidly germinate, flower
and populate the seedbank with a large amount of seed that then continues the cycle.
Autobanking follows the autogenic succession model where species determine their fate
through environmental modification of the habitat (Mitsch and Gosselink, 2000).
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Implications for wetland restoration

This study suggests that a large seed bank will quickly develop in restored or
created wetlands with surface water connectivity to other wetlands. Before spending large
sums of money in providing supplemental plant material, inexpensive seed bank tests
may be a worthwhile investment before planting. If these seed assays reveal adequate
densities of seed and the seed composition has low densities of undesirable species, there
may be little need to provide additional propagules through planting or seeding.
However, it may be necessary to supplement these propagules if there are certain desired
species missing from the seed bank, as some species may take a long time to naturally
reach the site (e.g., Acorus calamus, Impatiens capensis, Polygonum arifolium,
Polygonum sagittatum). It is still unclear if these restored wetland seed banks will ever
resemble those of natural wetlands or if they will develop into something altogether
different. The seed bank of Kenilworth still does not resemble those of the natural sites.
Comparisons of Kenilworth at 10 years old (this study) versus Kenilworth at 3'% years
old (Baldwin and DeRico, 2000) show that Kenilworth seed densities have decreased
over time (mean of 75,000-95,000 seeds/m? to 40,000 seeds/mz). In addition, richness
values have increased over time (mean of 8.5-10.5 species/samples to 11 species/sample),
suggesting that the seed bank at Kenilworth continues to change.

Comparison of the flooded and nonflooded treatments demonstrate the
importance of hydrology for seedling recruitment. Only a few cm of flooding reduced the
abundance of emerging seedlings and taxa density. This suggests that higher water levels
will reduce establishment of nonnative species such as Lythrum salicaria, but will
similarly influence colonization by natives. Small changes in elevation of restored sites
will therefore likely have large effects on seedling recruitment.

In conclusion, seed banks are an important component of vegetation dynamics,
providing a picture of the plant history at the site as well as the availability of seeds for
regeneration following disturbance. Since the seed bank is a reflection of biotic and
abiotic factors (e.g., vegetation, hydrology, disturbance, herbivores), and is relatively
easy to study, we suggest that the seed bank is a valuable metric for evaluating the
success of wetland restoration projects.
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Table 1. The number of transects found at each site in 2000, 2001 and 2003. Both
Kingman and Patuxent increased transect numbers in 2001.

Site # transects 2000 | # transects 2001 and 2003
Kingman Marsh 12 18
Kenilworth Marsh 8 8
Dueling Creek 3 3
Patuxent Wetland Park 5 6
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Figure 1. Values are least squares means + SE based on the 45.2 cm? surface area of each soil sample. Seedling numt
means and SEs were log 10+1 transformed, then detransformed for presentation. M eans with different letters are
significantly different across sites and years. These data represent non-flooded soil samples only.
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