Abstract

The East Branch Pecatonica River in Southwestestavisin is the location of an
ongoing Wisconsin Department of Natural ResourcesTde Nature Conservancy river
restoration project aimed at reconnecting the rigets floodplain. Restoration efforts along
valley reaches in 2006 and 2008 involved excavatiapverbank and channel margin fluvial
sediment deposited in the mid-19th to early 20ttitw@es primarily due to poor soil
conservation practices on highly erodable agricaltiand. The removal of this sediment
(post-settlement alluvium (PSA) is intended toassthe morphology of the pre-agriculture
floodplain and re-establish connectivity betwees¢hannel, its floodplain, and
groundwater, thereby creating riparian and wetrjgréiabitat and facilitating improved

nutrient, sediment, and floodwater storage.

For the 2008 restoration, numerous sediment coees extracted to map in detail the
surface topography of the pre-agriculture vallepfland floodplain surface. Using a more
detailed reconstruction (than the 2006 site restorpof the pre-agriculture floodplain
morphology served as a basis of comparison fouatialg how the level of accuracy in
reconstructing pre-agriculture floodplain morphaoésginfluences the success of meeting
restoration objectives. Site characteristics wardied, including organic matter content
within PSA and the pre-settlement soil, using lmssgnition. Results show older surfaces
and higher surfaces have higher percentages ohiorgatter, and the pre-settlement surface
typically has higher organic matter content thaRI$A. Cesium-137 results suggest that
deposition of fluvial sediments continued throughtbxe 1950s and 60s on the site, and

redeposition of sediment eroded from upland hdpsk also continued past 1963. One



dimensional HEC-RAS modeling was used to evaldadransport and storage efficiencies
for the post-restoration versus pre-restoratiomanbhand floodplain morphologies, and this
hydraulic modeling showed the stage of given flooddischarges is reduced post-
restoration. A rain storm exceeding the 100-y2drhour expected maximum magnitude
occurred in August 2007. Runoff from this storm wasstly contained between the high
banks of the historical meander belt in the unrestoalley reach. Consequently, flood
runoff, sediment, and nutrients experienced redopgdrtunity for storage on valley
bottoms at the unrestored reach and were in laageefficiently transported downstream.
Changes made during the restoration in August 682w allow for more floodwater and
sediment retention in the valley reach and increéise opportunity for lowering velocity of

flood waters, and potentially increasing local ag® of sediment and nutrients
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l. Introduction

The science of river restoration is a rapidly depeig field. While there are few
concrete standards, current research and reviews tslat restoration projects need to
include site monitoring and data collection andlysia both before and after restoration
(Kondolf 1995; Bash and Ryan 2002; Bernhardt e2@0D5, 2007; Palmer and Bernhardt
2005). This information will not only be informaé for each specific restoration but also
publication of the data and synthesis of the resaflimany projects provides for an informed
advance of the science. An objective of the priegmject included providing topographic
reconstruction of the floodplain prior to the laodge disturbance by agriculture in the
watershed as well as providing an understandirigeofnagnitude and spatial variation of
post-settlement sedimentation. The project aeslyow changes in topography caused by
restoration efforts would change the site and satexghed responses to floods.
1. Project location

The project site is located within southwesternabissin in lowa and Dane Counties
(Figure 1). The site is on the East Branch PededdRiver, south of Barneveld, Wisconsin
(Figure 1). It is roughly one mile upstream fronother restoration completed in 2006 by
The Nature Conservancy (TNC) and Wisconsin DepartroENatural Resources (DNR)
with help from University of Wisconsin personndlhe downstream site will herein be
called the “2006 site,” and the project site fasttnesis is identified as the “2008 site”. The
stream (at both sites) ranges from 1 — 2.5 me®8it] in width, and the 2008 site is about
1.5-3 km (1- 2 miles) downstream from its headwatems with a catchment size of ~8.3km
(3.2mf). The adjacent riparian area that is part ofréistoration effort at the 2008 site is

5.67 hectares (~14 acres) in size (Figure 2). T 2nd 2008 sites are within the Military



Ridge Prairie Heritage Area (MRPHA), an area oftiggdeconservation focus designated by

TNC and recognized by the Wisconsin DNR and otbeallorganizations.
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Figure 1. Site location within Wisconsin. Image aartesy of The Nature Conservancy.
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Figure 2. Aerial image of 2008 site (National Agriglture Imagery Program (NAIP) image). TNC
property extends east and west of the site, contimg beyond image boundaries.

The intent of the restoration at the 2008 site twdewer the elevation of the riparian
land surface in order to reintroduce plant commesiand habitats typical of wet prairie
ecosystems. The process here is similar to theepsogsed for the restoration completed in
2006 involving large-scale excavation of anthropogduvial sediments or post-settlement
alluvium (PSA) deposited in the mid-19th to earft2centuries primarily due to poor soil
conservation practices on highly erodable agricaltiand. The removal of these sediments
is part of an effort to reconstruct a pre-settletmgrarian morphology that not only re-

establishes connectivity between the channel anftbibdplain, but also includes the



possibility of creating riparian habitat and nutitier sediment storage areas (Figure 3). The
lack of connectivity between streams and adjackuntial bottomlands in the Driftless Area
has been recognized for some time by employeesstdnsin’s TNC office (S. Richter,
personal communication, 2008) and was the majonvattain for removal of cultural
sediments on the 2006 and 2008 project sites.n&ediremoval for reconnection of alluvial

bottomlands is, however, a relatively new restoratechnique.
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Figure 3. Schematic of site history and restoratiomvork. A. Pre-Settlement B. Post-Settlement C.
Restored. Image: J. Ferguson.



2. Project evolution

A Department of Transportation (DOT) highway impeawent project completed in
2004 on Blockhouse Creek is a relatively early eplanof sediment removal in southwestern
Wisconsin. The project involved the realignmenaaection of stream close to the roadway,
and sediment removal in order to increase flooeintgin. While this project was mostly
undertaken to engineer a roadway with minimal emnmental impact, DNR scientists
recognized the connection between that projectrasearch on anthropogenic sedimentation
in the region, specifically work done by James @oKand Stanley Trimble. In the DNR’s
research on historical landscape conditions (pteesgent conditions) in the Driftless Area,
they determined that if restoration in the area t@dse accurate in terms of returning sites to
pre-settlement conditions, bottomland reconnedtwough sediment removal was necessary
(R. Hansis, personal communication, 2008). Insto@e vein, scientists from TNC
recognized that restoration of these valley ecesystwould be incomplete without the
“latitudinal reconnection” of water pathways, oettonnection of the channel to the
bottomlands (S. Richter, personal communicatio®820

While the idea for the East Branch Pecatonicaggtayas evolving in Wisconsin,
similar work was being done independently by Land&is Incorporated in Pennsylvania.
LandStudies has completed projects by doing lacgéessediment removal, similar to the
East Branch Pecatonica work. The major differdreteeen the two restoration sites is that
the mechanisms behind historical sedimentatioedifMuch of the sediment removed in
Pennsylvania was deposited behind the many millsdfaemnd in the state and throughout
New England (Walter and Merritts 2008). While segination behind dams is an issue in

Wisconsin as well, the East Branch Pecatonica &éaddbms in historical times, and



sediment deposited in the floodplain therefore ldigpdifferent stratigraphicharacteristics.
Motivation for the LandStudies work is also conmelcto nutrient and sediment pollution of
the Atlantic coast and of large bodies of watethm northeastern United States (LandStudies
Inc. 2006). LandStudies works closely with reskars from Franklin and Marshall College
in Pennsylvania who have studied the historicalgabited sediments in the region (Walter
and Merritts 2008).

It should be noted here that the overall goahefEast Branch Pecatonica
restorations was not to recreate exact pre-settlieomnditions. TNC’s main goal regarding
the sediment removal was to reconnect rivers tdiidains and create habitat for species that
have been marginalized in the region by developraeagriculture. To achieve that goal the
planners needed to assess the extent to whiclystens was altered and decide what
changes would be most beneficial for TNC’s targetcges, both plant and animal. It is well
known that restoration to pre-settlement conditiensy no means a perfect answer for
restoration of degraded ecosystems, especiallgh of the effects of major system
alterations associated with watershed wide lanccbhaages. Restoration to pre-settlement
conditions is also compromised by the effects airkeiclimate change on fluvial systems.

3. Collaboration for restoration

The East Branch Pecatonica restorations are imattamonstrations of the inter-
organization work that will likely prove beneficifdr the advancement of restoration and
restoration science. TNC and DNR have been worgliogely with University of
Wisconsin-Madison (UW-Madison) researchers overpids two years during the 2006
restoration and ongoing with the 2008 site restonat This collaboration allowed for

extensive pre-restoration data gathering for tH@82@storation by geomorphologists,



limnologists, biologists, and environmental enginsdeom the UW-Madison campus as well
as the DNR. While minimal pre-restoration dataevgathered for the 2006 project, long-
term monitoring is now set up for both sites by th@lroecology Lab in the Department of
Environmental Engineering at UW-Madison (For mar@imation on their work, see Booth
and Loheiden press.

The success of the collaboration among so mamarelsers and agencies is owed in
large part to the inclusive and accommodatinguatéitof TNC and DNR. As Huenneke
(1995) states, the systems and operating budgeigenicies normally do not allow for
research to be a part of management strategidas.eXplains at least in part the widespread
absence of monitoring in river restorations thraughthe United States (Bernhardt et al.
2005a) and the paucity of research associatedriveéhrestorations. On the East Branch
Pecatonica projects, TNC and DNR staff have madeoriority to include monitoring and
research as much as possible, in as many acadeidic &s possible.

The inclusion of research and monitoring is dupart to the special emphasis that
those two agencies have placed upon conservatithe iMilitary Ridge Prairie Heritage
Area (MRPHA). The MRPHA is a key area for conséoraof many species and ecological
communities that have been marginalized with thenging land use of southwest Wisconsin
over the past 150 years. TNC helps protect overhé&gtares (1,800 acres) in the area, which
includes land they own, government co-ops, andeeation easements. The DNR has also
recognized the MRPHA as a high priority protectammd management area due to its existing

land cover and potential as a natural area (Thard&onservancy 2007).



Il. Background
The study area is of special interest to The Na@imeservancy and the Wisconsin

Department of Natural Resources due to severaberimndscape characteristics described in
the next two sub-sections of this thesis. Twohertsub-sections describe the land use
change history in the region since settlement bypgean-Americans.
1. Geology and regional geomorphology

The study site is located in the Driftless Areaofithwestern Wisconsin. Former
continental ice sheets during glacial periods fldweound southwest Wisconsin and as a
result the region lacks glacial deposits (driftyl @xhibits a dramatically different topography
than other parts of the state. The area is heatrigam-dissected and characterized by a
dendritic drainage pattern, broad, gently slopiptands, steep valley walls, and narrow
valley bottoms due in part to the sequence of ledro

Exposed bedrock in the study area consists mafrBradovician sedimentary rocks.
Ridge tops are usually covered by a protectivecfaplatively resistant dolomite of the
Galena and Platteville Formations, underlain byrttoge easily eroded sandstone of the St.
Peter Formation. Dolomite of the early OrdovicRnairie du Chien Formation underlies the
St. Peter sandstone and represents the bedrotie maltey floor underlying alluvial fills
downvalley. A sequence of Cambrian sandstonesrliesléhe Prairie du Chien Formation
(Dott and Attig 2004). Scattered gravel-sized pgecof chert and sandstone from the exposed
formations are found throughout the alluvial soilshe 2008 site.

Streams in the study area flow on an armored seidépebbles, cobbles, and small
boulders that evolved from the periglacial envir@minof the last glacial climate in the

region. Therefore during migration of the channgyvement is almost exclusively lateral,



with no incision (Knox 2001, 2006). Headwater ggl tend to be narrow, widening
extensively downstream.
2. Pre-settlement land conditions

Extensive research on pre-settlement and modemtatgn and climate in
Wisconsin shows that the MRPHA, and therefore tiogept site, is located within the
tension zone between prairie and deciduous fongsiel state (Curtis 1959). Figure 4 shows
the location of the project site relative to a \@mf reconstructed prairie/forest areas as
well as interpretations of where the prairie/foresdtone was located at different points
during the Holocene (from Davis 1977). The Milt&idge area is easily identifiable in
Figure 4a, as the major east-west trending argaanfie in southwestern Wisconsin. More
recent discussions of the location of the praioee$t ecotone in the Holocene include Baker

et al. (1992), Baker et al. (2002), Nelson and BR08), and Gonzales et al. (2008).
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Military Ridge area
(2008 and 2006 sites)

g T~

A B

Figure 4a. The prairie-deciduous forest ecotorteérupper Figure 4b. Interpretations of present and pastipos of the
Middle West. 1) Tamarack Creek; 2) Hub City; 3) 8Mounds ecotone. Present position of the ecotone as detednby: 1)
Creek; 4) Itasca transect; and 5) Kirchner Marglap derived Wright, Winter, and Patten, op. cit., footnote £81373; 2)
from H.H. Birks “Modern Macrofossil Assemblagedliake Borchert, op. cit., footnote 3, p. 2; 3) A.W. Kuehl“Potential

Sediments in Minnesota,” in Birks and West, op, &itotnote 22, Natural Vegetation of the Conterminous United Stat@merical
p. 174; “Early Vegetation of WisconsiriWisconsin Geological Geographical Society Special Publication 3664; 4) V.E.

and Natural History Survefl965); L. Hewes, “Some Features of Shelford,The Ecology of North Ameri¢@Jrbana: University of

Early Woodland and Prairie Settlement in a Centah lllinois Press, 1968), p. 330; and 5) Past positiofthe ecotone
County,” Annals,Association of Americal Geographers, Vol. 20  from Bernabo and Webb, op. cit., footnote

(1950), p. 41; A.G. Vestal, “A Preliminary VegetatiMap of

lllinois,” Transactionslllinois State Academy of Science, Vol.

23 (1931), p. 206; and D. Finley and J.E. Potzger,

“Characteristics of the Original Vegetation of SoRrairie

Counties in Indiana,Butler University Botanical Studiegpl.

10 (1952), p.115.

Figure 4. Figure and text is from Davis, 1977.

The first systematic documentation of vegetatiothanDriftless Area took place in
the 1830s with the initiation of the first publamid surveys in the state of Wisconsin.
Surveyors took notes on the quality of the soil Hradistribution of trees along section
lines. Surveyor Sylvester Sibley wrote short natiesut the study area on his travels in
1832, including that the land was “thinly timbemsiih oak” and also “land rolling, soil
good” or "land rolling and % rate” (Figure 5). The surveyor’s map of the dreficates
uplands at the 2008 site were specifically locatétin an area he notes as barrens, rather

than prairie (Figures 5 and 6), which indicatesphesence of trees, although likely very few.
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Sibley also emphasizes the presence of a loneohlron one section line, writing “no other

near”, indicating the relative scarcity of treesward the study site (Figure 7).

Figure 5. Notes from Sylvester Sibley's traverse bween Sections 10 and 15. Notes in the upper box
correspond with the outline of barrens vs. prairiein Figure 6 — “25.00 Enter Barrens”. Notes in thdower
box about vegetation and soil along this line helfp reconstruct the pre-settlement vegetation pictue.
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Figure 6. Surveyor's map of Township 6N, Range S5EHiWisconsin. Study site is within Section 15. The
width of stream noted at the section line betweene8tion 15 and Section 10 is equal to 4 links (0.81m
2.64ft). Figure courtesy the Board of Commissionerfor Public Lands.
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Figure 7. Sibley’s notes along the section line heeen sections 21 and 22. He notes the locatioredBurr
oak and also states that there is “no other near ihdicating the lack of trees on the landscape.

Due to the exposed nature of the broad uplandsjeliitely dominated at higher
elevations where very few firebreaks were likelysst. This open vegetation structure was
likely found down the slopes to the valleys althleingstorical accounts of the region indicate
that some areas in the broad valleys were foréseatherstonaugh, 1847). Many travelers
through the area in the eighteenth and nineteemttudes wrote about the landscape, as it
was significantly different from the forests thegne used to in other parts of the eastern
United States (Curtis, 1959). In 1847 George Faratbnaugh wrote about the landscape
around the Military Ridge area, saying it was “...@fieghe most exquisitely beautiful
regions | have ever seen...” and describing whathe s

The prairie...took the form of ridges somewhat elegtatvhich frequently
resolved themselves into masses of gracefully-redrlls, separated by gentle
depressions, that occasionally became deepenaywsalin these, some of the heads
of a stream called Sugar River...took their rise...
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Here a thick grove hanging upon the slope of ladistinguished by its
symmetry from its numerous companions, impended theamenity of the valley
beneath; whilst, further on, a more robust linel@fse foliage betrayed the ample
volume of some pellucid stream whence it was nbeds

The Sugar River mentioned is a tributary to theaR®uca, and the area he is
describing is likely almost identical to the viexoiin ridge tops in the East Branch
Pecatonica area. That he and others described¢kernze of groves of trees is indicative that
prairie vegetation structure was not found everywlleroughout the landscape of the upper
Pecatonica River drainage. Steep walls aroundwaiver valleys may have acted as a
firebreak, and wetter conditions near streams na&g fallowed more shrubs and trees to
grow. Curtis (1959) also suggests that many ofdtwand forests graded into oak savanna
and then prairie in this area.

3. European-American settlement

Earliest European-American settlement in southevastVisconsin was primarily due
to the discovery of lead and zinc mineral depdsitsox 1987), and landscape conversion to
agriculture was mainly concentrated in areas adjaoemining activity (Blanchard 1924).
With increasing settlement in the middle 1800s, éasv, a large amount of prairie and oak
savanna was converted to cropland or pasturel&hd.increase in settlement also came
along with the development of roads that actedrabreaks during ground fires, and settlers
also worked to discourage fires around their hoesets, which further decreased prairie
cover. By 1860, a large portion of southwestersatnsin’s land surface south of Military
Ridge had been converted to agricultural land (Kb®&7), and what remained uncultivated

did not experience the seasonal burning that had peevalent before settlement.
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Beyond the direct conversion of prairie to croplaagriculture had a profound effect
on the landscape in the watershed. While earlgrops planted in the Driftless Area were
often small grains (e.g. wheat), in the later 180 and dairying became more prevalent
(Blanchard, 1924). Farmers planted corn on agyrsem, whereby hills of corn plants were
spaced approximately three feet apart within antdiden rows (Knox 2002). Farmers also
planted without regard to the topography of th&fieunning the longest axis of the grid to
conform to the lineation of the field (Knox 2002 his practice resulted in cultivation up
and down slope, rather than on the contour, dyrar¢s of the growing season. This practice
plus the increase of grazing favored acceleratéeégusion. The bare soil between row
crops allowed raindrops to shatter soil peds agdtera thin crust on the surface of the
ground that reduced infiltration and increasedaefrunoff. Ultimately tons of sediment
were washed from the hill slopes down into theexal Gully erosion also quickly moved
large volumes of sediment down slope during thas(Brgure 8 and 9) (Hays, McCall, and

Bell, 1949; Happ et al. 1940; and Zeasman 1963).
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Figure 8. Erosion on McPeak Farm, 1928. (WisconsiHistorical Society Image 38153). The gully here is
50 feet deep.

Figure 9. Erosion near Middleton, Wisconsin, April1937 (Wisconsin Historical Society Image 38174).
From back of print: "Dane County, Town of Middleton, north 1/2 section of section 17 looking SW from
a hill across the valley showing erosion and stumpasture. Practically all land abuses may be seen this
one photo from cultivating and pasturing of slopeso denuding of the hillsides; also drainage ditch @oss
foreground and the running of corn rows straight davn hill. Value of this land now practically nil."
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The magnitude of soil erosion during the periamhrfrthe late nineteenth to middle
twentieth centuries is seen by the structure ofltelplains in the area. Much of the
sediment eroding from the hill slopes was depositdte relatively flat floodplains. This
movement of topsoil from fields to floodplains ledsoil degradation in both locations, as
less of the fertile A horizon was available on tiptgands, and the organic rich A horizon of
the floodplain mollisols was buried by the depletgtand topsoil and gully sediments.
Much of the eroded soil is in fact stored on loWwgrslopes and on the floodplains
throughout Midwestern watersheds, and has buriedotimer floodplain soils to depths
ranging from centimeters to meters in scale (Kn@&7). As early as 1916, geologists A.C.
Trowbridge and E.W. Shaw, who were mapping geolagyrthwest lIllinois, observed a
black soil buried to a depth of 60-180cm, benelmihd sediments much lighter in color
along gully walls (Knox 1987).

The farming practices that were the cause of tbelamated soil erosion and
floodplain deposition persisted through the 198@%n Dust Bowl conditions brought soill
erosion into the national spotlight. When watedsir@nager Carlos G. Bates was appointed
to a government position in southern Minnesotadgah a soil erosion study in the Driftless
Area, where farmland was being destroyed at amahgrrate by gully erosion. Bates, along
with scientists such as Stafford Happ, began tdigtubpapers on recommended soil erosion
control practices, including contour cropping,sttropping, and terracing (Bates 1933;
Bates and Zeasman 1930; Happ 1941; Happ et al; B34tr 1978). Stafford Happ’s
research contributed to the founding of the Sailston Service, now the Natural Resource

Conservation Service. With the application of ¢hesil conservation practices beginning in
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the 1940s, large scale rill and gully erosion bez#ss commonplace within Wisconsin and
the Midwest, and floodplain sedimentation slowetig@berlain 1997, Knox 1987).
4. Modern land use history and analysis of aeridiqgtographs

Several sources of information help define the maysattributes of the site
throughout the twentieth century. In the 1939 landrey of lowa County conducted by
John Bordner, the 2008 East Branch Pecatonicadittdds mapped as being crop land
although the areas upslope of the floodplain alieekted as “medium stand” oak-hickory

forest, with an average diameter at breast hel@BH() of 6-12 inches (Figure 10).

Y% Center of 2008 site

Figure 10. Wisconsin Land Economic Inventory or “Badner Survey” of 1937 for a section of lowa
County, Wisconsin. Copyright 2003 Board of Regentsf the University of Wisconsin System.
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Aerial photographs are available for the studylséginning in 1937. The
photographs confirm the accuracy of the Bordnev&yrand also show the lack of soil
conservation practices on the surrounding landscap837. Some gullying is visible, and
cropping was done without respect to topography. 1865 the landscape was transformed,
with contour strip cropping dominating the fields, visible in the aerial photographs from
that year. In 1962 the landscape exhibits a sirpdédtern (Figure 11). While very little
channelization is visible for the East Branch Pewiag around the 2008 site, between 1955
and 1962 aerial photography shows that the chatribe extreme northern part of the study
area, and upstream of the 2008 site, had expedeast@nnelization. The stream was given a

right-angle meander where it now enters the 20@8(Skee Figures 12 and 13).

2008 Site

¥

2008 Site

Figure 11. Aerial photographs from 1937 and 1962 fhages cropped). Note increase in contour cropping
in that 25 year time span. Full images from the bited States Department of Agriculture, “lowa County
Wisconsin 1937, WT-9-717”, “lowa County Wisconsin 262, WT-2CC-36."
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Figure 12. 1955 cropped aerial photograph. Sectioof stream within red box is not straightened in tlis
photograph. Full image from the United States Depament of Agriculture, “lowa County Wisconsin
1955, WT-1P-55."

Figure 13. 1962 cropped aerial photograph. Sectioof stream within red box has been straightened sae
1955. Full image from the United States Departmenrdf Agriculture, “lowa County Wisconsin 1962, WT-
2CC-36."
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From the 1960s until the mid-1990s the ripariarptand at the 2008 site was planted
in corn. Since then it has been enrolled in a €n/aion Reserve Program (CRP), which
requires that the land be converted to perennigétation cover to minimize erosion and
provide habitat (NRCS 2005). This program, whicbvpdes incentives for farmers to enraoll,
has become a widespread land management practice Driftless Area. However, the
current economy is reducing CRP enrollment pariwgm in Midwestern farmland as high
prices for row crops that may be converted to abélrives farmers to discontinue their
conservation contracts. If a significant amounC&®P land is in fact converted to row crops,
the area surely will see species decline and mpgréeence an increase in erosion and

sedimentation.
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lll. Literature Review
Introduction

The river valleys of southwest Wisconsin are bug saite of systems that have been
impacted by settlement and changing land use atimeddnited States. The movement of
surface sediments has redefined land shape anthtiegestructure across the country.
Logging, mining, dam construction, urban developtmand agriculture have all played a
part in reshaping the land surface of the countimythe United States, studies have been
done on rivers from coast to coast showing thdivelampact of human activities on the
sedimentation of river valleys (Magilligan 1985;dce 1997; Lecce and Pavlowsky 2001,
Knox 1987, 2001; Carson 2006; Walter and Merri@@0 In much of the Midwest, the
volume of sediment now found in river valleys retkenot only millennial scale
geomorphology but also the agricultural periodna&f past 150 years. The following section
further describes the research that has been dofieaalplain sedimentation in the past 40
years within the Driftless Area. Later sectiond thien describe detrimental effects of
sedimentation, the state of river restoration spomse to detrimental effects seen in this
region, and climate change.
1. Previous research

Much research has been done on the volume andispistribution of sediment
deposited in southwest Wisconsin’s river valleyssithe beginning of significant human
disturbance in the 1830s. A number of factors Hseen found to affect the spatial and
temporal patterns of sedimentation. Valley widthtershed size, downstream changes in
stream power, cross sectional stream power, andeelopment of historical meander belts

are all factors that influence the amount and ithistion of sediment at a given site within a
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watershed. Results show that the amount of sedatien typically increases with an
increase in watershed size (Faulkner, 1998), ara&se in valley width or a decrease in cross
sectional stream power (Lecce, 1997; Magilligar83,9Graf, 1983; Beach 1994). Knox
(1987) and Woltemade (1994) show that the developwichistorical meander belts in
Driftless Area watersheds has changed the caplacitonveyance of water and sediment
downstream and reduced the frequency of flood iatiad on valley bottom lands.

The deposition of the post-settlement alluviumAPBuilt the banks of streams
sufficiently high that most floods were unable t@Btop their banks (Knox 2001). The
confinement of the water and sediment moving thinocltannels led to an increase in the
erosive capability of the streams and the creadfdmstorical meander belts. The
development of these meander belts, such as ththandeveloped on the 2006 and 2008
sites, has lead to more direct conveyance of flaidig downstream and the remobilization
of PSA and delivery of it downstream (Knox 1987¢cte 1997, Faulkner 1998). Many of
these streams do not incise due to the ‘armoreahiicél bed that evolved on a coarse gravel
deposit that accumulated during periglacial condgithat existed in southwest Wisconsin
during the last glacial maximunThe meander belt of historical time has widenethéo
extent that even floods with expected recurrentavals of once in fifty years are contained
within the span of the belt. The sediment trangabthrough the historical meander belt has
maintained accelerated floodplain and bottomlamiihsentation elsewhere in large
downstream valleys of the Driftless Area where naeaielts are not present (Knox 1987).

While more than a half-century of soil erosion mgement has moderated erosion to
a large extent in the area, the legacy of a certfingassive soil erosion is still seen in the

aggraded and disconnected bottom lands of thel&sftArea. In a study on the Platte River
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in southwestern Wisconsin in 1977, Knox found up.am PSA near the headwaters of the
river and 4m near the confluence of the PlattethedMississippi. Lecce’s (1997) study on
the Blue River in southwestern Wisconsin found Enmesults. Lecce found that in areas far
downstream on the Blue River the pre-settlementssoiace is buried by so much sediment
that it often lies below the present channel bedltae water table, as in the lower Platte
River.

2. Detrimental effects of sedimentation

The effects of these changes in the river valtdytbe Driftless Area are extensive.
Combined with widespread drainage of potentiallyfipetble properties (especially wetlands)
using drainage tiles, ditches, and channelizationglerated sedimentation gradually isolated
streams tens of centimeters to several meters b@evloodplain” surface, effectively
erasing floodplain storage and habitat. Whildelithtformation exists on wetland conditions
in the Driftless Area during the period of acceledasedimentation, much twentieth-century
data on sedimentation exists and can act as anpteaichanging conditions during
sedimentation.

Werner and Zedler (2002) discuss the responsatofenvegetation to wetland
sedimentation. They state that high rates of sediation lead to decline in native species
and often lead to the development of monotypicagarf species such as cattail or reed
canary grass. Their report also states that araitghof sedimentation for prairie wetlands
occurs at a magnitude greater than 0.3cm/year.x Kt@87) reported sedimentation rates
largely above 0.5cm/year in the Lead-Zinc Distotsouthwestern Wisconsin during the
period from 1860-1940, and maximum rates over 3/gear in shorter intervals during that

window of time.
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Species decline in these systems as sedimentatisgases for several reasons.
Werner and Zedler (2002) report that even with lokeeels of sedimentation,
microtopography within wetlands can be reducedhéopoint where species richness
dramatically declines due to the smothering of ‘@nstbry” areas, in this case meaning the
small depressions between sedge tussocks or ardassedge blades. Lockaby et al. (2005,
pp. 390) also state that species change may bedays‘alteration of decomposition and
mineralization patterns” due to sedimentation.

Other detrimental effects of sedimentation incltliledecrease in roughness caused
by sedimentation which reduces the capacity forsirstem to absorb sediments during what
might be considered ‘natural’ scale events. Exgessedimentation also obstructs filtration
of water through floodplain sediments as fine sedlita over-accumulate and plug pore
spaces within the topsoil (Lockaby et al. 200500 Tuch sedimentation also often reduces
seedling establishment for native species (Mahahey. 2004) and can promote the
establishment of more tolerant invasive species.

3. The state of river restoration

While scientists are increasingly understandingftimetions of river ecosystems,
river ecosystem response to restoration projegisasly understood (Wohl et al. 2005,
Bernhardt et al. 2007). Despite this inconsistenestoration projects are annually
increasing in number in the United States (Bernh2005a). While it may be a positive sign
that state agencies and local groups are increéstngumbers of restoration projects,
guestions abound about the sustainability of teeorations being completed. The
researchers who conduct these projects need tadeot®w the project will affect the

river's ecosystem and ecological processes as &vbansson 2005, 2007; Wohl 2005) and
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focus on the impact to the entire watershed rathex specific area. In recent years, interest
in integrating project planning with scientific essch has increased. However, it is often
difficult for groups interested in restoration tdly assess the ecologic, geomorphic, and
hydrologic status of their restoration site (Palmieal., 2005).

Monitoring and intense research on a site are commimacademia, but not all federal
agencies or private groups have the funds or chigedbio perform this type of intense study.
For example, the upper Midwest’s record of site itmoimg post-restoration is about 10%,
compared to nearly 30% for the southwest, and eomighingly low 7% for the Pacific
Northwest even though the region has over 23,00f@¢ts in progress or completed
(NRRSS Report, 2005). Research can also be castlyime intensive, rendering it difficult
or impossible for smaller groups such as The Rr&nthusiasts (TPE), who work on
restorations in the Driftless Area.

Recent restoration articles (Palmer et al., 20@&mer and Bernhardt, 2006;
Bernhardt et al., 2005a-b) have sparked conversatiwong river restoration scientists and
practitioners about the components that they beleee necessary for successful forward
movement of river restoration science. There @medomponents which Palmer and
Bernhardt believe are necessary for an ecologisaltgessful restoration to take place.
Importantly, but perhaps not surprisingly, thetfdsemponent is creating a guiding image for
the restoration. Palmer et al. (2005) discussra¢weethods for determining a guiding image
that include collecting historical information tlugh aerial photographs and land survey
accounts. They suggest using a reference reacimdisturbed area to be the guiding image
and using a conceptual or empirical model to etalsame of the important ecological

processes at the site. The authors also introidh@écese of stream classification systems, but
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only in the case that they are specifically devetbfor the given region. Broad-scale
application of stream classification such as thedea classifications has caused numerous
restoration failures in the United States (Konaulél., 2001). The other four criteria that
Palmer et al. (2005) discuss include pre-restanadimd post-restoration assessment, ensuring
that “no lasting harm” was done in the processsfaration, ecological processes have been
strengthened, and the ecosystem has been imprdexe goals are excellent objectives to
aim for but from a practical view they are difficth attain. For example, quantifying
“ecosystem improvement” is not a simple task.

In a response to Palmer et al.’s 2005 paper, &illdt al. (2005) provide a
practitioner’s view on the suggested criteria fecsessful restoration. River restorations,
they state, often begin with good intentions. Heereas time goes on and more risk factors
(such as flooding or bank slumping) are includethenequation for restoration, the
restoration undergoes what they term “project hardg. Simply put, control structures are
put in place which steer the project away fromgbal of improvement of the ecologic
processes and tend toward what is more easilyuiokky) viewed as project completion or
success. Gillilan et al. (2005, pp. 227) discubgioimpediments for following the five
criteria, such as funding issues, and stakehofatactitioner, and sponsor capabilities and
attitudes. Gillilan et al. also suggest that Vieny people who work on restorations have a
comprehensive understanding of all river systencggses and that the sciences relating to
riverine systems have not yet “coalesced into tenge of river restoration.” According to
the authors an interdisciplinary review of projemtsl research to date would offer the

restoration community ideas on appropriate prastice
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Following their 2005 papers, Bernhardt, Palmer, ather authors published in a
special section of the journal of Restoration Egglom 2007 on the state of river restoration
projects across the U.S. These articles, incluBialgner et al. (2007), Bernhardt et al
(2007), and O’Donnell and Galat (2007) report fimgsi from surveys from professionals and
agencies on project goals, monitoring, “succedstindance, and funding from different
regions (e.g. Midwest, Pacific Northwest, SoutheaS&teneral conclusions from the articles
are that projects are abundant, but monitoringraadarch on them are not, and the actual
improvements to ecosystems post-restoration areftire mostly unknown.

In light of the results these researchers presdntclear that the East Branch
Pecatonica restorations are distinct in their pred post-restoration data gathering,
monitoring, and collaboration between academicsam@hcies. As these project sites evolve
and are monitored, the results of both the collatimn and ecosystem response should be
shared with the broader restoration community deoto help advance the science.

4. Climate change: implications for river restorain

The research goals suggested in the previous seatgoincreasingly important in
light of the significant changes in climate thag arojected to take place over the next
century. Magnuson et al. (1997) reports that enlthurentian Great Lakes region the current
temperature trend is toward warmer winters, anch @varmer spring seasons. Notaro (2009)
reported warming in both daytime and nighttime temagure records (over a 60 year period)
for Wisconsin, ranging from 0.3-2.2°C, and alscorépthat in general Wisconsin is getting
less cold than it has typically been in historttales. Climate change also alters patterns of
precipitation, and Magnuson (1997) reports a regvade trend of decreased precipitation in

summer, and an increase in winter. Notaro (20@94 that southern Wisconsin is
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becoming wetter, while northern Wisconsin is dri€pecifically, Wisconsin is likely to
experience more frequent days without rain, but tiaat does fall will come in the form of
more intense storms. In reference to the extraraate in June of 2008 in southwest
Wisconsin, Notaro also reported that the top testragtreme rainfall events in Wisconsin’s
recorded history have occurred in the past decddi¢h a climate that is becoming less cold,
Wisconsin is also more likely to have rain evehentto see snow storms during certain parts
of the year (Notaro, 2009).

Considering that the long-term forecast for Wisinrseems to be tending towards a
warmer climate with more extreme rainfall eventsgam systems in Wisconsin will respond
to those changes. Extreme rainfall events mayteadore immediate runoff during intense
parts of the storm as infiltration capacity is eeded. The soils on the 2008 site before the
major rainfall event of August 2007 were also exiey dry, a condition that may have led
to runoff reaching streams earlier than it woulthwnore moderate antecedent moisture
conditions. If Wisconsin’s climate is drier in gaal, streams will also see a decrease in base
flow as less water will be available for rechar§equifers. However, Magnuson (1997)
reports that in a drought from 1987-1990, lakethatNorth Temperate Lakes Long-Term
Ecological Research station that were low in tmelégape and received a large amount of
their water from groundwater sources declined ficamtly less than lakes higher in the
landscape that received most of their water froreatliprecipitation. This suggests that
streams that are fed primarily by groundwater sesirsuch as headwater streams in the
Driftless Area, will not be as immediately affectegldrought conditions. These
groundwater fed streams will however respond toesimperature increases, as groundwater

tends to be slightly warmer than the mean annuaéaiperature (Meisner et al., 1988,
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Stefan and Preud’homme, 1993). These changesundater temperature may have a
significant effect on stream biota.

Without considering climate change there are maamables that have to be
considered during the course of a restoration. éffexts of climate change as discussed
above complicate the formula for successful reitmra, as project managers must be
conscious of those effects and take them into adombien creating a restoration plan.
Considering climate change will likely force prdjesanagers to think on a broader scale — at
the watershed or ecosystem level. If so, longeaity success of those restorations may be

improved.
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IV. Process and results of 2008 restoration

Restoration on the 2008 site began in August oB82@Xcavation of soil was done
by the Wisconsin Waterfowl Association (WWA), amganization that focuses on pre-
settlement conditions when restoring wildlife hahitFor this restoration as well as the 2006
restoration, WWA used a technique called “crossimaning.” Cross-contouring involves
digging ditches perpendicular to the stream widaekhoe to view cross sections of the soll
profile. In the case of this project, we were lmgkfor the pre-settlement contact and were
confirming the mapping done for the study describectin. Several ditches were dug on
each side of the stream perpendicular to the medoadte and one ditch was dug running
north to south, connecting two of the perpendicdleches. These ditches confirmed the
relative accuracy of the map created for this stadyl the map in turn allowed the WWA to
move their process along much faster than on té 2@e, as less ditches needed to be dug
once it was known that the map was an accurateseptation of the target surface. The
ditches also confirmed the lateral extent of depmsiwith a shallow contact observed at the
east and west edges of the site.

The excavation on the site also showed that iratea of the floodplain where
indistinguishable contacts were found (see Sodslte, p. 45), the following pattern was
displayed: a gradual decrease in the elevatiohe@PtSS contact from the eastern and
western edges of the site to a point within severetiers of the meander belt, where the
contact abruptly dropped several tens of centimmgtagure 14). After that drop, no PSS
contact was distinguishable regardless of the defotihe ditch. The sharp drop was not

picked up by Oakfield sampling performed for thisdy because it occurs over a very short
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lateral area — observed distances were aroundex srad the resolution of the sampling grid

was 5x5m or 10x10m.

Figure 14.Drop in elevation of the pre-settlementigface close to the meander belt. The drop was anod
30cm on average. Photo: J. Ferguson.

Soil removal was complete by early fall, althowglil was not trucked out from the
site due to wet conditions. Soil piles were legfttbe site, and berms were built around them
to prevent runoff during the winter and spring (g 15). A DNR seed mix (see Appendix
A) was spread along very low-lying margins of thiream, and a cover crop of oats was
spread across the rest of the site. Any sod vative sedges that was removed in the
reshaping process was placed back along the efigjes stream by the backhoe operator,
and sedge plants and rhizomes were recovered ftioen emoved soil and replanted along
stream edges. In the spring of 2009 the soil tveas relatively bare, and workers from

DNR and TNC monitored erosion matting and groungecospreading straw over solil that
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was devoid of vegetation and repairing erosion imgiivhere necessary along the channel

margins (Figures 16 and 17).

Figure 15. Berm holding water at the base of a sqiile on the 2008 site. Photo: J. Ferguson, Aprd009.

Figure 16. Hay spread over site for erosion control Photo: J. Ferguson, April 2009.
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Figure 17. Erosion matting along channel margin. Roto: J. Ferguson, April 2009.

The 2006 and 2008 sites will continue to be moetddry the Hydroecology Lab of
the Department of Civil and Environmental Enginegrat the UW-Madison into the next
decade. The lab will be measuring variables ssajreundwater depth, temperature, input
into streams, as well as measuring rainfall anditnong vegetation changes. Researchers
from the UW-Madison Center for Limnology are alsadying the changes in nutrient uptake
post-restoration. Wisconsin DNR has been managggtation on the 2006 site and will
commence on the 2008 site in late spring of 2008is management involves herbicide
application on reed canary grass. While wild pigrsvas invading the site pre-restoration,
the excavation of soil removed much of the parsegd bank, and the plant is now expected
to be much less widespread on the 2008 site. DR ,Nature Conservancy and other

partners are monitoring faunal response to theratsbn.
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V. Intense storm during study period

During intense rain events of August 2007 in soa$tern Wisconsin (post 2006 site
restoration and pre 2008 site restoration), whesam 6-hour storm exceeded the 100-year,
24-hour estimated rainfall (100yr, 24hr estimat@dfall = 15.24cm; August 5, 2007 storm =
22.18cm TP40), floodwaters at the 2008 site wengelst confined to the relatively narrow
meander belt especially at the downstream endeo$ite. Downstream, at the 2006 site,
floodwater was dispersed across the relativelylgastaping restored floodplain surface
(Figure 18). In several places across the floadmé&the 2008 site, flattened vegetation
showed that floodwaters escaped the meander belbhever by more than ~1m laterally.
The lack of flood debris and flattened vegetatianifer than 1m outside the historical
meander belt proved that the meander belt esdgra@itained this exceptionally large
runoff event. This flood also provided an examgfléhe amount of deposition a restored site
in this system would receive in a large event. édisd thicknesses of flood deposits on the
2006 site immediately following the flood showedarerage 0.5cm of deposition. Knox
(1987) shows deposition values of 3-5cm/yr duringes of heavy erosion and deposition of
the late nineteenth and early twentieth centurlascomparison to Holocene accretion rates
of 0.02cm/yr (Knox 1987), 0.5cm of accumulatiorome storm on the 2006 site indicates
that land use and morphology of the watershed egstrof the 2006 and 2008 sites is still

impacting the river systems more than before atiticeibecame widespread in the region.



Figure 18. Photographs of 2006 and 2008 sites,rihg and after August 2007 flooding. A. 2006 site
during flooding B. 2006 site post flooding C. 2008ite during flooding D. 2008 site post flooding.
Photographs: J.Ferguson, August 2007.

36
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VI. Methods
1. Coring and topographic map creation

During the summer of 2007, a 10x10m coring grid setsup across the floodplain in
all but the center section of the site, where anbgid was used (to improve resolution in
one area of the site). Soil cores were taken antl®akfield soil probe from the pre-
restoration surface to the pre-settlement surf@&S). The distinction between Post-
Settlement Alluvium (PSA) and the PSS soil was prity done based on soil color, as the
PSAis on average a 10YR 3/1, and the PSS sailBYR 2/1 to Gley 1 2.5/N (Figure 19).
The intense sampling across the 5.67 hectare (&} thaodplain enabled creation of a fairly
high resolution map of the PSS surface. Mappintpigfsurface was done using the
locations and pre-restoration surface elevatiorod points and subtracting the depth to the
PSS. In turn, these measurements were entereGoitten Software’s Surfer8© for
mapping. Pre-restoration surface elevation dadram researchers in the UW-Madison’s
Civil and Environmental Engineering Department, wised a RTK-GPS to map the
floodplain surface grid points and in-stream motpfgg in great detail. Volume estimates
were calculated using Surfer’s volume calculatdremin the difference between the two

surfaces (modern and pre-settlement) is integrated the site.
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60cm

Figure 19. Color contrast between Post-Settlementlivium and Pre-Settlement Surface soil. While
photographs are identical, soil color labels haveden added to B, as well as a line delineating thee?
Settlement Surface.

2. Loss on ignition and cesium-137

Soil samples were taken for loss on ignition (L@glysis at locations that
represented the variety of soil profiles obsenfedughout the floodplain during Oakfield
coring. LOI analysis was completed following thethods in Konen et al. (2002), and two
to three replicates were run for each of the 16pdasrfrom 8 different core locations.

Cesium-137 (Cs-137) analysis was run on samplas fwo sites on the floodplain. Cesium
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ages obtained from analysis of the first samplesefrom the center of the property, led to
the collection of another set of samples from tbehrern end of the site. The Cs-137
analysis was performed by the Wisconsin State Latboy of Hygiene.
3. HEC-RAS

Seven cross sections were surveyed in March, 20@8a from three of these cross
sections were entered into the HEC-RAS 4.0 Betaainod flow analysis (HEC-RAS is the
Hydrologic Engineering Center’s River Analysis &ys). In April of 2009, eight months
post-restoration, the three cross sections weseineeyed and these data were also entered
into HEC-RAS for analysis. For pre-restorationssgections, Manning’s n values for the
historical meander belt were entered as 0.04 dtieetstanding tall vegetation. Outside of
the meander belt a Manning’s n of 0.03 was usdteagegetation was mowed. For post-
restoration cross sections, a Manning’s n of 035 used for the channel, and 0.04 outside
the channel. Using a Manning’'s n of 0.04 assumewtty of tall vegetation on the site
outside of the channel, similar to the vegetateenson the 2006 site 2 years post-
restoration. Results from the analysis done orsitieepre-restoration were compared to the
results from a R2D (River 2D) analysis done bylWveg-Madison Hydroecology Lab,
wherein twelve cross sections were obtained fraerRRBD surface — the pre-restoration
surface — and entered into HEC-RAS. Dischargdteefar that analysis were similar to the
results from analysis with three field-measuredsreections. Changes in storage capacity
on the 2008 site were calculated in Surfer8© usitgyel surface within the Volume

function of the program for elevations between Im#bove channel bed elevation.
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VII. Soils and loss on ignition
1. Soils results

Field work revealed a wide variation in the soibfdes across the site. Overall, a
large number of cores exhibited a contact surfateiden the PSA and PSS that was easy to
distinguish, as the PSA was typically a brown (10¥R), and the PSS was a black (10YR
2/1to Gley 1 2.5/N). The PSA also often cleaHpwed flood deposits of very fine sand
below 20cm depth but above the RE®ure 20). However, sharp boundaries were not
always present. At times coring revealed a “fuzayiitact, with the PSA brown grading into
the PSS black over a span of 20-40cm. This “fuezssh at times prevented the delineation of
a contact surface. This diffusion may have reduitem past agricultural plowing that

would have mixed soil horizons near the surface.

Figure 20. Layered flood deposits. Photo: J. Fergos, August 2008.
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Figure 21. Topographic map of areas with similar sbsurface soil profiles delineated by polygons.

In general, the PSA contact becomes shallowersdardie from the stream increases
(Figures 21 and 22). At the farthest point eash@southeastern corner of the site, the PSS
was tracked to within 20cm of the surface, andghier was indistinguishable from the
surface soil. In the center of the site a largeodé of colluvium and alluvial fan sediments
from the slopes to the east of the stream madegarpractical. The northeastern corner of

the site showed no evidence of PSA/PSS contadbapty because of plowing and



42

channelization efforts (Figures 12 and 13). Insmtated area in the southwestern corner of
the site, higher, relict late Wisconsin (glaciadeacolluvial sediments are present, and there
is no PSA/PSS contact. The 2008 site also dis@dysnd of deepening contact towards its
southern end. No evidence of buried channels w&®vered through the coring process.
Using Surfer8©, the estimated volume of histormatrbank sedimentation was
calculated using the modern surface as the uppfarcsy and the pre-settlement surface as
the lower surface. The volume calculated usingTiiapezoidal Rule is 14,353mThe
volume of sediment excavated and trucked off-gitte@ 2006 site during the 2006
restoration was 9,175inbut the total amount of PSA on that site may Hasen much closer
to the estimate of the 2008 project site if moreeesive coring had been done. Sediment
removal at the 2006 site was also inhibited byriggins due to concerns about slope

stability near neighboring properties.
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Figure 22a and b. Pre-settlement and modern surfas mapped in Surfer8. Scale is in meters, and the
contour interval is 0.5m.

2. LOlI results

Due to the large variation in subsurface profiless on ignition (LOJso) was
performed on the sites shown in Figure 23 in otdexssess the relative difference in organic
matter between soil horizons and between corimgg siSamples were analyzed from the top
20cm of the topsoil and the pre-settlement soilgm@ht was present) at each site. The

samples taken from the pre-settlement soil weracadit to the contact with the PSA, and



44

therefore were assumed to be the A horizon of thespttlement soil. Results of this
analysis are shown in Table 1. Typically, coresel to the stream and meander belt
showed lower values. Farther away from the straadoften at higher elevations, values

increased.

4764300

EE4.

A AEE4.15

4764250 I~
4764200 B

4764150 I~

4764050

4764000

4763950

264650 264700 264750 264800

Figure 23. LOlzo sampling sites. See Table 1 for explanation offd ID.



Table 1. Percent weight Loss-on-Ignition (LO4gg) for 8 locations across the 2008 site.

A = Pre-settlement soil
Location | T = Topsoil at site Depth to Elevation of PSS
ID FS = Flood Sediments PSS at core site
Weight Loss | for core sample at core site | (m above sea
on Ignition site* B = B horizon at site (m) level)
6.453 EE4.0 A 0.815 305.73
5.468 " FS ! i
6.458 T
7.760 | EE4.15 A 0.33 306.26
8.802 " T " "
6.756 | EY5.10 A ~1.0 304.5
5.749 " T i i
9.017 | EY5.47 A 0.31 304.8
8.364 " T " "
6.810 EA2.0 A 0.85 304.3
6.128 " T i i
7.935 | WA5.15 A 11 305.4
5.793 ! T i} i}
8.844 | EDA4.15 T NA 306.13
2.721 | WX1.10 B NA 305.6
9.091 " T NA "

* Number after decimal place indicates distance from meander belt
in meters. Refer to Figure 23.
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At EE4.0 (Om from the meander belt) both the ptdesaent soil and the topsoil at

that site showed lower values than the EE4.15 (t6m the meander belt) topsoil and pre-

settlement soil. The PSS elevation at EE4.15 w&®® higher than EE4.0. The EE4.0

results also show a drop in organic matter in tBgffood sediment) sample. This sample

was from a section of the solil profile at EE4.Qt t@ntained layers of very fine sand similar

to those in Figure 20. At ED4.15, no PSA contaasfound, and the LOI value for the

topsoil at this site is one of the highest of alinples tested. Due to the fact that no PSA

contact was found the PSS at this site was recasdéke surface elevation pre-restoration,

306.13m above sea level, the highest PSS elevatitire samples analyzed.
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The soil core at WAS.15 displayed a fuzzy contatthile the core’s topsoil value is
relatively low among all samples, the pre-settlensail value is the second highest of all
pre-settlement soil samples. EA2.0, relativelyselto WA5.15 but on the other side of the
stream and adjacent to the meander belt, displaytdrp PSA/PSS contact and has
relatively low values for both the pre-settlemenit and the topsoil, similar to EA4.0. Aside
from the difference in distance to the meander lbettveen EA2.0 and WAS.15, the pre-
settlement surface (PSS) at WA5.15 was 1.1m hitifaer EA2.0. This difference in
elevation likely contributes to the change in L@lue between the two pre-settlement soll
values.

EY5.10 and EY5.47 display a pattern similar to EEzhd EE.4.15. EY5.47 has
much higher values than EY5.10, although the PSBeatwvo sites differ in elevation by only
0.3m. This difference in value is likely due tonaiishing ability of flood flows and
sediment to reach laterally across the floodpl&lnodwaters spreading across more than
40m of floodplain or bottomland would representllsivaflows unable to carry large
amounts of sediment, and would be less likelyaagport the very fine sand found in the
flood deposits in cores closer to the stream. rAligvely, high values may also reflect poor
drainage at different locations on the site, ag ploainage slows decomposition of organic
matter. In line with the above described samples)ack of a PSS contact at WX1.10
indicates that the elevation of that site preveitté@m receiving any flood sediments. It
therefore follows that the topsoil at that site tleshighest LOI values of this suite of
samples. WX1.10 B is a sample from the B horizoithat site, and logically contains less

organic carbon than any other sample.
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3. Discussion

The heterogeneity of soil cores on the site ré&dléee diversity of the geomorphology
of the site during pre-settlement times, as wethasvariety of ways post-settlement flood
sediments settled across the floodplain. AreagevAeharp contact was observed may have
been susceptible to receiving large amounts offfleediments quickly, which would rapidly
bury any vegetation that would help sustain a st&bhorizon

Areas of the floodplain where fuzzy contacts ocduray represent places where
enough organic matter was added to the soil eveay that the flood sediments had less of
an effect on the overall profile. Such areas fdgsvere functioning like a wetland, or were
the result of landowners keeping parts of the ffdaith that were too wet for crops or grazing
in vegetation denser than row crops, simply byauttivating them. However, even in these
areas, large amounts of flood sediments flowingugh the streams in the late-nineteenth
and early twentieth centuries would have overwhedlay wetland-type areas within reach
of floodwaters. An alternative explanation for Zyzontacts is that plowing, bioturbation, or
channelization as in the northeast upstream secfitre 2008 site led to mixing of soill
horizons.

The map generated using the depths to the prexsettit surface across the
floodplain (hereafter the pre-settlement surface m&igure 22a) reveals the pre-settlement
floodplain surface gently and steadily increasimglevation as distance from the stream
increases. The trend of increasing elevation noes for tens of meters east and west of the
meander belt. This morphology is strikingly di#at from the modern surface (Figure 22b)
where the alluvial bottomlands rise by 1-2 metensk]y to the east and west of the channel,

and outside the meander belt show little changeewation (See Figure 24). The deposition
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of sediments on the 2008 site therefore signifigashtcreased the lateral connectivity as well
as the complexity of the landscape for flora anthéain this ecosystem (see also Knox 1987,
Lecce and Pavlowsky 2001).

LOI reveals in part the surfaces that were morkaisd from flooding. That surfaces
higher in elevation as well as PSS surfaces faftbar the main channel show higher
organic matter values, leads to a conclusion thaef floods reached these surfaces. Higher
elevation favored lower sedimentation rates armiredt for the reestablishment of
vegetation and additions of organic matter to thie fAlso, high LOI values for some
sampling sites may reflect poor drainage, whiclvsldecomposition of organic matter. LOI
values are consistent with other work done in gggan (Knox 2006).

Relatively similar levels of organic matter (Talllebetween the buried pre-
settlement soil and topsoil may be explained bess\factors. The topsoil on the site likely
has similar values to the pre-settlement soil beeaiwas eroded from the uplands of a
prairie ecosystem, soils that typically containthamounts of organic matter. Also, as
mentioned above, areas that had poor drainageeasitéhpre-restoration, but post-
settlement, would have retained more of the orgaratter deposited over the decades post-
deposition of the upland sediments. The propegy also under Conservation Reserve
Program (CRP) management for the 15 years pritire¢@estoration and with the re-
establishment of permanent vegetation (here thr@RR), organic matter would again be
added to the topsoil. As indicated by aerial pgphs, farmers on the site in the past 70
years never used contour cropping as a land mareagdool, likely due to the relatively low
slope of the field, but may have left buffers ofgrenial vegetation near the stream, which

may also have increased the organic matter coonteahe topsoil after the period of intense
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sediment deposition post-settlement. Under prsred conditions (during the summer of
2007) areas of the bottomlands outside of the nmeravelt were poorly drained and remained
wet or under several inches of water following magnfalls. If these conditions persisted
while the property was being cultivated, the landerg may have avoided these areas, again
allowing accumulation of organic matter in thesenbodrained areas.

Aerial photographs show that drainage ditches naasg ibeen dug longitudinally on
the site as early as 1937, and possibly beforeo,Abng and straight swales running north to
south are observable in the field but are too subtbe picked up by surveying done on the
modern surface and are not seen in aerial photbhgrapuring excavation of the historical
alluvium on the site a few pieces of drainageuiére found indicating artificial drainage of
the site at some point in time. No working dramé&ites were observed during the
restoration efforts. The presence of these draifi@gtures is evidence that the site was once
too wet to cultivate but with the aid of tiles waser and more accessible. Consequently,
high moisture conditions in the summer prior tdoestion (2007) may not be ideal for
extrapolating to early twentieth century growinghddions when the site was likely

artificially drier.
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VIII. Flow analyses and HEC-RAS
1. Results

In the original Public Land Survey notes near2068 site, the stream width of the
East Branch Pecatonica near the study site was astd links, or 0.81m along the section
line between sections 15 and 10 (T6N, R5E) (Seer€i§). Manning’'s equation was used to
find bankfull flow for the pre-settlement channatjng 0.81m as channel width, assuming a
rectangular channel shape and a depth equivalenbtiern bankfull depth. With these
assumptions, an estimate of 0.89cms is found ®ispttlement bankfull flow. Assuming a
trapezoidal channel with top width equal to 0.8 battom width equal to 0.61m (2ft), and a
depth equivalent to modern bankfull flow, an estenaf 0.88cms (cubic meters per second)
is found for pre-settlement bankfull flow. HEC-RAS8alysis reveals that for the pre-
restoration channel and post-restoration chanaelkfloll flow is ~3cms. The difference
between pre-settlement and pre- and post-restarbtiokfull flows is likely due to the
increase in top width of the channel, and chanapécity, over time. Knox (1977) found the
same magnitude of increase in bankfull flow frora-pettlement to modern day for the Bear
Branch near Platteville, Wisconsin. Whereas odbgurvey notes show local measurements
of stream width around 4-5 links (0.81m-1.1m), tpdaeam width ranges between 1 —
2.5m.

While the channel itself was not altered during téstoration, changes in given cross
sections are dramatic. Figures 24a, b, and c shewhanges to the cross sections surveyed
both pre- and post-restoration. Significant reductn floodplain elevation took place, and

the rise of the land surface away from the charsiuch more gradual than pre-restoration.
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Figure 24. Cross sections surveyed pre- and poststeration.

With this dramatic change in the morphology of floedplain, the behavior of flood
flows through the site also changes. Figures Bband ¢ show the differences between
stage and discharges of 10, 15, and 30cms reselgctiBankfull depth did not change
because the channel, adjusted to modern annualsflezas not altered during the restoration.
Post-restoration, for a given discharge flow dejitessignificantly shallower than in the pre-
restoration cross sections. For a discharge = $§0tBtms and 30cms, the post-restoration

stage is ~50cm lower than corresponding pre-resboratages.
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Figure 25. Post-restoration and Pre-restoration stges according to different discharges. A = 10cms, B
15cms, C = 30cms.

Changes in storage capacity on the site, estimagtied) the Volume function within
Surfer8©, show a significant increase in the steregpacity on site from pre- to post-
restoration (Figure 26). The pre-settlement surtapegraphic map (Figure 22a) was used as
the post-restoration surface in this analysis. uReshow that the post-restoration site can
hold up to 1.5-3 times the amount of water thatpgteerestoration site could hold. Changes
in planar area, also calculated in Surfer8©, amnshin Figure 27. Planar area describes the

surface area of the water on the site, in this aag@/en water surface elevations.



Difference in Volume

35000.000
30000.000
25000.000

20000.000 + —=— Volume - Pre-restoration

15000.000 ~ —— Volume Pre-Settlement

Volume (m"3)

10000.000 -
5000.000 -

0.000 T T T T T 1
304.2 l 304.4 304.6 304.8 305 305.2 305.4

Elevation of water surface (m above sea level
304.32 ¢ )

Figure 26. Difference in volume (storage capacityyn the pre-restoration and pre-settlement (post-
restoration) sites. 304.32m is the elevation of theater surface at bankfull flow.
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Figure 27. Difference in planar area on pre-restortion and pre-settlement (post-restoration) sites.
304.32m is the elevation of the water surface at hifull flow.

Calculations from Walker and Krug (2003) were usedetermine discharges for
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specific return period events, and are presentéaeitable below. Note the wide range of

values acceptable for each return period, caladilaseng the given standard error for the

equation used for the area of Wisconsin the 20@8siocated within.
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Table 2. Calculated discharges (Q, in cms). Valsaised in the equations were: Area of
watershed=3.2, slope of middle 75% of channel length=152.38ft/mforest cover=24.09%, 25YR
precipitation index=1.09.

Return Calculated Lower Bound Upper Bound
Period CMS (cms) (cms)
Q100 44.346 19.199 102.433
Q50 35.679 16.094 79.096
Q25 28.095 13.098 60.266
Q10 19.117 9.157 39.912
Q5 10.188 4.711 22.031
Q2 5.146 2.281 11.610

2. Discussion

Changing the topography of the bottomlands onditesas well as the 2006 site may
change the behavior of flood flows through the wsited, due to the changes in the storage
capacity of the bottomlands (as seen in Figure\@bich allow for flood waters to spread out
over a larger area of hydraulic friction, and mantcibute to greater water infiltration into
the soil. A reduction in the velocity of flood ¥l also will lead to deposition of sediment
on the site, leading to a reduction of sedimentaiticareas downstreanlso, the river’s
stage will decrease for given flood discharges lbotlsite and downstream.

The changes in morphology on the 2008 site willl lEathe extension of the wetland
area on the site, as the ground surface will bgeclto the water table for more of the year.
This, again, was one of the goals of the restanatito restore the hydrology to which native
species are adapted. However, constant manageviteloé needed to keep out invasive
plants like reed canary grass that spread thedsséieough floodwaters and are tolerant of a
wide range of growing conditions. Due to the elsshkd grass cover on the site prior to

restoration, the change in vegetation from CRPsg=t0 wetland and wet prairie species
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(i.e. pre-restoration to post-restoration vegetgtimrobably will result in minimal change in
hydraulic roughness due to vegetation cover alone.

As the HEC-RAS results show, flows that would haNed the entire meander belt
cross section before the restoration, such addbdd from August 2007, are ~30cms. Those
same flows are spread out across a much largerratiea post-restoration cross section and
are much shallower. Results from the Walker anaig{003) calculations show that this
magnitude of a flood corresponds to greater thariLthyear flood. Due to the large ranges
given for each calculated return period, it isidifft to assign a single return period to this
flow, but it is likely much higher than the 10 yeaturn period storm. Also, given the
effects of climate change on the magnitude andufreqy of storms in the upper Midwest, a
flood of this size may become more frequent, legdiinfurther inaccuracy in these return

period estimates.
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IX. Cesium-137
1. Results and discussion

Cs137 is a thermonuclebyproductthat was released into the atmosphere during
bomb testing in the 1950s and 1960s. Profilesunidlly deposited Cs-137 on what were
actively aggrading floodplains typically show alspin Cs-137 that represents the peak of
deposition of the isotope, in 1963 (Carson 2006pX2006). Profiles therefore usually
show low, background levels of the isotope untikls begin rising with the onset of bomb
testing in the 1950s, the 1963 spike, and a deeragain after cessation of bomb testing.
The rise and fall of these levels of Cs-137 ondlgains are dependent on accumulation of
sediment due to multiple sedimentation events duegeated flooding. Therefore, a marked
decrease after 1963 may not be seen if the floodplggraded enough to be out of reach of
regular floods by the mid 1960s. Soils where rasi®n or aggradation of material occurred
during or since the time of Cs-137 deposition wahldw high levels only at the very top of
the soil profile. However despite the similarity@ng aggraded floodplain Cs-137 profiles,
the two sets of samples here show markedly diftggesfiles. The southern sampling site
(Core 1) showed a different profile than is consdetypical, while the northern site (Core 2)
showed the usual increase in amount of Cs-137 @dCand rapid decrease in Cs-137 within
the profile (Figure 28). Both profiles have valsawmilar to other work done in the region
(Bzdusek et al. 2005, Knox 2006).

Cs-137 results suggest that deposition of fluvealiments continued throughout the
1950s and 60s on the site. Core samples werevetrifrom 0-0.4m and the pre-settlement
soil surface at the two coring sites was aroundi.deep. The results from the first core

(Core 1) imply strong contributions of sedimentfran alluvial fan draining adjacent
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uplands. The alluvial fan is visible on the growamtl on the detailed Surfer8© map which
also shows that the fan reaches to the locati®®ooé 1 (Figure 22b). This alluvial fan likely
continued to transport sediment to the coringater the river banks were built high enough
that normal overbank floods were unable to deesitments in that location. On the other
hand, Core 2 shows that normal overbank flood deépnsf over 20cm of sediment
occurred after 1953, indicating continued erosiothe watershed upstream with deposition
of that sediment on the 2008 site and downstrea@ins core may also have been affected by
the channel straightening that occurred on theheantboundary of the site between 1955
and 1962 (See Figure 12 and 13), as constructignhange allowed for flushing of sediment
downstream that would have otherwise been locketiréam banks. These results indicate
that even with implementation of widespread lanel efsanges that intended to help curb
erosion, changes illustrated by the aerial photaggaf the watershed from 1937 to 1962
(Figure 11), substantial erosion continued wektrip cropping and other land
conservation practices were put in place. A sigaift percentage of the fields in the
headwaters of this watershed do not show evidehcentour tillage or strip cropping in the
1955 or 1962 aerial photographs (Figure, 20 erosion in these areas could have
contributed significant amounts of sediment to dstnegam floodplainsThe depth of the
pre-settlement surface at these sites compardz tdepth at which Cs-137 is first found also

indicates that over half of the overbank sedimeéthese sites occurred post-1950.
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Figure 28. Graph at left shows Cesium-137 data fawo cores. Core sites are located at points shovem
map at right. The anomalous high Cesium levels neghe top of the Core 1 profile results from this ge
being an active alluvial fan that continues to redge sediment from active erosion on uplands drainig to
the alluvial fan. The drop off in Cesium levels nar the top of Core 2 is consistent with slowed norai
overbank floodplain sedimentation rates in respons® improved land conservation practices since the
1950s.
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A. 1955 B. 1962

Figure 29. Aerial photographs of part of the wadietsupstream of the 2008 site, A. 1955, B. 1962l ifages
from the United States Department of Agricultudewa County Wisconsin 1955, WT-1P-55", “lowa County
Wisconsin 1962, WT-2CC-36.”
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X. Recommendations
1. Combined impact of multiple restorations

Due to the size of the watershed (8.3kand the size of the 2008 site (0.08km
changes in flow hydraulics and wet-prairie habgberation will happen on a small scale.
For example, during extreme events the impactsibration changes to the watershed will
be minimal because of the small size of the ditewever, the combined impact of multiple
restoration sites along a given waterway couldutisntial, no matter how small those sites
are (Zedler 2003). The 2006 site restoration ard20D08 site restoration do allow for more
temporary storage and potential infiltration ofotbwater than previously existed in the
watershed, as shown by the storage capacity voastmmates in section VIII.1 (p. 50, this
document).
2. Applicability of East Branch Pecatonica restorans to other sites

Given that the compounded effects of many smatbrations are likely to be
beneficial to a larger watershed, it is importantonsider the applicability of this style of
restoration for other areas of the state and regidns watershed is not representative of
other watersheds throughout Wisconsin and the udprest. The 2008 site is also
anomalous in that TNC owns the land immediateljtagesfrom the site, ensuring low-
impact or conservation land management will ocbhard. Nevertheless, the watershed is
similar to many other watersheds within the DrééArea. The topography of the Driftless
Area is unlike the surrounding glaciated terrdts. stream valleys are narrow and there are
very few areas of ponded water. Due to the suaofssge scale agriculture in large areas
of eastern Wisconsin, lllinois, Minnesota, and loteir streams are often ditched and

channelized. The topography in the Driftless Aceafines large fields to ridge tops or wide
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valley bottoms, and far less straightening or diitghof streams has occurred@he history of
erosion and deposition combined with the armorethsa of many of the channel beds is
also unlike other areas. The armored surfaceeotiannel bed in particular alleviated
concerns of incision of the channel following reatmn efforts on the 2006 and 2008 sites.

However, reshaping bottomlands to create floothg®and riparian habitat may be a
viable restoration choice in some of the areas imeatl. Adding flood storage to the areas
around ditched and channelized streams that exagricultural areas of the upper Midwest
could prove beneficial to larger systems in terfnieducing flood flows and sediment
transport. The addition of riparian habitat tosd@reas could also greatly improve the
diversity of ecological communities in those areAsso, other areas of the Midwest exhibit
similar features to the sedimentation of the valiythe Driftless Area and may therefore
experience similar positive responses to this tfpestoration. The topography of valley
bottoms in south-central Indiana, for example, sstgfilling following accelerated upland
erosion, as stream water level is often at leg&teket below any floodplain surface. This
style of restoration may therefore be beneficiatteams in that region. Also, the Paleozoic
Plateau of northeastern lowa and southeastern Idatadnas topography similar to the
Driftless Area and may have sites in small watetshibat would benefit from a restoration
like that on the East Branch Pecatonica sitesartiqular to restore habitat for wet prairie
and wetland species.

While there may be areas where this restoratidmigae appears applicable, a
careful assessment of the viability of this styieestoration would need to take place. The
intent of the restoration could be severely compsenhif the system responded negatively to

changes from the restoration. A negative reactauid lead to the destruction of the site’s
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ecological integrity. The ecosystem as it exisightnalso be more valuable than the one that
would be created through restoration. For exangame of the potentially altered
watersheds in southern Indiana now contain highitguaardwoods ecosystems, and the
style of restoration used in this study may harnmmariban help if those ecosystems were
damaged by restoration activities. The watersliedpmtential site needs to be studied to see
if the land use above the site would allow for shhecess of the project. If an anomalous
erosive land use upstream leads to the contribati@nlarge amount of sediment to the
system the site could potentially act as a sedisi@ktand quickly fill in. This would cover
the constructed topography as well as smother plagtties planted for the restoration.
Likewise, if large areas in the watershed upstreathe restored site were channelized or
had a high percentage of impermeable surfaceslikaly that resulting “flashy” floods

would damage a newly constructed wet prairie otamet ecosystem.

Sites to evaluate for this type of restoration lddust be small sites with small
watersheds close to headwater areas, where upsiméaences on the site would be
relatively simple to determine. Depending on tineding for the project the scale of
sediment removal is also important. Another ceterfor selecting sites should be proximity
to other conservation projects, both because optiseive outcome of the compounded
effects of those projects, as well as possible @agand non-profit organization interest in
restoration in the area, as in this project. Bnalotential improvement and/or damages to

the surrounding larger ecosystem should be coresider
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XI. Summary and Conclusion

The 2008 site restoration on the East Branch Beizat led to a dramatic change in
the morphology of the floodplain. The changes orphology will alter the way water
moves through the site as the average cross sextions the floodplain has been
significantly altered to match the pre-settleméomddiplain topography mapped during this
study. Compared to the site pre-restoration, fgivan discharge flows will be much
shallower and therefore move more slowly throughdite, allowing for natural maintenance
of more wet-prairie habitat than pre-restoratidime morphological changes at the 2008 and
2006 sites may also affect areas downstream dietincrease in storage capacity on both
sites, and also will help restore the groundwatefase connections on each of those sites.
Cesium-137 results show that the 2008 site’s bd&nds had been filling in with eroded
sediments for some time, through the latter hatheftwentieth century. Loss on ignition
results confirmed that a soil rich in organic matt@s buried beneath that post-settlement
alluvium (PSA), a characteristic of the profilestbe site that was visible while taking
sediment cores to create the topographic map girénsettlement surface. The pre-
settlement surface is now exposed and seeded alitrerwet prairie species.

Attempting to return land to its pre-settlemenpegrance is not the most practical
option for restoration given significant changesaind use, surrounding vegetation, or
regional and global climate. However, as this gebjs attempting to show, using pre-
settlement data as part of the guiding image fstoration or to inform that image is likely to
result in more successful recovery for the targetiges and ecosystems of that restoration.
Collection and analysis of physical data from tite sefore restoration also provides more

information on the history of its post-settlemewbletion, which supplies other information
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to consider when designing and maintaining theoratibn. Data collection and analysis
here also informed the actual soil-excavation @nsike, speeding up the restoration process
and reducing dollars needed for the restoration.

In the future, as river restoration projects ardartaken, it is of the utmost
importance for project managers and participantgetoognizant of the fact that they are not
just performing a restoration, they are also pigudiing in the construction of river
restoration science. No matter how inconsequeihtiahy seem to collect background data
and perform pre-restoration monitoring, increasingwledge of how to complete a
successful restoration is essential because tlaeelbeen so many undocumented “river
restoration” projects completed in the past fewadies. Documentation is essential for

improving the design, implementation, and upkeeghese projects.



XIl. Appendix A

Species seeded on 2008 site post-sediment removal.
Information provided by R. Hansis, Wisconsin Depemt of Natural Resources

Species

Common Name

Bidens cernuua

Sticktight

Carex annectens

Yellow-headed fox sedge

Carex bebbei

Bebb's sedge

Carex lasiocarpa

Wooly fruited sedge

Carex scoparia

Broom sedge

Carex stipata

Common fox sedge

Carex trichocarpa

Hairy-fruit sedge

Carex vulpinoidea

Fox sedge

Chelone glabra

Turtlehead

Cicuta maculata

Water hemlock

Elymus canadensis

Canada wild rye

Eryngium yuccifolium

Rattlesnake master

Eupatorium maculatum

Joe-Pye weed

Eupatorium perfoliatum Boneset

Canada hawkweed
Hieracium canandense (Kalmii)
Hypericum pyramidatum Great St Johns Wort
Juncus tenuis Path rush

Lobelia silphilitica

Great blue lobelia

Napea dioica

Glade mallow

Pedicularis lanceolata Lousewort
Pycnanthemum
virginianum Mountain mint

Scirpus atrovirens

Green bulrush

Thalicrum dasycarpum

Meadow-rue

Verbena hastata

Blue vervain

Veronicastrum virginicum

Culvers-root

Zizia aurea

Golden alexanders
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