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Introduction 
 

 This project area is located on the Oregon State University campus in Corvallis, 

Oregon.  The 4.7-acre OSU property is located south of the EPA building on SW 35th 

Street, east of the OSU Challenge Course, west of the Hinsdale Wave Laboratory, and 

north of the forested area along Oak Creek (T11S R5W Sec 33).  The wetland portion of 

this property and focus of our restoration plan is a 0.19-acre tract in the southwestern 

corner.  It is distinguishable from the rest of the property due to its lower elevation and 

distinct vegetation.   

 Historically this was an emergent marsh with direct hydrologic connection to Oak 

Creek (David Evans and Associates Inc. 2005).  As Oak Creek degraded and water levels 

dropped, the hydrology of the wetland changed because the surface water was no longer 

connected to the creek.  This caused the inundation levels and timing of saturation to be 

altered. This different hydrologic regime created a change in the available resources.  The 

drop in the water table exposed bare, wet soil and allowed reed canarygrass (Phalaris 

arundinacea) to establish from seeds and rhizomes.  Reed canarygrass is known to 

respond to low species richness with increased invasion, which causes even further 

decline in species richness (Perkins and Wilson 2005).  Gradually native species were 

outcompeted by the invasive, non-native grass, and currently it occupies almost 100% of 

the site.  This 0.19-acre site is the only portion of the entire 4.7-acre property that is 

dominated by reed canarygrass since the majority of the remaining property is uplands 

(David Evans and Associates Inc 2005). 

 The site is comprised of soils that are poorly drained but are hydric based on a 

high water table from November to May (www.ftw.nrcs.usda.gov/osd/dat).  There is also 

a depression on the east end of the wetland that stays wet to moist year-round.  Based 

upon the current hydrologic regime, this wetland should contain more transitional/wet 

prairie native species.  It is for this reason that this wetland cannot be restored to historic 

conditions.  Our restoration plan includes the complete eradication of reed canarygrass, 

the establishment of native wet prairie species, and the reinstatement of natural wetland 

functions. 
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Figure 1.  Location of wetland restoration site and soil types (http://willametteexplorer.info/). 
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Goal and Objectives 

The goal of our project is to restore native species diversity and ecological 

processes at our degraded wetland site.  This will involve both top-down and bottom-up 

methods of control.  As outlined in Chapter 12 of Foundations of Restoration Ecology 

(D’Antonio and Chambers 2006), top-down controls involve elimination or reduction in 

number of the invading species, while bottom-up controls consist of the restoration of 

fundamental ecological processes.   

 Our first objective utilizes the top-down approach, and consists of the complete 

eradication of reed canarygrass (Phalaris arundinacea) from the site by two years after 

the start of the eradication program.  This objective will be achieved through mowing, 

plowing, and applying herbicide.   

The more diverse a plant community is, the more resistant to future invasion by 

aggressive non-native species it is (Tilman 1997).  Therefore, the second objective is to 

return the flora to a diverse native species assemblage.  This will be accomplished 

through the manual planting of native species after the removal of reed canarygrass.  

Restoration of native plants will result in increased niches for wildlife, including birds, 

amphibians, and invertebrates.   

Ecological processes are the basis for self-maintenance in an ecosystem (SER 

2004).  Our bottom-up controls will mostly be implemented through the successful 

establishment of native species.  The third objective is to facilitate autogenic processes, 

which will allow the system to be sustainable and function without continuous human 

inputs.  Restoration of the ecosystem functions of water capture and nutrient cycling will 

also be achieved via establishment of a native wetland plant community.  Because we 

have not crossed the threshold controlled by abiotic limitations as identified by Whisenart 

(1999), the only abiotic inputs necessary will involve the manipulation of soil 

microtopography to facilitate water capture efficiency for the establishment of native 

plants.  
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Historical Context 
 

Willamette Valley 
The Calapooia tribe is estimated to have had a population of about 13,500 in the 

Willamette Valley prior to Euro-American settlement (Hulse 1998).  The arrival of 

European trappers in the 1820s and 30s brought significant environmental change, as 

large numbers of a keystone species; beavers, were trapped (Allen et al. 1999).  Disease 

and persecution by settlers were responsible for reducing Calapooia Indian populations 

by 80-96% (Allen et al. 1999).  The tribe had historically burned large swaths of the 

Valley each year, so with their demise the landscape of the Valley began to change, and 

grasslands and savannas were invaded by woody vegetation (Boyd 1997). 

The 1840s marked the beginning of large-scale Euro-American settlement; by 

1860 around 53,000 people had journeyed to Oregon on the Oregon Trail (Uhrich and 

Wentz 1999).  The settlers began using wetland and wet prairie habitats to graze their 

stock, grow wheat and vegetables, and as a source of hay in the mid and late 1800s (Allen 

et al. 1999, Uhrich and Wentz 1999).  Wetland, wet meadow, and riparian habitats were 

intensively converted via diversions, berms, and other flood control and irrigation 

systems to other habitat types and land uses (mainly agricultural) post World War II 

(Allen et al. 1999).  Urban development followed agriculture, and many Willamette 

Valley wetlands were filled to accommodate the growing populations’ needs for 

infrastructure.   

Approximately 96% of land in the Willamette Valley is currently privately owned 

and has been converted to agriculture or urban land uses (Allen et al. 1999).  It is 

estimated that 99% of Willamette Valley wetland habitat has been lost (Wilson et al. 

2003). The Study Area is located on the campus of Oregon State University (OSU).   

 

Project Area 
OSU was incorporated as Corvallis College in 1858, but did not reside at its 

current location until 1889 after the completion of Benton Hall 

(http://osulibrary.oregonstate.edu/archives/chronology).  Campus currently consists of 

roughly 500 acres (including agricultural facilities).   
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A review of historic campus planning documents in the Archives department of 

the Valley Library revealed that the part of campus west of what is now 35th Avenue was 

used exclusively for agriculture for a long period of time (FSR 1984).  A map obtained 

from Dr. Stan Gregory dated 1912 illustrates that tiles and pipes were put into place for 

flood control measures; effectively altering the hydrology of our site.  The Future 

Development of Campus Plan map of 1926 depicts sheds, “young stock”, and cows in a 

Dairy Park west of County Road (now 35th Ave.) and south of N. College Road (now 

Campus Way) (Figure 2 (a)). By the time of the 1947 campus plan, a hog barn and beef 

barn had been built near the Dairy Park (Figure 2(b)).  Interestingly, the 1926 and 1947 

planning maps do not depict Oak Creek at all.  Oak Creek does appear on the 1964 Long 

Range Development Plan, as does a proposed “Water Quality Lab” at the current site of 

the EPA lab, and “Physical Plant” south of Oak Creek and west of 35th Ave (Figure 2 

(c)).  The 1976 Campus Development Plan shows the intended development of the parcel 

directly to the east of our Study Area where the Wave Research Facility currently resides, 

and our site is labeled “reserve for motorpool” on this map as well as on the 1984 

planning document (Figure 2 (d)).   
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(a) 
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(b) 
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(c) 
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(d) 

Figure 2:  Campus development planning maps from 1926 (a), 1945 (b), 1964(c), and 1985 (d).  
Our site does not appear on maps (a) and (b), it is to the west, just off the maps (note that the 
compass rose is oriented 180 degrees differently in these two maps), and that Oak Creek does not 
appear until the 1964 map.  Our site location is approximated in the second two maps by the red 
ovals. 

 

Aerial photographs of campus from 1948 to the present revealed some interesting 

historical evidence about the hydrology of our site.  The photograph from 1948 shows 

two side channels of Oak Creek winding northwest to southeast through the Study Area.  

The channels appear highly sinuous and the surrounding landscape appears to be oak 

savannah and wet prairie; creekside vegetation is apparently composed of an herbaceous 

cover as opposed to a shrub layer.  The site looks relatively unchanged in the 1956 

airphoto.  The next photo in the series, from 1963, shows what looks to be altered 
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hydrology at the site.  The side channels in this photo are apparent, but are much lighter 

in color than in previous photos.  Also, a smattering of dirt roads and barns were built 

along 35th Avenue to the southeast of our site.   

 

 

Ecological Context 

 This palustrine emergent wetland has undergone significant changes due to an 

altered hydrologic regime.  As the water levels in Oak Creek dropped, the wetland 

became disconnected from its main water source and now relies upon a high water table 

and precipitation for its hydrology (David Evans and Associates 2005).  It is likely, 

however, that this area becomes connected during flood events.  The changes in 

hydrology opened up available resources for reed canarygrass (Phalaris arundinacea) to 

move in, become established, and take over.  Reed canarygrass currently occupies nearly 

100% of the herb layer with a minor component of catchweed bedstraw (Galium 

aparine), American vetch (Vicia americana), American speedwell (Veronica americana), 

wild carrot (Daucus carota), tall fescue (Festuca arundinacea), teasel (Dipsacus 

fullonum), and meadow foxtail (Alopecurus pratensis).  The sparse shrub and tree layer 

includes scattered Oregon ash (Fraxinus latifolia), Oregon white oak (Quercus 

garryana), and Nootka rose (Rosa nutkana). 

 The soil types consist of Bashaw clay on the southern portion and Concord silt 

loam on the north (www.ftw.nrcs.usda.gov/osd/dat).  Bashaw clay is a poorly drained soil 

that is listed as hydric based on a high water table from November to May and long 

duration ponding from December through April (www.ftw.nrcs.usda.gov/osd/dat).  

Bashaw clay dries out for 45 to 60 days in the summer and cracks open and close once or 

more per year (www.ftw.nrcs.usda.gov/osd/dat).  The natural vegetation of Bashaw clay 

is sedges, rushes, grasses, scattered ash, willows, and other trees and shrubs.  Concord silt 

loam is also a poorly drained and hydric soil based on a high water table from November 

to May (www.ftw.nrcs.usda.gov/osd/dat).  They are usually located on terraces with less 

than two percent slope (www.ftw.nrcs.usda.gov/osd/dat).  The vegetation associated with 

Concord silt loam is rushes, sedges, trailing blackberries, hazel brush, and scattered ash 

trees.   
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 There is a saturated and inundated depression on the east end of the wetland that 

presently holds standing water.  There is currently no wetland vegetation associated with 

this depression.  The near monoculture of reed canarygrass extends to the north and east 

to the distinct rise in elevation, to the south to a forested area, and to the west to the OSU 

Challenge Course.  According to Whisenant’s degradation model, this site has crossed the 

transition threshold controlled by biotic factors.  Since this site has not crossed the second 

threshold controlled by abiotic factors, a manipulation of vegetation is what is required to 

restore this wetland site (Whisenant 2005).  The focus of initial restoration efforts 

includes the eradication of the extensive stand of reed canarygrass and its associated seed 

bank. 

 Understanding the life history and strategy of reed canarygrass is the first step in 

successfully eradicating it.  Reed canarygrass is a cool-season, perennial grass whose 

creeping rhizomes form a sod layer up to half a meter thick (Tu 2004).  Reed canarygrass 

competitively excludes other native plants and limits the biological and habitat diversity 

of host wetland habitats (Antineau 1998).  It can grow up to two meters tall and prefers 

seasonally or continually wet habitats (Tu 2004), especially wetlands with 

anthropogenically altered hydrologic regimes as our project site (Perkins and Wilson 

2005).  Reed canarygrass thrives in wet to moist soil conditions (Figure 3), but it can also 

withstand long periods of drought.  It also evapotranspirates large amounts of soil 

moisture, which affects shallow groundwater hydrologic characteristics, and its 

aggressive growth and significant biomass production prevent surface water movement 

(Antineau 1998). 

There is no one-year treatment for the complete eradication of reed canarygrass.  

Instead, multiple management strategies should be employed for two to three years, with 

continued monitoring and follow-up treatments to prevent reinvasion.  Management 

measures to eradicate reed canarygrass may include mowing; herbicide application; 

grazing with cows, sheep, and goats; cultivation; burning; hand pulling; micronutrient 

management; macronutrient management (limiting nitrogen); shading (competitive 

exclusion with tree buffers); solarization; excavation; flooding (over 1 foot); and 

mechanical barriers (Haney 2000, Kim et al. 2006, Tu 2004). 
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After the eradication of reed canarygrass, our restoration efforts will include the 

establishment of native wet prairie wetland species using a competitive exclusion model 

followed by annual monitoring and updated treatments.  Through this restoration there 

will be an increase in natural wetland functions of water capture, energy capture, nutrient 

retention, and resource flows captured by organic materials.  While the plant species will 

not be identical to historical species present at the site due to the altered hydrologic 

regime, the functions that they perform should reflect natural conditions. 

 

Figure 3.  Phalaris arundinacea in moist soil conditions (lt) and saturated conditions (rt). 
 

 

 

Economic Context 

The restoration site has the potential to be developed with regards to expanding 

the OSU campus; however, restoring the wetland to a semi-historical, functional wetland 

state also has economic benefits.  Wetlands provide important physical, ecological, and 

economic functions and benefits.  Some of these benefits are water resource related, 

ecological, educational, and recreational.  Also, wetland areas are high in biodiversity and 

are species rich providing habitat for many wildlife species.  These benefits are described 

in more detail below:  
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·  Water Quality : Wetlands act as filters and improve water quality in nearby 

streams and rivers from pollution originating from agricultural runoff, municipal 

waste, or contaminants accumulated from storm water.   When water flows 

through a wetland, the wetland acts as a filter; suspended soil is trapped and 

chemicals, such as fertilizers, are absorbed by vegetation and microorganisms.  

Excessive amounts of nutrients in a stream can cause algal growth that can be 

harmful to aquatic life.  Wetlands improve water quality for drinking and 

recreation, and support a wide array of plants and wildlife. 

·  Flood Control:  Wetlands usually occupy depressions near streams and rivers.  

These depressions can soak up and store a significant amount of water during 

flood events.  They act as natural buffers reducing property damages in the 

surrounding area as well as downstream. 

·  Nutrient Cycling : Living organisms depend on the availability of nutrients in 

order to grow and survive.  Nutrient cycling provides healthy and productive soil 

and can influence gas, climate, and water regulation functions.   

·  Education: Wetland areas are a living classroom in providing exposure to ever 

changing environmental conditions, environmental impacts on native plant and 

wildlife communities, and conservation issues.   This is a great exposure for kids 

(as well as adults) and can be incorporated into after school programs for students 

as well as community service projects.   

·  Aesthetic/Recreation: Wetlands are often inviting to recreational users, such as 

bird watchers, photographers, and hikers.  Well- intact wetlands are high in 

species diversity and are admired for their aesthetic beauty. 

·  Wildlife Habitat:  Wetlands provide food and shelter for a wide array of species, 

including plants, microorganisms, invertebrates, amphibians, reptiles, mammals, birds 

as well as fish (if there is connectivity with the floodplain).  Often times wetlands 

provide critical habitat for many endangered and threatened species.  Wetlands 

can also serve as a refuge for temporary resident migratory birds.  Waterfowl, for 

example, depend on wetland areas for food and breeding.   
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Unfortunately, wetlands around the world are being modified and converted to 

other uses.  Wetland resources are either over-exploited or altered for development, 

which changes the quality and quantity of water going into and out of wetlands. A major 

contributor to these activities is the insufficient understanding decision-makers have of 

the economic values of wetlands.  Therefore, protection of wetlands may not appear to be 

a serious enough alternative to economic uses.  However, as noted, wetlands serve many 

benefits, such as improving water quality, flood control, education, recreation, providing 

nutrients, and wildlife habitat. 

 

Social Context 

When dealing with restoration, sound judgment is not always made on the basis of 

ecological or historical relevance; however, decisions are made today based on social 

aspects, including input from stakeholders (from a variety of backgrounds) that 

potentially have a say on how the land should be used.  As with many restoration 

projects, stakeholders may include the landowner (i.e., OSU), developer, restoration 

planner, and the funding source.  Stakeholders not directly involved with restoration 

efforts may include surrounding landowners, recreational users, teachers and faculty that 

may view this as an educational opportunity, government, and various other interest 

groups. 

Designing restoration projects when many stakeholders are involved can be a 

challenging task; however, involving as many stakeholders as possible will provide a 

more desirable and mutually acceptable outcome for all.  For our proposed restoration 

project, we have identified the following stakeholders:  

·  OSU Faculty and Students 

·  OSU Developers 

·  Recreational Users 

·  Community Educators 

·  Nature Conservation & Amenity Groups 

·  Department of State Lands 

·  U.S. Army Corps of Engineers 
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Wetlands are incredibly diverse habitats and are the homes to many species.  

Stakeholders, such as community educators or OSU faculty and students, can use wetland 

sites as an educational tool, where the dynamics of an ecological system can be observed 

and taught.  The wetland site could also benefit after school programs for kids by 

providing exposure to plants and wildlife and the concept of habitat. 

 

 

Ecological Principle: Competitive Exclusion and Inhibition 

Explanation of principle 

Rapid invasion of alien species is of major concern in ecological restoration.  Invasive 

species have the potential to garner resources and exclude native species.  The ecological 

principles to be considered in this case are competitive exclusion and inhibition due to the 

fact that the site is heavily taken over by reed canary grass (Phalaris arundinacea), an 

invasive species common to disturbed wetland areas (Figure 4).   

 

 

Figure 4. OSU Wetland Site invaded by Phalaris arundinacea 

 



 19 

Competition is described as the interactions within and among species that may 

exclude species from a community (Falk et al. 2006).  Interference or exploitative 

competition for limiting resources is considered a primary driver for species segregation 

or structuring of communities (Falk et al. 2006).  The competitive exclusion principle 

concludes that no two species can occupy the exact niche (Falk et al. 2006), therefore 

excluding one over the other.  The outcomes of competition (survival, coexistence, 

extinction) depend on consumer differences in resource use.   

 

Link between action and ecological principle 

 Our project objectives include the removal of reed canarygrass from the site and 

the re-establishment of an abundant diverse community of native species.  This is based 

on the belief that reed canarygrass interferes with the achievement of a desired ecosystem 

state, successional trajectory, or delivery of ecosystem services.  Reed canarygrass has 

been known to persist in degraded wetland sites and likely inhibits succession of native 

species; therefore, we consider this a priority species for removal.   

Competition theory predicts that if resident native species are abundant, they 

should be able to monopolize available resources, reducing the likelihood that an invader 

can establish unless the invader has access to unique resources different from the 

residents (Falk et al. 2006).  Also, competition theory suggests that enhancement of 

diversity within an area, should reduce the probability of establishment of arriving 

propagules of many invader species (Falk et al. 2006).  These hypotheses stem from the 

competitive exclusion principle, which predicts that only invaders that are very different 

from residents in their use of limiting resources should persist in a site (Falk et al. 2006).  

Abundance and diversity will be used as a guideline for ecological restoration on our site; 

however, we realize that as we explore the specifics of the site, the dynamics of the 

system may be more complex. 
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Reference Sites 

Due to limited available pristine (untouched) wetland prairie habitats local to the 

restoration site, best available was the next option for identifying reference sites.  The 

two sites identified as best available were: 1) Jackson-Frazier Wetlands and 2) West 

Eugene Wetlands.  Jackson Frazier is located in northeast Corvallis north of Lancaster 

Street.  The area includes several wetland types (including wetland prairie) with a soil 

classification of Bashaw clay.   West Eugene Wetlands is located approximately 45 miles 

south of Corvallis in Eugene.  This area was chosen as a reference site because it includes 

a majority of the remaining wet prairie habitat in the Willamette Valley.  West Eugene 

Wetlands also has a soil classification of Bashaw clay.  Both sites are not pristine.  They 

have a history of degradation and disturbance; however, they also have a history of 

restoration, which will help with planning and gauge restoration success.   

 

Jackson-Frazier Wetlands 

Jackson-Frazier wetland is approximately 60 hectares lying in the northern 

boundaries of Corvallis (44º 36’ 19” N, 123º 14’ 35” W).  The hydrology of the wetland 

is maintained through the drainage of Jackson and Frazier creeks.  The wetland is divided 

by the Oregon State Highway 99W, and bordered by urban development to the south and 

agriculture on the north and east.  The area was heavily grazed and harvested for native 

hay prior to the 1960’s (Schwindt 2006) and was pasture up until it was reverted back to 

natural vegetation in the 1980’s (D’Amore et al. 2000).  Although, in 1985, large 

equipment was driven over the property in order to dig ditches and move brush (Schwindt 

2006).  In 1990, the property was then acquired by Benton County and became a county 

park in 1992 (Schwindt 2006). The area is now a valuable resource both for 

environmental quality, recreation, and education for the surrounding community 

(D’Amore et al. 2000) (Figure 5).   

 The county park consists of wet prairie (located in the southwestern portion of the 

park), emergent wetlands, forested wetlands and upland oak (Figure 6).  The soil is 

considered Bashaw clay, which is classified as a hydric soil (Schindt 2006).  Many plant 

species occur on Jackson-Frazier Wetlands (appendix C), three of which are federally and 

state listed as threatened or endangered.  These species are Bradshaw’s lomatium 
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(Lomatium bradshawii), Nelson’s checkermallow (Sidalcea nelsoniana) and, in the 

upland prairie, Kincaid’s lupine (Lupinus sulphureus var. kincaidii) (Schindt 2006).  

Because native wet prairie is rare and has dramatically declined in the Willamette Basin, 

about 30 acres of the southwestern portion of Jackson-Frazier has been designated for 

prairie restoration. 

Jackson-Frazier Park is one of the larger intact wetlands in the Willamette Valley 

(Titus et al. 1996).  The area is rich in Oregon ash (Fraxinus latifolia) and willow (Salix 

spp.) communities.  Perennial sedge communities also heavily reside this area, which are 

rare in the Willamette Valley.  Common sedge communities located on Jackson-Frazier 

Wetlands are green-sheathed sedge (Carex feta), dense sedge-creeping spike-rush (Carex 

densa-Eleocharis macrostachya), slough sedge (Carex obnupta), and one-sided sedge-

meadow barley (Carex unilateralis-Hordeum brachyantherum) (Titus et al. 1996). 

 

 

    Figure 5. Jackson-Frazier Wetland, wet prairie, Denise W. Ross Photography 
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  Figure 6. Jackson-Frazier Wetland, Benton Co. Natural Areas & Parks Dept 

 

West Eugene Wetlands 

The city of Eugene is located in the southern Willamette Valley where it was 

historically mostly prairie up until the mid-1800s.  However, over the next century, 

agriculture, industries, businesses, and homes gradually claimed much of the prairie, 

changing what once used to be 360, 000 acres of Western Oregon prairie down to only 

13,000 acres by 1985 (West Eugene Wetlands Project).  

Wetlands in the Willamette Valley have been significantly reduced over the years 

due to rapid population expansion in the west.  Wetlands were drained for flood control 

purposes, irrigation and agriculture, industrial and residential development.  However, 

some wetlands survived due to the clay content of the soil, but were soon converted to 
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livestock grazing and grass seed production.  Today, we only see a remnant of what is left 

of these historic wetlands.  A few of these remnants can be found in the West Eugene 

Wetlands (Figure 7).  

 

 Figure 7. West Eugene Wetlands, West Eugene Wetlands Project 

 

The West Eugene Wetlands Project was approved in 1994 and is now 

cooperatively managed by the Bureau of Land Management (BLM), City of Eugene, 

Nature Conservancy, Oregon Youth Conservation Corps, U.S. Army Corps of Engineers 

(USACE), U.S. Fish and Wildlife Service (USFS), McKenzie River Trust, and 

Willamette Resources and Educational Network.  The area represents some of the last 

remaining wetland prairie habitats in the Willamette Valley, and the goal is to restore and 

protect these systems from further degradation.   

 Many species occur on West Eugene Wetlands (Appendix D).  Federally-listed 

plant species within the site are Threatened Kincaid’s lupine (Lupinus sulphureus ssp. 

kincaidii), and the Federally-listed Endangered Willamette daisy (Erigeron decumbens 

var. decumbens) and Bradshaw’s lomatium (Lomatium bradshawii).   Special Status 

Species include the State-listed Threatened white-top aster (Aster curtus), and sensitive 

species for the Bureau of Land Management are shaggy horkelia (Horkelia congesta ssp. 
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congesta), thin-leaved peavine (Lathyrus holochlorus), meadow checkermallow 

(Sidalcea campestris), and Hitchcock’s blue-eyed grass (Sisyrinchium hitchcockii). 

Common species found on the West Eugene Wetland prairie in relatively undisturbed 

sites are: dominated by perennial grasses, including tufted hairgrass (Deschampsia 

caespitosa) and California oatgrass (Danthonia californica) (Figure 8).  Some of the 

largest remaining populations of rare and endangered plant species are white-topped aster 

(Aster curtus), Willamette daisy (Erigeron decumbens var. decumbens), shaggy horkelia 

(Horkelia congesta ssp. congesta), Bradshaw's lomatium (Lomatium bradshawii), and 

Hitchcock's blue-eyed grass (Sisyrinchium hitchcockii) (OR090-05-03 2005). 

 

 

Figure 8. West Eugene Wetlands, wet prairie and riparian forest 

 

Constraints 

An apparent constraint in restoring the wetland back to its historical conditions is 

the low water table and limited connectivity with Oak Creek.  To restore the hydrologic 

regime, we would need to raise the water table, remove the berm, and reconnect the side 

channel and adjacent floodplain with Oak Creek.  However, this would require more 

money and could also impact surrounding buildings (EPA and OSU campus) due to an 
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increased risk of floods.  Therefore, we will restore the site to semi-historical conditions 

using Jackson-Frazier Wetlands and West Eugene Wetlands as our reference sites. 

 

 

Alternative Options 

 

Alternative 1: No action.  There will be no treatments to or management of the site. 

 

Alternative 2:  Reed canarygrass will be removed through mechanical means alone.  This 

can be accomplished through mowing the reed canarygrass in the spring and covering the 

site with black plastic to kill the grass underneath (and leaving it on until the following 

spring).  The following spring the plastic will be removed and the site will be covered 

with fine organic mulch to a depth of ten to fifteen centimeters.  The mulch will prevent 

the still-existing seed source from sprouting while also applying carbon to the site, which 

prevents nitrogen from being taken up by the reed canarygrass for growth.  Planting of 

native willow poles will occur in early spring followed by native grasses in mid spring.  

Spring sedges, rushes, and forbs will be planted the following year. 

 

Alternative 3:  Reed canarygrass will be eradicated through mowing and herbicide.  

Mowing will be done in the spring, followed by the application of aquatic-approved 

glyphosate in mid-summer and late fall.  This will be done on a two-year rotation.  In 

early spring of the third year willow poles will be planted followed by native grasses in 

mid spring.  Spring sedges, rushes, and forbs will be planted the following year. 

 

Alternative 4:  Reed canarygrass will be removed by herbicide (aquatic-approved 

glyphosate) application alone.  This is the least time-intensive method, but it will most 

likely require more than two years of treatment, depending upon the results observed 

after the second year of treatment.  In early spring of the second or third year willow 

poles will be planted followed by native grasses in mid spring.  Spring sedges, rushes, 

and forbs will be planted the following year. 
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Preferred Alternative  

 There are a variety of strategies that could be used to restore this wetland, but we 

needed to choose the methods that would allow us to achieve our goal and objectives.  

For the methods of reed canarygrass removal we relied on what was shown to be the most 

successful in the literature along with the limitations of the site, and the selection of 

native plants was concentrated on those species that were abundant and successful in 

other local transitional/wet prairie wetlands.  It should be noted that before this 

restoration project begins, the necessary licenses and permits should be acquired.  The 

requirements for this site are listed in the licenses and permits section.  Restoring this 

wetland site includes eradicating reed canarygrass, planting native wet prairie wetland 

species, and monitoring and retreating of the site for reed canarygrass reoccurrence.  

Since monitoring and retreatment will be covered in the measures of success section, we 

will focus on eradication and native planting in the preferred alternative.  Our preferred 

alternative is based on adaptive management, whereby proceeding to the next step in 

objectives occurs when current site conditions mandate. 

 

Eradication of Reed Canarygrass and Site Prep    

 Our first objective is to completely eradicate the stand of reed canarygrass on the 

restoration site.  Since the site is only 0.19-acres and comprised of almost 100% reed 

canarygrass, our efforts can be intensive without concerns of preserving native species.  

We are unaware of how long this site has been colonized by reed canarygrass, but it 

should be expected to house an extensive rhizome system and seed bank.  Our eradication 

efforts are expected to take at least two full years of treatments, but based on observed 

results it may take three. We plan a multi-step approach to eliminate the stand including 

mowing, plowing, applying herbicide, and covering the site with black plastic. 

  Reed canarygrass is one of the earliest growing grasses beginning as early as mid-

December with foliage reaching up to two feet by mid-March and up to six feet by 

summer (Antineau 1998).  The first step toward elimination is mowing the grass stand to 

a height of less than four inches, since this allows greater coverage of herbicide, reduces 

vigor, reduces flowering and seed set, and thins the overall stand (Antineau 1998).  

Mowing also stresses reed canarygrass by removing the vegetative portion of the plant 
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(Haney 2000).  This can be done with a commercial mower or a hand-held weed eater.  

Since this site is only 0.19-acres, we suggest the more inexpensive method of a few 

people using weed eaters to accomplish this job.  Mowing should be done in spring 

(March or April) when the area no longer holds standing water (except in the depression).   

 The next step after mowing includes discing/plowing the remaining vegetative 

material, roots, and rhizomes.  This creates stress to the plants by destroying the surface 

vegetation used for seeding and energy production as well as the rhizomes used for 

carbohydrate storage (Haney 2000).  Hovick and Reinartz (2007) found the mean 

survival of native species after two growing seasons was significantly higher in herbicide 

and disc plots (50%) compared to herbicide and burn plots (40.2%), herbicide only plots 

(33.9%), mow and herbicide plots (37.6%), and no treatment plots (7.1%).  The rhizomes 

are located in the top eight inches of soil, so discing should occur to at least this depth 

(Haney 2000).  This is most easily accomplished with tractor equipment, but based on 

available resources and the size of the site, large rear-tined hand tillers could be used.  

The use of hand tillers also results in drastically less soil compaction than with a tractor.  

The exposed root and rhizome fragments should be allowed to dry for one or two weeks, 

and the area should be disced again in order to break up additional rhizome fragments.  

After discing is the opportune time to create microtopography throughout the project site.  

Hand tillers may be used to create pockets of different depths at random intervals, but if 

this is problematic, shovels can be used to create more of a “hummocky” area.  

Topographic contours of six to twelve inches were found to be preferable for wetland 

sites (Mockler et al. 1998).  This heterogeneity in topography allows for the 

establishment of a wider diversity of wetland plant species due to the variety of 

elevations and available resources.   

 After the project area has been mowed and disced twice in the spring, the 

regrowth of reed canarygrass should be allowed to grow until mid-summer (to a height of 

one-half to one foot).  An herbicide application should then be applied.  Previous studies 

have found that the most effective method of eliminating reed canarygrass includes the 

use of the herbicide glyphosate (Haney 2000).  Since this is a wetland close to Oak 

Creek, the use of an aquatic-approved form of glyphosate, Rodeo or Aquamaster, is 

recommended.  Glyphosate should be applied in a 2% solution (1.08% active ingredient) 
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with a nonionic surfactant to the entire disced area.  The most efficient method of 

herbicide application for this project size would be an ATV-mounted boom sprayer, but 

backpack sprayers would be more than adequate if equipment resources are limited.  The 

site should be treated with glyphosate again in late fall.  Applying herbicide in mid-

summer and late fall is recommended since these are the times of year when reed 

canarygrass is most actively translocating carbohydrates (along with the herbicide) into 

its root system (Tu 2004). 

 By spring of the second year, one will be able to judge how much of the seed 

bank and rhizomes have been eliminated.  If the majority of the project area is still 

covered with newly sprouted seedlings, the first-year treatment should be repeated.  This 

includes another round of mowing, discing (only once this year), and applying herbicide 

in mid-summer and late fall.  If the site displays only patchy regrowth of reed canarygrass 

the second spring, a different set of treatments should follow.  The spring regrowth 

should be mowed in order to stress the vegetative plants.  This should be followed by 

covering the entire project site with black plastic that is secured with stakes or rocks.  The 

use of black plastic prevents light from reaching the ground, which kills the existing 

plants and prevents the growth of new plants and also provides solarization (essentially 

baking the reed canarygrass below).  The plastic is put on the site in spring and left on 

until the following spring, at which time native plantings will occur.  

 

Planting of Native Species - Willows 

 Once the site has been prepped, native willow plantings can begin in the late 

winter or early spring of the third or fourth year.  The only tree to be planted on the site is 

the Pacific willow (Salix lasiandra).  This species is found at both reference sites as well 

as along the downstream reach of Oak Creek between Harrison and 53rd Street.  Willows 

need to be planted between November and February when the donor trees are dormant.  

Poles will be cut from donor willow trees from the area along Oak Creek just 

downstream from the site as well as from Jackson-Frazier wetland.  By collecting poles at 

two locations from numerous parent plants, we ensure a wider range of genetic diversity 

(genetic bulking) and a greater chance of success on the restoration site.   



 29 

 When planting willows, one must ensure that the stump end of the pole is in 

groundwater throughout the growing season even if the water table drops 

(www.gardenguides.com).  In order to determine the lowest water table level, at least 4 

piezometers should be installed along the depressional area.  Water table fluctuations 

should be measured monthly throughout the two to three years of weed eradication to 

determine the lowest water table depth.  This will ensure greater success of willow pole 

establishment. 

 When a time has been decided upon (from November to February) to plant willow 

poles, the black plastic should be removed from the area that is to be planted.  Since it 

does not make sense to cover the entire site with willows, we have decided to plant them 

around the depressional area because it resembles a stream channel.  The rest of the site 

should remain being covered by black plastic.   

 Willow poles will be cut from donor plants along Oak Creek and at Jackson-

Frazier.  Willows are dioecious (i.e., individuals have either male or female reproductive 

structures), so poles should be taken from both male and female plants (Kaiser OMC).   

Younger trees between two and four years old with a wider diameter have more 

successful establishment than older or thinner poles (USDA-NRCS).  Willow poles 

should be two inches in diameter and the length is dependent on depth to water table, so 

that half of the pole is both below and above ground.  Poles can be easily cut from the 

donor trees using a handsaw, and the branches along the pole should be removed except 

for a few at the top of the cutting, which indicates the “sprouting” end of the pole.  The 

top of the terminal bud should be removed, allowing a majority of the energy in the stem 

to be sent to the lateral buds for root and shoot development (www.gardenguides.com).  

The poles should be planted within 48 hours of cutting and the rooting ends submerged in 

water until planting.  Poles tolerate a brief period out of water and this interval of 

desiccation should be minimized (USDA-NRCS).  It is recommended that a rooting 

hormone and fungicide be applied to the cutting base and allowed to dry prior to planting 

(Kaiser OMC). 

 Holes need to be dug with a power auger to a depth of the lowest recorded water 

table level.  The cuttings should extend several inches into the permanent water table to 

ensure adequate moisture for sprouting with the rooting end of the pole as close to the 
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lowest annual water table elevation as possible (www.gardenguides.com). Leave the 

poles soaking in water until they will be planted (or at least until transport to the site).  

Literature has stated willow planting spacing from 0.60-meter to eight foot on center, so 

an average spacing of four feet should be adequate.  Once the pole is placed to the correct 

depth, the soil left from the hole should be mixed with water to create mud and packed 

around the base to prevent air pockets (www.gardenguides.com).  The final step in the 

planting process is to place netting around each willow pole to protect it from rodents and 

other animals. 

 As willows establish over the next two years, they will begin to provide a source 

of shade.  Forming a dense canopy within a wetland reduces the number of microsites 

available for reed canarygrass seed germination (Kim et al 2006).  Kim et al (2006) also 

found that shading by willows reduced the total biomass of reed canarygrass by 44.9% in 

the first growing season and 68% in the second (based on a spacing of 0.60 meters).  

Willows can also act as a nurse crop for other understory plants by improving 

temperature and soil moisture (Kim et al 2006).   

 Because the willow planting is a large project in and of itself, it should be done in 

coordination with other groups or agencies.  We suggest that the planting be done over a 

weekend as an outreach event.  It can be advertised with flyers to interested individuals, 

and it should also include a group such as the girl scouts, boy scouts, or a school group. 

 

Planting of Native Species – Grasses and Forbs 

Typical native wetland prairie species consist of grasses and forbs.  Common 

species identified on the two reference sites (that are widely available for purchase)  

include: tufted hairgrass (Deschampsia caespitosa), sloughgrass (Beckmannia 

syzigachne), California oatgrass (Danthonia californica), dense sedge (Carex densa), 

slough sedge (Carex obnupta), common spike-rush (Eleocharis palustris), camas 

(Camassia quamash), and western buttercup (Ranunculus occidentalis).   

Tufted hairgrass will be planted as a dominate species on the site.  Wetland 

prairies are typically dominated by tufted hairgrass, which occupy ~30-50% of wetland 

prairies and are considered a hardy species that repopulate easily on disturbed sites 

(Guard 1995).   Also, seeding with a competitive grass such as tufted hairgrass will help 
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prevent canarygrass seedling establishment (Antineau 1998).  Seeding rates should be as 

heavy as 50-100 pounds per acre and woody plants should be planted prior to grass 

plantings (Antineau 1998).    

Grasses will be planted in mid-spring of year three, which will consist of tufted 

hairgrass, California oatgrass, and sloughgrass.  Sloughgrass can be purchased from 

River Refuge Seed Company (26366 Gap Road, Brownsville, Oregon) as a grass seed.  

California oatgrass and tufted hairgrass can be purchased from Heritage Seedlings, Inc. 

(4194 71st Ave SE, Salem, Oregon) as seedlings.   

Mid-spring of year four, sedges, rushes and forbs will be planted, which will 

include dense sedge, common spike-rush, and slough sedge, camas, and western 

buttercup.  Common spike-rush and camas can be purchased from River Refuge Seed 

Company (26366 Gap Road, Brownsville, Oregon) as seed.  Dense sedge, slough sedge, 

and western buttercup can be purchased from Heritage Seedlings, Inc. (4194 71st Ave 

SE, Salem, Oregon) as a seedling. 

 

Additional Considerations 

 This wetland restoration project occurs on a 0.19-acre plot that is contained within 

a larger 4.7-acre parcel of OSU property.  It should be noted that the majority of the 

larger plot is upland and is comprised of non-native species, mostly meadow foxtail 

(Alopecurus pratensis).  It is beyond the scope of this project to include restoration 

efforts for the upland portion of this property.  It is our recommendation, though, that the 

upland areas be restored in the same time frame as our wetland area.  By combining 

efforts on both land sections, mowing, discing, and herbicide application could occur on 

the entire property at the same time.  This would entail using larger equipment as detailed 

for the wetland portion, but soil compaction from tractors could be combated through the 

use of hand tillers to re-aerate the soil and create microtopgraphy.  The removal of all 

non-native species on the property drastically reduces the opportunity of non-native seed 

from the upland to re-establish in the wetland portion (since meadow foxtail is present in 

both).  The costs for this part of the project will differ depending on whether hand 

equipment or tractor equipment is used.  The projected costs are identified in the costs 

section. 
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Once native species have been planted on the site, those in charge of this project 

must be vigilant about monitoring for the emergence of new reed canarygrass plants.  

Since reed canarygrass grows earlier than other grasses, it would be the most noticeable 

in early spring.  This would also be the easiest time to manually pull these plants because 

the soil is still moist.  Steps should be taken to walk the site monthly and visually monitor 

for the presence of any additional canarygrass emergence.  This is the simplest method to 

ensure eradication steps continue and allow for the complete establishment of the desired 

native species. 

 

 

Licenses and Permits 

Wetland Restoration Regulatory Framework 

Most impacts to wetlands are regulated at the federal level under Section 404(a) 

of the Clean Water Act (CWA).  The premise of Section 404 is that discharge of dredged 

or fill materials into “navigable waters” cannot be permitted if a reasonable alternative 

exists, however, Section 404(a) authorizes the U.S. Army Corps of Engineers (USACE) 

to issue permits for the discharge of fill materials into navigable waters for specific sites.  

The U.S. Environmental Protection Agency (EPA) is responsible for developing the 

regulations with which the USACE must comply, and has the authority under Section 

404(c) of the CWA to veto permits the USACE issues1.  Under the CWA, all permitted 

impacts to jurisdictional wetlands must be mitigated by the creation or enhancement of 

wetlands of equal size and similar ecological function. 

                                                 
1 The term “navigable waters” which is used interchangeably in this section of the 

CWA has been problematic and has resulted in several Supreme Court decisions.  
Navigable waters of the United States are defined under Section 329.4 of 33 CFR as 
“those waters that are subject to the ebb and flow of the tide and/or are presently used, or 
have been used in the past, or may be susceptible for use to transport interstate or foreign 
commerce”.  Many wetlands are covered under this definition because of their 
hydrological relationship with navigable waters.  However, the 2006 Supreme Court 
ruling in the Rapanos vs. the United States case has stated that the USACE should not 
regulate all wetlands because the language is not supported in the Clean Water Act. The 
USACE and the EPA have not yet issued guidance as to how local districts should 
regulate wetlands based on this decision, but are expected to do so in the near future. 
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The State of Oregon regulates impacts to wetlands under the jurisdiction of 

Chapter 196 of the Oregon Revised Statutes.  This chapter issues authority to the Oregon 

Department of State Lands (DSL) to acquire and protect wetlands, to manage a wetland 

mitigation bank program, and to permit fill and removal activities.  Chapter 215.418 of 

the Oregon Revised Statutes authorizes the DSL to approve development on wetlands. 

Federal and State permits will be required for our restoration project under these 

regulations because the USACE and DSL have the authority to exert jurisdiction over the 

wetland on our site.  

 

Wetland Restoration Permitting Requirements 

The first step in the permitting process for this restoration project will be to 

conduct an inventory of wetland resources, including a wetland delineation (this 

delineation can be less rigorous than delineations required under a removal-fill permit as 

described in the 1987 U.S. Army Corps of Engineers Wetland Delineation Manual) of the 

boundary of areas that the DSL and USACE will exert their jurisdiction over, and an 

assessment of the functions, in the form of Cowardin and Hydrogeomorphic (HGM) 

classifications, of the existing wetland.  Next a detailed enhancement or restoration plan 

must be prepared.  All of the above information is submitted via a joint permit application 

(JPA) that is sent to both the USACE and DSL.  Both of the agencies have an expedited 

permitting process to support wetland enhancement and restoration projects.  The 

USACE requires Nationwide Permit #27 (NWP for Aquatic Habitat Restoration, 

Establishment, and Enhancement Activities), and DSL requires the General 

Authorization for Wetland Restoration and Enhancement.  Neither process requires an 

application fee.  Requirements for both permits are described below. 

 

Oregon Department of State Lands  

General Authorization for Wetland Restoration and Enhancement  

Project must meet the following criteria: 

·  Restore wetland types historically found in the region 

·  Restore or enhance wetland functional attributes such as fish and wildlife habitat, 

water quality and quantity 
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·  Support waterfowl or wetland management within a state or federally designated   

 management area 

·  Have only minimal adverse impact to existing wetlands 

·  Must result in a measurable increase in wetland functional attributes 

·  May not include removal of trees from forested wetlands unless the resultant  

 wetland type was historically abundant but currently scarce in the area. 

The following activities are allowed: 

·  Water diversion structures may be used to direct flow into restoration or 

enhancement areas  

·  Water impoundment structures may be used to manipulate water levels to 

simulate historical conditions, including complete drying out of the wetland  

·  Dikes or ditches may be altered or constructed to impound or convey water to a 

restoration or enhancement area  

·  Dike removal or breaching may be conducted to expand wetland hydrology.  

·  Filling of drainage ditches and or removal of drain tile is a technique that can be 

used to restore or enhance wetland hydrology  

·  Streambank excavation to expand the area of inundation along a stream may be 

used to restore or enhance wetlands   

·  Surface excavation and re-contouring may be conducted to restore or enhance 

wetlands   

·  Blasting to create depressions or recreate habitat channels is allowed. A blasting 

permit may be required by the Oregon Department of Fish and Wildlife   

 (http://www.oregon.gov/DSL/PERMITS/ga_wetlandinfo.shtml) 

 

United States Army Corps of Engineers 

Nationwide Permit #27 

The following activities are allowed: 

·  Removal of accumulated sediments 

·  Installation, removal, and maintenance of small water control structures, dikes, 

and berms 
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·  Modification of the stream bed and or banks to restore or establish stream 

meanders 

·  Backfilling of artificial channels and drainage ditches 

·  Activities needed to reestablish vegetation, including plowing or discing for seed 

bed preparation and the planting of appropriate wetlands species 

·  Mechanized land clearing to remove non-native invasive, exotic, or nuisance 

vegetation and other related activities 

(http://www.usace.army.mil/cw/cecwo/reg/nwp/nwp2007_gen_conditions_def.pdf) 

 

Project Costs 

Table 1. Equipment and cost for Phalaris eradication, site prep, and willow planting 

Equipment Price 

Rodeo (aquatic-approved herbicide) $220 for 5 gallons 

Manual powered brush cutter $68 per day x 2 = $136 

Rear-tined hand tiller $110 per 24 hours x 2 = $220 

Tractor with 5-ft brush cutter  (if hand 

cutter is not the desired option) 

$210 per day x 2 = $420 

Tractor with 50-inch tiller                 

(instead of hand tiller) 

$210 per day x 3 = $630 

Black plastic (rolls of 12x350 ft) 2 @ $400  =  $800 

2-person power auger $72 per day 

Seedling protective tubing 250 for $163  

Total Cost with hand equipment $1611 

Total Cost with tractor and attachments $2305 
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Table 2. Total cost of purchasing grasses and forbs 

Grasses and forbs Price Company 
sloughgrass (Beckmannia syzigachne)                   

$12/lb (total 5 lbs)  $60  River Refuge Seed 
common spike-rush (Eleocharis palustris)             

$42/lb (total 5 lbs) $210  River Refuge Seed 
camas (Camassia quamash)                                   

$80/lb (total 5 lbs) $400  River Refuge Seed 
slough sedge (Carex obnupta)                                                     
$.80 (1000 minimum purchase) $800 Heritage Seedlings 

tufted hairgrass (Deschampsia caespitosa)                                                    
$.85 (500 minimum purchase) $850 Heritage Seedlings 

dense sedge (Carex densa)                                        
$.72 (1000 minimum purchase) $720 Heritage Seedlings 

western buttercup (Ranunculus occidentalis)                                    
medium plug/$.90 (total 500) $450 Heritage Seedlings 

California oatgrass (Danthonia californica)              
$.90 (1000 minimum purchase) $900 Heritage Seedlings 
Total Cost of seed and seedings $4,390    

 

Expected Outcomes 

Our expected outcome for this project is the complete restoration of this site to 

wet prairie wetland with natural functions, establishment of native species, and 

elimination of invasives through the implementation our preferred alternative.  By 

creating a wetland habitat with high species diversity, reed canarygrass and other non-

natives are likely to be prevented from reestablishing.  We believe that we are more likely 

to achieve our goal and objectives for this project, compared to others, since its size is 

manageable at 0.19-acres.  This project can then serve as a reference wetland for other 

wet prairie restoration projects in the Willamette Valley.  We hope to show that areas 

completely dominated by invasives are able to be restored to natural conditions with the 

correct planning, implementation, management, and monitoring.   

 

Spatial Extent 

 This restoration project may be small in comparison to others, but this does not 

reduce its importance.  Wet prairie wetlands have been drastically reduced due to human 
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expansion (e.g., agriculture, industry, residential, etc.).  Restoring this parcel to wet 

prairie wetland is valuable for education, wildlife habitat, nutrient cycling, and improving 

water quality. 

 

Degree of Change 

Our restoration site is in a current state of degradation that has crossed the first 

threshold controlled by biotic factors.  While a degree of vegetation manipulation is 

required to restore sites crossing this threshold, our project consists of the complete 

removal of all vegetation (reed canarygrass) followed by planting of native species.  Our 

plans include creating a wet prairie wetland through site prep, planting, progression 

through successional processes, and ending with a species-diverse, functioning, and 

resilient climax community. 

According to our timeline (below), it will take two to three years to eliminate the 

reed canarygrass on the site, followed by planting willows and grasses, and ending in the 

planting of sedges, rushes, and forbs.  Reoccurrences of reed canarygrass are expected to 

appear in the first years after planting, and they will need to manually be removed to help 

the full establishment of the native species. As the native community thrives, the reed 

canarygrass seeds that land on the site will not be able to establish, as they will be shaded 

out by the natives.  We plan on seeing a self-regenerating diverse native community by 

year 5, which is when our first year of monitoring will occur.  The degree of change for 

this project will progress slowly, whereby reaching a stable/climax community may not 

occur for thirty years or more.   

 

Timeline 

Year 1 – Spring 
·  Mow 
·  Disc/plow (twice within two weeks) 
·  Create microtopography 
·  Install piezometers 

 

Year 1 – Summer 
·  Apply Rodeo herbicide 

 



 38 

Year 1 – Fall 
·  Apply Rodeo herbicide 

 

Year 2 – Spring 
·  Analyze reemergence of reed canarygrass.  If still prevalent, repeat the treatments 

and schedule of year 1 (but only discing once, after which microtopography 
would need to be recreated).  After this follow the other year 2 and 3 treatments 
on years 3 and 4. 

·  If reed canarygrass is patchy, mow the standing vegetation and then cover the 
entire site with black plastic (securing it with rocks or stakes) 

 

Year 3 – Late winter/early spring 
·  Remove plastic around depressional area 
·  Cut and plant willow poles around the depressional area 

 
Year 3 – Mid spring 

·  Remove black plastic from entire site 
·  Disperse perennial grass seed all over the site 
 

Year 4 – Mid spring 
·  Plant partially grown sedges, rushes, and forbs 

 

 

 

Measures of Success 

One of the trade-offs that is made during restoration project planning is that of 

putting money towards restoration actions versus monitoring.  While many planners 

choose to appropriate sufficient funding to the actions themselves, and sometimes forsake 

monitoring and analysis altogether, we adhere to the concept of using an experimental 

design to evaluate our restoration effort.  This way, we can learn from our mistakes or 

successes.  We realize that it is unrealistic to expect to fund a long-term, comprehensive 

monitoring program, so we have selected key elements that will help us in our 

assessment.   

A monitoring plan should be established and implemented in order to determine if 

the goals of the restoration effort have been met, and to quantify progress towards the 

goals during the restoration process.  The Society of Ecological Restoration has issued a 

primer for guidance on measuring restoration success that identifies nine ecosystem 
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attributes that are characteristic of a successfully restored site: 1) similar diversity and 

community structure in comparison with reference sites; 2) presence of indigenous 

species; 3) presence of functional groups necessary for long-term stability; 4) capacity of 

the physical environment to sustain reproducing populations; 5) normal functioning; 6) 

integration with the landscape; 7) elimination of potential threats; 8) resilience to natural 

disturbances; and 9) self-sustainability (SER 2004).  As Ruiz-Jaen and Aide (2005) point 

out, these attributes would provide an excellent restoration success assessment basis, but 

few projects have the financial resources to measure and monitor all of these attributes.  

They argue that a more realistic goal is to at least measure diversity, vegetation structure, 

and ecological processes, because these attributes are essential to the long-term 

persistence of an ecosystem.  They suggest measuring at least two variables in each 

attribute category, and including a comparison with more than one reference site.   

We will follow their advice and monitor species diversity and several ecological 

processes.  Because our site is a wetland/ wet prairie, we have determined that measuring 

vegetation structure is not as important as it would be in other ecosystem types such as 

forests, savannahs, and deserts.  We will measure plant biomass instead, as our project is 

centered around the eradication of reed canary grass, and we are working with a 

competitive exclusion model.  Each category is discussed in more detail below. 

Our project will also implement adaptive management practices.  This will require 

that the site be visually monitored for the presence of Phalaris and other weeds 

throughout the process.  When they are identified they should be removed. 

 

Plant Biomass 

Plant biomass estimates will aide in monitoring our native wetland plant 

community establishment success.  Additionally, plant biomass estimates are helpful in 

assessing overall primary productivity and growth rates, wildlife habitat parameters, and 

as a measure for recovery from disturbance (Whitbeck and Grace 2006).  Because our 

project demands the establishment of native wetland vegetation, and a more accurate but 

destructive biomass measurement method is undesirable, we will use the light penetration 

method.  Whitbeck and Grace (2006) found that the light penetration method of 

estimating plant biomass was the most accurate of the non-destructive methods of 
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biomass estimation in a wetland in Texas.  In addition, this method will help us to predict 

reestablishment of P. arundinacea, as it has been documented to be highly competitive 

with high light availability, bare soil, and sparse vegetation (Reinhardt and Galatowitsch 

2004).  This method involves the measurement of the percentage of ambient light that 

reaches the surface of the ground using a light wand.  A simple regression analysis 

correlating light wand readings and actual biomass can be established on a few sample 

plots in order to estimate total biomass for the site. 

Diversity 

 We will measure diversity in terms of species abundance and species richness 

across several trophic levels.  Species diversity data will be gathered at each site for 

plants and invertebrates via routine established sampling protocols.  Abundance will be 

calculated as the total number of species encountered within the study areas, and richness 

will be calculated using the Shannon-Weiner index.  Determining species diversity across 

trophic levels (and therefore functional groups) has the added benefit of providing us 

with an indirect measure of ecosystem resilience (Peterson et al. 1998).   

Ecological Processes 
 An understanding of ecological processes is important because these fundamental 

processes drive ecosystem dynamics.  Changes in water capture rates and the local 

hydrology will likely occur after we have implemented our restoration actions.  Water 

capture rates vary due to a variety of factors: soil type, soil surface microtopography, 

plant uptake rates, and the presence of shade and organic layers. Water capture will be 

measured by monitoring surface and subsurface water depth (via staff gauges and 

piezometers) and soil moisture.   

Nutrient cycling is a fundamental component of plant biomass production, and 

our monitoring plan will involve quantifying amounts of nitrogen available in the soil in 

order to assess nitrogen cycling.  We chose the nitrogen cycle because reed canary grass 

thrives in a high nitrogen environment.   
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Statistical Design 

We will use a Before After Control Impact Paired Series (BACIPS) design for 

statistical analysis of our data.  BACIPS designs are appropriate for evaluating restoration 

projects and testing if sites are improving (Smith 2002).  BACIPS designs attempt to 

measure the impact of a treatment or event through sampling pre and post treatment, 

while accounting for natural spatial variability by pairing the impact site with control 

sites (Smith 2002).  The BACIPS design will require us to collect baseline data on the 

above listed attributes at our site and our reference sites, as well as collect data after 

treatment.  Because our reference sites are representative of a desired system, our 

statistical design will measure progress towards that system and take into account a 

natural range of variability.   

We will collect baseline pre-treatment data for two years prior to treatment, and 

then again 5 years post-treatment for two years.  We will wait five years after treatment 

because we don’t expect to see significant progress towards our goals in the system 

immediately following our treatments.  We will collect two years of data before and after 

to have a statistically legitimate basis of comparison between sites, and effect size. 

 

 

Conclusion 

We have provided a comprehensive plan for the successful ecological restoration 

of a wetland site on OSU’s campus.  The complete eradication of Phalaris arundinacea 

is a multi-step process that could take up to three years of initial treatment, and several 

more years of monitoring while native species become established.  Native plants will 

facilitate the restoration of ecological processes at the site, and promote a trajectory 

towards the target system represented by the reference sites.  The location of the site (on 

campus) makes it an excellent target for university student involvement in the restoration 

and monitoring processes.  Because the site is relatively small, this plan can be 

implemented for a low cost and experience great success.    
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Appendix A 

1912 map of project site area 
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Appendix B 

Plant species present on the restoration site 

 

 
 

 
 
 
 
 
 
 
 

  

  

   

   

   

 
 
 
 
 

 

reed canarygrass Phalaris arundinacea  

catchweed bedstraw Galium aparine 

American vetch Vicia americana 

American speedwell Veronica americana 

wild carrot Daucus carota 

tall fescue Festuca arundinacea 

teasel   Dipsacus fullonum 

Nootka rose Rosa nutkana 

meadow foxtail Alopecurus pratensis  

Oregon ash   Fraxinus latifolia 

Oregon white oak Quercus garryana      
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Appendix C 
 

Jackson-Frazier wetland vascular plant list 
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Appendix D 
 

West Eugene Wetlands native plants 
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