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Colonization during early succession of restored
freshwater marshes

Chev H. Kellogg and Scott D. Bridgham

Abstract: Little is known about the importance of initial colonization in the successional development of restored
wetlands. We compared plant communities of two lightly planted restorations (water levels restored + planted and
seeded), three hydrologic restorations (water levels restored), and two undrained sites. Measurements typically used in
monitoring (richness, diversity, ableground biomass) indicated that 2—3 years after restoration, restored wetlands
showed only small differences from the plant community structure of undrained wetlands in the saturated zone. In con
trast, analysis of vegetation based on species composition indicated differences in vegetation communities among all
wetland types. Plant communities of planted restorations and reference sites were dominated by emergent species,
while hydrologic restorations had a more variable plant community. These results indicate a small effect of initial
planting and seeding at low densities and show that colonization is rapid during early succession of restored marshes.
It was not clear whether either restoration method would eventually result in vegetation communities similar-to refer
ence sites. These results indicate that current monitoring periods of 3-5 years are insufficient to allow time for an ac
curate assessment of the successional development in each wetland.

Key words dispersal, germination, monitoring, plant biomass, plant community, wetland.

Résumé: On connait peu de choses sur I'importance de la colonisation initiale dans le développement de la succession
des terres humides restaurées. Les auteurs ont comparé les communautés végétales de deux sites de restauration avec
plantations (restauration des niveaux d'eau + plantation et ensemencement), de trois sites de restauration hydrologique
(restauration des niveau d'eau) et de deux sites non-drainés. Les mesures typiquement utilisées pour faire le suivi (ri-
chesse, diversité, biomasse épigée) indiquent que 2-3 ans aprés la restauration, les terres humides régénérés ne mon-
trent que de petites différences par rapport a la structure des communautés végétales des terres humides non-drainées
dans la zone saturée. Au contraire, I'analyse de la végétation basée sur la composition en espéces montre des différen-
ces dans les communautés végétales entre tous les types de terre humide. Les communautés végétales des sites restau-
rés avec plantation et des sites de référence sont dominés par des especes émergentes, alors que les sites de
restauration hydrologique comportent une communauté végétale plus variable. Ces résultats indiquent que I'effet de
plantations et ensemencements a faible densité, au départ, est peu marqué et montrent également que la colonisation es
rapide au début de la succession dans les marais restaurés. Il n’est pas clair si une des méthodes de restauration
conduirait éventuellement & des communautés végétales semblables a celles de sites de référence. Ces résultats indi
quent que les suivis usuels sur des périodes de 3-5 ans sont insuffisants pour permettre une évaluation précise du déve
loppement de la succession dans chaque terre humide.

Mots clés: dispersion, germination, suivi, biomasse végétale, communauté végétale, terre humide.

[Traduit par la Rédaction]

Introduction reference sites. These failures are often due to the coloniza
. . tion and subsequent dominance of plant communities by inva
The loss of over one half of the original wetlands in thesive species (Galatowitsch and van der Valk Z998ace and
conterminou_s United States (Dahl and Johnson_ 1991) has f?—onseca 1996). Despite the environmental and economic con
]E;useq attentlokr: on tneb\(alue of Wetlancis. The mgortance 0éequences of efforts to restore wetlands, very little long-term
unctions such as habitat, water quality, grouncwater re onitoring to evaluate the ecological consequences of these

charge, and flood prevention (National Rese.a“?h Co'i'ncti?fforts has occurred (Kusler and Kentula 1989; Zedler 1996).
1992) have led to efforts to restore many previously draine . . o
The ultimate aim of restoration is to produce a self-

wetlands. Attempts at restoration are often ecologically and - X .
legally unsuccessful when compared with nearby undraineguStéining wetland that will approximate the structural and
unctional attributes of undrained, relatively undisturbed

wetlands (Zedler 1996; Niering 1997). To evaluate progress

Received 18 April 2001. Published on the NRC Research ~ toward this goal, permitting agencies require monitoring

Press Web site at http://canjbot.nrc.ca on 22 February 2002. based on the idea of rapid, predictable succession in 5-10
years (Zedler and Callaway 1999). These expectations are

based on the assumption of a directional recovery resulting in
a single successional endpoint (MacMahon 1987; Zedler
1996). However, this assumption is unrealistic because of the
ICorresponding author (email: kellogg.5@nd.edu). complex successional paths taken by different wetlands
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(Zedler and Callaway 1999). To fashion more appropriate This study addresses the effect of differences in early
ways of evaluating success of restorations, there is a criticalolonization on vegetation establishment during early (6—7
need for research on the impact of individual species duringears) succession in restored freshwater marshes in northern
succession of plant communities (Edwards et al. 1997), théndiana. We addressed this problem by comparing
persistence of plant species and biomass accumulation (Zedleydrologic, naturally colonized restorations (water levels re
1996), and the capacity of plants to recolonize wetlandstored), planted restorations (water levels restored + planted
(Wheeler 1995). Restoration of wetlands with differing initial and seeded), and undrained reference sites. By comparing
conditions offers a set of ecosystem-level manipulationgnitially uncolonized wetlands (hydrologic restorations) with
(Werner 1987) capable of addressing these research needswetlands initially colonized by a small number of known
the context of successional theory (MacMahon 1987). species (planted restorations), one can measure the effect of

Although restoration may be viewed as a process ef acéarly colonization on the establishment of vascular
tively directing succession (Luken 1990; Dobson et al.macrophytes during succession. Our first hypothesis was
1997), others emphasize the importance of natural celonithat species richness, diversity, andabground biomass in
zation in the succession of restored ecosystems (Mitsch arf#€ saturated zone would be lowest in hydrologic restora
Wilson 1996). The importance of colonization in succes tions, intermediate in planted restorations, and highest in ref
sion has long been recognized, although predictions ofrence sites. These expectations were based on the higher
community changes during succession are debatable (e.dnitial colonization of the planted sites and the longer period
Gleason 1926; Clements 1936). In the absence of esta9! colonization in reference sites. Our second hypothesis
lished vegetation, succession in wetlands is initially de Was that the above patterns would not be apparent in flooded
pendent on seed dispersal and establishment (van der Vafienes, due to suppressed germination under flooded condi
1981, 1992), but subsequent spread within a site is primartions. Refe(ence sites were expecteq to have higher species
ily by vegetative means (van der Valk 1992). Thus, differ rl_chngss, diversity, and abeg.round bloma_ss t'han.restored
ences in colonization and establishment lead to initiaiSités in the flooded hydrologic zone due 19 kistoric low
differences in the vegetation of a wetland, which are exWater periods that allowed seed germination aifdi¢nger
pected to have a great impact on the plant community thaperiods of time to allow vegetative ingrowth from the shal-

becomes established during succession (van der Valk 19810w areas. Our third hypothesis was that restored wetland
Glenn-Lewin and van der Maarel 1992). types would have different plant communities and guild

ominance, due to differences in initial colonization. Fur-

Seed banks are an important factor in the successional tr% dth h f ) Id
jectory of wetlands (van der Valk 1981). However, at the ini- . c/1re, we expected that neither type of restoration wou
' 88 similar to reference sites, due to the age differences.

tiation of secondary succession in restored marshes, the se
bank is often depauperate as a result of the site being inten-

tionally drained for long periods (Weinhold and van der Valk .

1989). Additionally, recent studies have found that vegeta-l\"ate"aIIs and methods

tion communities in restored marshes have little relationship This study was conducted in seven freshwater marshes in
to the initial seed bank (Galatowitsch and van der Valknorthern Indiana, U.S.A. (41°141°32N, 85°52-86°26W).
1995; Brown 1998) and are primarily derived from coloriza Te sites consisted of three hydrologic restorations (hydrol
tion (Galatowitsch and van der Valk 1986199@; Brown gy restored, mean area 2 ha) with natural colonization only,
1998). There_fore, initial differences in established vegetation,q planted restorations (hydrology restored + planted and
due to planting would be expected to have large effects 0Beeded, mean area 2 ha), and two reference wetlands that
development of the plant community. were never drained (mean area 7 ha). Planted and hydrologic
Despite the differences in wetland restoration methods ofestorations were restored 2—-3 years before the start of this
freshwater marshes (ranging from no introduction of plantstudy. Water regimes were restored by removal of drainage
material to intensive planting), few studies have examinediles, construction of earthen berms, and installation of water
the results of differences in initial colonization on plant control structures. Both hydrologic and planted restorations
community development during succession of freshwatetook place on previously drained wetlands that had been cul
wetlands. Reinartz and Warne (1993) found higher specietivated for at least 45 years. Historical photographs, docu
richness in seeded freshwater marsh restorations than-in uments, and personal interviews confirmed that there were no
seeded, hydrologic restorations, indicating dispersal limitaremaining areas of wetland vegetation prior to restoration.
tion during plant community development. The proportion ofAll sites lacked surface inlets and had plant communities
the vegetation represented in various plant guilds can alsdominated by herbaceous wetland vegetation at the begin
differ between hydrologically restored freshwater marshesing of the study. When selecting restored sites, we inten
and reference sites (Galatowitsch and van der Valk 4996 tionally excluded restorations that did not retain water
1996), indicating that early colonizers form different com sufficient for wetland hydrology or were dominated by
munities than found in later succession. Mitsch et al. (1998monotypic stands of invasive plant species. All restored sites
found few differences between plant communities of awere sampled in areas away from the earthen dam to avoid
planted and unplanted wetland, although the proximity ofareas disturbed by dam construction. All three hydrologic
the two sites and the use of river water in the sites enhanceestoration sites had hydrology restored in 1994. The refer
colonization opportunities. These studies show the imporence sites had never been drained or cultivated and were
tance of dispersal and early colonization, but none examinedhosen to be as near as possible to the restorations. All sites
the effect of established plants on successional patterns beere within a 30-km radius and were selected for similarity
yond 3 years. in duration and frequency of inundation, assessed by visits
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Table 1. Species and numbers of plants introduced in planted restorations.

1994 restoration

Guild and species 1993 restoration 1994 planting 1996 planting
Wet prairie and sedge meadow species
Angelica atropurpured.. 1.4 kg
Iris versicolor L. 25
Iris virginica L. 25
Leersia oryzoideglL.) Sw. 20
Scirpus atrovirenswilld. 109
Emergent species
Sagittaria latifolia Willd. 20 0.5 kg
Scirpus acutusBigelow 109
Scirpus cyperinuglL.) Kunth 2.3 kg 109 0.5 kg
Scirpus validusvahl 109
Floating aquatic species
Nelumbo luteaWilld.) Pers. 10 50
Nymphaea odoratditon 15 50
Pontedaria cordatda.. 20
Woody species
Acer rubrumL. 30
Betula nigral. 160 80
Cephalanthus occidentalis. 25 25
Cornus amomunMiller 160 80
Cornus stolonifera 40 160 80
Nyssa sylvaticaviarsh. 20
Platanus occidentalig.. 160 30
Quercus bicolorwilld. 80
Quercus palustridMuenchh. 10 160

Note: Seeded species are listed in kg; all other species were planted.

to the sites during the year prior to the study. Soils in all re-year (by removal of boards from the drainage structure).
stored sites were loam or clay loam, while reference siteJhis higher than anticipated water level caused some mortal-
were histosols. ity in the tree species planted at the site, requiring an addi-
The first planted restoration was performed in 1993 (10tional planting of tree seedlings in April 1996 (J.F. New and
species) and the second in 1994 (14 species) by the sanfésociates, Inc. 1996). During this additional planting, seeds
consulting firm (J.F. New and Associates, Inc., Walkerton,0f Sagittaria latifolia and Scirpus cyperinuswere also
Ind.). In addition to restoring hydrology, all planted restora seeded in the wetland (although both species were present in
tions had a small introduction of herbaceous plants in a 0.5the wetland at the end of the first growing season in 1994).
ha area of shallower water at the edges of the restoratioRoth planted wetlands were also seeded with a nurse crop of
(see Table 1 for planting list). Woody species from the 19945ecale cereal¢26 kg mean per site) during the first year to
restoration were planted over a 1.6-ha area. This minimal eforevent initial establishment of invasives.
fort was typical of planted restorations at the time in this In 1996, six permanent 1-4rcover plots were placed in
area, and both were judged to be regulatory successes by teach wetland. In the reference sites, areas dominated
U.S. Army Corps of Engineers. Records from the consulting(greater than 50% cover) b@ephalanthus occidentali@p
firm verified that all planted and seeded species in the 1993roximately 20% of total area of each reference site) were
restoration were present at the end of the first growing seaexcluded to better compare the herbaceous vegetation typical
son (J.F. New and Associates, Inc. 1993). The 1994 plantedf restored and reference marshes. Three plots were ran
site had 10 of the original 14 planted species (losdrisf  domly placed in each of two hydrologic zones defined at
versicolor Iris virginica, Scirpus atrovirensScirpus validus  peak growing season during the first year of the study as sat
present in three 4-fmuadrats at the end of the first growing urated (0 to +5 cm water depth) and flooded (+20 to +25 cm
season (J.F. New and Associates, Inc. 1994)rpus validus  water depth). In 1998, five additional 12roover plots were
may have been present in the 1994 restoration and identifiecandomly sampled in each hydrologic zone. Because plots
as Scirpus acutusThese two species are difficult to identify were selected randomly, they were not necessarily near ini
without seeds and often hybridize (Voss 1980). Additionally,tial plantings in planted restorations. Seeded species were
no overall site survey of vegetation was performed for thewidespread, and our plots were likely in seeded areas. The
1994 restoration, so planted species not found in quadratgpecies from these cover plots were indicative of the most
may still have been present in the restoration. The 1994ommon species in each wetland. Water depth in the middle
planted restoration site had higher water levels than deof each permanent plot was measured with a metre stick dur
signed, and the water level was lowered 15 cm after the firsing annual sampling at peak growing season. Monthly re
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Table 2. Mean percent cover of species used in PCAs.

Hydrologic Planted Reference
Guild and species Saturated Flooded Saturated Flooded Saturated Flooded
Wet prairie and sedge meadow
Carex luridaWahl. 10 (2) 7 (1)
Carex vulpinoideavlichaux (Cavu) 6 (3)
Impatiens capensiMeerb. 10 (2)
Juncus effusus. 11 (3) 22 (1)
Leersia oryzoidegL.) Sw. (Leor)? 50 (3) 1(1) 35 (2) 20 (2) 59 (1)
Polygonum pensylvanicuin (Pope 10 (2)
Scirpus atrovirendnilld. (Scaf? 16 (2) 15 (1)
Emergent
Alisma plantago-aquatica. 1) 5 (2) 6 (1) 2 (2
Calamagrostis canadensi{dichaux) Beauv. Caca) 1) 26 (2) 13 (2)
Carex lasiocarpakEhrh. 31 (1) 50 (1)
Eleocharis obtusgWilld.) Schultes 2 (2) 9 (2) 1(2)
Eleocharis smalliiBritton 51 (1) 12 (1) 15 (1)
Lythrum salicarial. 33 (2)
Phalaris arundinaced.. (Phar) 39 (3) 8 (2) 56 (2) 32 (2)
Polygonum hydropiperoideslichaux 1(1) 2 (2) 1(1)
Proserpinaca palustrig.. 2 (1) 21 (1)
Sagittaria latifolia Willd. (Salag? 2 (2) 1) 8 (2) 16 (2)
Scirpus acutusBBigelow? 9 (2 6 (2)
Scirpus cyperinuglL.) Kunth (Sccy)? 24 (2) 24 (1)
Scirpus validusvahl (Scvg? 13 (2) 10 (2) 3 (1)
Typhaspp. 21 (2) 23 (2) 18 (2) 5 (1) 10 (2) 14 (1)
Floating aquatic
Potamogeton natank. 30 (1) 8 (1) 2 (2 1(2)
Mudflat annuals
Bidens connatudvilld. 4 (2) 32 (1) 3(2) 12 (1) 1(1)
Lindernia dubia(L.) Pennell 23 (2) 1(1) 1(1) 1(1)
Woody
Cephalanthus occidentalis.? 8 (2) 12 (2)

Note: Percent cover determined as mean of plots where species appeared during any year of study. Number in parentheses indicates number of sites
containing species within a hydrologic zone. Species abbreviations used in Fig. 1 are bolded.
*Planted or seeded in planted restorations.

gional precipitation data from NOAA climatic data stations Aboveground biomass was destructively sampled each
within 10 km of the sites (Lakeville and Warsaw, Ind., year in plots located witini 1 m of thepermanent cover plots
http://www.nndc.noaa.gov/ [site last accessed October, 2002ly clipping all living vegetation to ground level. Plots were
were used to assess differences in precipitation betweesampled at the same time as cover was taken in permanent
years from 1996 to 1998. plots. After clipping and sorting by species, vegetation was
Cover was Visua”y estimated (as a percentage) for a|1:lried at65°C for 48 h and Welghed Vegetation was sorted
rooted plant species by two or three observers, and the ofpy species in 1997 and 1998. In 1996, a 4ot was sam
servations were averaged for each species. Permanent pldigd. In 1997 and 1998, two random 0.04-subplots from
in each wetland were sampled annually during peak growin?;el-me plot were sampled to minimize sampling effort. Bif
season (July 15 — August 1) from 1996 to 1998 (2-5 yearderent biomass plots were used each year. Voucher -speci
after restoration). Plant species richness and the Shannofaens are on file at the University of Notre Dame Herbarium.
Weiner diversity (base 10) were determined for each permaNomenclature follows Voss (1980, 1985, 1996).
nent plot annually. Total richness in each wetland and for Cumulative richness in the cover plots (all years of the
each hydrologic zone was determined using a cumulativetudy) for the entire wetland (all hydrologic zones com
species list from the cover plots for all three years of thebined) and within each hydrologic zone was compared
study, including the additional plots sampled in 1998.- Cu among treatments (hydrologic restoration, planted restora
mulative richness includes species that both appeared arin, reference) using ANOVA. Annual richness, Shannon—
disappeared from plots during the study. This total richnes§Veiner diversity, and afveground biomass from permanent
is only an indication of the richness of the entire wetland, aplots were analyzed by repeated measures ANOVA
the wetlands were not completely sampled. Nonvascula(ANOVAR) with plots nested by hydrologic zone within
plant species, such as algae, were present in all sites batach site. Diversity and biomass values were log trans
were not sampled because there was no expectation of diformed prior to analysis to provide a normal distribution.
persal limitation in these species. After significant year x treatment interactions were detected
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in the ANOVAR, ANOVA (plots nested by hydrologic zone different from reference sitep (= 0.12, mean richness per
within each site) and Tukey post hoc tests were performedite 20 £ 6) or hydrologic restorationp € 0.75).
on plot data from each year to identify differences. Because In the permanent plots, richness was different between
of nesting, no interaction term between treatment ancydrologic zones and treatments (ANOVAR, Table 3). There
hydrologic zone was possible. Significance of all analysesvas also an indication of a year x treatment interaction.
was assessed @s< 0.05. Plots were analyzed by year to be consistent with analysis of
Principal components analysis (PCA), a multivariatediversity and biomass, which had significant year x treat
method of comparing plant communities, was used to- anament interactions. Reference sites were richer than either
lyze vegetation patterns based on species cover and -abovestoration treatment in the first two years of the study (Ta
ground biomass in each plot. The variance—covariancéle 4). In 1998, planted restorations did not differ from
matrix was used in the PCA because, in this method, clustehydrologic restorations or reference sites, whereas
ing is done with respect to the original descriptors, preservhydrologic restorations remained less rich than reference
ing their differences in magnitude (LeGendre and LeGendraites (Table 4). Flooded plots were less rich than saturated
1998). All species present in less than 5% of the plots werglots during 1996 and 1997. However, saturated and flooded
excluded prior to analysis, and outliers (over 2 SD) were rezones were equally rich in 1998 (Table 4).
moved from all data sets (Gauch 1986) (Table 2). Differ Shannon-Weiner diversity in permanent plots was af
ences from the PCA were confirmed using multiresponseected by hydrologic zone and a year x treatment interaction
permutation procedures (MRPP). MRPP is a nonparametritANOVAR, Table 3). During 1996, there were no differences
procedure for testing a priori differences between two orin diversity among treatments (Table 4). In 1997 and 1998,
more groups (McCune and Mefford 1999). Because eachestoration treatments did not differ and were less rich than
MRPP analysis of a hydrologic zone required three tests, theeference sites. Flooded plots had lower diversity than-satu
p values were evaluated using a Bonferroni correction andated plots in all years (Table 4).
only found to be significant ip < 0.017. MRPP analysis of Aboveground biomass had a significant year x treatment
the plant community cover data showed significantly differ-and year x hydrologic zone interactions (ANOVAR, -Ta
ent communities between hydrologic zongs<(0.001), so ble 3). Reference sites had greater biomass than restored
PCAs were done separately for each hydrologic zone. Theites in all years, and restoration treatments did not differ
year sampled and water level at time of sampling did not affrom each other (Table 4). Flooded plots had lower biomass
fect the ordination, so data from all years were used in eacthan saturated plots in 1996 and 1997, while the two
PCA. PCA confirmed that additional plots sampled in 1998hydrologic zones did not differ in 1998.
did not change results of the community analysis, so all
community analyses in these zones were conducted on pepiant communities

manent plots only. Species typical of plant communities Seven planted species were common enough in the sites to
were determined based on species eigenvectors from eagla included in PCAs (Table 2%Bagittaria latifoliawas pres-
PCA. All community comparisons were analyzed using PC-ent in planted restorations but absent in hydrologic restora-
ORD, version 4 (McCune and Mefford 1999). __tions. Leersia oryzoidesvas much more common in the
Species were assigned to guilds based on germinatiofiooded zone of planted restorations than in hydrologie res
characteristics and hydrologic tolerance of mature plantgorations.Scirpus validusvas present in the saturated zone
(Galatowitsch and van der Valk 1996 This type of guild  of both restoration treatments with similar abundance.
designation allows comparisons between wetland typeScirpus atrovirensaind Scirpus cyperinusvere only found in
based on life history characteristics of the plant communityhydrologic restorations. Cephalanthus occidentalisand
Guilds consisted of if wet prairie and sedge meadow, Scirpus acutusvere only found in reference sites.
(i) emergents, iif) floating aquatics, i¢) mudflat annuals,  Qrdination of plant cover data (21 species) in saturated
and /) woody species. Guild designation was based on priohermanent plots (Fig. 1) revealed differences in communities
designations (Galatowitsch and Van der Valk 1898nd i petween the two restoration treatments (MRPR; 0.007)
formation from the flora of Michigan (Voss 1980, 1985, and showed that reference sites were different from both res
1996). Guild abveground b|oma_ss for 1997 and 1998 wastgration treatments (MRPR) < 0.001). Axes | and Il ex
analyzed for effects of hydrologic zone, wetland type, andyjained 36 and 24%, respectively, of variation in the
year using ANOVAR with plots nested by hydrologic zone covariance matrix. Axis | separated reference sites from re
within each site. Significant effects were analyzed withingtgred sites. Reference sites had greater covePhaflaris

each year by ANOVA and Tukey tests as above. arundinacea(eigenvector axis | (E1) = —0.76, eigenvector
axis Il (E2) = 0.59),Polygonum pensylvanicufiEl = —0.08,

Results E2 = 0.05),Calamagrostis canadensi&l = —0.08, E2 =
0.03), andSagittaria latifolia (E1 = —0.05, E2 = 0.02). Axis

Species richness, diversity, and aboveground biomass Il separated restoration treatments. Hydrologic restorations

There were no differences in cumulative richness amongvere separated from planted restorations by greater cover of
wetland treatments for both hydrologic zones pooled (meaheersia oryzoides(El = 0.63, E2 = 0.75),Phalaris
(xSD) richness per site 22 + 2) or in the saturated zonarundinaceaE1l = -0.76, E2 = 0.59), an@arex vulpinoidea
(mean richness per site 19 = 2) (Table 3). In the floodedE1 = 0.02, E2 = 0.02). Hydrologic restorations were more
zone, hydrologic restorations (mean richness per 4itt 5)  variable than the planted restorations and were spread on
had lower richness than reference sitps=(0.049), whereas axis Il due primarily to differences in cover dfeersia
planted restorations (mean richness peg 3itt 3)were not  oryzoides.Two outlier plots from the planted restorations
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Table 4. Mean (1 SE) plant richness, Shannon—Weaver diversity, andegipound biomass in saturated and flooded zones for each
year of the study.

Richness (speciesfn Diversity Biomass (g/f)
Treatment Saturated Flooded Saturated Flooded Saturated Flooded
1996
Hydrologic 3.9 (0.83A 1.2 (0.4pB 0.9 (0.2pA 0.2 (0.1pB 309 (92pA 96 (62pB
Planted 3.7 (0.3A 0.4 (0.2pB 0.8 (0.1pA 0.2 (0.1pB 168 (62pA 14 (14pB
Reference 3.6 (0.8A 4.5 (0.4pB 0.4 (0.1pA 0.7 (0.1pB 457 (38pA 570 (90pB
1997
Hydrologic 3.8 (0.73A 1.0 (0.4pB 0.6 (0.1pA 0.2 (0.1pB 1221 (3683A 255 (209aB
Planted 5.2 (0.3)A 1.2 (0.7pB 0.6 (0.1pA 0.2 (0.2pB 667 (347pA 1 (1)aB
Reference 4.2 (0.6A 5.0 (0.5pB 0.8 (0.2pA 1.1 (0.1pB 530 (113pA 533 (123pB
1998
Hydrologic 3.1 (0.83A 1.1 (0.5pA 0.5 (0.2pA 0.2 (0.1pB 581 (163pA 983 (605pA
Planted 4.3 (0.8)bA 3.0 (1.4pbA 0.5 (0.1pA 0.3 (0.3pB 384 (158pA 277 (180RA
Reference 4.5 (0.BA 5.0 (0.6pA 0.8 (0.1pA 1.0 (0.1pB 625 (106pA 846 (116pA

Note: Lowercase letters following values indicate significant differences in a single year; uppercase letters following values indicate significant
differences in a single year between the saturated and flooded zones.

were also due to an unusually high cover (mean cover Fig. 1. PCA of plant species cover in saturated zone permanent
98%) of Leersia oryzoidesTo determine if this species was plots for all years. Species codes are defined in Table 2.

the only difference between the restoration treatments, thRonitalicized species listed strongly affected the ordination: Un
communities were compared after removal bEersia derlined species indicate planted or seeded in at least one of the
oryzoidesfrom the data set. Withouteersia oryzoidesthe  planted restorations. Italicized and underlined species were
communities were still significantly different (MRPP, < planted or seeded in at least one of the planted restorations but
0.001; data not shown) between restoration treatments. Orditid not strongly affect the ordination. Species are plotted based
nation of species’ biomass in 1997 and 1998 showed a dissn eigenvectors from PCA.

tribution similar to cover data (data not shown).

Ordination of plant cover data (15 species) from flooded
permanent plots (data not shown) showed that reference sit
had a plant community different from that of both restora- e planted
tion treatments (MRPR) < 0.001) but indicated no differ- *
ence between restoration treatments. Axes | and Il explaine B reference
37 and 21%, respectively, of variation in the covariance ma ¢

. . °
trix. The reference sites had greater cover Gharex Phar
lasiocarpa(E1 = —-0.17, E2 = 0.94)Phalaris arundinacea w Pope o
(E1 = 0.92, E2 = 0.08), anB8agittaria latifolia (E1 = 0.29, [
E2 = 0.15). The communities of restored sites were more in = -
fluenced byBidens connatug§El = -0.07, E2 = -0.11), - Cas":;a
Leersia oryzoide§E1 = —0.05, E2 = -0.06), an8cirpus -
cyperinus(E1 = -0.13, E2 = -0.23). Ordination of species’ *cat
biomass in 1997 and 1998 showed a distribution similar tc
cover data (data not shown). ]

1|
¢ hydrologic

7
.
b
2]
S

Plant guilds l!
Aboveground biomass of mudflat annuals differed due tc °

a year x treatment and year x hydrologic zone interactior e

(ANOVAR, Table 5). In 1997, both restoration treatments

had lower biomass than reference sites. In 1998, planted res

torations had greater biomass than hydrologic restorations

and did not differ from reference sites. In 1997, the saturatedrecipitation and water depth

zone had greater biomass, while in 1998, the flooded zone Monthly precipitation data from the two nearest NOAA

had greater biomass. weather stations were used to measure differences in precipi
Aboveground biomass of wet prairie and sedge meadowation among years. During the active growing season prior to

species had an indication of differences among wetlangdampling (May—July), mean precipitation totals for both- sta

treatments, indicating that there was greater biomass of thigons were 44.3% lower in 1998 than the average rainfall for

functional group in hydrologic restorations (ANOVAR, -Ta 1996 and 1997. This precipitation difference was evident in

ble 5), but did not differ among years or hydrologic zone.the measurements of standing water depth of each plot taken

There were no differences in aeground biomass of emer during annual sampling at peak standing crop. Saturated plots

gent, floating aquatic, or woody species. remained within our definition of saturated (0 to +5 cm stand
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ing water depth) with an average (+SE) depth of 4.4 + 0.6 cnWable 5. Mean (1 SE) abveground biomass for plant guilds in
during the three years of the study. Flooded plots had an avesaturated and flooded zones for 1997 and 1998.

age depth of 19.3 £ 0.9 cm during 1996 and 1997, but ir
1998 the average depth decreased 58% to 8.2 + 1.9 cm.

Aboveground biomass (gfn

During annual sampling in 1996 and 1997, 88% of ourGuild Hydrologic Planted Reference
permanent saturated plots had 5 cm or less of standinrg wiwet prairie and sedge meadow
ter, and 98% of our permanent flooded plots had 20 cm o 1997 403 (220) 32 (21) 1(1)
greater of standing water, indicating that hydrology was-sim 1998 304 (122) 139(72) 10(10)
ilar among sites. In 1998, 95% of our permanent saturateMudflat annual
plots had 5 cm or less of standing water, and only 10% o 1997 1 (Op 0a 8 (5)o
our permanent flooded plots had 20 cm or greater of stanc 1998 & 38 (21p 6 (6)ab
ing water, showing the effects of drought. The similarity in Emergent
water depth changes also indicates that hydroperiods wel 1997 302 (120) 317 (201) 523 (79)
similar among all sites. 1998 478 (302) 209 (85) 675 (74)
Floating aquatic
1997 9 (7) 0 0
Discussion 1998 0 0 0
Woody

Planting of wetland restorations at the low densities founc 1997 2 (2 0 0
in these planted restorations offers no clear advantages ov @
hydrologic restoration. The only indication that plant com 1998 0 0 44
munity structure (richness, diversity, biomass) was affecte( Note: Letters following values indicate significant differences among
by planting was equivalent richness to reference sites durinfjeatments in a single year.
the final study year, possibly due to greater on-site seed pro
duction immediately following planting. The main plant secondary succession in restored freshwater marshes. The
community differences between restoration treatments wereapid increases in these community indices in the saturated
due to increased abundance lcfersia oryzoidesind Pha-  zone are in contrast with the results of Reinartz and Warne
laris arundinaceain the saturated zone of hydrologic resto- (1993), who found higher richness in seeded freshwater
rations. Hydrologic restorations also had a greater number aharsh restorations than in unseeded, hydrologic restorations
wet prairie and sedge meadow species. The nurse crop of af-3 years after initiation of restoration. This difference is
nual rye may cause community differences in planted restolikely due to the increased richness of seeding (22 species)
rations by competitively limiting establishment of other of that study over ours. Similar to our sites, rapid recovery
grasses, such aslLeersia oryzoides and Phalaris of biomass has been found in restored salt marshes (Broome
arundinacea in planted restorations. Additionally, annual et al. 1982, 1988), although other salt marshes show slower
rye would increase initial shade levels, which limits germi-accumulations of biomass (Boyer and Zedler 1998).
nation of wet prairie and sedge meadow species such asIn the flooded zone, increased richness andvaground
Carex vulpinoidea(Baskin and Baskin 1998) an8cirpus  biomass in response to drought indicate that germination limi
atrovirens(lsely 1944). The absence of floating aquatic-spe tation is responsible for differences in structural traits between
cies in planted restorations is likely due to waterfowl restored and reference wetlands. Increases in richness and bio
herbivory (Kubichek 1933; J.F. New and Associates, Inc.mass of restored sites in the flooded zone during 1998 show
1993), whereas the limited spread of planted woody speciethe dramatic response that can occur when normally flooded
is attributable to limited seed production by plants thisareas experience mudflat conditions. Lack of favorable germi
young. The minimal plantings of these restorations are-anahation conditions has a great effect on plant communities dur
ogous to remnant wetland vegetation, which was found tdang succession (van der Valk 1981), and water drawdowns are
only slightly affect vegetation community development in essential for germination of many wetland species (Galinato
restored marshes (Brown 1998). Because hydrologic restorand van der Valk 1986; Weiher et al. 1996; Toner and Keddy
tions dominated by monotypic communities (e.Bhalaris  1997). That these changes are a response to drought, rather
arundinacea Typhaspp.) were excluded from the study, the than to changes in seed availability or successional trends, is
differences between hydrologic and planted restorations madicated by the presence of mudflat annwgidéns connatys
be greater than these results suggest. However, because thirdernia dubig and wet prairie I(eersia oryzoidésspecies
plant communities of hydrologic restorations were sogrowing in normally flooded zones of reference sites, which
strongly affected by the presence of two grass species, it igere only present in 1998 (Table 2). Due to the drought, the
unlikely that the conclusions would change fundamentally inplant community in the flooded zone may increase quickly as
most restorations. These results refute the expected diffeplants that germinated during the drought spread vegetatively.
ences in species richness, diversity, andvaground bie  These results support our second hypothesis by showing the
mass between restoration treatments of our first hypothesigmportance of germination limitation in deeper water zones in

Although there were significant differences between re slowing rates of increase of species richness, diversity, and bio
stored and reference sites in plant community structurenass in both restoration treatments.
(richness, diversity, biomass), these differences were of a Although there were differences in communities- be
small magnitude in the saturated zone. Small differences itween restoration treatments, the most striking differences
plant community structure among restoration treatments andiere between restored sites as a group and reference sites.
reference wetlands indicate rapid colonization during earlyThe differences in community composition between re
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stored and reference sites imply the importance of celoniAcknowledgements

zation during secondary succession in these systems.

Some differences resulting from lack of colonization into We thank Tim Cordell, Robert Wolfe, and Nicole
restored sites were the absence of species such #alkbrenner for help in finding sites. We thank Mr. and Mrs.
Polygonum pensylvanicuand Calamagrostis canadensis Paul Futa, Monica Paidle, J.F. New and Associates, Inc., and
in all restorations. Increasing dominance @&halaris Potato Creek State Park for permission to work on the sites.
arundinaceain reference sites may be due to Competitivewe are thankful to Dan Druckenbrod, Dean Fecher, Candice
spread of the invasive grass. The greater presence &0y, Laurie Kellogg, Darby Kiley, Emily Klotte, and An
sedge meadow and wet prairie species in restorationdrew Weimer for their assistance with field and laboratory
compared with reference sites differs from hydrologicallywork for this project. We are grateful for Barbara
restored prairie potholes (Galatowitsch and van der Valkiellenthal's patience in helping with plant identification.
1996, 1996é0), possibly indicating greater colonization Finally, we are indebted to Jake Weltzin and Robert
and restoration potential of these species in this area. Thilcintosh for their comments and advice on this manuscript.
may be due to a greater number of small relict wetlands inl his work was supported by a NSF predoctoral fellowship, a
the study area that provide a source of seeds for dispers&ayer fellowship, and a Miles fellowship to C.H.K. and NSF
but is more likely due to the inhibitive effect &¥halaris ~ grants DEB 9629415 and DEB 9707426 to S.D.B.
arundinaceain reference sites. Community differences

between restored and reference wetlands were driven by

differences in species and not guilds, as shown by the miReferences

nor differences in guild biomass. These results support

our third hypothesis that plant communities would differ Baskin, C., and Baskin, J. 1998. Seeds: Ecology, biogeography,
among wetland treatments. and evolution of dormancy and germination. Academic Press,

These results clearly show the difficulties in predicting  San Diego, Calif. _ __
the rate and direction of plant community developmentBoyer’ K.E., and Zedler, J.B. 1998. Effects of nitrogen additions on
during early succession. When commonly monitored the vertical structure of a constructed cordgrass marsh. Ecol.
structural indices such as species richness, diversity, an Appl. 8:8?/?/2_8705. ED d Woodh WW. Jr. 1982, E
aboveground biomass were compared, both types of restg> 0°me: =-W., eneca, £.D., and Woodhouse, W.W., JI. 1982. Es-
rations had only small differences from reference sites 5— fangh;]ithOfl%aCk'Sh marshes on graded upland sites. Wet-
6 years after initiation of restoration, particularly in the anas, <. o

turated H th I b f tl dBroome, S.W., Craft, C.B., and Seneca, E.D. 1988. Creation and
Saturated zone. However, the small number or wetiands development of brackish-water marsh habitatProceedings of

used in this study may have reduced our power to detect o Corporate Conservation Council of the National Wildlife
differences among treatments. Despite the small differ- pegerationEdited byJ. Zelazny and J.S. Feierabend. National
ences in structural characteristics, the differences in spe- wjigiife Federation, Washington, D.C. pp. 197-205.

cies composition of plant communities between restoredgyown, S.C. 1998. Remnant seed banks and vegetation as predic-
and reference wetlands contradict expectations of easy re- tors of restored marsh vegetation. Can. J. B@.620—629.

establishment of plant communities (National Researcitiements, F.E. 1936. Nature and structure of the climax. J. Ecol.

Council 1992). These results indicate the need for longer 24: 252_284.

monitoring periods to allow time for stochastic events,Dahl, T.E., and Johnson, C.E. 1991. Status and trends of wetlands

such as droughts, to structure the plant communities4n re in the conterminous United States, mid-1970's to mid-1980’s.

stored marshes. This study also emphasizes the need forU.S. Department of the Interior, Fish and Wildlife Service,

longer-term data sets on which to set realistic monitoring Washington, D.C.

requirements (Zedler and Callaway 1999). Dobson, A.P., Bradshaw, A.D., and Baker, A.J.M. 1997. Hopes for
Increased abundance &halaris arundinacean refer the future: restoration ecology and conservation biology- Sci

ence sites indicates the need for ongoing management of €nce (Washington, D.C.p77. 515-521.

plant communities in restored wetlands. Active manageEdwards, P.J., Webb, N.R., Urbanska, K.M., and Bornkamm, R.

ment has been proposed for sedge meadow and wet prairie 1997 Restoration ecology: science, technology, and sodrety.

species in prairie potholes (Galatowitsch and van der Valk Resmragon ECOlogy an%bS”StZ'nable ;eve(;c’pmmée% by

1995), and it appears th&halaris arundinaceamay be K.M. Urbanska, N.R. Webb, and P.J. Edwards. Cambridge Uni

; . L . . versity Press, Cambridge, England. pp. 381-390.

particularly important in inhibition of species from this 4

guild, although this was not explicitly tested. Our resultsGalatownsch, S.M., and van der Valk, A.G. 1995. Reference

A - A oo revegetation during restoration of wetlands in the southern prai

indicate that some species, suchSagjittaria latifolia, ben

. . ) . . rie pothole region of North Americdn Restoration of temper
efit from even low levels of introduction during restoration.  jia \vetlandsEdited byB.D. Wheeler, S.C. Shaw, W.J. Fojt, and

However, the planting of other species, such l&ersia R.A. Robertson. John Wiley & Sons, Ltd., Chichester, England.
oryzoides Scirpus atrovirens and Scirpus cyperinusap pp. 129-142.

pears unnecessary. More intensive planting and careful sgajatowitsch, S.M., and van der Valk, A.G. 189&haracteristics
lection of species introduced may limit the effects of of recently restored wetlands in the prairie pothole region.-Wet
colonization and reduce the variability inherent in |ands,16; 75-83.

hydrologic restorations. An initial reduction in variability Galatowitsch, S.M., and van der Valk, A.G. 1996The vegeta

of succession may lessen the oft-noted difficulties of-per tion of restored and reference prairie wetlands. Ecol. Appl.
mitting agencies in judging success of restorations. 102-112.

© 2002 NRC Canada



Kellogg and Bridgham 185

Galinato, M.l., and van der Valk, A.G. 1986. Seed germinationNiering. W.A. 1997. Tidal wetlands restoration and creation along
traits of annuals and emergents recruited during drawdowns in the east coast of North Americl Restoration ecology and sus

the Delta Marsh, Manitoba, Canada. Aquat. B2¢f: 89—102. tainable developmentEdited by K.M. Urbanska, N.R. Webb,
Gauch, H.G., Jr. 1986. Multivariate analysis in community ecology. and P.J. Edwards. Cambridge University Press, Cambridge, Eng
5th ed. Cambridge University Press, Cambridge, England. land. pp. 259-285.
Gleason, H.A. 1926. The individualistic concept of the plant assoRace, M.S., and Fonseca, M.S. 1996. Fixing compensatory mitiga
ciation. Bull. Torrey Bot. Club53: 7-26. tion: what will it take? Ecol. Appl6: 94-101.

Glenn-Lewin, D.C., and van der Maarel, E. 1992. Patterns and proReinartz, J.A., and Warne, E.L. 1993. Development of vegetation
cesses of vegetation dynamics. Plant succession: theory and  in small created wetlands in southeastern Wisconsin. Wetlands,
prediction. Edited by D.C. Glenn-Lewin, R.K. Peet, and T.T. 13 153-164.

Veblen. Chapman and Hall, London, England. pp. 11-44. Toner, M., and Keddy, P.A. 1997. River hydrology and riparian

Isely, D. 1944. A study of conditions that affect the germination of wetlands: a predictive model for ecological assembly. Ecol.
Scirpusseeds. Cornell Univ. Agric. Exp. Stn. Mem. 257. Appl. 7: 236-246.

J.F. New and Associates, Inc. 1993. Orchard Ridge apartments Wejan der Valk, A.G. 1981. Succession in wetlands: a Gleasonian ap
land mitigation project. USACOE file No. 199101696, year 1 proach. Ecologyp2: 688—696.
monitoring report. J.F. New and Associates, Inc., Walkerton, Ind. yan der valk, A.G. 1992. Establishment, colonization and persis

J.F. New and Associates, Inc. 1994. Year 1 monitoring report for the ance.in Plant succession: theory and predicti&udited byD.C.

Dalton Foundries, Inc., Kosciusko county, Indiana. COE file Glenn-Lewin, R.K. Peet, and T.T. Veblen. Chapman and Hall
No. 100300800-gdn. J.F. New and Associates, Inc., Walkerton, Ind. | 5ndon Eng’Iand. op. 60-92. ‘

J.F. New and Associates, Inc. 1996. Dalton Foundries 93-03-25 rq 555 £ G. 1980. Michigan flora. Part I. 2nd ed. Cranbrook Press

plant. J.F. New and Associates, Inc., Walkerton, Ind. Bloomfield Hills. Mich
Kubichek, W.F. 1933. Report on the food of five of our most im Voss. E.G 1985’ Mick.\igan flora. Part Il. Cranbrook Press
portant game ducks. lowa State J. R:i.107-126. Blcl)om.fielld HiIIs- Mich ' ' '

Kusle_r, ‘]A and Kentula, M.E. 1.989' We"af‘d creation and ICesftOVoss, E.G. 1996. Michigan flora. Part Ill. Cranbrook Press,
ration: the status of the science. Environmental Protection - ] .
Bloomfield Hills, Mich.

Agency, Washington, D.C. Weiher, E., Wishieu, 1.C., Keddy, P.A., and Moore, D.R.J. 1996.

LeGendre, P., and LeGendre, L. 1998. Numerical ecology. Elsevier, Establish i ist q t imolicati f
Amsterdam, Netherlands. stablishment, persistence, and management implications of ex-

Luken, J.0O. 1995. Directing ecological succession. Chapman and perimental wetland plant communities. Wetlanaiﬁ; 208-218.
Hall, New York. Weinhold, C.E., and van der Valk, A.G. 1989. The impact of dura-

MacMahon, J.A. 1987. Disturbed lands and ecological theory: an tion of drainage on the seed banks of northern prairie wetlands.
essay about a mutualistic associatiobmRestoration ecology. A Can. J. Bot67. 1878_,1884' o ) )
synthetic approach to ecological researEkited byW.R. Jor- Wern(_ar, P. 1987. _Reflectlons on “mechanistic” experlr_nents in eco-
dan, M.E. Gilpin, and J.D. Aber. Cambridge University Press, logical restorationin Restoration ecology. Asynthetlt_: a_pproach
Cambridge, England. pp. 189-203. to ecological researctiedited byW.R. Jordan, M.E. Gilpin, and

McCune, B., and Mefford, M.J. 1999. PC-ORD. Multivariate anal- J-D- Aber. Cambridge University Press, Cambridge, England.

ysis of ecological data, version 4. MjM Software Design, PP- 321-328. _ _
Gleneden Beach, Oreg. Wheeler, B.D. 1995. Introduction: restoration and wetlanits.

Mitsch, W.J., and Wilson, R.F. 1996. Improving the success of Restoration of temperate wetland&dited by B.D. Wheeler,
wetland creation and restoration with know-how, time, and self-  S-C. Shaw, W.J. Fojt, and R.A. Robertson. John Wiley & Sons,
design. Ecol. Appl6: 77-83. Ltd., Chichester, England. pp. 1-18.

Mitsch, W.J., Wu, X., Nairn, R.W., Weihe, P. E., Wang, N., Deal, Zedler, J.B. 1996. Ecological issues in wetland mitigation: an in
R., and Boucher, C.E. 1998. Creating and restoring wetlands: a troduction to the forum. Ecol. Appk: 33-37.
whole-ecosystem experiment in self-design. BioScient&, Zedler, J.B., and Callaway, J.C. 1999. Tracking wetland restora
1019-1030. tion: do mitigation sites follow desired trajectories? Restor.

National Research Council. 1992. Restoration of aquatic eeosys Ecol. 7: 69-73.
tems: science, technology, and public policy. National Academy
Press, Washington, DC.

© 2002 NRC Canada



