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1.0 Purpose and Organization 
This report describes wetlands of the Qwuloolt wetland complex, City of Marysville, 
Washington.  A team from NOAA’s NMFS Restoration Center and NOS Assessment and 
Restoration Division completed fieldwork and archival research over the Winter and Spring of 
2005-2006 on behalf of the Tulalip Landfill Natural Resources Trustees (The Trustees) including 
representatives from:   

The Tulalip Tribes of Washington,  
Washington State Department of Ecology,  
United States Fish and Wildlife Service, and  
National Oceanic and Atmospheric Administration 

The Qwuloolt site has been dramatically altered from historic conditions.  The Trustees are 
considering alternatives to restore historic conditions to benefit natural resources and trust 
species injured by contamination released during the operation of the Tulalip Landfill.  Four 
goals directed this work and define the structure of this document: 

SECTION 2 describes the general setting conditions of the Qwuloolt wetland complex and 
documents the loss of estuarine habitat function. 

 
SECTION 3 documents the presence of jurisdictional wetlands, and describes the hydrology, 

soils, and vegetation at the Qwuloolt site. 
 
SECTION 4 assesses the potential for loss of wetland area or function from construction of the 

setback levees required for tidal restoration, and how these losses may be mitigated 
by the functional enhancement resulting from tidal reconnection. 

 
SECTION 5 assesses available data useful for predicting natural revegetation patterns under a 

levee breach scenario. 
 
Two terms are used alternately to describe the ecological and cultural boundaries of Qwuloolt.  
The Qwuloolt wetland complex refers to the extent of entangled wetlands, upland buffers, and 
surface waters located between and ecologically interlinked with the greater Jones and Allen 
Creek basins to the North, and the greater Snohomish River Estuary to the South.  The Qwuloolt 
Restoration Site (Qwuloolt site or the site) refers to those properties currently under direct 
ownership or with an easement owned by the Tulalip Tribes of Washington or their project 
partners as of the date of this report.  This is the boundary within which restoration treatments 
must be contained and is the area assessed in terms of jurisdictional wetlands (Figure 1). 
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2.0 Wetland Setting and Condition 

2.1 Location and Demographics 
The Qwuloolt site is located in sections 33 and 34 of Township 30 North, Range 5 East, with 
some parcels extending into adjacent sections to the North and South.  The site is located within 
the City of Marysville and is bounded by the City Sewerage Treatment Plant to the West, An 
industrial park to the Northwest, Residential neighborhoods along Old Pacific Highway, 61st 
Street NE, and Sunnyside Blvd to the North and East, and Ebey Slough to the south (Figure 1). 

The Qwuloolt site is the largest open space within the City of Marysville.  Memorial Park is 
immediately adjacent and upstream on Allen Creek. Harborview Park overlooks the site from a 
residential development to the East.  The Snohomish Estuary Water Trail System, managed by 
Snohomish County Parks and Recreation, follows Ebey Slough to the south, although no 
‘trailside’ amenity is currently provided at this site.  The City of Marysville has proposed 
recreational trails surrounding the site, and has completed construction of a short trail segment 
on the eastern boarder, but does not have private property access agreements required to build 
the trail at this time.  The Marysville Shoreline Master Plan (2006) specifically recommends 
consideration of Qwuloolt for restoration, but exempts properties that would be adjacent to a 
restored Qwuloolt from some of the regulations that affect other shoreline lands. 

Urban residential development has been increasing North and East of the wetland complex.  
Across the greater Allen and Jones Creek watersheds rural residential neighborhoods are being 
replaced by more urban housing densities.  The 2000 Census indicates mean adult per capita 
income of $15,000-25,000 per year in blocks surrounding the site with 20-40% having 
completed a high school diploma, and 20-40% under the age of 18.  Population densities in 
surrounding urbanized Marysville range from 2000-10,000 persons per square mile (EPA, 2006).   

2.2 Climate and Growing Season 
Qwuloolt marsh is located near sea level in the lowland Puget Sound at approximately 41 
degrees North Latitude.  The Puget Sound’s maritime climate is characterized by mild wet 
winters with brief periods of freezing weather, and dry warm summers.  Local climate data and a 
precipitation over the period of wetland observation can be found in Appendix A. 

The definition used for ‘growing season’ is critical to the legal definition of wetland hydrology.  
The U.S. Department of Agriculture, Natural Resources Conservation Service currently defines 
the growing season as the portion of the year when soil temperatures at 19.7 inches below the 
soil surface are higher than 41o F (USDA, 1991).   

The State Manual (page 28, paragraph 46), states that the beginning and end of the growing 
season can be approximated by identifying the first and last dates where daily low temperature 
drops below 28 degrees F in five years out of ten.  Using data for the Everett weather station 
provided in Tables 2 and 3 of the Snohomish County Soil Survey (USDA, 1983) the growing 
season for the site occurs between March 13th  and November 20th and is 251 days in length. 

Although evapotranspiration slows during winter months and some species are completely 
dormant, winter low temperatures on the site are moderated by proximity to the Puget Sound 
such that plant growth may occur at any time of year in many years.  Section 46 of the 
Washington Manual states that “if the predominant plants of the area in questions are growing, it 
is the growing season”, and that it is important to use “careful observation to determine if the 
growing season is in progress”.  Active shoot growth by reed canarygrass, bluegrass, and 
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creeping buttercup was observed during a site visit on January 27th.  It appears likely that in 
some years the site has a year-round growing season.  This more conservative definition of 
growing season would reduce the duration of soil saturation required to indicate wetland 
hydrology. 

2.3 Topography and Soils 
The Qwuloolt wetland complex is located where Jones and Allen Creeks descend from the 
surrounding glacial plain and enter the Snohomish River Floodplain.  Soil characteristics are 
described in the Snohomish County Soil survey (USDA, 1983; Figure 6).  Surrounding uplands 
are a mixture of fine textured glacial outwash plain to the north and northwest (Ragnar fine 
sandy loams - #57) and gravelly glacial till (Tokul gravelly loam #72-74) to the northeast and 
east.  Some fine textured soils typically found on old lake terraces (Pastik silt-loam #47-49) and 
lacustrine depressions (Bellingham silty-clay loam  #7) can be found immediately to the north of 
the marsh and in inclusions within the glacial plain.  Upland landforms likely developed during 
and following the Wisconson Glaciation, while the Snohomish River Floodplain is of recent 
origin.  

The floodplain marsh is bounded by a break in slope where the glacial plain descends into the 
alluvial deposits of the Snohomish River.  Based on a 2005 topographic survey the floodplain 
ranging from approximately 3 to 7 feet NAVD.  Naturally occurring high points in the floodplain 
reach 7-8 feet NAVD, and are primarily associated with the channel edges of Jones and Allen 
Creeks.  The basins between these natural channel edge levees are pockmarked with local low 
spots scattered across the undulating floodplain surface. 

The three soil series that dominate the site are the common soil types found throughout the 
Snohomish River estuary and are listed in Hydric Soils of Washington (USDA, 1995).  The 
majority of the site is reported as Puget silty clay loam with local inclusions of Snohomish silt 
loam and Mukilteo Muck (Figure 6).  Even following dike construction and drainage, 
agricultural activity in these soils is typically limited by seasonally high water tables (USDA, 
1983). 

Puget silty-clay loam (55) – a very deep soil formed of fine textured alluvium, found in 
depressional areas of floodplains.  Permeability is slow with seasonal high water tables of 
24 to 48 inches found November to May.  Typically nine inches of medium to coarse 
granular dark grayish brown (2.5Y 4/2) silty clay loam is overlain on more coarse angular 
blocky olive gray or gray (5Y 5/2) silty clay loam with medium distinct reddish brown 
mottles (5YR 3/3) 

Snohomish silt loam (64) – a deep floodplain soil formed of fine textured alluvium 
underlain by peat and muck.  Depth to organic material ranges from 17 to 32 inches.  
Permeability is slow with seasonal high water tables of 24 to 48 inches found November 
to May.  Typically 6 inches of fine granular very dark grayish brown (10YR 6/2) silt 
loam is found overlain on medium subangular blocky gray (5Y 6/1) silt loam with coarse 
prominent dark redish brown (2.5YR 3/4) mottles on peds.   

Mukilteo muck (34) – typically 4 inches of dark reddish brown muck (5YR 2/2) 
overlying reddish brown and black (5YR 2/2, 3/2) organic material.  This series is 
associated with depressions, with organics typically derived from sedges. 

2.4 Hydrology 
The Qwuloolt marsh is located at the confluence of Allen and Jones Creeks and Ebey Slough and 
is geomorphically contiguous with the greater Snohomish Estuary Floodplain.  For over 70 years 
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it has been isolated from the tidal and alluvial influences of the Snohomish Estuary by a system 
of levees and tidegates.  Jones and Allen creeks now discharge into Ebey Slough through four 
partially functioning top-hinged flap tide gates.  Behind the levees a system of ditches were 
constructed to reduce the duration of spring inundation to improve the land for agriculture.  
Local NRCS staff report drain tiles have also been installed.    The current extent and function of 
the drain tile and ditch system has not been fully surveyed.  No drainage system maintenance has 
been conducted since the purchase of the property in 1996, fields continue to be flooded as late 
as June, and a significant culvert under the main farm road crossing of Jones Creek clogged over 
the 2005-06 water year.  In the absence of active farm stewardship, the drainage system is 
deteriorating. 

The flood protection provided by levees is tenuous and does not meet current FEMA standards 
(Adolfson, pers. coms.).  The USACE (2002) reports that there is a history of levee failure on the 
north bank near river mile 3.5 where Ebey Slough bends sharply to the west.  Were it not for the 
levee system, Puget Sound tides in combination with rain-on-snow floods on the Snohomish 
River would be the primary flood sources, and drivers of alluvial dynamics at this site. 

A long term tidal record does not exist at this site.  NOAA established a tide gauge on Ebey 
Slough (NOAA 9447729) to monitor tidal elevation – data were collected from November 2000 
to March 2002.  The USACE compared these data to Seattle (NOAA 9447130) to take advantage 
of the Seattle gauges longer period of record for calculation of accurate mean tidal parameters.  
Ebey Slough tides were found to be slightly higher (0 to 0.3 feet), and delayed by a few minutes 
as compared to Seattle tides but otherwise closely correlated in stage and timing (USACE 2002).  
Seattle tides were used without adjustment as a surrogate for Ebey Slough tides for purposes of 
flood modeling in the 2002 engineering report produced by the USACE. 

For the purposes of this report and the maintain consistency with simultaneous work completed 
by Adolfson and Associates, Seattle, Washington, elevations from other sources reported relative 
to MLLW were converted from MLLW to NAVD by subtracting 2.25 feet from reported 
elevation.  Tidal datums in NAVD based on original verified NOAA CO-OPS data are listed in 
Table 1 and documented with datum sheets in Appendix B.  

More extensive analysis of tidal and flood characteristics can be found in the Qwuloolt/Poortinga 
Technical Report (USACE, 2002) and with the publishing of work currently underway by 
Adolfson and Associates and their subcontractor Phillip Williams and Associates. 

 

Table 1 – Tidal statistics for three NOAA gauges in the vicinity of Qwuloolt.  Units are in 
feet elevation in NAVD based on accepted 1983-2001 Epoch data supplied by NOAA CO-OPS.  
Original data sheet in Appendix B. 

Datum (NAVD) Seattle (NOAA 
947130) 

Everett (NOAA 
9447659) 

Ebey Slough (NOAA 
9447729) 

MHHW +9.02 +9.06 +9.23 
MHW +8.15 +8.18 +8.36 
MLW +0.49 +0.77 No data 
MLLW -2.34 -2.03 No data 
 

2.5 Historic Changes at Qwuloolt 
Land use history was observed using U.S. Coast & Geodetic Survey topographic sheets (T-
sheets; circa 1884), a 1938 aerial photograph, and a USDA DOQQ air photo (circa 1991-1997). 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 8 



Qwuloolt Marsh Wetland Assessment 

Qwuloolt appears to be among the earliest sites in the Lower Snohomish estuary developed by 
European settlers.   T-sheets show that in the late 1800’s the current location of the Marysville 
mitigation site was a homestead with fields and two structures surrounded by marsh and swamp.  
The majority of the Qwuloolt site, north of the last bend of Jones Creek was labeled spruce 
swamp, with the area between Jones creek and Ebey Slough labeled as marsh (Figure 2). 

By 1938, the time of the first aerial photo record, the majority of the site was cleared with levees 
constructed (Figure 3).  Ebey slough was being used for log raft storage.  The well ordered grid 
of the town of Marysville is present, but surrounded by rural lands.  A few patches of woody 
vegetation remained within the Qwuloolt site, typically associated with creek channels.  Except 
for a notable remnant stand of spruce swamp off-site and upstream of the project area, the 
vicinity had been largely cleared of forest.  The alignment of Jones and Allen Creeks appeared to 
have been largely unaltered.  Numerous blind sloughs were either present and bounded by 
woody vegetation, or had been incorporated into agricultural fields only discernable on the aerial 
photo by tonal variation of field vegetation.  Ditches had begun to increase drainage to the creeks 
and sloughs. 

USGS DOQQ aerial photos from the 1990’s indicate active farming operations including well 
maintained farm roads throughout the site, field cultivation, and harvesting.  (Figure 4).  None of 
the records reviewed have documented the use and character of the land under farm 
management.  Approximately 20-40% of Jones and Allen creek channels had been filled and 
replaced by ditches.  The off-site spruce swamp remnant observed in the 1938 air photo was still 
present.  At this potential reference site, a rapid comparison of canopy trees suggests that stand 
structure has changed over time, but that many of the trees in the 1938 photo appear to be still 
present over 50 years later, suggesting that this site may have some value as a reference site for 
historic conditions. 

In 1994 the City of Marysville breached a levee to restore tidal marsh to mitigate for wetland 
impacts caused by expansion of sewage treatment facilities.  A setback levee was constructed, 
and 13.7 acres were reconnected to Ebey slough.  In 1996, the U.S. NRCS Wetland Reserve 
Program purchased a conservation easement on the Poortinga farm, north and east of the site, 
ending the era of active farm management. 

Subsidence caused by oxidation of organic matter following diking and draining has been 
reported at other diked estuarine marsh (Cornu & Sadro, 2002; Cunningham & Polayes-Wien, 
1995).  Subsidence of diked land can result in current elevations that cannot support historic 
vegetation.  It is unclear to what degree existing elevations at the Qwuloolt site differ from 
historic elevations.  T-sheet maps indicate woody vegetation in areas that are currently surveyed 
between 4 and 6 feet NAVD.  Surveys of reference vegetation don’t show woody vegetation 
below 9.65 feet NAVD (See Section 5).  This suggests that soils may have subsided between 
3.65 and 5.65 feet. Not all of this elevation loss is necessarily due to subsidence.  Land 
development may have included extensive clearing, burning, and leveling that may have resulted 
in an initial loss of elevation due to removal of woody debris and filling of channels and low 
spots. 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 9 



3.0 Determination of Jurisdictional Wetlands 
While the majority of the site is covered by state listed hydric soils, the National Wetland 
Inventory (NWI) indicates only small isolated patches of emergent wetland at Qwuloolt (Figure 
8).  Based in part on a determination of widespread wetland presence completed in 1995, the 
NRCS purchased a conservation easement on the Poortinga property under the Wetland 
Conservation Reserve Program.  Observations made in this study confirm the NRCS’s findings 
of wetland conditions throughout the Qwuloolt site and indicate that NWI observations 
dramatically underestimate wetland area. 

10 years after the NRCS determinations, a routine wetland determination was conducted 
attempting to relocate the NRCS plots.  Methods were consistent with approaches described 
within the Washington State Department of Ecology’s Washington State Wetlands Identification 
and Delineation Manual (1997), and the US Army Corps of Engineers (USACE) Wetlands 
Identification and Delineation Manual (1989), hereafter referred to as the Wetland Manuals.  
Additional plots were surveyed in areas on the site that were not included in the NRCS survey. 

3.1 Summary of 1995 NRCS Determination 
NRCS completed its site investigation on June 21st and 22nd , 1995.  Standard wetland data sheets 
with survey points sketched on air photos, were provided by the NRCS.  The original sketch map 
and data sheets are located in Appendix C. 

Twenty-two of twenty-three selected points were surveyed for wetland indicators.  Plot #4 was 
outside the Poortinga property and was not surveyed.  Although no report was identified, plot 
locations appear random – plots were located throughout the easement area.  The NRCS used 
routine wetland determination methods to survey for indicators of wetland conditions. 

Table 2 – Results of NRCS wetland determination.  A total of 22 plots 
where characterized before the purchase of an NRCS easement on the old 
Poortinga Property.  Determinations were made for presence and absence of 
wetland indicators, and finally for the presence or absence of wetlands. 
 Vegetation Soils Hydrology Wetland 
Yes 14 21 0 16 
No 8 1 16 1 
Unmarked 0 0 5 5 
 

The NRCS survey relied on reports of flooding and spring wetness to support indication of 
wetland conditions.  On each sheet, “atypical situation” was marked, likely describing the 
agricultural practices and drainage infrastructure which affected vegetation and hydrology.  Eight 
of 22 plots did not have vegetative indicators of wetland conditions, and species composition 
from the data sheets suggests the site was managed as pasture.  A final wetland determination 
was not made for 5 out of 22 plots, perhaps due to the absence of both vegetation and hydrology.  
In the end the NRCS determined that jurisdictional wetlands were present at 16 of 22 observed 
points.  One point (# 21) was clearly located on the hillslope outside the Qwuloolt wetland 
complex. 

3.2 Field Sampling Methods for 2006 Determination 
Between December 1 and June 2, 2006 NOAA staff made 5 site visits (Table 3) for the purposes 
of confirming the NRCS wetland determination and making observations of wetland character at 
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the Qwuloolt Site over the course of the early growing season. 

 

Table 3 – Dates of field activities by NOAA staff 

Date Activity 
1 December 2005 Relocation of NRCS plots, determination in SE sector 
27 January 2006 Documentation in NW sector. 
13 March 2006 Determination in NW sector and  
16 March 2006 Reconnaissance of NW sector and surrounding Allen Creek. 
2 June 2006 Determination in NE sector 
 

During these visits, the entire extent of the site was walked or waded on foot.  Plots originally 
surveyed by the NRCS were relocated using GPS and orienteering from landmarks visible on 
aerial photos.  These plot locations are only intended to be an approximate duplication of NRCS 
locations.  In several cases relocated NRCS plots were inundated.  If locally available, another 
plot location was haphazardly selected in a more elevated position out of the zone of inundation, 
to allow better characterization of soils and vegetation.  Where plots were located within a large 
area of inundation, we approximated the original plot position and retrieved and described a 
shallow soil sample from the mud to illustrate wetland soil characteristics. 

Additional parcels had been acquired by the Tulalip Tribes outside the NRCS easement 
boundary since 1996.  Additional plots were haphazardly located outside of the original NRCS 
easement area.  To better characterize the range of conditions present in the irregular surface of 
the Qwuloolt wetlands, two of these plots (N1 and N2) were paired: one at a high point in the 
local landscape, and one at a nearby low point, approximately 50 feet away.  In addition, near 
NRCS plot #21, a series of soil pits were dug in a transect from low to high elevations, to 
identify the approximate edge of jurisdictional wetlands in relation to the floodplain slope break.  
Each plot was described using routine wetland determination methods. 

Vegetation Methods 
The presence of hydrophytic vegetation was identified consistent with the State Manual and 
current regulatory guidance.  Species identifications and taxonomic nomenclature follows 
Hitchcock and Cronquist (1973).  Dominant species in each of three strata (tree, 
sapling/shrub/woody vine, and herb) were identified.  ‘Dominant’ was determined as those 
species in each stratum that comprised at least 20 percent aerial cover.  Aerial cover is defined as 
the area found within a perimeter defined by the greatest extent of branching.  Each species' 
indicator status was assigned using the National List of Plant Species that Occur in Wetlands: 
Northwest - Region IX (Reed, 1988).  A species indicator status refers to the relative frequency 
with which the species occurs in jurisdictional wetlands (Table 4).   

Table 4 – Wetland indicator status definitions 
 
Indicator Status 

 
Definition  

Obligate Wetland (OBL) 
 
Occur almost always (estimated probability >99%) under 
atural conditions in wetlands. n  

Facultative Wetland (FACW) Usually occur in wetlands (estimated probability 67%-
9%), but occasionally found in non-wetlands. 9  
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Facultative (FAC) Equally likely to occur in wetlands or non-wetlands 
estimated probability 34%-66%). (  

Facultative Upland (FACU) Usually occur in non-wetlands, but occasionally found in 
etlands (1%-33%). w  

Obligate Upland (UPL) Plants that rarely occur (estimated probability <1%) in 
wetlands, but occur almost always in non-wetlands under 
atural conditions.  n  

N o Indicator Status (NI) I nsufficient information exists to assign an indicator status. 

Not Listed (NL) Not on the National List in any region. 
 

According to the State Manual an area meets the hydrophytic vegetation criteria when, under 
normal circumstances, more than 50 percent of the dominant species from each stratum are 
obligate wetland (OBL), facultative wetland (FACW), and/or facultative (FAC) species.  For the 
purposes of State Manual protocol, a plus (+) or a minus (-) sign is often included in the 
designation to specify a higher or lower level of the indicator status, and a FAC- indicator status 
is not considered to be an indicator of hydrophytic vegetation (i.e., it is treated in the same way 
as a facultative upland [FACU], upland [UPL], and a not listed [NL] species).  In the Pacific 
Northwest where a pronounced summer drought occurs, the Corps Seattle District allows for the 
presence of facultative upland (FACU) dominated plant communities where the presence of 
wetland hydrology is clearly identified (Corps, Seattle District, 5-94 Public Notice).   

We were unable to positively identify all plants to species, particularly grasses, however due to 
1) the prevalence of wetland adapted vegetation at many plots, 2) the frequent and clear 
indications of wetland hydrology and soils, and 3) the ‘atypical conditions’ of active pasture 
management, we chose to not return during flowering to positively identify all remnant pasture 
species. 

Soil Methods 
The presence of hydric soils was determined consistent with the State Manual.  The definition of 
a hydric soil is  "... a soil that formed under conditions of saturation, flooding, or ponding long 
enough during the growing season to develop anaerobic conditions in the upper part” (USDA, 
NRCS 1996).  The definition of a hydric soil is satisfied by the fulfillment of at least one of four 
technical criteria.  As stated in page 20, paragraph 36 of the State Manual the hydric soils criteria 
are: 

1. All Histosols except Folists, or 
2. Soils in Aquic suborders, great groups, or subgroups, Albolls suborder, 

Aquisalids, Pachic subgroups, or Cumulic subgroups that are: 
a. Somewhat poorly drained with a water table equal to 0.0 foot (ft) from the 

surface during the growing season, or 
b. poorly drained or very poorly drained and have either: 

i. water table equal to 0.0 ft. during the growing season if textures 
are coarse sand, sand, or fine sand in all layers within 20 inches 
(in.), or for other soils 

ii. water table at less than or equal to 0.5 ft. from the surface during 
the growing season if permeability is equal to or greater than 6.0 
in/hour (hr) in all layers within 20 in., or 

iii. a water table at less than or equal to 1.0 ft. from the surface during 
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the growing season if permeability is less than 6.0 in/hr in any 
layer within 20 in., or 

3. Soils that are frequently ponded for long or very long duration during the growing 
season,  

4. Soils that are frequently flooded for long or very long duration during the growing 
season. 

 
Fulfillment of the technical criteria for hydric soil can be inferred by using a combination of 
published soils information and field indicators.  The indicators available for determining 
whether a soil satisfies the basic definition and the technical criteria for hydric soils include, but 
are not limited to the following: the soil is a histosol, a histic epipedon is present, hydrogen 
sulfide odor is present, the soil is gleyed, the soil has a depleted matrix, the soil has a low chroma 
matrix with redoximorphic features (e.g., mottles), iron and/or manganese concretions are 
present, the soil occurs in an aquic or peraquic soil moisture regime, and the soil appears on the 
hydric soils list. 

Categorical terms used to describe soils are consistent with definitions described in the USDA, 
NRCS, Field Book for Describing and Sampling Soils (Schoenberg et al, 2002).  Soil pits were 
excavated by hand and soil colors quantified using the Munsel color system. 

Hydrologic Methods 
Consistent with the State Manual, and current regulatory guidance found therein, the presence of 
wetland hydrology can be determined by direct and indirect indicators.  Field indicators of 
wetland hydrology listed in the State Manual include, but are not limited to, visual observation of 
inundation and/or soil saturation, oxidized channels (rhizospheres) associated with living roots 
and rhizomes, water marks on vegetation or fixed objects, drift lines, water-born sediment 
deposits, water-stained leaves, surface scoured areas, wetland drainage patterns, morphological 
plant adaptations, and hydric soil characteristics. 

According to the State Manual, The presence of wetland hydrology may be defined by the 
presence of saturated or inundated soils for a duration greater than 5% or 12.5% of the growing 
season.  Based on assumptions described in Section 2 the growing season on this site is expected 
to be no less than 251 days in length.  A period equal to 5% of the growing season would be 13 
days, and a period equal to 12.5% of the growing season would be 31 days.  Therefore, 
consistent with page 28, paragraph 46 of the State Manual, areas where soil saturation to the 
surface or inundation occurs for over 13 days during the growing season starting March 13th, on 
may be wetlands in the presence of wetland vegetation and wetland soil indicators. 

Due to the moderating influences of the maritime climate it could be argued that the growing 
season is year round.  Given the assumption of a 365-day growing season and the presence of 
hydric soils and vegetation, only 19 days of continuous surface saturation or inundation, at any 
point in the year would be sufficient to indicate wetland hydrology, and would reflect a 
precautionary approach to wetland protection. 

3.3 Results and Discussion 

Wetland Determination 
The Qwuloolt site contains extensive jurisdictional wetlands, with some small inclusions where 
soil saturation was not observed at a sufficiently shallow depth or duration to provide clear 
wetland indicators.  Plot locations for the NOAA surveys are shown in Figure 1.  Data sheets are 
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located in Appendix D.  

All points except plot #21 had some wetland indicators.  Plot #1 was not observed to have 
wetland hydrology, but was adjacent to areas with obvious wetland hydrology.  The timing of 
some observations made positive identification of grass species difficult, such that wetland 
vegetative indicators were difficult to demonstrate.  This was compounded by the still lingering 
influence of historic pasture management on species composition.  None-the-less, the clear 
presence of vegetative, hydrologic and edaphic wetland indicators at locations throughout the 
site suggests that the majority of the site is jurisdictional “waters of the united states, including 
wetlands” with occasional inclusions of upland habitat on local high points (Table 5). 

During exploratory observations on March 16, 2006 near plot 21, a jurisdictional wetland 
boundary was most clearly identified using depth to redoximorphic features, primarily high 
chroma concretions in a low chroma mottled matrix, and presence of saturated soils, as indicated 
by water seeping from the pit wall.  The wetland boundary was typically located within 20 
horizontal feet of the floodplain break in slope.  This pattern was broken when indicators of 
wetland soils and hydrology were observed farther up the slope, suggesting that elevation alone 
may not been an accurate indicator of wetland extent.  Slope or riverine wetlands associated with 
localized groundwater discharge or surface water channels are likely to extend above the 
topographic break between upland slopes and the greater Snohomish river floodplain. 

Table 5 – Presence of wetland indicators in 2006 survey.  Plots numbers are used to indicate if 
indicators are present of absent and the final determination made for each plot.  Unknown vegetation 
indicates that the survey was completed before predominant vegetation could be positively identified.  
Unknown soils were plots with deep inundation in June such that soil observation was deemed 
unnecessary.  Plot 21 was located outside the historic floodplain. 

 Indicators Present Indicators 
not 

present 

Indicators 
uncertain 

Vegetation 1,2,5,6,8,10,11,12,13,14,15,16,17,18,19,20,22,23,N2,N3,N4 21,N1 3,9 
Hydrology 2,3,5,6,8,9,10,11,12,13,14,15,16,17,18,19,20,22,23,N1,N2,N3,N4 1,21  
Soils 1,2,3,5,6,8,9,10,11,12,13,14,15,16,17,20,22,23,N2,N3,N4 21,N1 18,19 
Wetland 2,3,5,6,8,9,10,11,12,13,14,15,16,17,18,19,20,22,23,N2,N3,N4 1,21,N1  

Soil Patterns 
Soils observed in field surveys were consistent with published descriptions of Puget and 
Snohomish soils, with the exception of plot 21 which was located above the alluvial plain.  
Observed soils were typically well-rooted, crumbly, silty-clay or clay loam near the surface 
(typically 10YR 4/2), with increasing low chroma mottling, iron concentrations, and a transition 
from a crumb to a sub-angular blocky structure with increasing depth.  Depth to hydric soil 
indicators varied from at the surface to near the 10 inch depth.  In the case of plot #N1, a local 
high spot, redoximorphic features were located at 11 inches depth.  At plots 18 and 19 soils were 
not characterized due to the presence of 18 inches of standing water and duckweed in June. 

The most common wetland soil indicator was the presence of high chroma iron concentrations in 
a mottled low chroma matrix, at a depth shallower than 10 inches.  Oxidized root channels were 
common but few soil pits had a sulfidic odor.  Some sites had extremely low chroma layers 
suggesting permanent inundation at shallow depths.  In more severely reduced layers, iron 
concentrations were typically coating the faces of low chroma sub-angular blocky peds, 
suggesting some aeration at some point during the growing season.   
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Plots 2, 3 and 7 had un-decomposed woody organic matter at between 6 and 10 inches depth.  
The Snohomish County Soil Survey indicates patches of organic soils in the vicinity, but soil 
descriptions describe these deposits as sedge peat.  The wood we found is more likely a relic of 
the tidal spruce swamp and woody debris that once covered the floodplain, that was then mixed 
into soils when the land was cleared, burned and leveled. 

Rototillers and mould board plows can compact soil below the depth of cultivation, resulting in 
shallow subsurface compaction called “plow pan.”  At several test pit locations, increased soil 
density, and a shift from subangular block structure to a nearly platty structure was observed at 
approximately 12 inches in depth.  Saturated soils are particularly prone to tillage-induced 
changes in structure.  Given the high seasonal water table, it is likely that this site was worked 
while soils were very wet or saturated, potentially modifying soils structure immediately below 
the depth of tillage. 

A system of farm road was used and maintained on the Poortinga farm.  Some of these farm 
roads are grown over with pasture species, however soils are still severly compacted (Figure 17).  
These old road beds may affect patterns of sediment transport on a restored marsh surface and 
inhibit natural formation of channels. 

Hydrologic Patterns 
Observed inundation varied dramatically between visits, and contrasted with the NRCS survey.  
During the June 2nd field survey inundation depths across the northern portion of the site were 
greater than during the March 13th visit.  Several plots were surveyed while wading through 
thigh-deep water, with duckweed floating by.  During the NRCS survey, performed June 20th, 
but 10 years prior, no free water was observed in any of the 18 to21 inch soil pits.  This 
seemingly dramatic difference in hydrology suggests that either inflows to the site have 
increased, or outflow has decreased.   

The farm road culvert on Jones Creek failed over the course of field work (between plots #10 
and #12) sometime between December 1st, 2005 and March 13th.  The road grade now serves as a 
dam resulting in an approximate 2 foot drop from the upstream to downstream side of Jones 
Creek at the old Poortinga farm road.  Ditch alignments suggest that most of the site was 
designed to drain through Jones Creek.  It is possible that the failure of the Jones creek culvert 
has caused extensive ponding of runoff.  Beaver sign is abundant on Allen Creek, and a beaver 
run, and a possibly beaver tunnel was observed near the site of the culvert failure.  It is unclear to 
what degree beaver are involved in the degradation of the drainage system, although Beaver 
frequently stuff culverts with debris as a labor saving approach to creating ponds. 

Jones and Allen Creeks enter the site from the Northeast and northwest respectively, and a small 
unnamed drainage enters from the east.  Allen creek is the largest of these rain-fed surface water 
inputs with a basin area of 7.27 square miles (Snohomish County web data).  Each of these 
basins is becoming more developed – land is increasingly covered by impervious surfaces, which 
tends to increase the frequency and decrease the duration of peak discharges, as more water is 
delivered more quickly to creeks. 

Perhaps due to restricted outflows or changing basin hydrology, the marsh appears to be very 
responsive to precipitation.  Our final visit on June 2nd was immediately after a rain (~0.7 inches 
over a 4 day period) following a dry spell (~1.2 inches over a 45 day period).  We found mole 
hills in soils that were shallowly inundated – the crumb structure of these hills was still largely 
intact suggesting they were recently dug.  Since moles don’t dig under water, this suggests that a 
brief storm cell with less than an inch of precipitation over several days had caused a dry field 
suitable for burrowing moles to be inundated with several inches of standing water. 
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This pattern of wetting and drying in response to precipitation is supported by soil observations.  
Redoximorphic soil features observed during the wetland determination survey suggests alternate 
wetting and drying (mottled iron depletion and concentrations) were typically observed at 4-8 
inches depth, with more permanently reduced soils (low chroma matrix, sub-angular structure, 
with iron concentrations only on ped faces) found primarily at 10 inches or below. 

In summary, it appears that the site is getting wetter as drainage infrastructure deteriorates, and 
that flooding is strongly affected by creek flows that are strongly linked to precipitation.  Failure 
of the Jones Creek culvert on the old Poortinga farm road over the last water year may have had 
a substantial affect on site drainage.  Beaver may be involved in the decline of drainage 
infrastructure and become future architects of hydrology.  

Vegetation Patterns 
In 1996, NRCS staff observed pasture and hayfields dominated by orchard grass, ryegrass, and 
bentgrass.  Only 8 sites indicated reed canarygrass as present, and in only 2 of those was it a 
dominant part of the vegetation.  Ten years later, 17 plots were completely dominated by reed 
canarygrass.  Typically remnants of pasture were located on highpoints with reed canarygrass 
spreading outward from low areas.  In areas that are still dominated by pasture species, reed 
canarygrass can still be found, and the overlapping circular shape of the patches is indicative of 
clonal expansion.   Plots outside the Poortinga property are typically in a monoculture of reed 
canarygrass.   

Based upon guidance provided by Wetland Manuals and USACE Regulatory Guidance Letters 
82-2, 86-9, and 90-7, wetlands that have been disturbed through natural and/or anthropogenic 
alteration of vegetation, soils, and/or hydrology do not necessarily exist under "normal 
circumstances."  If one or more parameters have been significantly altered by an activity that 
would normally require a permit, an “atypical” situation may exist.  Pasture stewardship by Mr. 
Poortinga certainly constituted an active alteration of plant community composition.  Following 
the end of pasture management, and the decline of drainage infrastructure, the site has begun to 
revert to more ‘normal’ circumstances.  Reed canarygrass is the species both positioned for 
invasion and best suited for site conditions, and has extended its dominance. 

Woody vegetation was associated almost exclusively with ditch and channel edges, and old fence 
lines.  Although more of the site likely could supports woody vegetation, four factors likely 
contribute to this pattern.  First, fence lines and watercourses were found on field edges that were 
not tilled and mowed as part of agricultural management.  Second, both fencelines and 
watercourses provide opportunities for woody plant dispersal, either from floating seed or with 
birds ejecting guano while perching on fences.  Natural channel edge levees are high points 
where woody species can escape saturated soils.  And finally, dense rhizomatous Eurasian 
pasture grasses, create formidable competition for the establishment of woody plant seedlings, 
limiting the spread of woody plants to clonal expansion.  Naturally occurring woody species 
were primarily (in general order of decreasing frequency):  Himalayan blackberry (Rubus 
discolor), Nootka rose (Rosa nutkana), hardhack (Spirea douglasii), salmonberry (Rubus 
spetabilis), snowberry (Symphoricarpos albus), and to a lesser extent, willow (Salix spp.), red 
elderberry (Sambucus racemosa), twinberry (Lonicera involucrata), nightshade (Solanum 
dulcamara), and trailing evergreen blackberry (Rubus ursinus).  Red alder (Alnus rubra) was 
largely limited to a few sites, and showed the squat branchy form and loss of apical dominance, 
likely related to periodic inundation stress. 
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Wildlife Observations 
Beaver forage was common on Allen creek, but no active dam building or fresh sign was 
observed.  A pair of harrier hawks were spotted on practically every visit. Wintering waterfowl 
were common in the large inundated areas.  A dead coyote was found on the second site visit, 
and a live coyote flushed during a later visit.  Several unidentified small rodents were observed, 
along with small mammal burrows in drier areas. 
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4.0 Estimated Wetland Impacts from Restoration 
Several restoration alternatives are being considered by the trustees that include breaching 
existing levees to restore tidal flux at the Qwuloolt site.  Based on current property ownership by 
restoration partners, and flood threats to existing infrastructure construction of setback levees is 
necessary to allow unconstrained tidal flux (USACE, 2002; Adolfson, unpublished data).  
Setback levee construction will likely result in loss of wetland area.   

However, restoration of unconstrained tidal flux would restore a unique suite of estuarine habitat 
functions.  These functions can only be restored in a very finite landscape, at historically 
estuarine locations like Qwuloolt.  These habitat functions are critical to a wide range of 
estuarine-dependant species including federally threatened Puget Sound Chinook salmon.  
Restoration of tidal habitat at Qwuloolt would result in an increase in highly valued wetland 
functions. 

The regulatory question is whether this increase in valued wetland functions is sufficient to offset 
the loss of wetland area.  Preliminary analysis is presented below, using estimates of the areas 
lost under a ‘worst case’ restoration scenario.   This preliminary analysis follows four steps: (1) 
estimation of areas affected by levee construction, (2) application of the Snohomish Estuary 
Wetland Integration Plan (SEWIP) as a functional assessment tool, (3) consideration of City of 
Marysville Critical Areas Ordinances (CAO), and finally (4) some possible approaches for 
calculating impact mitigation for Qwuloolt restoration. 

4.1 Area Estimation Methods and Results 
Potential wetland area lost from setback levee construction was based on a ‘worst case scenario’ 
estimation of maximum set-back levee construction provided by Adolfson and associates, of 14.1 
acres over a total length of approximately 10,370 feet (Appendix G).  For purposes of analysis it 
is assumed that all these levees would be constructed in jurisdictional wetlands. 
 
These assumptions ignore five factors that could be considered as part of a final wetland 
assessment for a preferred restoration alternative: 
 

1. Areas converted from field to channel are not considered as part of impacts to wetland 
area.  Photographic evidence of historic channel alignment is available to support 
increasing channel area as restoration to a previous and documented pre-impact 
condition. 

2. Deconstruction of existing levees will result in increased wetland area as the footprint 
could be restored to wetland elevations, decompacted, and revegetated. 

3. Restoration of tidal flux will create mean daily inundation to 9 feet NAVD, reestablishing 
substantial area of wetlands in a ring around the site. 

4. The area of wetland being restored would result in a regionally significant estuarine 
wetland complex.  The biogeographic benefits of a habitat island of this size could justify 
and accounting of functional lift above and beyond what can be accounted for by an acre 
by acre equivalency analysis. 

4.2 SEWIP Methods and Results 
The City of Everett completed a rapid assessment of wetland functions within the Snohomish 
River estuary, including the project site (SEWIP, 1999).  The analysis covered the anticipated 
extent of estuarine wetlands as predicted by the distribution of hydric soils in the Snohomish 
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County soil survey.  All areas within the analysis boundary were assumed to be wetlands due to 
the predicted presence of hydric soils and field observations of inundation.  The landscape was 
divided into 367 wetland units using air photos based on the assumption of shared hydrologic 
regime.  In each parcel an independent assessment of wetland function was completed using a 
IVA (indicator value assessment) approach (Hruby et al, 1995) developed by a technical 
advisory committee composed of 23 scientists from City of Everett, U.S. Army Corps of 
Engineers, U.S. Environmental Protection Agency, Natural Resources Conservation Service, 
Washington State Department of Ecology and Department of Fish and Wildlife, Snohomish 
County, and several local consulting firms.  

Field assessment involved determining the presence or absence of 133 indicators of wetland 
function, including, hydrologic characteristics, topographic and physical features, soils, 
vegetation characteristics, buffer conditions, landscape position, presence of specific habitat 
structures, and evidence of anthropogenic disturbance.  Each field indicator was correlated and 
weighted relative to a series of theoretical habitat functions, arranged in functional groups: 
socially significant functions, water quality improvement, export of primary productivity, fish 
habitat, bird habitat, and other species habitat.  The presence or absence of indicators, weighted 
through a conversion matrix, resulted in a habitat function score.  These scores were standardized 
across the estuary to provide a measure of relative function between wetland units.  It should be 
noted that a wetland unit score is meant to reflect a “density of function” per unit area, and not 
the total function of the observed unit. 

Using the same scoring system, wetland function following restoration of tidal connection was 
evaluated by assessing how restoration would hypothetically change the presence or absence of 
functional indicators.  This exercise was completed for eight wetland complexes including 
Qwuloolt.  Functional lift from restoration of Qwuloolt was based on full hydrologic 
reconnection, emergent revegetation, reforestation of a 25 foot inland buffer and remaining 
levee-islands, reconnection of existing streams, and full recovery of a dendritic channel system.  
Qwuloolt ranked first among 18 reviewed potential restoration units based on a restoration site 
ranking that considered habitat benefits, land ownership status, and position in the landscape. 

Restoration of the wetland complex associated with Qwuloolt (a total of 11 wetland units) was 
found to provide the greatest opportunity for rehabilitation of estuarine functions in the 
Snohomish Estuary.  Restoration at Qwuloolt was assessed as providing an increase of 57 points 
per acre on a 100 point scale for wildlife functions, and an increase of 51 points per acre for 
water quality functions.  By contrast, existing leveed wetlands located within the City of 
Everett’s proposed development footprint were calculated as having a total average functional 
score of 13 points per acre for wildlife, and 31 points per acre for water quality.  Full restoration 
of the Qwuloolt site alone was estimated to provide sufficient increase in wetland function to 
compensate for all wetland losses within the City of Everett’s proposed development footprint.  
Based on the compensation policies proposed in the SEWIP study, each acre of functionally 
improved Poortinga property would compensate for the loss of 1 acre of degraded leveed 
wetland as found in the proposed North Smith Island development footprint (see Appendix E). 

4.3 City of Marysville Critical Areas Ordinance (CAO) 
The City of Marysville has adopted guidelines for determining mitigation ratios for replacement 
of wetland functions impacted by development in their Critical Areas Management (MMC, 
Chapter 19.24).  Based on Table 3, in Marysville Municipal Code Section 19.24.120, Mitigation 
ratios are determined by the type of mitigation being attempted, and the value rating of the 
wetland being impacted.  Wetland rating is based on determined by the revised Washington State 
Department of Ecology’s Wetland Rating System for Western Washington (2004).   
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Based on the 2004 Wetland Rating System, the Qwuloolt Marsh under current conditions would 
rate as a Category 2 wetland, based largely on its ability and potential to provide water quality 
functions and its proximity to areas of contiguous habitat (Appendix F). Opportunity to provide 
flood control functions was not considered significant in this analysis.  Flooding downstream of 
the Qwuloolt site is controlled by the coincidence of rain-on-snow events in the Stilly-
Snoqualmie uplands and high tidal surge (USACE 2002).  Compared to these two factors, 
retention of Allen and Jones Creek flood waters would not constitute an opportunity to reduce 
flooding and erosion on Ebey Slough. 

Because the restoration treatment would result in the restoration of historic functions with a 
minor increase in wetland area relative to the current wetland area, the restoration would be 
defined as ‘Rehabilitation’.  Rehabilitation as a mitigation response to impacts on a category 2 
wetland requires an 8:1 mitigation ratio. 

4.4 Discussion 
The Snohomish Estuary Wetland Integration Study (SEWIP) offers a functional assessment and 
equivalency analysis methodology designed specifically for the Snohomish Estuary to estimate 
the relative function of wetland units and how restoration and mitigation could be valuated.  A 
digital version of the SEWIP model is not currently available to run a specific restoration 
scenario; however the study specifically scored the potential benefits of restoration at Qwuloolt, 
and scored the functions of degraded wetlands of Smith Island.   Results of these analyses can be 
applied to the proposed restoration scenario at Qwuloolt to provide some perspective on the scale 
of increased function from restoration and to what degree that functional lift could compensate 
for loss of wetland area to construct a setback levee. The following assumptions and hedge 
factors were used to apply SEWIP to the Qwuloolt scenario: 

• The existing functional characteristics of Qwuloolt wetlands potentially impacted by 
setback-levee construction are roughly equivalent to Smith Island wetlands within the 
City of Everett proposed development footprint.  Based on figures 4.1 and 4.2 of SEWIP 
(Appendix F) the existing functions of smith island and Qwuloolt wetland units are roughly 
equivalent, however, actual scores for Qwuloolt are not available in the text of the report.  
For this analysis we assumed existing Qwuloolt wetlands are 50% higher functioning than 
Smith Island.  The existing Smith Island wetlands were given a SEWIP score of 13 for 
wildlife functions and 31 for water quality functions.  For the purpose of this analysis 
Qwuloolt functions were scored 50% higher than Smith Island.  This would yield a score of 
19 for wildlife and 47 for water quality functions.  Based on mapped value classes (Appendix 
F), it is clear that the actual value assigned to the wetland units of Qwuloolt Marsh did not 
exceed 25 points for wildlife, and 50 points for water quality, so these estimates appear 
reasonable if not conservative.  This increase in pre-restoration score was subtracted from the 
functional lift estimated for restoration, such that: 

Wildlife function increase = 57 units – a 6 unit adjustment = 51 units of improved function. 

Water quality function increase = 51 units – 16 unit adjustment = 35 units of improved 
function 

• The selected Qwuloolt restoration alternative will result in the full functional recovery 
described in the SEWIP project.  Observations at Marysville restoration site and Mid-Ebey 
Island suggest that marsh recovery can happen without intentional levee breaching and 
restoration treatment, but takes time.  The SEWIP suggests a 25% increase in wetland area to 
compensation for delayed recovery.  For this analysis this contingency was increased to 50%. 
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Table 6 – Estimation of functional equivalency ratios for Qwuloolt restoration.  Functional 
losses due to conversion of degraded wetlands to uplands are compared to functional lift 
resulting from restoration of estuarine functions based on the SEWIP model and assumptions 
discussed in section 4.4.  Scores are on a 100 point scale. 
 
 Lost wetland 

value 
(points/acre) 

Functional lift 
from restoration 

(points/acre) 

Compensation 
ratio 

Including the 
50% contingency

point value for 
wildlife 
function  

19 51 0.4 : 1 0.6 : 1 

point value for 
water quality 
functions 

47 35 1.3 : 1 2.0 : 1 

 

Under the SEWIP model, functional lift from restoration would be least for hydrologic functions, 
and so hydrologic function was used to determine a compensation ratio between lost acres and 
restored acres.  Given the assumptions described above and in Table 6, a ratio of 2.0 acres of 
restoration per acre lost would be required to result in no net loss of function.  When comparing 
the scale of functional recovery across the Qwuloolt project area the loss of function due to 
construction of setback levees is relatively minor.   To compensate for 14.1 acres lost to levee 
construction 28.2 acres of Qwuloolt to restored as high quality estuarine habitat. 

The potential for low restoration effectiveness could justify a more aggressive mitigation 
program to insure that restored function in fact results in no net loss.  Under the City of 
Marysville CAO, a more rigorous mitigation ratio of 8:1 is suggested when using enhancement 
to compensate for loss of wetland area in a class 2 wetland (see section 4.3).  Under an 8:1 ratio, 
the destruction of 14.1 acres of reed canary grass marsh by levee construction would require the 
enhancement of 112.8 acres of the remaining wetland.  Again, this is well within many of the 
scenarios being considered by the Tulalip Landfill NRDA trustees. 

Given that a section of levee would be removed and restored as wetland, this wetland restoration 
should also be considered as part of a final mitigation analysis.  Depending on the extent of levee 
removal, up to 3500 feet of levee could be re-graded to wetland elevations and restored.  Given a 
conservative 30’ cross section, this could result in as much as 2.4 acres of wetland 
reestablishment.  City of Marysville CAO (MMC 19.24.120) indicates a 3:1 mitigation ratio to 
compensate for loss of class II wetland through wetland reestablishment.  Based on this analysis, 
reestablishment of 2.4 acres of wetland in the old levee footprint could compensate for 0.8 acres of 
wetland loss by setback levee construction.  This would reduce the number of acres required for 
enhancement to 106.4. 
This preliminary analysis suggests that enhancement of wetland function through tidal 
restoration at Qwuloolt will likely be sufficient from a regulatory perspective to offset any losses 
in wetland area from construction of setback levees, even under very conservative scenarios.  It 
does suggest a rough backstop, whereby a certain area of enhancement, approximately 106 to 
113 acres under the Marysville CAO, would be necessary to justify wetland losses caused by the 
construction of setback levees.
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5.0 Vegetation Recovery Following Tidal Restoration 
Five vegetation studies have been completed at three sites in the vicinity of Qwuloolt: 

• The City of Marysville’s Mitigation Site, located adjacent to Qwuloolt, was surveyed by 
Jones & Stokes (2003) and Hughes (unpublished data) 

• Mid-Ebey Island, immediately across Ebey Slough from Qwuloolt, was surveyed by King 
(2002), Jones and Stokes (2004), and USACE (2002).   

• Mid-Spencer Island, upstream of Qwuloolt, was surveyed by Cunningham and Polayes-Wien 
(1995)  

In addition, the City of Everett’s SEWIP study (Stanley et al. 1997) describes general elevation 
zones for vegetation in the Snohomish Estuary.  These sources in combination with field 
observations allow for some speculation about vegetation recovery at Qwuloolt following a levee 
breach but do not describe the key processes of vegetation recruitment likely to affect the rate of 
vegetation recovery. 

5.1 Sources and Methods 
The Marysville Mitigation site is located immediately adjacent and south of the Qwuloolt site.  
In 1994 a setback levee was constructed and the old Ebey Slough levee breached.  Following 
restoration of tidal inundation Jones & Stokes monitored vegetation development.  A final 10-
year report was produced in 2003.  Elevation of vegetation was only provided for year 10 data, 
and raw data were not available from Jones & Stokes for further analysis.  In 2005 a more 
detailed description of vegetation patterns was completed by a team from the University of 
Washington led by Jeanne Hughes (Hughes, Unpublished data). 

The Hughes study estimated cover by species in 277 quadrats at 2 meter intervals along 3 
transects traversing the site.  The majority of observations were made at stations between 3.5 feet 
and 6.0 feet elevation, corresponding with the range of elevations at the Marysville site (Figure 
9).  This range of elevations corresponds to those elevations found at Qwuloolt.  The resolution 
of this data offers a fairly clear picture of vegetation distribution across elevation 11 years after 
the levee breach, but does not describe patterns during early recruitment.  To describe species 
distribution plots were grouped into 0.5 foot elevation classes.  Species frequency was tabulated 
for each elevation class and plotted against elevation (Table 8).  A binomial regression function 
was fitted for each species using least ordinary squares methods (Figure 9). 

Mid-Ebey Island offers a longer term example of marsh recovery following natural levee failure 
and is located directly across Ebey Slough from the Qwuloolt Site.  Sometime within the last 68 
years the mid-Ebey Island levee failed, flooding agricultural land.  The US Army Corps of 
Engineers (2002), Jones & Stokes (2004), and Sally King (2002) of the UW Wetland Science 
and Management Program each described vegetation at mid-Ebey Island in relation to elevation 
for the purpose of predicting how vegetation would develop if tidal inundation were restored at 
the Qwuloolt wetlands.  King (2002) used a builder’s level positioned on the Qwuloolt side of 
Ebey Slough, and commented that the accuracy of elevation readings may have been 
compromised by the limited capacity of equipment.  The U.S. Army Corps of engineers report 
did not present methods. 
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5.2 Results 
Species distributions across elevation from all reports are summarized in Table 7.  Elevations are 
rounded to the nearest tenth of a foot.  A higher level of precision is likely unwarranted.  At 
Qwuloolt, mean higher high water (MHHW) is estimated at 9.0 – 9.1 feet NAVD.  MHHW 
typically marks the transition between low marsh, characterized by Lyngby’s sedge dominance, 
and more diverse high marsh (Eilers 1975; Ewing 1983). 

 
Table 7 – Elevation range of dominant marsh species.  All elevations were converted from 
source data and reported in North American Vertical Datum (1988). 

Elevation Data Source  Lygnby’s 
Sedge Cattail Bullrush Liliopsis Spike 

rush 
Woody 
shrubs 

Mid-Ebey 
(King, 2002) 1.5 - 7.7 no data 5.3- 8.7 (1.5 +)** no data 9.8 - 10.8 

Mid-Ebey  
(USACE, 2001) 3.0 - 6.6 6.8 - 7.5 6.8 - 6.9 no data no data no data 

Mid-Ebey  
(SEWIP, 1997) 4.65 no data no data no data no data 9.7 

Marysville Mitigation 
(USACE, 2001; citing Jones and 
Stokes, 1999) 

6.3 - 8.8 7.3 - 8.4 8.4 - 8.8 no data 3.7- 6.6 no data 

Marysville Mitigation 
(King, 2002) 4.5- 8.9 7.3 - 10 (4.5-8.0)* no data no data no data 

Marysville Mitigation  
(Hughes, unpublished data) 0.3 - 7.6 4.1 - 9.0 4.1 - 6.7 0.3 - 5.6 0.7 - 5.5 8.5 + 

* distribution was reported imprecisely with bullrush mixed with sedge at low elevations and 
mixed with cattail at the lower end of cattail distribution. 

** distribution was reported imprecisely with Liliopsis mixed with sedge at the lower range of its 
distribution 

Table 8 – Frequency of species across elevation at Marysville 
Site.  Based on unpublished data provided by Jeanne Hughes.  See 
Figure 9 for a binomial regression of these data. 

ELEV 
CLASS n Spikerush Liliopsis Sedge Cattail Bullrush

3.50 21 0.38 0.10 0.14 0.00 0.00 
4.00 46 0.63 0.28 0.11 0.09 0.04 
4.50 43 0.79 0.40 0.14 0.07 0.02 
5.00 47 0.30 0.74 0.11 0.19 0.04 
5.50 40 0.20 0.28 0.58 0.33 0.20 
6.00 36 0.00 0.00 0.94 0.25 0.08 

 

There was considerable variation in the reported range of species between studies and locations.  
In general Lyngby’s sedge had the greatest range.  Sedge regeneration at Marysville showed 
declining frequency at lower elevations.  Patterns of shoot growth indicate that sedge had 
established at higher elevations and has been spreading rhizomatously downhill.  From as low as 
0.3 feet to nearly MHHW.  At the older mid-Ebey Island site, sedge elevation range was 
compressed with plots above 7.7 feet increasingly dominated by cattail and bulrush perhaps 
indicating a more natural zonation of vegetation resulting from prolonged competition following 
establishment.   
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Cattail and bullrush occupy higher elevation ranges than sedge.  At the Marysville site cattail and 
bulrush were less frequent at lower elevations, and there did not appear to be the aggressive 
downslope colonization observed with the sedges.  At mid Ebey island, presumably a more 
stable community, cattail and bulrush were not surveyed below 6.8 and 5.3 feet respectively. 

Liliopsis appears to coexist at the lower extent of Lygby’s sedge distribution.  King reported it at 
the lower extent of sedge distribution on Ebey Island.  Hughes found it the lowest extent of sedge 
distribution on the Marysville site but not above 5.6 feet.  Liliopsis frequency peaks as sedge 
frequency begins to decreases (Figure 9). 

At Marysville, small spikerush was distributed between 0.7 and 5.5 feet elevation, with a peak 
frequency between 4 and 4.5 feet.  This species is annual and disperses by seed and was found 
across the Marysville site.  Initial colonization of brass buttons and sandspurry reported in early 
monitoring reports were not evident in later studies. 

King (2002) marked the transition from herbaceous to woody vegetation at 9.8 feet, which is 
consistent with the SEWIP study’s report of 9.7 feet, but differed from the Ewing and Hughes 
report of 8.5 feet.  The Hughes study was measuring canopy cover in small quadrats, and may 
have recorded woody vegetation in quadrats where the woody vegetation was not rooted, but 
only overhanging, resulting in a misrepresentation of the elevation tolerances of woody species.  
A more careful study of the elevations of rooted vegetation, and the characteristics of the rooting 
medium would provide a more accurate description of species tolerance than cover estimates in 
quadrats.  

5.3 Discussion 
Recovery is not accurately reported by total vegetative cover.  Short lived species that take 
advantage of open sediments are common on new sites and on sites with frequent disturbance.  
Sparse vegetation dominated by small spikerush (Eleocharis parvula), sandwort (Spergularia), 
brass buttons (Cotula), and goosefoot (Atriplex) is technically marsh, but constitutes an early 
succession, low productivity system compared to potential vegetation.  Potential marsh 
vegetation at Qwuloolot is dominated by perennial rhizomatous competitors:  bulrush 
(Schoenoplectus acutus or S. tabernaemontanii) and cattail (Typha latifolia or T. angustifolia) at 
high marsh elevations, and Lyngby’s sedge (Carex lyngbyei) at low elevations.  Considerable 
perennial diversity is common within this matrix, including Baltic rush (Juncus balticus), 
Western liliopsis (Liliopsis occidentalis), maidenhair grass (Deschampsia caespitosa), Seasided 
arrowgrass (Triglochin maritimum) and other salt-tolerant species.  This is the target vegetation 
for restoration, and so the development patterns of these target species are of particular interest. 

Of the 5 surveys of vegetation reviewed, only the Marysville mitigation monitoring study 
documents vegetation change over time following restoration.  The remainder of the surveys 
describes wetland vegetation at a single point in time.  The objective of Marysville mitigation 
monitoring was to describe in the most general terms the changing state of the entire site, and so 
sampling did not target those areas where the change was occurring.  At the Marysville site, 
elevations between 6 feet NAVD and supratidal elevations are steep, located on the dike walls, 
and was imprecisely and weakly sampled over the course of marsh development.  The precise 
colonization pattern of these species at Marysville in relation to the 4-6 foot elevation band 
common at Qwuloolt is unknown.  What limited distribution data suggests that dominant 
perennial marsh species, the workhorses of primary productivity likely established in this poorly 
documented zone and have been spreading downslope vegetatively. 

In their 2002 study the U.S. Army corps of engineers speculated that much of the Qwuloolt site 
is currently below the elevation needed to support a dense low marsh vegetative community, and 
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used a 6 foot elevation as the lower limit of low marsh.  Nearby studies indicate that Lygby’s 
sedge will survive at elevations as low as 0.3 feet.  Approximately 58% of plots between 5.25 
and 5.75 feet had sedge present, and sedge frequency was 14% as low as 3.5 feet (Hughes, 
unpublished data).   It is possible that the USACE prediction, based on 8 years of post-restoration 
data, did not consider the potential of sedge to expand vegetatively once clonal individuals had 
established at higher elevations.  Eilers (1975) reports Lygby’s sedge as the most inundation 
tolerant species in his extensive study of Nehalem marsh.  The distribution of Lygnby’sedge in 
adjacent sites with restored tidal inundation suggests that current elevations at Qwuloolt are 
likely become dominated by sedge marsh over time. 

Vegetation patterns at the Marysville site suggests that the dominant marsh species have 
primarily established on the periphery of the site, but neighboring sites indicate that Lyngby’s 
sedge in particular can thrive at much lower elevations.  If the short term extent of sedge 
colonization is not limited by elevation, it may well be limited by patterns of seedling 
recruitment.  Marysville monitoring protocols were not developed with capturing the pattern of 
seedling recruitment in mind, so we are left with a series of hypothesis that will be tested by 
restoration of the Qwuloolt site: 

1. On a new site, target species establish from seed as opposed to lodging of floating rhizomes 
recruited by upstream erosion. 

2. Regeneration from seed is limited to sites where wrack accumulates primarily around 
MHHW. 

3. Increase in vegetative cover over time is controlled by the distribution of regeneration sites 
and the rate or rhizomatous spread. 

4. Vegetation regeneration will primarily occur in a zone around MHHW and extend downward 
into the marsh plane. 

If these hypotheses are accurate marsh development at Qwuloolt may be very slow since the 
majority of the site is located between 3 and 7 feet NAVD, below MHHW.  The extent to which 
these hypotheses are inaccurate may dramatically change the pattern of recovery at Qwuloolt.  
While a majority of regeneration may occur in a bathtub-ring at MHHW on the periphery of the 
site, the frequency of lower elevation regeneration across the site will strongly drive the rate of 
vegetation recovery.  Observations at the Marysville site suggest that this rate of expansion may 
be 3-10 feet per year – a modest rate for a site where some areas are over 1000 feet from the 
nearest point above MHHW. 

Vegetation development within the bathtub ring may be influenced by restoration practices.  
Roughness created by remnant vegetation may increase seed deposition below MHHW.  This 
roughness can be enhanced or reduced by site treatments like tillage.  The degree to which flood 
waters move freely into and out of the site, driven by the size and orientation of levee breaches 
will influence patterns of flotsam deposition, including seeds. 

Factors that will influence seedling recruitment at Qwuloolt are poorly understood.  The effects 
of restoration treatments on seedling recruitment are unknown.  Vegetation regeneration patterns 
have a dramatic effect on functional recovery.   

Vegetation monitoring at Qwuloolt, informed by an accurate elevation and hydrologic dataset, 
and with the opportunity for variable pre-flooding restoration treatments, could improve the 
ability to predict revegetation patterns at large brackish marsh restoration sites, directing the 
application of future restoration treatments.  The methods developed for a vegetation monitoring 
strategy should consider the following potential factors: 
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• Variable spatial patterns of seed deposition  and recruitment are affected by currents and 
depositional patterns, multiple freshwater inputs, and variable soil conditions. 

• The surface of the Qwuloolt site is uneven with localized depressions.  Channel development 
may be constrained by the remnant creek bank levees and the destruction of historic sloughs 
by agricultural development.  Sediment inputs are likely different than in the historic estuary.  
The development of a new drainage system will occur over time in an uncertain geomorphic 
environment.  The development of this drainage system will both affect patterns of seed 
dispersal and hospitability of sites for seedling establishment, and will change over time. 

• Large wood may influence sediment deposition and wrack accumulation as well as provide 
sites for recruitment of woody species.  Unstable rolling and floating wood may disturb the 
soil surface and arrest vegetation development. 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 26 



 

Citations 
City of Marysville.  2006.  Marysville shoreline master plan. Prepared by MAKERS architecture 

and urban design, for Marysville city council.  
http://www.ci.marysville.wa.us/CommunityDev/Planning/activities/smp_2005/Shorline%20
Master%20Plan.pdf

Cornu, Craig E, and Steven Sadro.  2002.  Physical and functional responses to experimental 
marsh surface elevation manipulation in Coos Bay’s South Slough.  Restoration Ecology 
10:3, pp. 474-486. 

Cunningham, Mary and Joanne Polayes-Wien.  1995.  Mid-spencer Island: a prototype for 
breached-dike wetland restoration in the fluvial brackish protion of the Snohomish Estuary.  
Prepared for Certificate Program in Wetland Science and Management, University of 
Washington. 

Eilers, Hio Peter.  1975.  Plants, plant communities, net production and tide levels: the 
ecological biogeography of th enehalem salt marshes, Tillamook county, Oregon.  PhD 
Dissertation, Oregon State University, Corvallis, OR. 

Hitchcock, C.L. and A. Cronquist.  1973.  Flora of the Pacific Northwest.  University of 
Washington Press, Seattle, WA. 

Hruby, T, Cesanek, W, and Miller, K.  1995.  Estimating relative wetland values for regional 
planning.  Wetlands v15(2). 

Hruby, Thomas.  2004.  Washington state wetland rating system for Western Washington, 
revised.  Ecology publication #04-06-025.  Washington State Department of Ecology, 
Olympia, Washington. 

Jones & Stokes.  2003.  Wetland mitigation monitoring – Year 10.  Prepared for the City of 
Marysville, Public Works Department Sewage Treatement Facilities Improvement Project.  
Bellevue, WA. December 2003. 

King, Sally.  2002.  Potential revegetation of a restored estuarine wetland.  Prepared for UW 
Certificate Program in Wetland Science and Management.  July 20, 2002. 

Kunze, Linda M.  1994.  Preliminary Classification of Native, Low Elevation, Freshwater 
Wetland Vegetation in Western Washington.  WA State Department of Natural Resources, 
Natural Heritage Program, Resource Protection, Olympia, WA.  May 1994. 

Marysville CAO 

Reed, P.B.  1988.  National List of Plant Species that Occur in Wetlands: Northwest Region 
(Region 9).  U.S. Fish and Wildlife Service Biological Report 88(26.9). 

Schoenberger, P.J., D.A. Wysocki, E.C. Henham, and W.D. Broderson.  2002.  Field book for 
describing and sampling soils, version 2.0.  Natural Resources Conservation Service, 
National Soil Survey Center, Lincoln, NE. 

Snohomish County Department of Planning and Development Services (SCPDS).  2003.  
Snohomish County Interactive Permit Map.  Web based GIS.  
http://gis.co.snohomish.wa.us/maps/permits/index.htm

Stanley, Stephen, Roland Behee, Becky Herbig, Dave Koenig, Bob Landles, Jan Meston, Tom 
Hruby, Rick Huey, Joanne Polayes-Wien, Gail Colburn, Duane Karna, and Linda Storm. 
1997.  Snohomish Estuary Wetlands Integration Plan.  Prepared by City of Everett, 

NOAA Restoration Center DRAFT - 06 August 2006 Page 27 

http://www.ci.marysville.wa.us/CommunityDev/Planning/activities/smp_2005/Shorline%20Master%20Plan.pdf
http://www.ci.marysville.wa.us/CommunityDev/Planning/activities/smp_2005/Shorline%20Master%20Plan.pdf
http://gis.co.snohomish.wa.us/maps/permits/index.htm


 

Department of Planning and Community Development.  April 1997. 

U.S. Army Corps of Engineers.  2002.  Qwuloolt/Poortinga Technical Report.  Prepared for the 
Tulalip Tribes of Washington.  US Army Corps of Engineers, Seattle District.  January 17, 
2002. 

U.S. Coastal and Geodetic Survey.  1891.  Admiralty Inlet and Puget Sound to Seattle.  Chart 
6450.  Plate No 2181.  Provided by Puget Sound River History Project, Earth and Space 
Sciences, University of Washington, Seattle, WA. 

U.S. Department of Agriculture (USDA).  1983.  Soil Survey of Snohomish County Area 
Washington.  USDA Soil Conservation Service. 

U.S. Department of Agriculture, Soil Conservation Service (USDA).  1991.  Hydric Soils of the 
United States.  U.S. Department of Agriculture, Soil Conservation Service Miscellaneous 
Publication No. 1491. 

U.S. Department of Agriculture, Soil Conservation Service (USDA).  1995.  Hydric Soils of 
Washington.  Web published list revised October 30, 2001. 

U.S. Environmental Progrection Agency.  2006.  Enviromapper.  Web based data query using 
2000 census data.  http://maps.epa.gov/enviro/html/mod/enviromapper/index.html 

U.S. Fish and Wildlife Service, Office of Biological Services (USFWS).  1977.  National 
Wetlands Inventory.  Snohomish County, Scale 1:24,000. 

Washington State Department of Ecology (WDOE).  1997.  Washington State Wetlands 
Identification and Delineation Manual.  Ecology Publication 96-94.  March 1997. 

 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 28 



 

Figures 

 
Figure 1 – Site boundary and wetland plot locations.  Data documenting the presence or 
absence of wetland indicators were collected at 26 plots.  22 plot locations were based on the 
records of a previous NRCS wetland survey (note that while plots are labeled 1 to 23, plot 4 was 
located outside the site boundary and not sampled).  Four additional plots (N1-4) were observed 
to characterize some areas outside the original NRCS survey. 

 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 29 



 

 
Figure 2 – U.S. Coastal and Geodetic Survey c. 1891.  Dark hatch indicates marsh.  Light 
indicates woody vegetation.  White area with two squares indicates cleared agricultural land. 
From U.S. Coastal and Geodetic Survey.  1891.  Admiralty Inlet and Puget Sound to Seattle.  
Chart 6450.  Plate No 2181. 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 30 



 

 

Figure 3 – Pre-WW2 Aerial Photograph of Qwuloolt and vicinity c. 1938.  Qwuloolt is diked 
with fields under management.  Remnant sloughs can still be observed in fields.  Patches of 
remnant swamp are still present.  Mid-Ebey island is diked and under agricultural management. 
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Figure 4 – USDA DOQQ Aerial Photo c. 1992-1997.  Qwuloolt fully cleared and under active 
agricultural management.  Mid-Ebey Island levee has failed with marsh recovering. 
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Figure 5 – Recent Aerial Photo c. 2005.  By this data Qwuloolt Marsh has been largely 
acquired by The Tulalip Tribes and City of Marysville.  Naturalized vegetation has begun to 
colonize fence lines.  Clonal expansion of reed canarygrass (Phalaris arundinacea) is evident.  
Marysville mitigation site has been constructed.  Note increasing urbanization of upland buffers. 
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Figure 6 – USGS Topographic Map.  Note the slope break that rougly corresponds defines the 
extent of wetland soils and the interface between glacial terrain and the floodplain. 
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Figure 7 – Snohomish County Soil Survey.  Soil series are indicated by numbered polygons.  
Hydric soils were identified using the county hydric soil list (USDA, 2001). 

7 – Bellingham silty clay loam (hydric soil) 
13 – Custer fine sandy loam 
34 – Mukilteo muck (hydric soil) 
47 – Pastik Silt Loam, 0-8% slope 
55 – Puget silty clay loam (hydric soil) 
57 – Ragnar fine sandy loam, 0-8% slopes 
64 – Snohomish silt loam (hydric soil) 
69 – Terric medisaprists, nearly level (hydric soil) 
72 – Tokul gravelly loam, 0-8% slopes 
73 – Tokul gravelly loam, 8-15% slopes 
77 – Tokul-Winston gravelly loams, 25-65% slopes 
83 – Water 
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Figure 8 – National Wetland Inventory.  Light green indicates emergent wetlands – inaccurate 
inclusion of Mid-Ebey Island marsh which is now tidally influenced.  Purple indicates tidal 
scrub-shrub wetland, medium green indicates tidal forested wetland, and dark olive-green 
indicates forested wetland.  Wetland extent described in NWI substantially less than conditions 
observed on the ground. 
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Figure 9 – Frequency of elevation classes at Marysville site.  Based on observation of 277 
plots distributed on three transects.  From Hughes (unpublished data). 
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Figure 10 – Species frequency across elevation at Marysville Site.  Trend lines are binomial 
functions fitted to 6 frequency data points using ordinary least squares methods (Table 8).  
Dominant rhizomatous marsh species decline in frequency with decreasing elevation.  Ruderal 
annual Eleocharis parvula establishes from seed across elevations 

 

NOAA Restoration Center REVISED DRAFT - December 6, 2006 Page 37 



 

 
Figure 11 – The Mouth of Jones creek (5 May 2005).  Photographer is standing above the 
eastern most tide gate facing south.  The mouth of the Marysville mitigation site is obscured by 
blackberry on the left.   

 
Figure 12 – Spruce swamp visible from vicinity of plot 2 (1 December 2005).  Patchy 
inundation was found across the area, increasingly dominated by clonal reed canarygrass.  A 
relatively unmodified spruce swamp reference site can be seen immediately upstream on Ebey 
Slough in the background. 
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Figure 13 – Typical view of the northern reaches of Allen Creek (13 March 2006).  Note the 
soil core sampler indicating water depth and the extent of overhanging reed canarygrass in the 
channel.  The fence for the neighboring industrial park is located on the left.  This image was 
taken northwest of plot N4 facing upstream. 
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Figure 14 – Typical view of lower Jones Creek and vegetation (13 March 2006).  The 
observed water levels were likely influenced by the failure of the old farm road culvert (figure 
15).  This shot was taken facing upstream immediately north of plot 12. 

 
Figure 15 – New Jones Creek channel crossing old farm road (13 March 2006).  Jo Gardiner 
is standing on the old farm road immediately SE of plot 12, following the failure of the Jones 
creek culvert. 
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Figure 16 – Extensive June flooding (2 June 2006).  This view eastward from plot 19 shows 
areas of continuous flooding (evidenced by duckweed populations).  Late season flooding 
observed in 2006  may be caused by clogging of the Jones Creek-farm road water crossing 
(Figure 15). 

 
Figure 17 – Overgrown but compacted farm road (2 June 2006).  Old grown over farm roads 
(visible on the DOQQ air photos) may affect natural erosion of new marsh surface following 
revegetation. 
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Figure 18 – View of likely vicinity of Allen Creek realignment.  View is facing south from 
north edge of site.  The relatively flat topography, with saturated soils, dominated by reed 
canarygrass, is dissected by drainage ditches. 
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Figure 19 – Hummocky terrain producing vegetation mosaic (2 June 2006).  The shovel 
marks a local highpoint at plot N1 dominated by pasture grasses, without wetland indicators, 
while Nancy Lou is standing at a nearby lowpoint N2, dominated by reed canarygrass with 
wetland indicators present. 
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Figure 20 – One year old beaver sign (13 March 2006).  Extensive foraging was observed near 
the northern reaches of Allen Creek.  No dam building was observed. 

 

 
Figure 21 – Animal trail and subsurface water flow on Jones Creek  (13 March 2006).  
Despite continuous traffic over the period of observation, no tracks were observed suggesting 
beaver, whose tails tend to obliterate tracks.  
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Figure 22 – Marysville mitigation site regeneration 10 years after reconnection (5 May 
2005).  Note occasional sedge seedlings located in flats away from prevalence of regeneration 
associated with wrack line. 

5 May 2005 

 
Figure 23 – Detail of Marysville mitigation site regeneration pattern (5 May 2005).  Carex 
lyngbyei spreading downslope, Lileopsis occidentalis at the front, and annual Eleocharis parvula 
throughout. 
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Figure 24 – Reference vegetation at mid-Ebey Island marsh (5 May 2005).  Approximately 
60 years after natural breach, agricultural fields are completely colonized by Lygby’s sedge, with 
Bullrush and cattail at higher elevations, dissected by steep-walled, mud-bottomed channels. 

 

 
Figure 25 – Reference blind slough channel structure on Otter Island (November 2004).  
Eroding bank heavy with roots above a sedge colonized slump zone, above a low water channel.  
Woody debris is embedded throughout, with hydrology affected by beaver activity.
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Appendix A – Climate and Weather Data 
 
EVERETT JR COLLEGE, WASHINGTON (452675)  
Period of Record Monthly Climate Summary  
Period of Record : 6/ 1/1948 to 12/31/2002  
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average Max. Temperature (F)  45.1 49.0 52.6 57.8 63.7 68.4 72.8 73.2 68.5 59.7 51.0 45.7 59.0 
Average Min. Temperature (F)  33.1 34.6 36.6 40.4 45.6 50.8 53.5 53.2 48.5 42.5 37.5 34.4 42.6 
Average Total Precipitation (in.) 4.55 3.47 3.59 2.68 2.35 2.20 1.23 1.34 1.99 3.43 4.88 5.10 36.83 
Average Total SnowFall (in.)  2.4 0.7 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.0 5.2 
Average Snow Depth (in.)  0 0 0 0 0 0 0 0 0 0 0 0 0 
Percent of possible observations for period of record. 
Max. Temp.: 99.3% Min. Temp.: 99.3% Precipitation: 98.8% Snowfall: 96.1% Snow Depth: 94.2% 
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Appendix B – NOAA CO-OPS Tidal Datum Reports 



http://tidesandcurrents.noaa.gov/cgi-bin/co-ops_qry.cgi?stn=9447130%...

1 of 1 7/25/2006 1:07 PM

Jul 25 2006 16:10        ELEVATIONS ON STATION DATUM
                        National Ocean Service (NOAA)
 
Station:  9447130                                           T.M.:         0 W
Name:     SEATTLE, PUGET SOUND, WA                          Units:       Feet
Status:   Accepted                                          Epoch:  1983-2001
 
          Datum         Value  Description
          ---------  --------  --------------------------------------
          MHHW          19.30  Mean Higher-High Water
          MHW           18.43  Mean High Water
          DTL           13.62  Mean Diurnal Tide Level
          MTL           14.60  Mean Tide Level
          MSL           14.58  Mean Sea Level
          MLW           10.77  Mean Low Water
          MLLW           7.94  Mean Lower-Low Water
          GT            11.36  Great Diurnal Range
          MN             7.66  Mean Range of Tide
          DHQ            0.87  Mean Diurnal High Water Inequality
          DLQ            2.84  Mean Diurnal Low  Water Inequality
          HWI            0.40  Greenwich High Water Interval (in Hours)
          LWI            6.64  Greenwich Low  Water Interval (in Hours)
          NAVD          10.28  North American Vertical Datum
          Maximum       22.42  Highest Water Level on Station Datum
          Max Date   19830127  Date Of Highest Water Level
          Max Time      04:36  Time Of Highest Water Level
          Minimum        2.90  Lowest  Water Level on Station Datum
          Min Date   19160104  Date Of Lowest Water Level
          Min Time      00:00  Time Of Lowest Water Level
 
To refer Water Level Heights to a Tidal Datum, apply the desired Datum Value.
 
Click HERE for further station information including New Epoch products.



http://tidesandcurrents.noaa.gov/cgi-bin/co-ops_qry.cgi?stn=9447659%...

1 of 1 7/25/2006 1:09 PM

Jul 25 2006 16:13        ELEVATIONS ON STATION DATUM
                        National Ocean Service (NOAA)
 
Station:  9447659                                           T.M.:         0 W
Name:     EVERETT, WA                                       Units:       Feet
Status:   Accepted                                          Epoch:  1983-2001
 
          Datum         Value  Description
          ---------  --------  --------------------------------------
          MHHW          10.83  Mean Higher-High Water
          MHW            9.95  Mean High Water
          DTL            5.28  Mean Diurnal Tide Level
          MTL            6.25  Mean Tide Level
          MSL            6.22  Mean Sea Level
          MLW            2.54  Mean Low Water
          MLLW          -0.26  Mean Lower-Low Water
          GT            11.09  Great Diurnal Range
          MN             7.41  Mean Range of Tide
          DHQ            0.87  Mean Diurnal High Water Inequality
          DLQ            2.81  Mean Diurnal Low  Water Inequality
          HWI            0.41  Greenwich High Water Interval (in Hours)
          LWI            6.61  Greenwich Low  Water Interval (in Hours)
          NAVD           1.77  North American Vertical Datum
          Maximum              Highest Water Level on Station Datum
          Max Date             Date Of Highest Water Level
          Max Time             Time Of Highest Water Level
          Minimum              Lowest  Water Level on Station Datum
          Min Date             Date Of Lowest Water Level
          Min Time             Time Of Lowest Water Level
 
To refer Water Level Heights to a Tidal Datum, apply the desired Datum Value.
 
Click HERE for further station information including New Epoch products.



http://tidesandcurrents.noaa.gov/cgi-bin/co-ops_qry.cgi?stn=9447729...

1 of 1 7/25/2006 1:10 PM

Jul 25 2006 16:14        ELEVATIONS ON STATION DATUM
                        National Ocean Service (NOAA)
 
Station:  9447729                                           T.M.:         0 W
Name:     EBEY SLOUGH, QWULOOLT, POSSESSION SOUND, WA       Units:       Feet
Status:   Accepted                                          Epoch:  1983-2001
 
          Datum         Value  Description
          ---------  --------  --------------------------------------
          MHHW          11.59  Mean Higher-High Water
          MHW           10.72  Mean High Water
          DTL                  Mean Diurnal Tide Level
          MTL                  Mean Tide Level
          MSL                  Mean Sea Level
          MLW                  Mean Low Water
          MLLW                 Mean Lower-Low Water
          GT                   Great Diurnal Range
          MN                   Mean Range of Tide
          DHQ            0.87  Mean Diurnal High Water Inequality
          DLQ                  Mean Diurnal Low  Water Inequality
          HWI            0.56  Greenwich High Water Interval (in Hours)
          LWI                  Greenwich Low  Water Interval (in Hours)
          NAVD                 North American Vertical Datum
          Maximum       13.76  Highest Water Level on Station Datum
          Max Date   20020107  Date Of Highest Water Level
          Max Time      19:30  Time Of Highest Water Level
          Minimum              Lowest  Water Level on Station Datum
          Min Date             Date Of Lowest Water Level
          Min Time             Time Of Lowest Water Level
 
To refer Water Level Heights to a Tidal Datum, apply the desired Datum Value.
 
Click HERE for further station information including New Epoch products.
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Appendix C – 1995 NRCS Wetland Determination 
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Appendix D – Wetland Determination Plot Datasheets 
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Appendix E – SEWIP Excerpts 
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Appendix F – Wetland Rating Worksheet 
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Appendix G – DRAFT Setback Levee Design 
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