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Adaptive restoration of a former wet meadow

The Arboretum has embarked on a long-term project 
southwest of Teal Pond to restore 12 acres of 

wetland (hereafter Teal Pond Wetland; TPW; Sullivan 
and Doherty 2013) (Fig. 1). Restoration is underway, 
even though it is not entirely clear how to achieve the 
desired target or exactly what that outcome should be. 
For decades, the wetland supported a dense thicket 
of Buckthorn (Rhamnus cathartica) and other invasive 
shrubs, and several large trees, mostly Cottonwood 
(Populus deltoides), became prominent over the years. 

A long list of questions has been tackled by 
Arboretum land care staff, a UW class in Adaptive 
Restoration, and a doctoral student, aided by many 
volunteers, including weekend work parties and 
Americorps crews. Here we present progress to date 
on the adaptive restoration process, aimed at testing 
alternative approaches while learning how best to  
restore TPW.

What should be the restoration target?
 Few trees and shrubs are evident on the 1937 aerial 

photo (Fig. 2), and the site appears to have had open, 
herbaceous cover. But now, the hydrological conditions 
are altered by inflows of partly treated urban runoff 
entering the site from Curtis Prairie on the west and 
from a retention basin (Pond 2) on the south. Without 
frequent prescribed fire, woody plants readily dominate.  

Because Leopold (1934) laid out the Arboretum’s 
task as returning the land to examples of pre-European-
settlement communities, a sedge meadow would be a 
suitable target.  But, like many restoration sites, changes 
in watersheds and climate could preclude restoration 
to any specific historical condition.  Many prominent 
ecologists don’t expect to turn back the clock, but that 
doesn’t mean we shouldn’t try (see Arboretum research, 
featured in the December 2013 Scientific American).
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Figure 1.  Central area of 
the 1200-acre UW-Madison 
Arboretum in Madison, WI.
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Arboretum staff agreed that invasive exotic shrubs 
(mostly Buckthorn, Rhamnus cathartica) should be 
removed, so brush-cutting became a high priority. 
In 2010 we asked the US Fish and Wildlife Service 
(FWS) for a grant to clear shrubs using a brush-mower, 
including a corridor along the stream that flows from 
TPW to Lake Wingra.  Unfortunately, FWS did not 
have sufficient funds that year, and our first proposal 
was not funded (but see below).

How does hand-cutting compare to brush 
mowing?

From 2007-2011, field staff and Marian Farrior’s 
weekend work parties hand-cut brush around the 
northern edge of TPW and in 2012, they cleared two 
large plots along the south edge for experimental sedge 
plantings by Jim Doherty (2013). The hand-cutting 
work included removing the cut stems from the site, 
leaving a “clean palate” for understory to self-establish.  
However, hand-cutting was slow-going.  At an acre 
or two per year, it would take up to a decade to clear 
TPW.  

Then luck began to turn.  The Arboretum 
received help for shrub mowing from the power line 
construction project and began mechanized removal of 
shrubs in 2012. Then, in winter 2012/2013, FWS and 
a donor offered funds for a forestry mower (Fig. 3) to 
clear the remaining 10 acres.  In a matter of weeks, the 
mower shredded all but the trees that were larger than 

4 inches diameter (Fig. 3). Depending on the species, 
some of these trees will be removed at a later date, 
leaving selected native tree and shrub species for animal 
habitat. Following shrub removal, a hardy volunteer, 
Melissa Haber, used a high-precision GPS unit to map 

Figure 2.  Teal Pond Wetland in 1937. Photo from Arboretum 
Archives.  

Figure 3.  Shrub removal in 2013 using a forestry mower. 
Note the “wall of shrubs” in the background, which is how the 
foreground appeared before work began.

Figure 4.  Trees (yellow dots) that remained after forest 
mowing and areas of impounded water (blue) in spring 2013 
within Teal Pond Wetland.  GPS survey by M. Haber; GIS map 
by M. Wegener.
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many of the remaining trees in TPW (Fig. 4). At the 
same time, she mapped areas that ponded rainfall and 
runoff during one of the Arboretum’s wettest spring 
seasons (Fig. 4).  Her map shows that much of the site 
ponds water and has variable topography and spatial 
variation in hydrologic conditions.

Although the mower cut the woody vegetation in 
record time, it spit out the shredded remains as debris 
and transformed the ecosystem into a savanna-like 
community with a novel dead-wood litter layer (Fig. 5).  
Planners and practitioners talk about “novel restoration 
sites” and our proposed sedge meadow with its layer of 

woody debris certainly qualifies as novel! Prescribed 
fire might remove the woody litter, but if the debris is 
too wet to burn in 2014, efforts to re-establish sedge 
meadow vegetation might be impaired. Students in the 
Adaptive Restoration Lab suggested experimentation for 
coping with the remaining layer of woody debris.

Which trees remained after brush mowing?
If brush removal left behind a “typical” wet savanna, 

then retaining the existing trees would be an easy target 
for TPW restoration. But first, we needed to answer 
two questions:  Which trees remained and what would 
characterize a “wet savanna”—preferably one in the 
1840s, as envisioned by Leopold’s goal of representing 
pre-European-settlement vegetation. 

Wisconsin has various remnant savannas, but they 
are mostly small, disturbed, and on dry sites.  Few wet 
savannas are available to serve as a target for TPW. 
In the search for quantitative data on wet savanna 
composition, three students came to the rescue--Nicolas 
Galleguillos, Jason Skwierawski and Thor Jeppson. 
They sampled TPW in October 2013 using six transects 
each with five 100-m2 circular plots, for a total of 30 
plots concentrated where trees remained (Fig. 4). They 
encountered 51 trees belonging to 10 species (Table 1), 
with many large Cottonwood and Bur Oak (Quercus 
macrocarpa). 

Figure 5. Early in the restoration process, following brush 
removal, TPW had an open canopy of trees with a novel dead-
wood litter layer. May 2013 photo by J. Zedler.

 Tree species No. in 30 
plots % Frequency % Basal 

Area IV

Populus deltoides 20 27.78 80.36 49.12

Quercus macrocarpa 16 33.33 10.61 25.11
Fraxinus pennsylvanica 8 19.44 7.03 14.05
Carya ovata 1 2.78 0.82 1.85

Ulmus rubra 1 2.78 0.50 1.74

Quercus bicolor 1 2.78 0.25 1.66
Amelanchier sp. 1 2.78 0.17 1.64
Ulmus rubra 1 2.78 0.14 1.62
Rhamnus cathartica 1 2.78 0.08 1.61
Rhamnus frangula 1 2.78 0.05 1.60
Total 51 100 100 100

Table 1. Tree composition and importance value (IV=mean of relative density, relative frequency and relative 
basal area) at TPW after understory brush was cleared. The basal area totaled 21.24 m2/ha; and average basal 
area was 12.50 dm2/tree (for more data, see Bot670 Class Report, 2013).
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Which trees should be left in place?
To achieve Leopold’s vision, we sought additional 

information on historical wet savannas, to see how well 
TPW (Table 1) matched the composition of historical 
wet savannas. Obviously, top priority would be to avoid 
non-native species, and the field staff removed European 
Alder as one of the first restoration measures. Alders 
thought to be the native Alnus rugosa were planted in 
TPW in the 1950’s, but when the European species 
(Alnus glutinosa) became invasive in the 1960s, Kline 
(1992) suggested that they had been planted by mistake. 
The alders were cut to ground level and stumps were 
herbicided in winter 2013. This vigorous resprouter will 
be re-herbicided as needed. 

The ecological literature was not definitive about wet 
savannas, since remnants are rare and rarely studied. 
In search of nearby remnant sites to serve as reference 
ecosystems, Galleguillos and classmates sampled 
Swenson Wet Prairie and the Ramsden Acquisition, as 
suggested by our contacts at the Department of Natural 
Resources. However, these remnants were not very 
similar (Box 1), and they lacked a species presumed to 
be present in historical savannas, namely, Swamp White 
Oak (Quercus bicolor). 

Lower Greene Prairie has a stand of Swamp White 
Oaks that were planted several years ago and that have 
proven tolerant of urban runoff. This species and at least 
some strains of Bur Oak are known to survive flooding. 
These observations led to the suggestion to promote a 
Swamp White Oak and Bur Oak savanna overstory at 
both TPW and Lower Greene Prairie (Bot670 Class 
Report 2013), but we still had no natural model. 
Thus, the Adaptive Restoration class recommended 
an experimental approach to determine how the 
Arboretum could increase the abundance of Swamp 
White Oak and Bur Oak in TPW, as other species are 
removed or die. Flood-tolerant oaks could be managed 
to sustain a wet savanna with sedge meadow understory.

How should we establish a sedge meadow 
understory in TPW?

Tussock sedge (Carex stricta) is a priority species 
for restoring sedge meadow—it behaves as a matrix 
dominant (Leaflet 3), meaning it allows many other 
native plants to co-exist (Leaflet 2). It also stores 
carbon, takes up added nitrogen, is easy to propagate 
vegetatively, making it suitable for transplantation of 

Wet savanna remnants in Wisconsin.

Swenson Wet Prairie is a 40-acre State Natural 

Area along the Sugar river in rock County.  The 

understory vegetation is a sedge meadow, with 

some wet-mesic prairie. The wetland is managed 

by harvesting trees, clearing brush, thinning the 

canopy and removing invasive species.  It had 

only five tree species, with Swamp White Oak 

(Q. bicolor) and American Elm (Ulnus americana) 

dominant.  It had a basal area of 60.3 m2/ha.  

The 250-acre Ramsden Acquisition is a 

floodplain wetland along the Wisconsin River 

and east of Avoca in Iowa County.  Although not 

intensively managed, it retains a sedge meadow 

understory.  Ramsden had seven tree species 

and was dominated by Quaking Aspen (Populus 

tremuloides) and White Birch (Betula papyrifera).  

Additional data appear in the Bot670 Class 

Report, 2013. Figure 6.  Tussock sedge litter carried a hot fire that was 
prescribed on 1 May 2012, and plants resprouted soon 
thereafter. May 8, 2012, photo by J. Zedler.  
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“plugs” (Leaflet 22).  And, as observed in Curtis Prairie 
in May 2012 (Fig. 6), its dense litter fuels prescribed 
fires that kill woody seedings. Thus, it was an obvious 
choice to plant in the TPW understory.

Still, questions remained:  Where will Tussock Sedge 
establish and grow best, noting that some areas of 
TPW impound water and others do not?  Can survival, 
growth and tussock formation be enhanced by planting 
plugs on small mounds or in shallow depressions? Does 
the type (size, composition) of mound matter? Do plugs 
from different seed sources grow at different rates, and 
would some respond more positively to a warming 
climate? 

Doherty’s (2013) dissertation addressed each of 
these questions in an adaptive restoration framework. 
He also addressed the effects of variable moisture when 
the Arboretum experienced a severe drought in 2012 
followed by unusually heavy rainfall in 2013 (Fig. 7). 

The dry and wet years that some might consider 
catastrophic were actually serendipitous for research. 
Here are a few of Doherty’s findings:

Planting Tussock Sedge in moisture-retaining peat pots 
(Fig. 8) allowed plugs to survive and grow even in a dry 

area during a dry year (Doherty 2013).  Smaller mounds 
also supported growth.

In contrast, tall soil mounds (30 cm) and shorter 
mounds (16 cm tall) made with soil + wood chips 
exposed Tussock Sedge to drought stress in 2012. Also, 
plugs planted in depressions that ponded water in 2013 
experienced waterlogging, resulting in reduced survival 
and growth. The wide range of tests (manipulations in 
wetter and drier sites over wetter and drier years) led 
Doherty to conclude that enhancing microtopography 
widens the range of microenvironments in a site. Thus, 
restorationists can hedge bets against environmental 
variability.  Testing alternatives in actual restoration sites is 
the key to “learning while restoring” (Leaflet 4).

A second experiment took advantage of multiple 
seed sources that Susan Kilmer used to grow Tussock 
Sedge in anticipation of a large planting effort in TPW. 
Seeds were obtained from central Wisconsin (WI) 
and northern Illinois (IL). These distant sources were 
planted in experimental plots (Fig. 9), providing another 
opportunity to learn while restoring. Doherty tracked 
their growth and survival and found that plugs from IL 
grew longer leaves, accumulated more biomass, and had 
higher survival than WI plugs, especially in the wettest 
experimental area during the wetter spring (2013). Because 
the source area for IL plugs receives about 100 mm more 
annual precipitation than central WI, there could be 
genetic differences that confer flood tolerance. While 
further tests of seed sources vs. latitude and hydrologic 
conditions at seed-donor sites are needed, this pilot study 
attracted volunteers to help establish a field experiment 

Figure 7. June data are featured, as this is the wettest month 
of the region’s growing season.  June 2012 was the driest 
June recorded by the Arboretum’s meteorological station, and 
rainfall in June 2013 nearly tied the wettest June on record.

Figure 8. Peat pots collected rainfall and retained moisture; 
Tussock Sedge established vigorously even during drought 
(2012).
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that simultaneously restored sedge meadow vegetation 
(adaptively).   

How should we achieve a diverse native 
understory? 

Once our matrix dominant (Tussock Sedge) is 
established, other species can be added. One strategy is 
to wait and see which species “volunteer.” This strategy 
provide an opportunity for an undergraduate, Rachel 
Keuler, to learn while Jim Doherty worked on planting 
the top priority species.

Despite planting only Tussock Sedge in the two 
experimental areas along the south edge of TPW, 
seedlings of many other species emerged in June 2012 
(Fig. 10). Most were native species, but some were 
non-native invaders (*). In the west block, at least 25 

species were found by  Doherty and Keuler; these were 
Rhamnus cathartica* in 96% of 27 plots, Geranium sp. 
in 81%, Epilobium coloratum in 70%, Bidens frondosa 
in 37%, Lonicera sp.* in 26%, and Helianthus annuus, 
Impatiens sp., and Carex sp. in 22%.  Similarly, they 
found 31 species in the east block, notably Eupatorium 
maculatum and Aster sp. in 96% of the 27 plots, 
Epilobium coloratum in 93%, Rhamnus cathartica* in 
81%, Acer sp. in 74%, Populus tremuloides in 67%, 
Solanum dulcamara* in 67%, Bidens frondosa in 59%, 
Carex sp. in 48%, Conyza sp.* in 41%, Solidago sp. in 
37%, Impatiens sp. in 26%, Pilea pumila in 22%, and 
Juncus tenuis and Lycopus americanus in 18%. 

Also in early June 2012, Keuler collected soil cores 
from each of Doherty’s plots to quantify the “seed 
bank,” i.e., seeds that would germinate in a growth 
chamber under uniform temperature and light. Sedges 
germinated from 64% of her soil cores, which suggests 
high potential for sedges to re-establish as volunteers. 
Other observations in the field indicated that some 
wet meadow species may also volunteer. The “wait and 
see” approach can save money and time, provided that 
invasive plants are not poised to fill open spaces.  In that 
case, a low-cost cover crop, such as the annual Beggar’s 
Tick (Bidens cernua) should be useful.

How can we establish vegetation that is both 
diverse and invasion-resistant?

It is tempting to assume that a plant community 
with more species will provide more biomass and 
perform more ecosystem functions, such as repelling 
invaders. If true, it would be a simple matter to plant 
more species to restore multiple ecosystem services. 
Doherty tested this “diversity-function theory” in 
Curtis Prairie, in stormwater treatment swales, and 
in wetland mesocosms, with productivity as an 
indicator of ecosystem function.  However, diversity 
and productivity were not positively correlated.  
Researchers who have found higher productivity 
where more species are planted have worked in upland 
experiments that they weeded to maintain low- to 
high-diversity plantings.  But weeding does not make 
sense for restoration purposes.  So, when tall productive 
graminoids invade and persist, they outgrow other 
species. By being highly productive, invaders reduce 
diversity (Doherty and Zedler in press).  

Figure 9. Volunteers helped plant plugs of Tussock Sedge from 
WI and IL in spring 2013. Growth in wet sites that ponded 
water was compared to that in nearby drier sites. Photo by J. 
Zedler.

Figure 10.  Native and non-native seedlings emerged in the 
areas cleared for the mound experiments  May 27, 2012, photo 
by J. Zedler.
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Because the urban, nutrient-rich wetlands we’ve 
studied tend toward productive dominants that suppress 
diversity, we recommend planting a matrix dominant 
such as Tussock Sedge first, perhaps adding a cover 
crop (Fig. 11) to reduce colonization by aggressive 
graminoids. Once the matrix species is well established, 
we recommend increasing diversity by adding forbs to 
replace the cover crop.

In 2013, we continued our adaptive restoration 
approach at TPW by seeding Tussock Sedge plantings 
with high-cover, native wetland species predicted by 
Arboretum and DNR staff to reduce early invasion 
without suppressing native volunteers; these were Bidens 
cernua, Leersia oryzoides, Glyeria striata, Calamagrostis 
canadensis, Carex vulpinoidea, and Elymus virginicus. 
First, Doherty seeded 120 1-m2 plots throughout TPW 
with some combination of the 6 species in late May 
2013. 

What happened?  Bidens cernua, Leersia oryzoides, 
and Glyeria striata each came up in 30 or more plots. 
But since high water levels during the wet spring of 
2013 may have washed away many seeds, we asked 
students from Botany 670 to re-seed all plots in 
September 2013. The plots should be re-censused to 
determine the long-term outcomes (the planting plan 
and GPS coordinates for all plots are archived at the 

Arboretum). Questions that remain are: Which species 
achieved highest cover? Which co-occurred with many 
other species? Which may have reduced Reed Canary 
Grass invasion? 

How should Reed Canary Grass (RCG) and 
other invaders be managed?

RCG occurs just upstream from TPW and is 
poised to expand into the disturbed/novel restoration 
site. It lurks around the edges of TPW and Pond 2. 
Both seeds and vegetative propagules can float into 
TPW. It established small clones in at least one of 
four stormwater treatment swales (Fig. 12). There is 
no proven method to prevent its establishment from 
seeds or plant fragments; only years of surveillance and 
targeted removal can control it.

Field staff began herbiciding RCG adjacent to 
TPW in 2013 using glyphosate. Mike Healy (Adaptive 
Restoration LLC) recently recommended using 
clethodim for repeated use on RCG in wet habitat. 
Experimental comparisons of clethodim (grass-specific) 
and glyphosate (harms all plants) are needed.  We do 
not recommend using sethoxydim, however, since 
earlier research indicated limited effectiveness on RGG 
(Healy and Zedler 2010).

Figure 11. The native Beggar’s Tick (annual species of Bidens; 
potential cover crop) established seedlings where sown in the 
Arboretum stormwater swales (Leaflet 27).  In the background, 
seeds of other species did not germinate, and invasive Cattails 
(Typha spp.) established readily. Where the cover crop pre-
empted space (plot in foreground), Cattails did not dominate 
until year 2, after the annual cover crop died.  June 20, 2010, 
photo by J. Zedler. 

Figure 12.  Reed Canary Grass was an early invader of the 
Arboretum stormwater swale system, shown here. May 2010 
photo by J. Zedler.
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Other weeds (e.g., Conyza spp., Solanum dulcamara) 
should be controlled now, during their early stages 
of invasion.  Woody seedlings (Rhamnus cathartica, 
R. frangula, Lonicera sp.) will become vulnerable to 
prescribed burning, once the understory provides 
sufficient biomass to carry a fire. As indicated above, 
the dead-wood debris layer presents a novel challenge 
for sedge meadow establishment.  During a dry year, it 
might be possible to burn off some of the litter, while a 
wet year could accelerate decomposition.  

What are the next research priorities?
TPW offers many opportunities to observe outcomes 

of brush removal across a wide range of environmental 
conditions, as well as to follow up existing experiments 
and establish new ones.  We recommend careful 
attention to records of the existing experiments so 
that sedge meadow establishment can be followed 
in the long term for alternative approaches (varying 
topography using mounds and depressions, comparing 
wetter and drier sites, observing variations in wetter 
and drier years, planting Tussock Sedge from WI vs. 
IL, adding diverse seed mixes). If other experiments are 
superimposed on the exiting research plots, the current 
treatments will be confounded.  

There is plenty of room in the 12-acre site for 
new experiments. The Adaptive Restoration students 
suggested experimental plantings of Quercus bicolor 
and Q. macrocarpa to enhance the wet savanna canopy 
diversity, and they suggested manipulating the woody 
litter in various ways to find effective approaches 
to establish a species-rich understory. Across this 
topographically-varied site, the vegetation target might 
range from sedge meadow in the wetter areas to mesic 
prairie in the higher drier areas.  

We recommend long-term studies.  While it would 
be nice to know the outcome of restoration efforts in 
just 1-2 years, the ability to control woody invasion and 
re-establish sedge meadow vegetation won’t be known 
for decades to come. 

We recommend more analyses of water quantity and 
quality entering and leaving TPW.  Because the in- and 
outflows are restricted to culverts, there is opportunity 
to install weirs and obtain quantitative measures of 
water flows, nutrient concentrations, and removal/
export rates.

This winter, the Arboretum publicized the October 
2013 discovery of an aggressive worm, the Alabama 
jumper Amynthas agrestis, just north of TPW.  This 
species has been called the worst of the invasive 
worms, because it lives on the soil surface and removes 
understory plants and even woody vegetation as it 
eats its way through the litter-soil interface. Research 
is needed on its occurrence, rate of spread, preferred 
conditions (e.g., water tolerance), and impacts during 
this early stage of invasion. To date, no one has found 
a way to prevent or control its invasion.  The worm’s 
occurrence near the Arboretum Visitor Center is the 
first record of its presence in Wisconsin.
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