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mix is appropriate only for sites with poorly to very poorly 
drained soil. Another potential pitfall is the number of years 
that follow-up sethoxydim application may be necessary for 
canary grass control. Only longer term trials will answer 
this last question. After three growing seasons, many areas 
of the early sethoxydim treatment host a dense stand of 
native sedges, rushes, and bulrushes and are almost free 
of canary grass (Figure 2). While these communities lack 
the diversity of native sedge meadows, they may be able 
to resist reinvasion of canary grass (Lindig-Cisneros and 
Zedler 2002).

Our hope is that with regular prescribed fire and spot 
application of glyphosate to canary grass clumps, this 
restored sedge meadow vegetation may become relatively 
stable. It would have been logistically difficult to include 
prescribed burning as a treatment in this experiment, but 
by excluding it as a treatment I do not mean to imply that 
it is not important. As with prairies and oak savannas, 
regular prescribed fire is essential to managing graminoid 
wetlands for the long term. Burning monotypic stands of 
canary grass does little to reduce the grass; however, fire 
often tips the competitive balance in favor of the sedges 
when they are present.

Canary grass that survived in the early sethoxydim treat-
ment units did so in clumps rather than as scattered small 
plants. A quick elevation survey with an auto-level indi-
cated that at least some of these clumps sat in small depres-
sions. These lower areas may have been flooded during the 
spring 2006 glyphosate application. These clumps may also 
be the result of particularly large or aggressive rhizomes 
that broke dormancy afterward.

Because sethoxydim cannot be used over standing water, 
I feel the early treatment will be of limited use in basin 
wetlands where standing water is typically present during 
early canary grass growth. Wetlands in which the early 
sethoxydim treatment may prove useful include hillside 
fens, stream floodplain terraces that dry down early, and 
any wetland where managers can control the water levels. 
Managers need to evaluate the hydrology of their own sites 
to determine whether to give this method a try. We have 
selected a degraded 4-ha hillside fen site for a management 
trial beginning in summer 2009. Adams and Galatowitsch 
(2006) report that late summer and early fall application of 
glyphosate is more effective than spring application, so our 
plans are to spray the canary grass twice during the growing 
season of 2009 with an aquatic formulation of glyphosate 
herbicide, burn the site in the spring of 2010, and then 
apply seed after the burn. Early sethoxydim treatments 
will follow the protocol we developed in this experiment.
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Postsettlement Alluvium Removal:  
A Novel Floodplain Restoration 
Technique (Wisconsin)
Eric G. Booth, Steven P. Loheide II (Limnology & Marine 
Science, Dept of Civil & Environmental Engineering, Uni-
versity of Wisconsin, Madison, WI 53706, egbooth@wisc.
edu, loheide@wisc.edu) and Robert D. Hansis (Wisconsin 
Department of Natural Resources, Madison, WI)

While soil conservation practices have greatly reduced 
erosion rates in southwestern Wisconsin since the 

midtwentieth century, stream-floodplain ecosystems still 
suffer from the legacy of floodplain sedimentation that 
buried presettlement wet prairies and sedge meadows. 
A new management technique is being developed that 
involves first identifying the contact between the post-
settlement alluvium and the presettlement floodplain 
surface, and then removing this deposit to restore stream-
floodplain connectivity and the presettlement hydrologic 
conditions. The goals of this restoration are to 1) reestab-
lish wetland vegetation by reducing the water table depth 
and increasing soil moisture; 2) improve water quality 
by reducing bank erosion sediment sources and enhanc-
ing nutrient retention by increasing the active floodplain 
area; 3) increase flood storage by lowering the floodplain 
elevation; and 4) improve habitat for native biota (e.g., 
fish and amphibians).
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This technique has been implemented at two sites (both 
approximately 800 m in stream length) owned by The 
Nature Conservancy and located near Barneveld, Wiscon-
sin, in the headwaters of the East Branch Pecatonica River. 
The watersheds of the two sites (10 and 12 km2) are within 
the “Driftless Area” of southwestern Wisconsin, a region 
of deeply incised valleys and relatively high relief that is 
geologically unique from the surrounding Upper Midwest 
in that it remained unglaciated during the Pleistocene.

Before Euro-American settlement, Driftless Area water-
sheds were dominated by prairies, oak savannas, and 
forests with high infiltration capacities in the uplands 
and riparian wetlands in the valleys (mostly wet prairie/
sedge meadow with some bottomland forest) (Figure 
1A). In the early nineteenth century, Euro-American set-
tlers, attracted to the region because of its lead and zinc 
resources, converted the prairie and forest landscape into 
cropland and pasture. The result of this extensive land-use 
transformation has been considered the most important 
hydrologic change in the region over the last 10,000 years 
(Knox 2006). Decreased infiltration capacity associated 
with the land conversion (e.g., cropland produces more 
surface runoff than prairie) combined with steep topog-
raphy led to a dramatic increase in soil erosion, extreme 
flooding, and floodplain sedimentation that has been 
extensively documented (see review by Knox 2006). In 
1935, the Soil Conservation Service began to encourage 
the use of soil conservation practices including contour 
strip cropping, replacement of steep cropland and pasture 
with deciduous forest, longer crop rotations, and gully 
stabilization, which led to a substantial reduction in soil 
erosion (Trimble and Lund 1982) and flooding (Potter 
1991).

Despite modern improvements, the legacy of poor agri-
cultural practices remains owing to eroded soil stored as 
floodplain alluvium within small watersheds (e.g., Trimble 
1999). The stream-floodplain geometry of intermediate 
watersheds (10–200 km2) now consists of a narrow mean-
der belt (Knox 2006), which encompasses the channel and 
an inset floodplain, bounded by a terrace composed of the 
post-settlement alluvium (Figure 1B). The channel is now 
largely disconnected from the historical terrace, so that high 
flows are confined to the flume-like meander belt, which 
very effectively conveys these flows downstream, adding 
to regional flooding concerns (Knox 2006). Furthermore, 
sedimentation increased the depth to the water table, leav-
ing a drier surface available for cropland, pasture, and box 
elder (Acer negundo) colonization. As a result, wet prairie/
sedge meadow communities and the many native spe-
cies associated with this unique habitat have substantially 
declined in this region.

Restoration efforts in the region have historically focused 
on in-stream habitat creation and fish stocking programs 
to improve fisheries, which now support a valuable angling 
industry. The conservation and restoration of prairie ecosys-
tems has also been important for decades, particularly in the 
East Branch Pecatonica River watershed where grassland, 
pasture, and forest make up nearly two-thirds of the total 
land use today. Recently, local nonprofit groups (e.g., The 
Nature Conservancy, Wisconsin Waterfowl Association, 
and Trout Unlimited) and the Wisconsin Department of 
Natural Resources (WDNR) have been working in the East 
Branch Pecatonica River watershed to integrate watershed-
wide practices (e.g., prairie restoration) with restoration 
along the riparian corridor, an approach recommended  
by the academic community (Wohl et al. 2005).

Figure 1. Conceptual model of stream-floodplain change A) before settlement; B) after settlement; and C) following restoration. Dashed line  
represents the water table.
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Restoration of the first site began in August 2006 when 
large excavating equipment was used to dig trenches lat-
eral to the stream to identify the top of the presettlement 
surface. These trenches verified the sediment depth at 
the locations of 13 soil cores that were collected during 
the planning process. Next, between 30 and 120 cm of 
postsettlement alluvium was removed along one side of 
approximately 800 m of stream length to an average lateral 
distance of 100 m, restoring the topography to presettle-
ment conditions including variations of the ground sur-
face to promote diverse microhabitats (Figure 1C). The 
removed sediment (approximately 8,400 m3) was donated 
to the Iowa County Highway Department and more than 
50 neighboring landowners willing to pay for the trans-
portation costs for a variety of uses, including highway 
embankment improvement, soil conservation practices, 
and landscaping. The demand for the topsoil demonstrated 
that beneficial reuse of the excavated soil is feasible.

Immediately following the sediment removal, biodegrad-
able erosion matting (Figure 2) was laid down along the 
stream banks, and all bare surfaces were seeded with cover 
crops of oats and rye. Germination tests of differing layers 
of the presettlement soil cores collected during the plan-
ning process did not show a viable seed bank. At selected 
locations, live native sod clumps were harvested and trans-
planted on-site to quickly establish some cover. Diverse 
sedge meadow, wet prairie, and mesic prairie seed mixes 
were drilled into all bare surfaces in late autumn. The native 
seed mixes were obtained from commercial sources, dona-
tions from The Prairie Enthusiasts, and on-site sources. In 
addition, approximately 400 prairie cordgrass (Spartina 
pectinata) plugs were planted in summer 2007, followed 
by a supplemental broadcast of native seeds in the autumn.

Another reach approximately 1.6 km farther upstream 
was similarly restored in August/September of 2008. In 
this second project, the presettlement surface was precisely 
delineated before construction using roughly 200 sediment 

cores scattered across the floodplain. Sediment that was 
removed to a distance of approximately 40 m lateral to the 
stream on each side was purchased by a local excavating 
company for beneficial reuse, which helped offset some of 
the restoration costs.

Because of the novelty of this restoration technique, 
combined hydrologic and ecological monitoring and assess-
ment is valuable. How does the hydrology change and 
influence the establishment of wetland vegetation once 
this layer is removed? How is the flood regime affected by 
the change in stream-floodplain geometry? Will increased 
floodplain inundation more effectively remove sediment 
and nutrients from the stream? To address these ques-
tions, the East Branch Pecatonica Restoration Observa-
tory, a collaborative research effort at the University of 
Wisconsin–Madison, is analyzing extensive hydrologic 
and ecological data, which will continue to be collected at 
each site through 2010. Current field research efforts are 
monitoring the following: water table depth (15 wells/site); 
soil moisture (2 fixed locations and 3 transects); stream-
flow (upstream and downstream boundaries of each site); 
meteorological conditions (on-site weather station); wet-
land vegetation (across each site using ground-based and 
remote sensing methods); stream temperature (5 sensors/
site); biogeochemistry (stream and groundwater sampling); 
fish and aquatic invertebrate populations; and reptile and 
amphibian populations. The second site will be evaluated 
based on pre- and postrestoration datasets. The first site, 
which lacks extensive prerestoration data, will be used to 
compare pre- and postrestoration cases between the two 
paired sites under the same environmental conditions from 
May 2007 to August 2008.

An interdisciplinary approach is critical for investigating 
the complex processes associated with floodplain ecosys-
tems and the wide-ranging set of ecosystem services they 
provide. Results from this research effort will advance the 
relatively young science of stream-floodplain restoration 

Figure 2. Floodplain surface where postsettlement alluvium was recently removed (left) and a postsettlement floodplain surface (right) before  
sediment removal.
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and aid regional watershed managers so that future resto-
ration projects can be designed effectively and sustainably 
using the best available science. In addition, the observa-
tory serves as an outdoor classroom for undergraduate and 
graduate students to learn about monitoring and character-
izing floodplain ecosystems. More information about the 
East Branch Pecatonica Restoration Observatory can be 
found at http://hydroecology.cee.wisc.edu/EBP.
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The Effect of Disturbance History on 
Hawkweed Invasion (Montana)
Alexis Jones (Division of Biological Sciences, University 
of Montana, Missoula MT, 503/309-5255, greenthumb.
jones@gmail.com) and Elizabeth Crone (Wildlife Biology 
Program, University of Montana, Missoula MT, 406/243-
5675 elizabeth.crone@umontana.edu)

Orange hawkweed (Hieracium aurantiacum) is listed as 
a noxious weed in five states (USDA 2007), includ-

ing Montana, where it is still in the early—and possibly 

controllable—stages of invasion. The species forms dense 
clonal mats that exclude natives from the area; moreover, 
the wind-borne seeds are viable in the soil for seven years 
and have a high germination rate. Here, we document 
current densities and habitat associations of this potential 
invasive species in northwest Montana as a basis for future 
monitoring and management. Studies of other Hieracium 
species found that land management history and propa-
gule pressure significantly influence hawkweed invasion 
(e.g., Rose and Frampton 1999). Although it is believed 
that orange hawkweed grows in open, disturbed areas such 
as roadsides and meadows, there are no studies of the  
specific factors that influence its distribution.

In addition to documenting the distribution of orange 
hawkweed, we test whether reproductive resource alloca-
tion differs among land cover types, since the proportion 
of seed to vegetative reproduction is often a plastic response 
to the environment (e.g., Van Kleunen et al. 2002). For 
example, mouse-eared hawkweed (Hieracium pilosella) 
allocates more to vegetative growth in high-quality habi-
tats than to reproduction by seeds (Stöcklin and Winkler 
2004). Orange hawkweed also reproduces through rhi-
zomes, stolons, and seeds. Studying reproductive resource 
allocation can provide clues about which habitat types 
induce orange hawkweed’s more invasive vegetative form.

Our research took place in the Little Wolf Fire region, 
which burned approximately 6,000 ha of Kootenai National 
Forest in 1994, in successional pine forest dominated 
by lodgepole pine (Pinus contorta). We evaluated orange 
hawkweed abundance and resource allocation in four land 
cover types: logged (L), burned (B), burned and salvage 
logged (BL), and meadows (M). Specifically, we addressed 
two questions: 1) Does abundance of orange hawkweed 
vary with disturbance history or ground cover? 2) Does 
reproductive resource allocation differ between high- and 
poor-quality habitats, as defined by hawkweed abundance?

Figure 1. Probability of orange hawkweed (Hieracium aurantiacum) pres-
ence in each land cover type in the area burned by the Little Wolf Fire. 
Burned and salvage logged (BU); burned (B); logged (L); meadow (M). 
Bars equal 95% confidence intervals.


