Spring Peeper Meadow:
Revegetation Practices
in a Seasonal Wetland
Restoration in Minnesota
by Julia L. Bohnen and Susan M. Galatowitsch

Large-scale, multi-year
experiment provides a
model for restoration
of Upper Midwest
wetlands.
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nterest in restoring wetlands in the midcontinent oi North America has
increased in recent decades, in response to
concerns about degraded water quality,
altered hydrology, flood control, and loss of
aquatic biodiversity. Since the mid'1980s,
federal and state progranis (for example,
the Conservation Reserve Program, Wetland Reserve Program, Prairie Pothole
Joint Venture, Reinvest in Minnesota)
have provided incentives for landowners to
voluntarily restore several thousand prairie
glacial wetlands in the United States. In
addition, federal and state laws now mandate that losses ot existing wetlands must
be avoided or mitigated.
In 1995, the State ot Minnesota provided initial funding for the Minnesota
Landscape Arbciretiim (MLA) to demonstrate how wetlands could be restored so
that their plant and animal communities
ccimpare favorably to similar, high-quality
wetlands in the region. In particular, the
Legislative Commission on Minnesota
Resources saw the demonstration project as
a way to improve mitigation practices. The
Minnehaha Creek Watershed District, a
local watershed management authority,
offered additional funding because they also
wanted wetland mitigations within their
jurisdiction to succeed. The team assembled to plan and implement the restoration
included Peter Olin, the director of the
MLA and a landscape architect; Fred
Rozumalski, a landscape ecologist/designer;
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and the two of us in our respective roles as
horticulturist and restoration ecologist. We
consulted other experts as needed regarding
hydrology, soils, and seeding.
The Minnesota Landscape Arboretum
is situated amidst rolling farmland and
orchards in Carver County, west of
Minneapolis. The Arboretum undertook
the restoration of the 7.5-acre (3-ha), seasonal wetland and the adjacent 7.1-acre
(2.8-ha) wet prairie with the idea of using
restoration management practices (retlotxiing and water management) typical of
those used across the region. It was also
decided that the project would not be limited by the availahility of plants from commercial nurseries or inadequate site
preparation and after care. We wanted to
dt.x:ument the effort required to restore a
site to resemble a high-quality natural wetland of similar hydrology.
The site chosen offered two of the
biggest challenges facing wetland restorations in the region: I) a need to remove the
existing cover t)f the invasive perennial,
reed canarygrass {Phakim arundiruicea) and
2) an opportunity to restore a shallow wetland with an extensive sedge meadow zone.
We named this restoration Spring Peeper
Meadow to reflect the primary goal of the
project: to restore the full complement of
hiodiversity to a drained wetland in a fragmented landscape. We report here on the
extent of the initial recovery of this
restoration after seven years.
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Site Description
Spring Peeper Meadow (SPM) was historically a shallow, depressional wetland witb
a natural surface outlet to the south. We
used Soil Conservation Survey maps and
General Land Office Surveyor's records to
confirm that the site had likely heen a
shallow marsh and sedge meadow surrounded hy maple-hasswood forest prior to
drainage and cultivation. We also determined that Hougbton and Muskego muck
soils in the basin adjoin Glencoe silty clay
loam and upland soils of the Lester Kilkenny series (Edwards 1968).
Farmers ditched the wetland in the
late 1800s to facilitate cultivation. The
hasin was tiled in 1927, and re-tiled in
1957. A second outlet was created at tbe
north end of the hasin as a result of tiling.
The natural surface outlet was blocked in
the 1950s during road construction. Tbe
hasin had heen cultivated with n)w crops
until the last couple ot decades when a bay
crop was establisbed in rougbly tbe southern two-thirds of the basin. Immediately
prior to restoration, the vegetation in tbe
southern two-thirds of tbe basin was a
dense stand of reed canarygrass, witb only
small poputationsof otber species, inciuding stinging nettle (L'rtica dioica), nutsedge
{Cyperus strigosus), common milkweed
(Asc/cpjm syriaca), and marsb milkweed
(A. incamata). Tbe nortbem third of the
basin remained under cultivation.
Twenty-two upland acres (8.8 ba)
around SPM are also being managed as part
of the restoration. In 1996, tbe uplands
around SPM were a mosaic of plant communities and land uses (Figure I). Mesic
tallgrass prairie was restored outside of the
wet prairie zone in 1998 and 1999. In 1999,
the Arboretum implemented a forest
restoration on 5.9 acres (2.4 ba) of upland
tbat bad heen cultivated cropland.

Initial Wetland
Restoration Work
Planting Plan
A TR 55 hydrologic model helped us
ascertain tbat the restored maximum
water depth would range hetween 6 and
12 inches (15.2-30.5 cm), and that
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Figure 1. Spring Peeper Meadow is located 25 miles (40.25 km) west of Minneapolis,
Minnesota on the eastern edge of the University of Minnesota Landscape Arboretum. The
restoration is bounded on the east by State Hwy 41 and on the south by a local road. Land
use to the east and south of the roads is retail and light industrial, and agricultural on the
north and west. Photos courtesy of the authors

standing water would not he permanent
(Sykes 1996). Using this information
and given the profile of tbe hasin, the
team determined that three vegetation
zones would estahlish in the restored
SPM wetland. We expected that emergent vegetation would likely become
established below the 987-ft contour,
while sedge meadow vegetation would
hecome established hetween 987 and 988
feet (Figure 2) (Stewart and Kantrud
1971). Between 988 and 990 ft, tbe bigh
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water table seemed suitable to support
wet-praitie vegetation.
The elevations of the wetland were
demarcated hy a clever system of colored
monitoring poles designed by Fred
Rozumalski. Blue, purple, red, yellow, and
orange poles mark tbe elevations at onefoot contour intervals around tbe wetland from 986 ft to 990 ft, respectively
(Figure 2). The poles also delineate
where tbe vegetatitm zones were originally seeded or planted.
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Figure 2. Elevations within the wetland at Spring Peeper Meadow range from 986 to 990 ft
ASL. Monitoring poles are situated 100 feet apart at every 1 -ft change in elevation. The poles
delineate the boundaries of vegetation zones, planting treatments, and monitoring units.
There are 28 monitoring units (each 1-ft band for each section): 12 wet prairie units (all
seeded), six sedge meadow units (three seeded, three seeded and planted), and ten emergent marsh units (five seeded, five seeded and planted).

In order to evaluate whether seeds
alone are a sufficient propagule source to
restore diverse sedge meadow and emergent marsh communities, or whether seeds
should he supplemented with plants oi
some species, we divided the wetland
hasin into six sections using the poles as
markers. The sedge meadow and emergent
marsh zones in three oi the .sections were
seeded, while in the other three secticins
the same volume of seed was supplemented with plants. Species that we
selected to plant as seedlings or divisions
were those reported by managers to have
limited estahlishment from seed. Sedges
{Carex spp.) were the primary species we
planted. For aesthetic purposes, we propagated a few species of wildflowers for planting in each ot the three vegetation zones.
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We also propagated prairie cordgrass
(Spartina pectinata) for use in areas of the
restoration ahove the sedge meadow :one
that seemed prone to erosion. Since revegetating diverse wet prairies hy seeding is a
well-established practice (Morgan 1997),
we seeded the wet prairie following standard protocols. We monitored estahlishment in all three vegetation zones.

Propagule Acquisition
We developed a species list using information from the hydrologic model and from
observations of vegetation in similar intact,
local wetlands. Three distinct species
mixes, corresponding to vegetation zones,
were used at different elevational range.s
(Figure 2). When we hegan the SFM

restoration the supply of wetland propagules from commercial sources was limited.
As a result, in 1995 and 1996, staff and
volunteers hand-collected seed of 112
species from 11 locations within 60 miles
(97 km) of the restoration (Tahle lA-B).
One source of sweetflag {Acorus calamus)
was from 200 miles (322 km) north of the
restoration site. We did purchase supplemental seed of five wetland species and
the seed for the wet prairie zone from
Frairie Restorations, Inc. in Frinceton,
Minnesota (Tahle lC). The collected
seeds were stored dry in a cooler at 39° F
(3.9° C) until they were processed with a
hammertnill in Octoher 1996, just prior to
sowing. For most species, we estimated
Fure Live Seed weights hased on germination tests we conducted (see Tahle 1A-C).
The species to he planted were propagated from collected seed at the
University of Minnesota Horticultural
Research Center (Bohnen and others
1999). Seedlings for the sedge meadow
and wet prairie zones were grown in cell
packs in the greenhouse. We propagated
the larger plants for the emergent zone in
an outdoor, flooded nursery. Seedlings or
transplants of 20 sedge species, 13 forhs,
and one grass were grown. A total of
67,392 seedlings and transplants were
grown for the three zones: 34,423 plants
for the emergent marsh; 31,813 for the
sedge meadow; and 1,156 for the wet
prairie (Tahle lA-C).

Site Preparation
L)iie to the aggressive nature oi reed canarygrass, we scheduled site preparation to
tx:cur over two growing seasons. A systematic schedule of glyphosate applications was
implemented to minimize reed canarygrass
re-emergence from helowground rhizomes
as well as re-establishment from the extensive seedbank. Roundup at 3 quarts/acre
was used for all site preparation applications. Tlie initial broadcast application in
August 1995 was followed in Septemher hy
a prescribed burn to remtive the dense
canopy. In Septemher and Octoher, we
spot-treated within the hasin to kill seedlings and rhiiomes that had resprouted. In
1996, the site was hroadcast-sprayed in
May, spot-treated in June, hroadcast-
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sprayed again in late August, and spotTreated twice in September prior to breakmg the drain tile. Following these
treatments, we felt that we had nearly 100percent rhizome mortality although we suspected the seedbank remained larj^ely
intact. Tillin}:^ prior to seeding was minimized in order to avoid bringing additional
reed canarygrass seed up to the soil surface
where it might germinate.

Restoring Hydrology
In October 1996, we broke the lateral sections of drain tile. We chose to leave the
main north and south tile lines in place to
allow for drawdowns, if necessary. About
1 50 ft (40 m) of 8-inch (2O'Cm) diameter,
non-perforated tile replaced the original
[perforated tile to the outlet and in-line
Ntop logs were installed to manage the
water level (Figure 2). We had a staff
gauge and nine sets of nested peizometers
installed to t)btain surface and groundwater elevation data.

Planting
We used a fall-seeding strategy in order to
extend the period of herbicide treatment
and to access the site prior to the reintroduction of water. This strategy also had the
advantage of naturally stratifying the seeds.
The sedge meadow (10.7 pounds/acre) and
emergent marsh (13.4 pounds/acre) seed
mixes were hroadcast with a Victm broadcast seeder across the site at the appropriate
elevation zones in October 1996, immediately after the tile was broken. Wetland
seed is typically broadcast, not drilled,
because most species are thought to require
light to germinate. In the wet prairie zone,
the grass seed was drilled at 7.4 pounds/acre
and the forb seed was hand broadcast at 2.7
pounds/acre in November 1996.
Within a month of seeding, a significant rain occurred after the ground had
frcizen, causing some secondary dispersal of
the seed. In May and June 1997, we handplanted the seedlings and transplants ahout
15 inches (38 cm) on center throughout
the seeded-plus-planted sections of the
sedge meadow and emergent marsh zones.
The planting required more than 1,800 staff
hours and 280 volunteer hours (Table 2).
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Table 2. Management effort for various aspects of the wetland restoration are summarized for Spring Peeper Meadow (1997-2003).
Wetland Restoration
(14,6 acres)

1997

1998

Weed Control
Planting
Seeding
Monitoring
Miscellaneous

2,552
1,818

1,020

Total

Hours per Year
1999
2000
2001

2003

113
4
0

293
137
112
8

291
131
8
33
0

153
37
3
596
0

155
0
20
45
10

119
0
0
23
3

88
0
0
10
1

4,487

1,569

462

789

230

145

98

Establishment Phase:
1997-2003
Aftercare
Weed management during the first two
years of the establishment phase was critical
because the open soil became coK)nized by
reed canarygrass from the seedhank, cattails
{Typha spp.) blown into the site, and purple
loosestrife {Lythrum mlicaria) presumably
carried in by wildlife. More than 2,500
hours were spent managing cattails and
reed canarygrass in 1997, primarily by
hand-weeding (Table 2). From 1998-2003,
we spot-treated the three weedy species
with Rodeo at 2 oz/gal during systematic
walk-throughs conducted two to three
times each growing season. We also managed woody species, such as boxelder (Acer
ne^ndo) and willow {Sa/ixspp.), within the
wet prairie and sedge meadow by pulling or
by cutting and then spraying the stump
with a 50-percent solution of glyphosate.
In 1998, more than 1,000 hours were
dedicated to weed control within the wetland. Beginning in 1999, levels of management iar herbaceous and woody weeds
began to decline, going from nearly 300
hours (20 hours/acre) in 1999 to just
under 90 hours (6 hcuirs/acre) in 2003.

Initial Hydrologic Conditions
During and immediately after planting in
1997, and in 1998, we manipulated the
water level to promote establishment of
the plant community. Water depth and
duration of flooding were initially maintained within model predictions (Figure
3). In July 1997, precipitation was 9 inches
(22.9 cm) higher than average for the area
(National Weather Service 2002).
Although water was released from the wet-
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land to avoid complete inundation of the
seedlings and transplants, it could not be
released fast enough to avoid the death of
plants at the lowest elevations. In 1998,
water depths continued to be well above
the c|epths predicted by the TR-55 model.
Water depths were monitored to correlate establishment of the plant community. During 1997-1998, the lower
emergent marsh (helow 986 ft) was inundated more than 90 percent of the growing
season, while the upper emergent marsh
(986-987 ft) was inundated about 20 percent of the growing season (Figure 3). The
sedge meadow (987-988 ft) was inundated
less than 10 percent, and the wet prairie
(988 ft or higher) never flooded in 19971998. This (werall hydrologic regime is
similar to other shallow emergent marshes
in the region.
From 1999 to 2003, with the plant
community relatively well established, the
water level was lowered in late fall and
spring to avoid inundating the boardwalk
that had been designed and built to accommodate visitors. At all other times we
allowed the levels to fluctuate in response
to prevailing climate conditions. Overall,
from 1999 to 2003, the upper emergent
marsh and sedge meadow (between 986988 ft) experienced longer periods of inundation than in 1997-1998 (Figure 3).
However, a dry summer and fail in 2001
caused an extended dry down from late July
tt> mid-N(wember (116 of 215 growingseason days). The emergent marsh (below
987 ft.) was inundated less than 50 percent
of growing season days in 2001. We maintained higher water levels in spring 2002 in
anticipation of possible periods of drought,
and for the first time there was a brief
period (6.5 days) of standing water within
the wet prairie.

175

Table 1A-C. Species deliberately introduced to Spring Peeper Meadow in the three vegetation zones (A: emergent marsh, B:
sedge nneadow, C: wet prairie) below 990 ft ASL. The bolded column represents the zone in which each species was sown. Seed
weights are Pure Live Seed, unless germination data was not available (*). Cover classes: + = one or few individuals with insignificant cover, present in less than 50 percent of units, 1 = one or few individuals with insignificant cover, present in greater than
50 percent of units, 2 = 1-4 percent median cover, 3 = 5-24 percent median cover, 4 = 25-49 percent median cover. For each
species, the maximum median cover from the June or August sampling period was used for analysis. ^ = Upland prairie species
planted above 990 ft ASL. • = Rapid establisher.
A
Emergent Marsh
Emergent
Below 987 ft ASL

Seed

No.

Wt. (oz) Plants

Median Cover by Zone
Wet
Sedge
Prairie Meadow Marsh

Graminoids
Calamagrostis
canadensis •
Scirpus validus •

90.8
0.16
t
0.06
Glyceria grandis
171.6
13,680
Carex comosa
Carex pseudocyperus
0.32*
225
Carex lacustris
7.1
1,458
16.8*
Scirpus cyperinus
0.41
360
Carex atherodes
225
Carex hystericina
0.32*
Carex retrorsa
0.33
1620
Carex stricta
5.1
6,048
0.01
Scirpus fluviatilis
1
1,802
Carex lasiocarpa
7,920
Carex utriculata

1
1
+
+
1
1
1
+

3
1
2
1
1
2
1
1
2
1
+

2
3
1
1
1
1
1
1
+
+
-1-

+
+
+

Forbs
Sagittaria latifolia •
Sparganium

0.57
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2

+

Z

+
+
+
+
+
+

2
1
1
1
+
1
+

4

Ca'amagrastis
canadensis
Carex cristatella
Scirpus atrovirens

Seed
Wt. (oz)

No.
Plants

152.5
303.2
33.9

7,000

Carex stipata
Carex bebbii
Carex vulpinoidea
Muhlenbergia

6.7
1.4
6.1

4,290
6,800
7,700

frondosa
Eleocharis palustris

1.5
0.14

Juncus tenuis
Juncus torreyi
Carex tribuloides
Carex petlita
Carex granularis
Bromus kalmii
Carex tenera
Carex buxbaumii

1
1
1

3
2
2

2
1
1

1
1

2
1
1

"^

+

+
1

13.4*
20.2*
0.19
0.09
128.2*

Median Cover by Zone
Wet
Sedge
Emergent
Prairie Meadow Marsh

1,080
1,159

+

1
1
1
1
1
+
+

804

+

1

+
+

+
648
14

Forbs

eurycarpum
4.8*
Alisma triviale •
Acorus calamus
37.7
Vernonia fasciculata
38.0
iris versicolor
16.4
Slum suave
0.03
Cicuta maculata
0.03
Thelypteris palustris Spores
Cicuta bulbifera
0.34
Lysimachia thyrsiflora
0.06
0.34*
Galium obtusum
0.07*
Latfiyrus palustris
Campanula
aparinoides
0,01*
Totals

+

B
Sedge Meadow
987-988 ft ASL
Graminoids

5 ,080.6

720
365

34,423

3
2
+
+
+

1

3

1

Boltonia asteroides •
3.9
Eupatorium maculatun"1 39.8
Eupatorium
0.17
perfoliatum
Asclepias incamata
53.7
Aster puniceus
22.7

1
1

3
2

1
+

1
1
1

2
1
1

+
1

Menrha arvensjs
0.21
Scutellaria lateriflora
0.02
Ranunculus sceleratus 0,02*
Geum aleppicum
4.9
0,29
Helenium autumnale
Epilobium cohratum
0,04
Ranunculus
0.02*
pensylvanicus
0.37*
Lobelia siphilitica
Mimulus ringens
0,51*
Lythrum alatum
0,30*
0.19*
Penthorum sedoides
Teucrium canadense
0.72
Stachys patustris
0.01
Impatiens capensis
0.15*
Cattha palustris
Chelone glabra
0.01*
Lysimachia quadrifolia 0.01
Spores
Onoclea sensibitis
Scuteltaria galericulata 0.02

+
+

+
+
+

2
2
1

1
1
1
1
1
1

1

1

1
+
+
+
+

1
1
1
+
+
+

270

+
+
+

140

+
+

Lycopus americanus •

9.5

-1-

648
432
828
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c
Wet Prairie
988-990 ft ASL

Seed
Wt, (oz)

No,
Plants

Median Cover by Zone
Sedge
Emergent
Wet
Meadow
Marsh
Prairie

Graminoids
Sorghastrum nutans
Andropogon gerardii
Spartina pectinata
Elymus canadensis
Boutehua curtipendula ^
Schizachryium scoparium^
Koeleria pyramidata'^

320,3*
480,4*
25,6

392

16*

2
1

+

1
1

+

+
+

+
+
+

Forbs
Rudbeckia hirta^
Euthamia graminifolla •
Zizia aurea
Heliopsis helianthoides
Hefianthus giganteus
Aster novae-angliae
Monarda fistulosa
Verbena hastata
Agastacfie foeniculum
Thalictrum dasycarpum
Liatris pycnostachya
Pycnanthemum virginianum
Ratibida pinnata
Silphium perfoliatum
Solidago rigida
Aster umbeilatus
Pan/cum virgatum
Verbena stn'cta'^
Anemone canadensis
Gentiana andrewsii
Aster /anceo/atus
Dalea purpurea
Phlox piiosa
Liatris aspera
Datea Candida
Desmodium canadense
Coreopsis palmata'^
Veronicastrum virginicum
Aster drummondii
Lilium philadeiphicum
Lobelia spicata
Zigadenis etegans
Totals

10,0*

1,2
20.0*

2,2
20,0*
20.0*
0,14

5,1
0,90
6.4*

4,8
20,0*
0,23
0,41
0,41
64,1*
0,56*
0,24
20,0*
40,0*
0,15*
0,07
10.0*

144

+

2
2
2

1
1
1

1

1

1
1
1

1
1
1
1
+

1
1

1

1
1
1
1
1
1
1

+
+
+

1
1
+

+

+

+
+

+

+
144
288

+

+
+
+
+

1.9
30.0*
30,0*

24
0,03*

20
1,286.6

1,156

Patterns of Plant
Establishment
Vegetation Survey
In 1000, we conducted our first comprehensive survey of the vej^etation. Our aim
was to record all plant t,)ccLirrences within
the restoration site in order to gaujje the relative importance of planted and naturally
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colonizing vegetation. We also wanted to
determine the success of seeding and planting in general, and find the answers to
three practical questions: 1) r\)es a species'
ahundance in the seeding/planting mixture
affect the likeIih(X)d that it will cstahlish? 2)
Does estahlishment success differ with
water depth and flooding duration? and 3)
Are there particular circumstances where
planting or seeding is likely to fail?

SEPTEMBER 2005

We compiled floristic lists for each of
28 monitoring units encompassing the
sedge meadow and emergent marsh zones
and extending into the wet prairie zone (up
to 990 ft) to document the movements oi
wetland species from the zones in which
they had heen introduced. The monitoring
units corresponded to the five 1-ft elevation hands and the three seeJed-plusplanted and three seeded-tmly sections
marked hy the monitoring poles (Figure 2).
The monitoring units ranged from 0.05 to
1.1 acre each (averaging 0.45 acre). We
also assigned a cover class for each species
across that unit using a modified sevenpoint cover scale (Mueller-L>:)mhois and
Ellenherg 1974)- The two lowest cover
classes (+ and r) were comhined for data
analysis. Each cover class represents the
fciUowing range of percent cover: + = one
or few individuals with insignificant cover,
present in less than 50 percent of units, 1 =
one or few individuals with insignificant
cover, present in more than 50 percent oi
units, 2=1-4 percent, 3 = 5-24 percent, 4
= 25-49 percent, 5 = 50-74 percent, 6 = 75100 percent cover.
We sampled the vegetative cover in
June ZOOO, and again in August of that
year. Gleason and Cronquist (1991) was
used for identification purposes. For each
species, we used the highest median cover
from the June or August sampling period
for analysis. To answer some of our questions related to estahlishment in zones,
seeded-only and seeded-plus-planted
treatments were lumped for analysis.
Therefore, median cover values for emergent marsh species were calculated from
covers in all ten emergent marsh monitoring units. Likewise, we calculated the
median cover for sedge meadow species
from all six sedge meadow monitoring
units, while median cover values for wet
prairie species were derived from the 12
wet prairie monitoring unirs.
Data were summarized hy vegetation
zone. Species oi each zone were categorized hy the percent oi the seed and plant
mix that they ct)mprised. To determine if
existing ahundance relates to ahundance
of the number of plants installed or the
amount of seed sown, the covers of taxa
with moTc than 2 percent of seed (hy
weight) or more than 2 percent of the
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Year
Figure 3. The hydrology of Spring Peeper Meadow reflects management actions as well as
prevailing climate conditions from 1997-2003. Hydrology was monitored for a 215-day growing season from mid-April to mid-November.

number of plants for each zone were analyzed separately and compared. We chose
to analyze species with abundances jireafer
than 2 percent separately from more rare
species because that corresponds to which
species can he observed to have significant
ctiver diirinj;; field surveys.
The extent to which species migrated
trom their original piantinj^ elevations was
analyzed by examining median covers in
all zones far each of these species. Tbe
effects of the seeded-only compared to the
seeded'plus-planted treatments were analyzed by comparing percent cover between
monitoring units of the twt) treatments.

percent of those in the shallow marsh
were either planted or seeded (Table IAC). Overall, 256 species were observed
foLir years post-retlooding. Forty-four percent or 112 species were intentionally
introduced as plants or seeds. Eighty-nine
of the planted or seeded species are considered wetland species in tbe federal system (USOA, NRCS 2004), as are 58 of
tbe colonizers. This rate of wetland plant
cok)nizati(m is comparable to previous
reports from the region. For example,
Galatowitsch and vander Valk (1995) did
a survey o( 64 restored prairie wetlands
(three years post-reflooding) and found
tbat no more than 50 species were solely
revegetated by natural colonization.

Results

Similarly, the number of species
ranged from 22 to 45 in created wetlands
reliant on natural colonization in Connecticut three to four years post reflooding (Confer and Niering 1992). The
number of wetland species in SPM (147)
is comparable to similar, high-quality wetlands witb more than 100 taxa in the
Upper Midwest and greater than somewhat degraded wetlands (60-75 species)

Qenercd Patterns of
Establishment
The introductitm of propagules to SPM
had the intended effect a( immediately
accelerating the diversity of wetland plant
species (Figure 4). About 40 percent a(
the species established in the wet prairie,
50 percent in the sedge meadow, and BO
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(Galatowitsch and van der Valk 1995,
Galatowitsch and others 1999).
While the total number of species in
SPM in its fourth year was comparable to
high-quality wetlands, there were important compositional differences. Forb
establishment and expansion was more
efficient tban graminoid (grasses, sedges
and rushes) establishment at SPM, resulting in lower graminoid dominance than is
typical of comparable, natural wetlands.
Our focused efforts to plant graminoids
did not adequately compensate for their
slow establisbment and expansion. Nonnative colonizers were also a significant
component of the flora of SPM, comprising nearly 25 and 20 percent t)f the total
number of species in the wet prairie and
sedge meadow zones, respectively.
Disparity between intended and actual
initial composition could arise from several conditions: the differential availability of propagules in the seedbank or seed
rain, establishment hazards, reseeding
rates o( torbs compared to graminoids,
competition among species both native
and non-native, or tbe timing of seeding
and planting.
Several species that typically require
12 years or more before they colonize
unplanted, restored wetlands (Mulhouse
and Galatowitsch 2002), established populations at SPM, presumably from introduced propagules. Tbese included:
bluejoint (Calamagrostis canadensis), lake
sedge (Carex lacustris), great manna grass
{Glyceria grandis), and blue flag iris {Iris
versicolor). Our results suggest that seeding
and planting can significantly substitute
for time. Natural dispersal processes often
do not deliver all ai the species that can
grow in a newly created or restored ecosystem for several decades to even centuries
(Bradshaw 1997. Hutchinson 1975, Ray
and others 2001).

Establishment Success as a
Function of Seeding Abundance
Of the 95 species seeded into the wet
prairie, sedge meadow and emergent marsh
at SPM, only seven established rapidly
and reseeded, as evidenced by their high
covers in the vegetation (at least 25 percent) relative to their Itiw abundance in
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the seed mix (less than 2 percent of the
mix) (designated • in Table lA-C). In
fieneral, however, species that ccmstituted
less th;in 2 percent of a seed mix were
somewhat less likely to have sipnificant
cover than those that were well represented in a mix (22 percent compared to
32 percent, respectively).
We considered as conservative, any
species seeded at more than 2 percent of a
mix, but failing to establish more than a
tew scattered individuals after four years.
At SPM, 16 species fit this criteria; however, nine of them had unkntiwn viahility.
The remaining seven species included
sedges (mostly Carex species), grasses, and
composites that were distributed amonp
all three seed mixes. While stime of these
species (for example, sedges and Culver's
root [Veronicastrum vir^nicum]) have heen
widely reported to have low seed production or viahility (Bohnen and Galatowitsch 2001, van der Valk and others
1999), others, including marsh milkweed
{Asclepias incarriata) and asters (Aster
spp.), have hecn observed to readily estahlish elsewhere (Diboll 1997, Reinarti and
Wame 1993). In restored wetlands, species
that are not especially conservative likely
have a reduced probability ot finding* suitable germination and establishment conditions (hoth biotic and ahiotic) if the
actual flooding regimes caused seed placement to he suhoptimal. SPM experienced
a higher-than-anticipated level of inundation for the first two years, which may
have resulted in high seed mortality for
species that did not experience sufficient
secondary dispersal.

Hydrology and Planting Success

Figure 4. Vegetation changes at Spring Peeper Meadow. (A) August 1997. Vegetation zones
are beginning to develop at Spring Peeper Meadow. (B) The native plant community is well
established by September 2003.

Since emergent marsh and sedge meadow
seed mixes at SPM were broadcast, seeds
of many species readily floated and were
redistributed to higher elevations. Only
three o( the emergent marsh or sedge
meadow species—turtlehead {Chelone
^lahra), granular sedge (Carex granularis),
and Torrey's rush {Juncus torreyi)—
remained confined to their introduced
zones (Table 1A-B). All others moved up,
many extending their distributions hy
more than 3 ft (1 m) in elevation. Species
seeded in the sedge meadow were much

more likely to move up-gradient (85.7
percent) than down-gradient (51.4 percent). Likewise, seeded species in the
emergent marsh moved upward more frequently (80 percent) than wet prairie
species moved downward (66 percent).
Overfl(.x)ding likely restricted establishment of planted species within the
emergent marsh zone. All ten species
planted in the emergent marsh zone were
less abundant or widespread in the lower
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elevations of that zone (below 986 ft) than
near the upper boundary. Three sedges—
porcupine sedge (Carex hystericina), lake
sedge, and needle sedge (C. lasiocarpa)—
failed tti establish in lower areas oi the
emergent marsh zone, although they were
found at higher elevations. Other studies
have documented similar differences in
establishment hetween species relative to
planting elevation and water depth. Yetka
and Galatowitsch (1999) found that
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transplanted tussock sedge (C. siricta) rhizomes experienced high mortality (greater
than 90 percent} across all elevations and
water regimes, while lake sedge rhizomes
had high survival (greater than 75 percent)
when planted at or above mean pool elcvatitm or where water levels were receding.
Likewise, Budelsky and Galatowitscb (in
press) report lake .sedge and tussock sedge
seedling establishment and growth were
limited by increasing water depth.

Situations Where Seeding or
Planting are Likely to Fail
The inability to predict and manage
hydrology may be the primary factor limiting successful revegetation in restored wetlands. Since transplants and seedlings
cannot disperse from their planting locations, the unpredictability of hydrology can
lead to inappropriate placement of costly
propagules and thus poor establishment or
complete loss of a population. At SPM,
plantings predominantly failed in the
emergent marsh where seedlings and transplants were overilooded. Seedlings of the
sedge species planted in the sedge meadow
zone also died as a result of inundation near
the lower boundary of that zone.

Recommendations
and Next Steps
The first seven years t)f the Spring Peeper
Meadow restoration demonstration have
yielded several important insights that
may improve the practice of shallow wetland restoration in the inidwestern
United States. First, we were able to
demt)nstrate tbat with adequate attention
to site preparation and post-planting weed
ccnitrol, it is possible to successfully boost
plant diversity through seeding and/iir
planting. Since we are tracking the labor
required to implement each aspect of the
restoratitm, this is likely the first complete
accounting of the effort that is generally
required to restore a biologically diverse,
shallow wetland habitat. We anticipate
that reasonable cost estimation of tbe
aftercare phase of restoration should now
be possible using tbe labor record found in
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Table 2. Implementing a project, as
described here, requires 300 hours/acre in
tbe planting year, 100 hours/ acre the following^ year, 35 hours/acre (average) twofour years post planting, and 8 hours/acre
in the following years.
Second, our experience suggests that,
in addition to weed control, wetland seeding/planting has been limited by two
other major factors: commercial seed and
plant availability and uncertain hydrology. For instance, we were able to collect
only small quantities of several small-seed
species tbat are ubiquituous in native wetlands but generally unavailable from commercial nurseries. These species, which
included marsh bellflower {Campanula
aparinoides), tufted loosestrife {tysimachia
thyrsiflora) and hooded skullcap (Scutellaria galericulata), were absent from SPM
four seasons after planting (Table 1A-B).
We now think that they may have to be
introduced as plants or as a larger proportion of the seed mix. Timing of introduction may also be important for some
species that did not establish in the early
phase of the restoration process. Heerdt
and Drost (1993) demonstrated that
timing of a drawdown and subsequent
exposure of the seed bank affected the trajectory ot the plant community that
established. Still otber species may require
a cover of established vegetation to create
a specific microhahitat before they can
germinate and become established. We
expect that the demand and supply of a
diverse array of seeds and plants will
increase as the practice of active wetland
revegetation becomes more reliable.
Critical to this assumption is that the
goals of wetland restoration will extend
beyond water quality improvement and
stormwater storage and focus on restoring
bi<.)diversity, as well.
Uncertain bydroktgy is an inherent
challenge cif shallow wetland restoration,
since even relatively small differences
between predicted and actual water
regime bave tbe potential to shift where
particular vegetation zones will develop.
Given tbe patterns (jf plant establishment
at SPM, we suggest the following strategy
as a hedge against unpredictable hydrology: 1) install plants slightly higher within
the elevational range that is predicted for

their successful growth, and 2) sow seeds at
slii,'btly lowet elevations tban tbeir predicted elevational range. In addition, vegetation should be planted or seeded in as
wide an elevationai band as propagule supplies allow. This project (as well as other
research data) demonstrates that wetland
plants are more vulnerable to overflooding
than moisture deficits. However, planting
at even slightly bigher elevations can pose
the risk of plant loss in unseasonably dry
conditions. While more researcb is needed
on seccindary dispersal in wetlands, patterns of plant establishment at SPM suggest that broadcast seed readily floats, and
establishment occurs when the seed
becomes lodged in an appropriate hydrologic niche. The scheduling oi planting
events in wetlands may require additional
experimentation to further assess the timing of seeding compared to plant installation to optimize establisbment of diverse
wetland communities.
We are frequently asked wbetber
SPM, with its significant investment in
labor for site preparation and aftercare,
can be a mtidel for wetland restorations
tbat have fewer resources. We believe that
it is important to recognize when restoration success is limited by gaps in ecological/horticultural knowledge compared to
limitations due to Inadequate resources
(especially labor). Our observations at
SPM have triggered several research projects to address knowledge gaps, most
notably a series oi studies of competitive
interactions between reed canarygrass and
sedges, as well as investigations of sedge
seed establishment. We expect that using
data developed from monitoring full-scale
restorations and data from formal experiments will continue to be an important
combination for successful wetland
restoration prescriptions. We are looking
fcirward to the next comprehensive round
of vegetation monitoring (2004-2005),
and the new questions and insights that
will emerge. Our expectation is that projects like Spring Peeper Meadow can
improve general wetland restoration practice by developing a scientific basis for
dec is ion-making.
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