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This 58-acre restoration has reestablished a natural stream channel, reconnected the stream to its floodplain, and is creating a native floodplain ecosystem. The site provides a rich educational resource for this campus and the surrounding community.
Project & Site Synopsis

Land Use History

Before European settlement, the campus lowlands consisted of a complex array of stream channels, backwater lakes, and depressions that were part of the junction environment where North Creek flowed into "Squawk Slough" (now the Sammamish River). The floodplain would have been primarily forested with some scrub-shrub and emergent communities. Dominant tree species would have been Western red cedar, Black cottonwood, Douglas-fir, Big leaf maple, and Red alder. 

By 1895, the site had been logged and by 1916 large portions of the North Creek channel system, including that on campus, had been straightened and confined within levees. North Creek served as a flume for delivery of logs from the watershed to Lake Washington sawmills. Following logging and since about the 1930's, the site had been used for grazing or farming. Extensive drainage systems were constructed to manage groundwater and surface waters.

Off site changes have permanently altered hydrological conditions. Construction of the Lake Washington ship canal and locks in 1913 - 1916 lowered the lake level by about 12 feet, steepening the lower reaches of North Creek. Rapid urbanization in the watershed over the last 60 years has increased impervious surfaces and consequently altered the stream flow characteristics of North Creek.

Original Site Conditions

Prior to restoration, the North Creek channel was straight, channelized, and confined within artificial levees. The creek had limited opportunity to connect with its floodplain and when it did flood drainage through ditches was rapid. This resulted in a lack of contact time of floodwaters with the floodplain with direct consequences for water quality and other resources for anadromous and resident fish in the North Creek ecosystem. In addition, a host of non-native herbaceous weeds (i.e., reed canary grass) dominated the site. Along the levees, a mosaic of sparse native and non-native shrub and herbaceous plant communities existed. 

A Mandate for Restoration

Campus development required filling of approximately 6 acres of hillslope wetlands. Mitigation for this wetland destruction was legally mandated. While it was possible to meet the mitigation requirements on the site without restoring the entire floodplain and channel, the State of Washington made a commitment to environmental enhancement of the site that went beyond that which was strictly necessary from a regulatory standpoint. The State decided to restore the structure and functioning of the entire North Creek riverine ecosystem on the site. The proposed restoration was granted final approval in June of 1998 by regulatory agencies.

Project Overview

This project is one of the largest floodplain restorations in the Pacific Northwest. It is unique in the emphasis on the restoration of underlying physical, chemical and hydrological features of the stream channel and floodplain as well as the biological communities. The project design and initial implementation was led by L.C. Lee & Associates in coordination with the M. A. Mortenson Company, the general contractor for campus construction. Subsequent monitoring and maintenance has been accomplished by the campus Facilities Services unit in coordination with Blasland, Bouck & Lee, Inc. and most recently Arcadis, Inc.
The Stream Channel

The new channel is designed to reflect a natural junction environment channel form and is constructed to allow flooding at least annually. The new main channel was designed with bed and bank features, meanders, and a variety of in-channel habitats, including pools, riffles, and large wood. A secondary channel was designed to engage at higher (flood-stage) flow volumes. 

The Floodplain

The floodplain is characterized by a mosaic of native forested and scrub-shrub communities, planted after aggressive measures to control non-native species were implemented. Topographic variation and large woody debris, so common in our regional floodplains, were purposely added. The establishment of fundamental hydrology and topography along with effective monitoring and adaptive management should allow the natural successional development of this floodplain ecosystem.

Project Context: the North Creek Watershed

The 127-acre co-located campus of University of Washington-Bothell and Cascadia Community College is located along North Creek, just upstream from its junction with the Sammamish River near the north end of Lake Washington (Figure 1).  This location places the UWB – CCC wetlands at the distal (bottom) end of the North Creek Watershed that runs through southern Snohomish County and northern King County.

[image: image2.jpg]Figure 3. Collocation Site in 1871 (Source: General Land Office, U.S. Department of the Interior, Feb. 28, 1884,

Based on a Land Survey in the Territory of Washington, April 1871)
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[image: image3.jpg]Map 2-3

Site Map Indicating Existing Land Uses at Site prior to Construction/
Reconstruction (Map from WHECB, 1995).
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[image: image8.jpg]1t Planting Plan for the UWB/CCC Riparian and Floodplain Ecosystem Restoration Project.
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[image: image10.jpg]111. Compliance Monitoring Schedule

Baseline — Spring 2002, compliance monitoring clock starts

Year 1 — Spring and fall, 2003
Year 2 — Spring and fall, 2004
Year 3 — Spring and fall, 2005
Year 5 — Spring and fall, 2007
Year 7 — Spring and fall, 2009

Year 10 — Spring and fall, 2012 — final report, request for release from permit

IV. Compliance Monitoring Project Standards

Monitoring Parameter and Variable IndicatorsT Project Standards

Channel Cross Sections

Bankfull (BF) Width

BF Thalweg Depth

BF Mean Depth

BF Cross-Sectional Area
BF Wetted Perimeter

34 to 48 feet
3.3 to 6 feet

3 -5 feet ~
90 — 180 sq feet
25 to 42 feet

BF Hydraulic Radius 1.5t02.5
BF Width/Depth Ratio 10 to 14
Entrenchment Ratio >2.2

Channel Longitudinal Profiles
Simuosity >1.35
Meander Length 330 to 525 feet
Belt Width 150 to 750 feet

Radius of Curvature
Mean Water Surface Slope
Mean Channel Slope

75 to 110 feet
0.15% to 0.25%
0.15% to 0.4%

Mean BF Thalweg Depth 3 to 4 feet
Channel Discharge

Wetted Width N/A

Mean Wetted Depth N/A

Wetted Cross-Sectional Area N/A

Velocity N/A

Discharge N/A

In-Channel Physical and Biological Assessment

Dominant Substrate

Density and Volume of Woody Debris
Cover of Vegetation

Benthic Index of Biotic Integrity

Channel Length

Gravel .08 to 2.5 inches

230 pieces/acre and/or 1,173 cu ft/acre

60% to 100% by year 10

Downstream score shall be equal to or greater than upstream
site by year 5.

>4130 feet

Microtopographic Transects

General Site Stability
Topographic and Ponding Features

The site will be stable.
Riverine waters/wetlands: 3-8% ponding features.
Depression waters/wetlands: 18-25% ponding features.




[image: image11.jpg]Monitoring parameters continued

Monitoring Parameter and Variable Indicators [

Project Standards

Water Quality

In-Channel: Temperature and Dissolved Oxygen

Off-Channel: Turbidity, Heavy Metals, and
Nutrients

By year 10, the downstream sample shall be different than the
upstream sample in the following ways:

Turbidity: Lower

Dissolved Oxygen: Equal to or Higher

Dissolved Organic Carbon: Higher

Nitrogen: Lower

Temperature: Equal to or Lower
The chemical signature of the water that ultimately drains to
the channel shall be different than the stormwater signature of
the water that is discharged from the campus.

Groundwater Wells

Groundwater Elevation

N/A

Vegetation Plots

Species Present

Survivorship

Height, Cover, Density, and Basal Area of
Vegetation

Density and Volume of Detrital Biomass

>75% of the individuals in the a) tree, b) small tree sapling,
and seedling, and c) shrub strata are native

>60% (This low requirement is due to dense planting that
exceeds the reference standards. With 60% survivorship, the
stem density project standards, as articulated below, will still
be satisfied.)

Community Types EF, FP1, FP2, FF1, FF2, RF, and SC&O
(Exhibit F):

Trees, small trees, saplings, and/or seedlings: >55% cover
AND/OR >825 stems/acre AND/OR >70 sq ft/acre of basal
area.

Shrubs: >45% cover AND/OR >1,575 stems/acre

Community Type FS-S (Exhibit F):
Shrubs: >70% cover AND/OR >3,600 stems/acre

Community Types EM and WM (Exhibit F):
Herbs: >75% cover AND/OR >26,136/acre
Undetermined at this time.

Photographic Documentation

Photographs and Videotape from Permanent
Locations

N/A

HGM Functional Assessment

Riverine Waters/Wetlands

Depressional Waters/Wetlands

Year 0: Index scores should increase for all functions over
pre-project conditions.

All Other Years: Index scores should be equal to or greater
than the previous monitoring year’s 0 scores.

Year 0: Index scores should increase for all functions over
pre-project conditions.

All Other Years: Index scores should be equal to or greater
than the previous monitoring year’s scores.




[image: image12.jpg]Map 13 North Creek Jurisdictional Zoning and Land Use (Map from Snohomish
County Public Works, 1994).
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The 32-square-mile North Creek watershed (Fig. 2) is a part of the Sammamish watershed, which itself is located within the management and planning district called the Water Resource Inventory Area # 8 (WRIA 8 – the Sammamish, Cedar and Lake Washington Watersheds). The headwaters of North Creek are located in south Everett and extend about 12.5 miles through largely residential and commercial areas down to its junction with the Sammamish River next to the UW Bothell campus. Despite the development pressures, significant natural elements remain along the stream (note green / shaded areas along the stream on the map). 

The watershed was formed about 12 - 14,000 years ago with the retreat of the last major continental glaciation. Subglacial streams cut a series of north – south valleys through which Swamp, North and Little Bear creeks presently run. The soils were primarily formed from the glacial till and outwash material deposited during that glacial recession. Most of these soils (Alderwood and Everett series) are very coarse and poor in nutrients and water holding capacity. However, alluvial and muck soils have built up over years in some valley-bottom depressional wetland locations. These muck soils are very deep, poorly drained and contain deep deposits of peat, some of which have been mined.

Urbanization has been the dominant impact over the last few decades. In fact, the North Creek watershed is one of the most rapidly urbanizing areas in the Puget Sound region, with estimates of impervious surface area rising rapidly and exceeding 40% in the late 1990s. North Creek once supported healthy populations of different salmon species (e.g., Chinook, sockeye, coho, and sea run cutthroat trout), but only highly reduced populations of sockeye and chinook salmon remain. 

North Creek itself is a low gradient stream, changing only about 100 feet in elevation over more than 12 miles. Water quality monitoring has revealed considerable areas of concern, with elevated levels of phosphorus, fecal coliform bacteria and high turbidity (suspended sediment). Many of the water quality problems stem from non-point sources, such as vehicles, pets, agriculture, and residential activities. 

North Creek flows through 5 jurisdictions, the city of Everett, the city of Mill Creek, Snohomish County, King County, and the city of Bothell. Each jurisdiction has unqiue development strategies, regulations and protections, creating a challenging situation for coherently managing this stream ecosystem. 

Recent History of the Site
Before European settlement, the campus lowlands consisted of a complex array of stream channels, backwater lakes, and depressions that were part of the junction environment where North Creek flowed into "Squawk Slough" (now the Sammamish River). The floodplain would have been primarily forested wetland with some scrub-shrub and emergent communities. Dominant tree species would have included Thuja plicata (Western red cedar), Populus trichocarpa (Black cottonwood), Psuedotsuga menziesii (Douglas-fir), Acer macrophyllum (Big leaf maple), and Alnus rubra (Red alder). Layers of diatomaceous earth imbedded in floodplain soils suggest this site experienced considerable periods of inundation as part of the wet slough system between Lake Sammamish and Lake Washington.  Further evidence of such persistent wetland communities is provided by the 1871 Territory of Washington Land Survey (Figure 3).

[image: image15.emf]
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By 1895, the site had been logged and by 1916 large portions of the North Creek channel system, including that on campus, had been straightened and confined within levees. This was done so that North Creek could serve as a flume for delivery of logs from the watershed to sawmills located on the shore of Lake Washington. At that same time, important off site changes permanently altered the hydrological conditions of the site. Construction of the Lake Washington ship canal and locks from 1913 to 1916 lowered the lake level by about 12 feet, causing the lower reaches of North Creek and the Sammamish River to cut down and steepen. The site remained a wetland but was drier, no longer characterized by extensive standing water. Thus, the opportunity arose to use the land for pasture and crops. Since about the 1930s, the site had been used for cattle grazing and farming. Extensive drainage systems (e.g., ditches and tile drains) and dikes were constructed to manage groundwater and surface waters. Pastures were planted with fast growing plants tolerant of wetland conditions, most notably, the invasive European grass, Reed canary grass (Phalaris arundinacea). Along the levees, a mosaic of sparse native and non-native shrub and herbaceous plant communities existed. The creek had limited opportunity to connect with its floodplain and when it did flood drainage through ditches was rapid. This resulted in a lack of contact time of floodwaters with the floodplain with direct consequences for water quality and other resources for wildlife such as anadromous and resident fish in the North Creek ecosystem (Figure 4). 
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Rapid urbanization in the watershed over the last 60 years has increased impervious surfaces and consequently altered the stream chemistry and flow characteristics of North Creek (e.g., increased flood frequency and intensity).

Restoration

We are extremely fortunate to have a living wetland laboratory right on our campus at UWB and CCC – in the form of the largest floodplain wetland restoration in our region. The campus was initially constructed on this site from 1998 to 2000. Although the campus buildings were placed on the hillslope above the floodplain of North Creek, their construction required the filling of approximately six acres of hillslope wetlands (Figure 5). 
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Federal, state and city of Bothell regulations required mitigation for these construction activities. The state proposed to restore the entire 58-acre floodplain wetland portion of the site to mitigate for construction impacts on the hillside wetlands. This was accepted by the federal, state, and local regulatory agencies and the construction permits were issued requiring the complete restoration of the floodplain wetlands along with 10 years of monitoring (compliance monitoring) to ensure compliance with the intention of the permits.  

The overall project design is unique in its emphasis on the restoration of physical, chemical and hydrological features and processes that underlie a healthy stream and floodplain ecosystem. A new, meandering stream channel and complex floodplain microtopography were created as a template for this effort.

Floodplain wetlands exist by virtue of the hydrological connection between the stream and the floodplain provided by regular floods. Flooding facilitates geochemical exchange between aquatic and terrestrial components of the ecosystem and creates a dynamic ecological system through regular disturbance. Thus, one of the first foci of project design was to reconnect North Creek with its surrounding floodplain. It was decided that natural stream channel morphology would be returned to North Creek by constructing a new channel system that reflected the morphological and hydrological characteristics found at reference sites in the Puget Sound Lowlands. The new stream channel system would be constructed to allow flood over its banks approximately once a year, relinking the channel and floodplain components of the North Creek ecosystem on site. The new main channel was designed with bed and bank features, meanders, and a variety of in-channel habitats, including pools, riffles, and large wood. A secondary channels was designed to engage at different flow volumes and provide backwater habitat at lower flow levels (Figure 6).
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The channel was engineered based upon data from channel form of comparable less-impacted streams in the Puget Sound area. This included the incorporation of woody debris elements, both along the stream bank (e.g., bank deflection log jams) and at the juncture of the primary and secondary channels (a bar apex log jam) (Figure 7). The bank deflection log jams were placed carefully to constrain (but not prevent) the degree of future channel movement, so as to not jeopardize campus buildings and highway overpass structures.



Beside the stream channels, a tremendous effort went into the initial creation of overall site topography. Levees were removed and flattened pastures were converted into a floodplain that slopes very gradually alongside the descending stream. During this process, the southern half of the site was scraped to a depth of 12 inches and much of the northern half was buried under more than 24 inches of fill. These processes helped to remove and initially suppress reed canary grass and other invasives. Because the site is so large, planting took place in phases from the fall of 1998 to the spring of 2002 (Figure 8). 



The planted floodplain is characterized by a mosaic of 20 native forested, scrub-shrub, and emergent wetland communities (Table 1). The majority of the site was planted to forested wetland communities. Within all of the communities, small-scale topographic variation (“microdepressions” with central depressions called “pits” and surrounding raised areas termed “mounds”) and large woody debris, so common in our regional floodplains, were purposely added. The site was planted in 261 distinct planting polygons, based upon the expected environmental conditions (e.g., topography, hydrology) (Figure 9). The establishment of fundamental hydrology and topography along with effective monitoring and adaptive management should allow the natural successional development of this floodplain ecosystem (Figures 10 and 11). 


I. Evergreen Forest Types

Douglas-fir (Psuedotsuga menziesii)

Big leaf maple (Acer macrophyllum)

Red alder (Alnus rubra)

Western hemlock (Tsuga heterophylla)

Red elderberry (Sambucus racemosa)

Red-flowering currant (Ribes sanguineum)

Thimbleberry (Rubus parviflorus)

Baldhip rose (Rosa gymnocarpa)

Vine maple (Acer circinatum)

Salal (Gaultheria shallon)

Serviceberry (Amelanchier alnifolia)

Hawthorn (Crataegus douglasii)

Bitter cherry (Prunus emarginata)

Sitka brome (Bromus sitchensis)

Timber oatgrass (Danthonia intermedia)

Shooting star (Dodecatheon hendersonii)

II. Floodplain & Riparian Forest Types 

Red alder (Alnus rubra)

Wetsern red cedar (Thuja plicata)

Black cottonwood (Populus trichocarpa)

Big leaf maple (Acer macrophyllum)

Oregon ash (Fraxinus latifolia)

Sitka spruce (Picea sitchensis)

Pacific crab apple (Malus fusca)

Bog birch (Betula glandulosa) *

Viburnum (Viburnum edule)

Pacific willow (Salix lasiandra)

Scouler willow (Salix scouleriana)

Salmonberry (Rubus spectabilis)

Snowberry (Symphorocarpus albus)

Cascara (Rhamnus purshiana)

Vine maple (Acer circinatum)

Indian plum (Oemlaria cerasiformis)

Twinberry (Lonicera involucrata)

Labrador-tea (Ledum groenlandicum) *

Bog laurel (Kalmia polifolia) *

Ninebark (Physocarpus capitatus)

Skunk cabbage (Lysichitum americanum)

Lady fern (Athyrium felix-femina)

Piggy back (Tolmeia menziesii)

Slough sedge (Carex obnupta)

Dewey sedge (Carex deweyana)

Fox sedge (Carex vulpioidea)

Beaked sedge (Carex rostrata)

Beakrush (Rhychospora alba) *

Water parsley (Oenanthe sarmentosa)

Lily-of-the-valley (Maianthemum dilatatum)

III. Floodplain Scrub-Shrub Types

Pacific willow (Salix lasiandra)

Sitka willow (Salix sitchensis)

Redosier dogwood (Cornus stolonifera)

Hardhack spirea (Spirea douglasii)

Small-fruited bulrush (Scirpus microcarpus)

Tapertip rush (Juncus acuminatus)

Slough sedge (Carex obnupta)

IV. Emergent Marsh Types

Lenticular sedge (Carex kelloggii)

Sawbeak sedge (Carex stipata)

Slough sedge (Carex obnupta)

Water parsley (Oenanthe sarmentosa)

Water sedge (Carex sitchensis / C. aquatilis)

Marsh cinquefoil (Potentilla palustris)

Buckbean (Menyanthes trifoliata)

V. Microdepressions

Mound:

Oregon ash (Fraxinus latifolia)

Western red cedar (Thuja plicata)

Douglas-fir (Psuedotsuga menziesii)

Paper birch (Betula papifera)

Western hemlock (Tsuga heterophylla)

Red huckleberry (Vaccinium parvifolium)

Salal (Gaultheria shallon)

Pit:

Hardhack spirea (Spirea douglasii)

Bog birch (Betula glandulosa)

Sitka sedge (Carex sitchensis)

Slough sedge (Carex obnupta)







Monitoring and Maintenance

Since the initial phases of the restoration project, the abundance and diversity of animal species have been increasing. Some taxa are being formally monitored, while others are only under casual observation at this time. Table 2 lists some representative species that have been observed (not including insects), along with some that are known to have historically been present in the lower reaches of the North Creek watershed. This is not a comprehensive list.


Mammals

Mule / Black-tailed deer

Odocolieus hemionus
Coyote



Canis latrans
River otter


Lutra canadensis
Racoon



Procyon lotor
Beaver



Castor canadensis
Mouse



Mus musculus
Deer mouse


Peromyscus maniculatis

Pacific mole


Scapus orarius
Reptiles & Amphibians

Pacific treefrog


Hyla (Pseudoacris) regilla
Red-legged frog


Rana aurora
Bullfrog


Rana catesbeiana
Common garter snake

Thamnophis sirtalis
Northwestern garter snake
Thamnophis ordinoides
Birds

Great blue heron
Ardea herodias

Canada goose

Branta canadensis

Mallard duck

Anas platyrhynchos
Osprey


Pandion haliaetus
Red-tailed hawk
Buteo jamaicensis
American crow

Corvus brachyrhynchos
American robin

Turdus migratorius
Black-capped chickadee
Parus atricapillus
European starling
Sturnus vulgaris
Spotted sandpiper
Actitis macularia
Belted kingfisher
Megaceryle alcyon
Downey woodpecker
Dendrocopos pubescens
Willow flycatcher
Empidonax traillii
Marsh wren

Telmatodytes palustris
Common yellowthroat
Geothlypis trichas
Red-winged blackbird
Agelaius phoeniceus
House finch

Carpodacus mexicanus
Savannah sparrow
Passerculus sandwichensis
House sparrow

Passer domesticus
Killdeer

Charadrius vociferous

Fish

Chinook salmon
Oncorhynchus tschwytscha
Coho salmon

Oncorhynchus kisutch
Sockeye & kokanee
Oncorhynchus nerka
Steelhead rnbw trout*
Oncorhynchus mykiss
Cutthroat trout*

Oncorhynchus clarki
3-spine stickleback*
Gasterosteus aculeatus
Sculpin
*

Cottus spp.

Speckled dace*

Rhinichthys osculus
Redside shiner*

Richardsonius balteatus
Large-scale sucker *
Catostomus macrocheilus
Yellow perch*

Perca flavescens
Largemouth bass*
Micropterus salmoides
Smallmouth bass*
Micropterus dolomieui
Shiners
*

Notropis spp.

Compliance monitoring based upon the construction permits (Army Corp of Engineers; WA State dept. of Ecology; City of Bothell) is required for ten years following the date of project “completion”. The official project completion date was in the late spring of 2002. The compliance monitoring schedule is:


A variety of parameter are monitored to ensure they meet preset performance standards and the project is in compliance with the terms of the permits. The compliance monitoring is currently being carried out by L.C. Lee and Associates under contract with the campus institutions. The parameters being monitored are listed in Tables 3 & 4.





Project maintenance is being coordinated by the UWB-CCC campus Physical Plant Service Department.




Appendix 1.

	Some common campus wetland species 2010  

	Growth Form
	Species
	Common Name

	Tree
	Acer macrophyllum
	Big leaf maple

	 
	Alnus rubra
	Red alder

	 
	Fraxinus latifolia
	Oregon ash

	
	Malus fusca
	Pacific crab apple

	
	Picea sitchensis
	Sitka spruce

	
	Populus tremuloides
	Quaking aspen

	 
	Populus trichocarpa
	Black cottonwood

	
	Psuedotsuga menzeisii
	Douglas-fir

	
	Rhamnus purshiana
	Cascara

	 
	Sorbus acuparia *
	Rowan tree

	 
	Thuja plicata
	Western red cedar

	 
	Tsuga heterophylla
	Western hemlock

	 
	 
	 

	Shrub
	Acer circinatum
	Vine maple

	
	Cornus sericea
	Red-osier dogwood

	
	Crategus douglasii
	Hawthorn

	 
	Cytisus scoparius *
	Scotch broom

	
	Gaultheria shallon
	Salal

	
	Ledum groenlandicum
	Labrador tea

	 
	Lonicera involucrata
	Twinberry

	 
	Oemleria cerasiformis
	Indian plum

	 
	Physocarpus capitatus
	Pacific ninebark

	 
	Ribes sanguineum
	Red-flowering currant

	
	Rosa pisocarpa
	Clustered wild rose

	 
	Rubus armeniacus *
	Himalayan blackberry

	 
	Rubus laciniatus *
	Evergreen blackberry

	 
	Rubus parviflorus
	Thimbleberry

	 
	Rubus spectabilis
	Salmonberry

	 
	Salix lucida spp. lasiandra
	Pacific willow

	
	Salix scouleriana
	Scouler’s willow

	 
	Salix sitchensis
	Sitka willow

	
	Sambucus racemosa
	Red elderberry

	 
	Spirea douglasii
	Hardhack spirea

	
	Symphorocarpos albus
	Snowberry

	 
	 
	 

	Herb
	Alisma plantago-aquatica
	Water-plantain

	
	Arctium minus *
	Common burdock

	 
	Athyerium felix-femina
	Lady fern

	
	Azolla sp.
	Duckweed

	 
	Blechnum spicant
	Deer fern

	 
	Cardamine oligosperma *
	Pepper cress (bitter-cress)

	 
	Cerastium vulgatum
	Common chickweed

	 
	Circaea alpina
	Enchanter's nightshade

	 
	Cirsium arvense *
	Canada thistle

	
	Cirsium vulgare *
	Bull thistle

	 
	Epilobium angustifolium
	Fireweed

	 
	Epilobium ciliatum
	Purple-leaved willowherb

	 
	Equisetum arvense
	Field horesetail

	
	Equisetum fluvitale
	Water horsetail

	 
	Galium trifidum 
	Small bedstraw

	 
	Geum macrophyllum
	Large-leaved avens

	 
	Lotus corniculatus *
	Bird’s-foot trefoil

	
	Lychiton americanum
	Skunk cabbage

	 
	Lythrum salicaria*
	Purple loosestrife

	
	Medicago lupulina*
	Black medic

	 
	Parentucellia viscosa *
	Yellow parentucellia

	
	Plantago lanceolata
	English plantain

	 
	Polygonum cuspidatum*
	Japanese knotweed

	
	Potentilla palustris
	Marsh cinquefoil

	 
	Ranunculus repens *
	Creeping buttercup

	 
	Rumex crispus*
	Curly dock

	 
	Rumex obtusifolius
	Bitter dock

	 
	Solanum dulcamara *
	Bittersweet nightshade

	 
	Stellaria media *
	Common chickweed

	
	Taraxacum officinale *
	Common dandelion

	
	Trifolium repens *
	White clover

	
	Urtica dioca
	Stinging nettles

	
	Veronica serpyllifolia
	Thyme-leaved speedwell

	
	Vicia americanum
	Common vetch

	Graminoid
	Alopecus geniculatus *
	Water foxtail

	
	Anthoxanthum ordoratum *
	Sweet vernalgrass

	
	Carex comosa
	Bearded sedge

	
	Carex deweyana
	Dewey’s sedge

	
	Carex lenticularis
	Lenticular sedge

	
	Carex obnupta
	Slough sedge

	
	Carex rostrata
	Beaked sedge

	
	Carex sitchensis (aquatilis)
	Water sedge

	
	Carex stipata
	Sawbeak sedge

	 
	Eleocharis palustris
	Creeping spike-rush

	
	Festuca occidentalis *
	Western fescue

	
	Festuca rubra *
	Red fescue

	 
	Holcus lanatus *
	Velvet grass

	
	Juncus acuminatus
	Tapertip rush

	 
	Juncus effusus
	Common rush

	 
	Juncus ensofolius
	Dagger-leaf rush

	
	Lolium perenne *
	Wildrye

	 
	Phalaris arundinacea *
	Reed canary grass

	
	Phleum pratense *
	Common timothy

	
	Poa pratensis *
	Kentucky bluegrass

	
	Scirpus acutus
	Threesquare bulrush

	
	Scirpus lacustris
	Softstem bulrush

	 
	Scirpus microcarpus
	Small-flowered bulrush

	 
	Typha latifolia
	Common cattail

	* Exotic species
	
	


Figure 1.  The North Creek Watershed





Figure 2.  The North Creek Watershed





Figure 3. Campus site and surrounding area in 1871. map taken from General Land Office, U.S. Department of the Interior, Feb. 28, 1884. Based upon a land survey in the Territory of Washington, April 1871.
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Figure 4. Land use of campus site prior to campus construction (mid 1990s). Note the straightened stream channel running through farmland and pasture.





Figure 5.  Delineation of jurisdictional wetlands and waters under the 1989 Federal Wetlands Delineation Protocol for the campus site prior to construction. The floodplain shows only intermittent wetland characteristics due to extensive drainage systems and diking. Note especially the hillslope wetlands present in the area of campus construction (dotted line encompasses approximate area of campus building construction).





Figure 6. Campus map showing the pre-construction straightened and diked channel of North Creek and the new meandering primary and secondary channels created by the restoration project.





Straightened channel of North Creek





New meandering channels of North Creek





Figure 7.  Schematic examples of some of the woody debris structures used along the reconstructed channels of North Creek. 
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Figure 8.  Planting phases of the UWB – CCC campus wetland restoration project. 





Table 1.  Major species planted within different community types. Also included are major species planted in pits and mounds associated with created microdepressions that are present in all community types. This list groups the 20 planted communities into 5 broad community-type categories and presents only a selected set of common species for each type.





* restricted to peat





Figure 9.  261 Planting polygons of the UWB – CCC campus wetland restoration project. 





Figure 10.  Projected physiognomic succession of forested wetland community at the UWB – CCC campus wetland restoration project over the first 25 years. 
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Table 2.  Major species of animals observed in the UWB-CCC wetlands.





Table 3.  Part I - Compliance monitoring parameters and performance standards for the UWB-CCC restoration project.





Table 4.  Part II - Compliance monitoring parameters and performance standards for the UWB-CCC restoration project.





* species historically recorded in the lower North Creek watershed
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Figure 11.  Stream bank vegetation development over the first five years. 
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