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The documents below are the technical memorandum that will append the 
alternatives analysis report. These documents are provided to the Island Unit 
Advisory Group  in preparation for upcoming discussions in late October and early 
November. The full Draft Island Unit Alternatives Analysis Report will be publicly 
available in mid-November 2020. 



1.0 Introduction and Background 

In this document, we summarize research, survey, and broad-scale management information relevant 
to the questions below:  

• What consequence would restoring part/all of the Island Unit have on waterfowl and
shorebirds at the Island Unit?

• What consequence would restoring part/all of the Island Unit have on waterfowl and
shorebirds within the Greater Skagit Delta (Samish, Padilla, Skagit, Port Susan Bays and adjacent
lands and intertidal areas?

• At what geographic scale(s) do we see measurable impacts (positive or negative) to waterfowl
and shorebird populations by changing management at the Island Unit?

Site-specific data do not exist regarding precise habitat functions or food resources available for any 
species in either agricultural lands or the estuary in the Greater Skagit Delta (GSD), which is comprised 
of Port Susan, Skagit, Padilla and Samish bays and their associated uplands. Decisions regarding the 
effects of restoration alternatives for the Island Unit must therefore be based on inferences from 
limited research that has occurred in the GSD and other relevant information.   

The questions posed by the project are focused on the site and GSD scale, and specifically on the 
potential impacts of changes in site management on the waterfowl and shorebirds that use the Island 
Unit and the GSD.  

We’ve structured the document to discuss waterfowl and shorebird ecology in separate sections, 
although we recognize that species use of the area overlaps. Where possible, we discuss relevant 
material at the GSD or larger scale first and step down to smaller scales as appropriate. 

1.1 Broad-scale Waterfowl Management 

Migratory birds travel vast distances, and their habitats and populations are managed and monitored 
at multiple scales. All migratory birds are protected by federal law (Migratory Bird Treaty Act 1918), 
and under federal authorization, waterfowl harvest is allowable through coordination with state, 
federal, and international entities via the Pacific Flyway Council. Waterfowl hunting is conditioned 
upon sustainable populations and monitoring to inform decisions. For waterfowl, continental 
management and population objectives are developed and described in the North American Waterfowl 
Management Plan agreed to by the U.S., Canada, and Mexico. Continental objectives are then broken 
down into regional and smaller planning areas. Washington State is part of the Pacific Birds Habitat 
Joint Venture, which is broken down into sub-basin planning focus areas based on Level III Ecoregions 
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designated by the Environmental Protection Agency; the Greater Skagit Delta is in the North Puget 
Sound Lowlands sub-basin. Breeding population surveys, banding operations, harvest data, and local 
waterfowl flights all inform population status and small and large-scale management actions for 
waterfowl. 

In the waterfowl conservation community, public lands, many of which were purchased for specific 
waterfowl habitat purposes, are viewed as the primary stable source that meets a small, but vital, 
component of the seasonal habitat needs and energy requirements of migratory waterfowl throughout 
the year. Joint Ventures, striving for habitat goals to sustain continental waterfowl populations, have 
demonstrated it takes much more than public lands to meet the annual food requirements of 
waterfowl in a particular region. However, waterfowl foods on private lands are not consistent, as they 
are not purposefully planted for waterfowl benefits to offset losses of historic habitats, and therefore 
should not be relied upon to provide the primary resources to meet continental, state or regional 
population objectives.  Thus, current management relies on food and habitat resources that come from 
a variety of land management and cooperative partnership actions. 

1.2 Broad-scale Shorebird Management 

Shorebird management across regional and international boundaries is also considered under the 
Pacific Flyway Council, and conservation plans are developed by technical committees convened by the 
Council.  The US Shorebird Conservation Plan (Senner et al. 2016) provides a scientific framework to 
determine species, sites, and habitats that most urgently need conservation action. These national 
assessments were used to step down goals and objectives into 11 regional conservation plans, of which 
the Northern Pacific Coast Plan pertains to Washington (Drut and Buchanan 2000). The primary goals 
of these plans are to increase and stabilize shorebird populations by protecting and restoring 
estuarine, beach, rocky intertidal and freshwater wetlands. Management strategies are 
recommendations and do not commit agencies to specific actions or schedules.  

Winter surveys intended to monitor population trends at the flyway scale have been conducted 
annually through the Pacific Flyway Shorebird Survey, administered by Point Blue Conservation 
Science, since the winter of 2012-2013. In the GSD, these surveys are conducted from several estuarine 
sites among the bays. However, these surveys are designed to determine population trends at the 
flyway geographic scale and should not be applied at a site specific, or GSD level. Surveys to determine 
overall shorebird numbers in the GSD have not occurred in over a decade. 
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1.3 Island Unit and GSD Description 

The Island Unit is managed within the Skagit Wildlife Area, which is located within the GSD.  The GSD 
includes Samish, Padilla, Skagit and Port Susan Bays and contains a mix of unmanaged habitats 
(estuary) and managed (agriculture). The GSD is a very large area comprised of approximately 5,450 
acres of nearshore emergent estuarine marsh and 42,300 acres of associated upland areas that are 
generally managed as farm crops, berry production or pasture (Hamer, unpublished data using 
available GIS layers and limited to ≤ 5m in elevation). The value of the GSD for waterfowl was identified 
in the 1940s by the US Fish and Wildlife Service, who acquired large portions of the lower Skagit River 
delta.   

The diked areas are former tidal marsh that was converted in the late 1800s to establish agricultural 
lands. In the 1950s, Washington Department of Fish and Wildlife (WDFW) acquired lands owned by the 
US Fish and Wildlife Service (USFWS) in the GSD, creating the Skagit Wildlife Area. The current diked 
portions of the Skagit Wildlife Area that front Skagit and Padilla Bays include 810 acres that are actively 
managed to produce enhanced/managed winter waterfowl forage; this includes the Island Unit.  

The Island Unit covers approximately 268 acres on two islands in a tidally-influenced reach of the South 
Fork Skagit River within the Skagit River delta and adjacent to Skagit Bay. Currently, WDFW manages 
approximately 140 acres of agricultural fields on this site to produce enhanced (seed-bearing) and 
managed (non-seed bearing) waterfowl forage. This forage consists of a variety of “agricultural” food 
sources (e.g., corn, barley, millet, fava beans, buckwheat) as well as moist-soil or naturally occurring 
vegetation (e.g, smartweed, yellow nutsedge, Bidens). Water control structures allow for the retention 
of water within the fields to improve food availability for dabbling ducks and other water birds in the 
winter. Although peak use of the site by waterfowl occurs from early November until late December, 
the variety of forage types provides for easily accessible food resources from early October through 
spring return-migration in March and April. As a popular waterfowl hunting site, the Island Unit is a 
highly disturbed area during daylight hours from October through January, which forces nearly all of 
the waterfowl feeding at this site to occur at night during these months. Consequently, it is difficult to 
monitor waterfowl use of the Island Unit during the time of year when use is at its greatest, and no 
attempts have been made to quantify waterfowl numbers there.  

Estuary restoration projects in Washington, and specifically in the GSD, have been designed to address 
habitat objectives for listed salmonid species, especially Puget Sound Chinook, identified in federal 
recovery plans under the Endangered Species Act. Avian responses to estuary restoration projects 
where diked habitats are restored to intertidal conditions, usually by removing all or part of dikes, are 
not well documented.    
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1.4 General Large-Scale Summary of Avian Monitoring Projects Relative to Estuary Restoration Projects 

Although there are several projects associated with river deltas in Puget Sound that altered or 
removed dikes or berms to improve intertidal habitats for fish, none funded long-term avian response 
monitoring and very few surveyed birds to establish baselines prior to executing the restoration 
actions. These omissions result from grant sources focused on salmonid responses, of which very few 
provide funds to address birds whose populations are generally not considered critically imperiled. 
Recognizing this information gap, the Puget Sound Partnership conducted a survey to understand the 
scope of avian monitoring that has occurred to date (Koberstein et al. 2017). This paper looked at 21 
berm and/or dike removal projects initiated in Puget Sound between 1994 and 2016, of which 14 
incorporated some form of bird monitoring. The primary objective of the paper was to collate methods 
these projects used as a precursor to developing standardized research and monitoring techniques 
that can be incorporated into future estuary restoration projects to help inform avian conservation 
actions. Secondarily, the authors looked for inferences that could be drawn from the projects and 
found a variety of responses, likely linked to the variety of assessment methods each employed, as well 
as the many differences among the sites themselves.   
 
Projects that completed post-restoration monitoring reported mixed effects relating to bird use of the 
restoration area immediately after restoration. For examples, Port Susan Bay Preserve reported 
changes in community composition post restoration, from passerines and dabbling ducks as the 
dominant taxa groups to dabbling ducks, shorebirds and geese. JimmyComeLately Creek Estuary 
reported a decrease in overall abundance and no change in species richness, but saw an increase in 
some groups of waterbirds, such as dabbling ducks. Nisqually Refuge found an increase in waterbird 
abundance post restoration. Lastly, monitoring in Wiley and Deepwater Sloughs found that waterfowl 
and shorebirds used large, well-drained channels at low tide, but avoided large channels that did not 
drain. This inventory revealed a mix of patterns in bird response to estuary restoration.  
 
Koberstein (2017) documents the fact that avian monitoring has not been performed in a consistent 
manner on restoration sites pre- and/or post-project. Without site specific data related to habitat 
conditions and use of habitat resources throughout the year, we cannot state with certainty how bird 
use may be affected by the restoration activity at a site-specific or larger scale. Habitats (freshwater 
wetland and upland vs. tidal marsh) as well as food resources (enhanced winter waterfowl forage vs. 
tidal marsh vegetation) will change with restoration. The impact of this change would depend on the 
scale of consideration (site, local, and regional) as it relates to habitat type, function, and availability to 
specific avian species pre- and post-project. The size and extent of the habitats available to 
ducks/shorebirds annually, the highly dynamic nature of both farming practices and natural conditions 
in the intertidal habitats, weather, animal behaviors, etc. make designing studies to determine the 
effects of restoration projects on all the species that rely on the GSD problematic.  

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 

5



 
The amount of food resources available is one metric that determines how birds will use a particular 
site.  Current quantitative data that compare waterfowl and other avian species use to food availability 
in the estuary or agricultural areas in the North Puget Sound Lowlands, including the GSD, do not exist. 
However, the primary objective for the Island Unit currently is to manage the site to maximize the 
amount of planted forage food available to ducks when the largest numbers are present in the Skagit 
delta (fall/spring migration and winter). Asking how the proposed alternatives affect this management 
objective may be helpful in predicting whether each alternative will be negative, positive, or neutral for 
birds at three geographic scales: Island Unit, Skagit Bay, and the Greater Skagit Delta. In general, 
waterfowl life history and annual energetic requirements are probably better researched than 
shorebirds and some of this information is discussed below.  
 
2.0 Waterfowl Ecology 
 
2.1 Midwinter Waterfowl Surveys  
 
It’s important to recognize that bird distributions within and among the bays of the GSD are influenced 
by many factors, such as weather, tides, food resources, predators, social bonds, and human 
disturbance.   
WDFW staff have conducted periodic aerial surveys of open water portions of the four bays of the GSD 
since the 1954-55 waterfowl season. These surveys have been conducted once per month from 
October through January, when possible, but the January count has been the most consistently 
conducted. Caution should be used in making comparisons between years of data (Eggeman and 
Johnson 1989) because of uncertainty related to:  

• non-defined transects (however, in tidal regions there are reasons to not have set transects as 
the underlying “available habitat” is highly dynamic and constantly changing),  

• as a northern latitude wintering area, annual variation in counts can be influenced by 
temperature and open-water conditions on the landscape (Lovvorn and Baldwin 1996), and 

• the role of hunting pressure on waterfowl distribution in the GSD.  
 

These local surveys have been a long-term component of the Midwinter Waterfowl Survey (MWS), a 
nationwide effort to survey the number of waterfowl in areas of major concentrations on their 
wintering grounds and were the primary survey to determine the status of wintering waterfowl 
throughout the Pacific Flyway.  At the local level, they provide insights into whether population targets, 
established within the framework of the North American Waterfowl Management Plan (NAWMP) and 
the Pacific Birds Habitat Joint Venture (PBHJV) are being met within available habitat for specific 
counties or landscape planning areas.  The PBHJV has established waterfowl management zones at the 
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ecoregional scale. The Island Unit is located within the North Puget Lowlands (NPL) ecoregion that 
includes Whatcom, Skagit, Island, San Juan and Snohomish counties and is defined by the west slope of 
the Cascade Mountains, the floodplains of major Puget Sound Rivers, the northern part of Puget 
Sound, the large islands of San Juan and Island counties, and the straits that encircle the San Juan 
Islands and connect the inland waters of British Columbia to the Strait of Juan de Fuca (Petrie 2013). 
Management units are then stepped down and delineated along county boundaries and population 
objectives are set and assessed by county. For Skagit County, waterfowl counts are recorded for each 
bay (Skagit, Padilla and Samish), and population trends are assessed by combining those counts.   
 
In the summary figures below, the January MWS counts for the four most prevalent dabbling ducks, 
mallard, northern pintail, American wigeon, and green-winged teal are compared against the species-
specific regional population objectives for Skagit County. The 1955-2014 data are used to develop the 
long-term average populations of breeding ducks (LTA), and the 80th-percentile of the LTA (80-LTA). 
Waterfowl are subject to highly variable reproduction cycles, relative to weather and other 
environmental factors.  To account for periodic fluctuations in production on the breeding grounds, it 
is useful to examine both the LTA and 80-LTA to clarify these cycles when accounting for population 
changes (NAWMP 2014 Addendum, Fleming et al. 2019). 
 
We present data for the period following 1986, as several key policy and conservation efforts were 
initiated then. The figures and text below provide Skagit County summaries of species-specific long-
term averages, most recent 10-year average, and the number of years the count has been above both 
the LTA and 80-LTA during the span of survey years. Statistics for each of the dabbling duck species is 
as follows:  
 
Mallard (MALL): The long-term average count for mallard in Skagit County bays is 80,345, with a recent 
10-year average of 87,047. Annual counts have exceeded the LTA in 17 of 30 years and 8 of the past 10 
years. Annual counts have exceeded the 80-LTA in 13 of 30 years and 5 of the past 10 years (Figure 1). 
 
Northern Pintail (NOPI): The long-term average count for Northern pintail in Skagit County bays is 
37,432, with a recent 10-year average of 41,223. Annual counts have exceeded the LTA in 10 of 30 
years and 5 of the past 10 years. Annual counts have exceeded the 80-LTA in 3 of 30 years and 1 of the 
past 10 years (Figure 2). 
 
American Wigeon (AMWI): The long-term average count for American wigeon in Skagit County bays is 
48,318, with a recent 10-year average of 45,862. Annual counts have exceeded the LTA in 19 of 30 
years and 7 of the past 10 years. Annual counts have exceeded the 80-LTA in 7 of 30 years and 4 of the 
past 10 years (Figure 3). 
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Green-winged Teal (AGWT): The long-term average count for Green-winged teal in Skagit County bays 
is 6,300, with a recent 10-year average of 10,146. Annual counts have exceeded the LTA in 11 of 30 
years and 8 of the past 10 years. Annual counts have exceeded the 80-LTA in 6 of 30 years and 4 of the 
past 10 years (Figure 4). 
 

 
Figure 1. Average mallard numbers for Skagit County bays 
 

 
Figure 2.  Average northern pintail numbers for Skagit County bays 
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Figure 3.  Average American wigeon numbers for Skagit County bays 
 

 
Figure 4. Average green-winged teal numbers for Skagit County bays 
 
2.2 How to Apply the Skagit County Bays Midwinter Waterfowl Counts 
 
We’ve been asked whether these survey data could be used to show the impact on wintering 
waterfowl populations for dike setback/removal projects completed in the GSD since 2000 due to the 
long-term nature of the data set. This survey was not designed to examine habitat changes or effects 
on waterfowl use and distribution.  There are several factors in, and outside of, the GSD that result in 

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 

9



changes in waterfowl population numbers. The long-term result of site-specific restoration projects to 
waterfowl is a complex question that cannot be answered with waterfowl trend data alone. 
 
The most appropriate application of these data is as a check on the “carrying-capacity,” defined as the 
ability of the landscape to meet food and habitat needs of a certain number of waterfowl, of the 
system as a whole. As such, the North American Waterfowl Management Plan (NAWMP 1986, 2014, 
2018 Update) and the Migratory Bird habitat Joint Ventures have set waterfowl population objectives 
and targeted conservation efforts to improve wetlands and other habitats important to the persistence 
of migratory bird populations (Andres et al. 2020). Recently, Fleming et al. (2019) developed regional 
population objectives for waterfowl during the non-breeding season. Petrie et al. (2011), combined 
population objectives with migration chronology data to calculate “duck-energy-days” (DEDs).  These 
calculations are then used to determine the amount of food needed to sustain a specified number of 
ducks in a given area, and allow landscape conservation planners and regional land managers to factor 
these needs into management actions. The North Puget Lowlands accounts for 17,982,386, 
26,659,750, and 11,317,284 DEDs during the fall, winter, and spring period, respectively, representing 
39.9%, 57.4%, and 51.5% of the western Washington total duck-energy-day demands (Figure 5). 
Clearly, the North Puget Lowlands, and by inference, the contributions of the GSD are highly important 
in maintaining robust waterfowl populations in Washington.   
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Figure 5: Comparison of duck energy days among 5 geographic management areas in western 
Washington 
 
2.3 Waterfowl Food Resources 
 
Waterfowl have a minimum daily energy requirement (resting metabolic rate) that must be maintained 
for survival (Miller and Eadie 2006). The daily energy requirement for a dabbling duck is approximately 
312 kilocalories per day, compared to 614 kilocalories per day for a snow goose and 1,106 kilocalories 
per day for a swan (Petrie et al. 2012). It is well documented that waterfowl forage requirements shift 
from more plant-based food items in the fall and winter (e.g., seeds, leaves, tubers) to more animal or 
protein-based food items in the spring (e.g., invertebrates, fresh-growth leaves). Thus, waterfowl 
require a mixture of habitat types on the same landscape to facilitate longer lengths-of-stay in a 
particular region (Lovvorn and Baldwin 1996). 
 
Many waterfowl forage items or habitat types have values for biomass and true metabolic energy 
documented in peer-reviewed literature. However, there may be regional or site-level differences in 
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these values. In general, natural plant types produce lower yields (biomass) and are of lower digestible 
energy content compared to plant types in managed systems or agricultural production. Agricultural 
plants typically provide more kilocalories of energy per gram and occur at higher density (grams/acre) 
than native plants. Thus, dabbling ducks seeking 312 kilocalories of food would need to forage in larger 
areas or for longer periods of time on natural plant types than on agricultural plants. Under a natural 
plant foraging scenario, the need for low disturbance areas increases in order to allow ducks more time 
to forage. Hunting is a form of disturbance that occurs during daylight hours. In managed systems that 
allow hunting, large numbers of birds forage at night when disturbance is low and high calorie foods 
are available. 

If enough food is not available on the landscape when waterfowl need to access it, individuals will seek 
food elsewhere. How far they seek that food is dependent on proximity of alternate sources and the 
ability to access those sites. However, a consequence of having to seek foods further away from their 
previous distribution is an increase in the base food energy required for flight - the most energetically 
expensive activity.  
 
2.4 Local Waterfowl Research and Monitoring Projects 
 
Aside from the waterfowl surveys described above, funding for avian monitoring projects in the GSD 
has been limited. However, a few local studies have been conducted in the GSD and are summarized 
below.   Because they were conducted at the GSD scale or smaller, these projects provide insight into 
how ducks might respond to potential changes to current management of the Island Unit. 
 
Slater (2004) conducted avian surveys at three habitat types associated with Skagit and Port Susan 
Bays: mudflat, intertidal marsh, and agricultural fields, from late winter to early spring in 2003 and 
2004. Sampling occurred over four periods: February 9 – 21, March 8 – 21, April 5 – 18, and April 26 – 
May 9. Each site was surveyed during a low and a high tide event in each sampling period. During the time 
period surveyed, they found that mean duck density appeared to be higher on agricultural sites 
managed for wildlife compared to commercial agricultural sites, and duck density did not appear to 
vary in response to tide on either the commercial or wildlife-managed agricultural sites. Duck density 
declined on agricultural sites during their spring sampling periods coinciding with the initiation of 
migration and increased farm activity. Within the agricultural sites, Slater (2004) found that ducks were 
most frequently observed in flooded fields and low vegetation, and were seen less often in human-
made ditches and ponds, high vegetation or bare soil. Duck density was significantly correlated with 
the percent of standing water surveyed. The proportion of observations in flooded habitats for the 
most common dabbling duck species was substantially higher than what was available, suggesting that 
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agricultural habitats with standing water were preferentially selected by dabbling ducks, probably 
because flooded conditions allow for easier access to seed and invertebrate foods. 
 
Within intertidal marsh habitats, Slater (2004) found four species represented 95% of the individuals 
counted: mallard, American wigeon, northern pintail, or green-winged teal. Mean duck density on 
marshes was generally higher during high tide and exhibited a declining trend over the tidal cycle. Duck 
density was significantly correlated with the percent of standing water in the marshes. Green-winged 
teal, northern pintail and American wigeon were observed in flooded marshes in greater proportion 
than was available; mallards used flooded marsh habitats in proportion to what was available. Mallards 
were the most abundant species, although high densities of northern pintail were seen in the first two 
sampling periods. Both mallard and northern pintail were usually more abundant on marsh transects at 
high tide, but their numbers declined substantially during spring sampling periods. In contrast, green-
winged teal density increased in the spring periods, which may have coincided with southern 
populations migrating north and using the GSD as a staging area. American wigeon were moderately 
abundant and did not appear to be as strongly influenced by tide. 
 
Slater (2004) detected nine species of ducks on tide flats, and the four most common birds were 
mallard, American wigeon, northern pintail and green-winged teal. Mean relative abundance was 
substantially higher at low tide than high tide, and this pattern was seen for all the major species. 
Ducks used flooded tide flats as well as exposed flat, supporting observations that ducks congregate 
near the tideline.   
 
Conclusions from Slater (2004):  

• Dabbling ducks appeared to partition agricultural habitats with respect to commercial and 
wildlife-managed areas, a likely result of differences among species in food preferences and 
foraging strategies.  
 

• Gadwall and northern shoveler, the two flooded specialists, preferred the stable water levels at 
TNC’s upland site adjacent to Port Susan Bay [which was a flooded impoundment at the time of 
the surveys] and were rarely seen in other agricultural or estuarine habitats. Both species prefer 
muddy, freshwater wetlands and are rarely associated with brackish habitats (Ehrlich et al. 1988 
in Slater 2004). 
 

• Mallard and wigeon did not exhibit a preference between commercial and wildlife-managed 
agricultural habitats. Wigeon are grazers and prefer stems and leafy parts of plants, which 
makes them particularly adapted to agricultural landscapes. Mallards are omnivorous, 
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opportunistic, and a generalist feeder, allowing them to utilize a variety of agricultural and 
urban landscapes (Drilling et al. 2002 in Slater 2004).  
 

• Pintail and green-winged teal appeared to avoid commercial agricultural habitats. Both species 
utilize commercial agricultural habitats (Lovvorn and Baldwin 1996 in Slater 2004), so it is 
unclear why they avoided it here. In this study, both species were strongly associated with 
flooded fields, and the wildlife-managed sites may have been more flooded than commercial 
lands.  
 

• Duck density was generally lower in agricultural than emergent marsh habitats in the GSD, and 
this pattern was observed for each of the four most common dabbling ducks: mallard, American 
wigeon, northern pintail, and green-winged teal. Slater states: “This result suggests that any 
perceived cost to duck populations by marsh restoration is unwarranted, and that, in fact, marsh 
restoration would be beneficial to ducks. Moreover, there is little compelling evidence to support 
the notion that marsh restoration is detrimental to duck populations. In the northwest, wintering 
mallard, northern pintail, and green-winged teal feed on seeds of abundant marsh plants (Carex, 
S. amercanus, S. validus), and on animal matter including insect larva and gastropods (Burgess 
1970, Eamer 1985); wigeon feed on Carex roots, filamentous algae, and leaves and seeds of 
other marsh plants. Although Lovvorn and Baldwin (1996) found that tidal flat habitats alone 
could not support wintering duck populations, they acknowledge that dabbling ducks can feed in 
areas of tidal marsh instead of farmland as long as areas are available.”  
 

• Slater further states: “With the extensive losses of tidal and non-tidal wetlands across the Pacific 
Northwest and in the GSD, we recognize that agricultural habitats are important in supporting 
the large duck populations in this area.” 

 
Virzi et al. (2017) censused birds prior to, and immediately after, the dike was removed at Fir Island 
Farm in August 2016. This study was of relatively short duration and spanned one survey season for 
winter, spring and summer pre-restoration and one fall, spring and summer period post-restoration.  
During this study’s timeframe, the numbers of birds at Fir Island Farm declined substantially 
immediately after dike removal and they saw a change in species composition between pre- and post-
restoration. Reduced site use by waterfowl accounted for the drop in overall bird numbers. Waterfowl 
counts decreased by 93% at Fir Island Farm while at the same time counts increased by 138% at Leque 
Island.   
 

“Counts of abundant species at Fir Island Farm pre-restoration (e.g., mallard and American 
wigeon) declined substantially post-restoration. Other notable waterfowl declines included 
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bufflehead, green-winged teal and pintails. snow geese counts were also substantially lower 
at Fir Island Farm post-restoration, and trumpeter swans were not observed at all. One 
explanation for the observed change in waterfowl abundance at these sites could be that 
waterfowl use at Fir Island Farm decreased in response to local site conditions immediately 
post-restoration”.  

 
They also noted that the waterfowl species that declined at Fir Island Farm post-restoration also 
declined at their reference site at Wiley Slough during the same period, which might indicate other 
factors contributed towards the observed patterns of site use. The difference in duck numbers seen at 
post-restoration Fir Island Farms compared to unrestored conditions at Leque Island may reflect the 
variety of food resources within the GSD (including wildlife-managed sites like the Island Unit) and 
birds’ abilities to exploit them, but the scope of this study was too limited to explore that concept 
further.  
 
In contrast to Virzi et al. (2017), Woo et al. (2015a) saw a 30-fold increase in snow goose numbers 
within two years post-restoration at Port Susan Bay Preserve compared to pre-restoration numbers. 
They also saw a shift in community structure from freshwater-preferring ducks to generalist dabbling 
ducks such as mallards. 
 
3.0 Shorebirds 
 
3.1 Local Shorebird Research and Monitoring Projects 
 
Slater (2004) found that shorebirds were substantially more abundant in estuarine habitats compared 
to agricultural habitats, but observed distinct patterns of habitat use between marsh and tidal flat 
habitats in relation to season. In the marsh, shorebird density was low during the winter period, but 
high during spring migration when marsh specialists, such as least sandpipers and greater yellowlegs, 
were abundant. In contrast, shorebirds were abundant on tidal flats in the wintering period when large 
flocks of dunlin were observed. Shorebirds were only observed on large channels that drained, similar 
to observations of waterfowl in channel habitats. These types of channels provide important habitat to 
marsh specialists: greater yellowlegs, dowitchers, and least sandpipers because they provide foraging 
opportunities and safe harbor when the marsh is dry. During a two-hour survey of channels in the 
South Fork Skagit River area on an ebb tide in the fall more than 50 individuals of yellowlegs and 
dowitchers were counted. 
 
Slater and Lloyd (2010) examined shorebird response to flooded agricultural fields designed to mimic 
freshwater wetland availability. They found the wetlands that resulted from maintaining flooded fields 
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supported more shorebirds than two other traditional agricultural practices, grazing and forage 
harvest, both of which may provide habitat for shorebirds when vegetation is kept short. They saw 
seasonal variations in the response of shorebirds to flooding, likely related to soil moisture and the 
availability of standing water across the landscape, and crop heights. Fall migration by shorebirds 
corresponds with the peak of the growing season and with generally warm and dry weather in the 
Pacific Northwest. During this period, agricultural fields have low soil moisture and no standing water, 
high levels of farm activity, and crops that are at their peak in height, all factors likely to dissuade 
shorebirds from using agricultural fields. 
 
Slater et al. (2011) looked at winter habitat selection by dunlin in the GSD by following radio-equipped 
birds during three winter sampling periods. Tidal flat and marsh habitats were the highest ranked 
habitats selected by dunlin in the GSD. Foraging efficiency was presumed to be highest for dunlin in 
estuarine habitats in both the Skagit and Stillaguamish River deltas, as tidal flats in nearby regions have 
been shown to support high densities of shorebird prey (Baldwin and Lovvorn 1994, Shepherd 2001 in 
Slater et al. 2011). 
 
Tidal flat areas characterized by finer sediments such as south Skagit Bay supported the highest 
concentrations of foraging dunlin. An area downstream of the largest remaining area of estuarine 
marsh in the Skagit River Delta Marsh habitat followed tidal flat in importance.  Within the marsh, 
dunlin were restricted to low marsh habitats and were regularly observed foraging in low marsh 
substrates in areas where vegetation had died back or in areas where both vegetation cover and height 
was low and bare patches of mud were present. Some of the heavily used marsh habitats appeared to 
contain sediments with a greater proportion of organic matter and finer-grained particles than areas of 
tidal flats that were apparently avoided. For example, dunlin were regularly observed foraging in marsh 
habitats along the bayfront of Fir Island, but rarely ventured beyond the marsh edge where tidal flat 
substrates were dominated by sand (Slater et al. 2011). 
 
From Slater et al. (2011):  
 

“The importance of marsh habitats to dunlin in the estuarine environment likely extends beyond 
simply providing habitat for foraging or roosting. Marsh habitats are a primary driver of food 
webs in the estuarine environment, contributing large amounts of detritus as vegetation dies 
back annually. 
 
Tidal flats are the recipients of this influx of productivity, and the quality of tidal flat habitats to 
species like dunlin and other shorebirds may be driven, in part, by the amount of intact marsh 
habitat. If so, estuaries with large areas of intact marsh should have higher quality tidal flats 
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that support great numbers of individuals. In the Skagit and Stillaguamish River deltas, the area 
of tidal flats has remained stable. In contrast, marsh habitats have been severely reduced in the 
area due to diking and drainage for human development. Consequently, we suggest that marsh 
restoration activities will contribute significantly to the conservation of dunlin and other 
shorebird species both directly, by providing foraging and roosting habitat, and indirectly by 
increasing habitat quality of adjacent tidal flat habitats.” 

 
Agricultural habitats are known to be important to dunlin as high tide foraging and refugia habitats in 
coastal habitats, particularly at night (Colwell and Dodd 1997, Shepherd 2001, Evans Ogden 2002, 
Conklin and Colwell 2007 in Slater et al. 2011). Slater et al. (2011) also found that dunlin used 
agricultural habitats in the Skagit and Stillaguamish River deltas. Dunlin locations in agricultural 
habitats were > 23% in each year of the study, and all marked individuals had home ranges that 
included some agricultural habitats. Agricultural habitats were usually used by dunlin at night, were 
close to the estuary, and few locations were found > 6 km from the shoreline. “Stable isotope (δ13C, 
δ15N) measurements of whole dunlin blood and their prey revealed that while dunlin used primarily 
estuarine habitats, they also depended to a large degree on adjacent agricultural lands. These findings 
are similar to those found for dunlin wintering on the Fraser River Estuary, Canada, and are consistent 
with several studies of shorebirds using estuaries in Europe (reviewed in Evans‐Ogden et al. 2005).” 
(Slater et al. 2011). Thus, we know that shorebirds will seek invertebrate prey when wet upland 
habitats are available, and do not only forage in tidally influenced habitats. 
 
In agricultural habitats, Slater et al. (2011) found that dunlin used bare soil, winter cover crops, and 
crop residue habitats in similar proportions; the use of pasture, other agriculture and woody 
agriculture was extremely rare. The most apparent feature of agricultural fields associated with use by 
wintering dunlin was the presence of saturated soils. In general, observations of Dunlin using 
agricultural habitats were infrequent until winter precipitation resulted in saturated soils and patches 
of standing water on fields. From Slater et al. (2011): “Overall, this study reinforces the importance of 
both marsh and agriculture habitats, and suggests that different strategies may need to be encouraged 
for each region. Restoration of estuarine habitats will likely provide the greatest benefit to dunlin by 
creating new habitat and by increasing the quality of existing habitats. However, under the current 
landscape, agricultural habitats remain important as alternative foraging and refugia sites, particularly 
those fields that are adjacent to the estuary. Results from this study suggest that saturated agricultural 
fields with bare ground or low levels of vegetation cover are important habitat features for wintering 
dunlin, but additional research to 
identify the specific characteristics that dunlin favor is needed to refine conservation strategies on 
agricultural land”. 
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At Fir Island Farms, Virzi et al. (2017) saw an increase in shorebirds post-restoration. Dunlin counts 
increased by 85% at Fir Island Farm, while counts at Leque Island and Wiley Slough decreased by 50%. 
Western sandpiper counts increased by 67% at Fir Island Farm, while counts at Leque Island decreased 
by 70%. Shorebirds began using Fir Island Farm in greater numbers almost immediately following 
restoration. Post-restoration Virzi observed foraging shorebirds of nine species in much higher 
numbers than previously seen at this site during a visit on 23 September 2017.  
 
Woo et al. (2015a) saw increases in shorebird use of the restored marsh and mudflats at Port Susan 
Preserve 2-3 years after dike removal. They also saw changes in the restored area’s sediment quality 
there post-restoration. Percentages of silt and clay increased, while sand decreased. Densities of 
amphipods, polychaetes, oligochaetes and, to a lesser extent, bivalves also increased in the restored 
area (Woo et al. 2015b), which probably influenced the increased numbers of foraging shorebirds seen 
in their surveys. 
 
Site use by secretive marshbirds remained low post-restoration at Fir Island Farms. However, two 
species that were not detected during line transect surveys at Fir Island Farm pre-restoration were 
seen post-restoration: Sora and Virginia rail. It is possible that detection probability increased post-
restoration due to increased visibility at this site resulting in these observations.  However, the authors 
did not have enough detections to draw conclusions regarding the effects of dike restoration actions 
on secretive marshbirds (Virzi et al. 2017). 
 
4.0 Conclusions 
 
4.1 Waterfowl 
 
Public land managers recognize the importance and timing of the various habitats that our state 
provides to fulfill the annual life cycle requirements of migratory birds. Waterfowl distributions are not 
uniform across the landscape and, given significant losses of tidal and non-tidal wetlands in the coastal 
wetlands of the Pacific Flyway (Brophy et al. 2019), management of the Skagit Wildlife Area strives to 
contribute to the annual energy demands of waterfowl. Habitat quality and quantity is unequivocally 
the most important ecological component affecting populations of waterfowl and managed lands can 
be especially effective when the abundance, availability, and spatial distribution of food, cover, and 
water resources coincide with specific events in the life history of waterfowl (Baldassarre and Bolen 
2006). 
 
Changes from managed forage to intertidal estuary will change the abundance, variety and availability 
of resources at the Island Unit scale. Current management of the Island Unit is designed to optimize 
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waterfowl access to unharvested agricultural and wetland plants. A shift in management under any of 
the restoration alternatives will alter “managed” freshwater wetlands to more dynamic water depths 
and salinity. Clearly, reducing farmed forage at the site scale will reduce the number of birds that 
congregate there.   

However, there are other food resources available within the GSD, including commercial agricultural 
fields, remaining WDFW or private managed forage plots, and vegetation and invertebrates in the 
intertidal marshes and flats.  These resources are dynamic, and the quality and quantity of food they 
provide are unknown. The proportion of the food resources the current management of the Island Unit 
provides compared to food available in the GSD is unknown. We know that ducks will move farther 
from the site to find equivalent nutrition under the restoration alternatives. However, given the size of 
the Island Unit compared to the estuary and agricultural fields within the four bays of the GSD, it is 
unlikely that reducing farmed forage at the Island Unit will result in a decline in the winter waterfowl 
population at the GSD scale, but rather shift the number of dabbling ducks to disperse across the larger 
landscape and potentially compete for forage with snow geese and swans.  How waterfowl populations 
might change in the long term due to the alternatives considered for the Island Unit is unknown. 
Factors that will influence future waterfowl populations and distributions could include increasing 
intertidal marsh habitats, changing commercial agricultural practices that could either increase, but are 
more likely to reduce, food available for ducks, increasing the amount of managed forage for ducks by 
increasing public ownership or through partnerships with private landowners. 
 
4.2 Shorebirds 
 
Although the Island Unit is not regarded as a site of high shorebird use compared to other habitats in 
the GSD, it supports some birds under certain conditions as currently managed. As discussed above, 
shorebirds are primarily tied to intertidal marshes and mudflats. Agricultural habitats with saturated 
soils are secondarily important and this habitat type is available at the Island Unit during wet periods 
when vegetative cover is low or absent.  However, any addition of estuarine habitat in the GSD will 
increase shorebird habitat and thus benefit shorebirds if all or part of the Island Unit is converted to 
intertidal conditions. Shorebird use in the immediate vicinity of the Island Unit will likely increase. 
Shorebirds are highly mobile and routinely move within the GSD (Slater 2011; Milner, unpublished 
data). Consequently, as intertidal shorebird habitat increases through any of the restoration 
alternatives, shorebird populations will likely also benefit at the GSD scale. 
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Introduction/Purpose 
The Island Unit is a part of the Skagit Wildlife Area. The Island Unit is located between Freshwater Slough and 
Steamboat Slough in the delta of the South Fork of the Skagit River and consists of two separate islands divided by 
Deepwater Slough (Figure 1). Portions of each island are ringed by dikes that isolate these areas from tides and 
river flows. The length of the site spans a key transition zone between the fluvial (riverine) environment of the 
South Fork Skagit River and the tide dominated Skagit Bay. Elevations on the site range from approximately 5-9.5 
feet NAVD88. 

Much of this area was converted to agriculture prior to the General Land Office Survey (GLO) in 1889, and 
subsequent navigation projects in the south fork Skagit blocked distributary channels and diked off tidal marsh 
and blind tidal channels. A portion of the site was restored to estuary in 2000. The remaining 270-acre diked area 
is currently used to produce managed and enhanced winter waterfowl forage. Areas outside the dikes support 
emergent and scrub-shrub plant communities to the south and forested floodplain wetlands to the north. The 
Skagit Chinook Recovery Plan identifies estuary rearing area as a limiting factor for recovery of Chinook salmon 
and the remaining diked area of the Island Unit is identified as a potential restoration project.  

The purpose of this report is to provide information about the geomorphic setting of the site and complete a 
preliminary geomorphic analysis of possible restoration scenarios. This memo is also intended to provide 
information related to criteria, including: 

• WDFW’s wetland policy (policy 5211), which includes the following relevant sections:  
o WDFW will accomplish long-term gain of properly functioning wetlands where both ecologically 

and financially feasible on WDFW-owned or WDFW-controlled properties;  
o WDFW will promote the restoration of original hydrology, elevations and native plant 

communities 
• Climate change resilience, which includes the following considerations: 

o infrastructure resiliency in the face of sea level rise and changing river flows 
o habitat migration  
o flood risk reduction 

  

Figure 1 – Location Map and GLO Survey Circa 1889 
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Alternatives 
Four different alternatives are being assessed through an alternatives analysis for the Island Unit (Figure 2). 
Alternative 1 assumes only infrastructure upgrades with no dike/levee removal. Alternative 2 assumes removal of 
all dike/ levees on the east island. Alternative 3 assumes removal of dikes/ levees on the southern portions of 
both islands with setbacks to connect the existing dikes/ levees. Alternative 4 removes all dikes/ levees. 

a)   b)  

c)   d)  

Figure 2 – Alternatives being assessed for the Island Unit site. a) No Restoration/Alternative 1 b) Restoration of the East Island/Alternative 2 
c) Restoration of the Southern Half of Each Island/Alternative 3 d) Full Restoration/Alternative 4 
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Historical context 
Historically, the Skagit River delta was formed by river-borne sediment deposits, and lahars from volcanic 
eruptions of Glacier Peak. The main river channel changed course and occupied several different paths to 
saltwater, from Samish and Padilla Bays to Skagit Bay. Once formed, the delta continued to prograde slowly and 
consisted of a mosaic of diverse floodplain and estuarine features that were shaped by river flows and tides, and 
the wood and sediment they carried. This mosaic included distributary and blind tidal channels, freshwater and 
brackish wetlands, unvegetated mudflats and sandflats, and floodplain and marshplain vegetation communities 
ranging from emergent to shrub-scrub to forested.  

Post-settlement diking, dredging, and filling in the delta have changed the processes that shape and maintain 
landforms and habitats. Channels in the Skagit River delta were historically dredged and manipulated for 
navigational purposes. In 1910 a project to improve Skagit River navigation was authorized in the River and 
Harbor Act. The US Army Corps of Engineers (USACOE) completed construction in 1911. Construction activities 
directed most of the river flow into the South Fork mainstem. A sill was installed at the head of the North Fork to 
direct the majority of flow down the South Fork, and most distributary channels across Fir Island and within the 
delta were plugged. The dredge spoils were sidecast onto the banks to create levees. The maintenance of the 
navigational channel included further dredging and plugging of sloughs to assist in navigation, as well as dike 
maintenance, including emergency flood repairs. The maintenance of the navigation project was stopped in the 
1950s and deauthorized in 1978. The navigation project significantly impacted the surrounding estuary by 
disconnecting portions of the delta from the main river flow and from tides through diking and dredging. 

 
Figure 3 - Activities authorized and constructed under the river and harbor act of 1910 in the Skagit River delta to improve navigation. 
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Post settlement diking, dredging, and filling in the delta have severely limited the historic extent of delta habitat. 
Comparison of a historic reconstruction of the Skagit delta by Collins (2000) with mapping done from 1991 aerial 
photos by Skagit River System Cooperative (Beamer et al. 2000) shows a net loss of 74.6% of tidal delta estuarine 
habitat area (Figure 4).   

 

Figure 4 - Changes in estuarine habitats, 1860s to 1991. From Beamer et al, 2005 (http://skagitcoop.org/wp-
content/uploads/Appendix-D-Estuary1.pdf). 

An estuary restoration project completed in 2000 removed portions of the dike around the perimeter of each 
island and removed dikes that had extended across the upstream and downstream ends of Deepwater Slough 
(Figure 5). As a result, natural hydrology was restored to portions of each island, and riverine and tidal flows were 
reestablished through Deepwater Slough. This project was authorized under Section 1135 of the Water Resources 
Development Act of 1986, which allows the Corps to plan, design and build modifications to existing Corps 
projects, or areas degraded by Corps projects, to restore aquatic habitats for fish and wildlife. 
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Figure 5 - Restoration actions completed in 2000. (Figure from http://skagitcoop.org/programs/restoration/deepwater-slough/) 

Water Surface Elevation Summary 
The Island Unit is located in a tidally influenced reach of the lower south fork Skagit River where both river flows 
and tides affect the water surface elevation at any given time. Water surface data has been collected for two 
separate projects in this reach. Data was collected in support of the Skagit Hydrodynamic Modeling (HDM) project 
at multiple sites including in both Steamboat Slough (HDM 5) and Freshwater Slough (HDM 4) adjacent to the 
Island Unit (Figure 6). The Milltown Island Restoration Feasibility project included eight data collection sites, and 
four of those are in main channels close to the Island Unit (Figure 7). The water surface data at all sites presented 
in this memo ranged from 3.5 feet to 13 feet NAVD88 within the periods of record, with a few outliers (Table 1). 
Island Unit project site ground elevations inside the dikes generally range from 5 feet to 9.5 feet NAVD88, and 
dike elevations range from approximately 13 feet to 20 feet NAVD88 (Figure 8). Although no water surface 
elevation data is available from within the dikes, the site is isolated from natural riverine and tidal hydrology by 
dikes and tidegates.  

Water surface elevation data was analyzed using RStudio to calculate average, maximum and minimum daily 
water surface elevations (Figures 9, 10, and 11) for the HDM 4, HDM 5, and Milltown S2 data, which have the 
longest period of record of any sites in the project area. 
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Figure 6- Water surface elevation data collection points associated with the Skagit HDM project. 

 

Figure 7 - Water surface elevation data collection points associated with the Milltown Island Restoration Feasibility project 
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Figure 8 - Island Unit Ground Elevations 

 

Table 1 -  Summary statistics and dates for water surface elevation data collected at several points near the Island Unit. WSE data is 
presented in feet NAVD88. 

 
Site 

 
HDM 4 

 
HDM 51 

Milltown S1 
Steamboat N1 

Milltown S2 
Tom Moore N 

Milltown S4 
Steamboat S 

Milltown S8 
Tom Moore S 

Average WSE 8.2 7.7 7.9 7.4 7.2 6.0 
Minimum WSE 5.6 4.2 3.8 3.7 3.7 1.1 
Maximum WSE 13.5 13.9 12.3 14.0 11.9 11.9 
Data Start Date 11/5/2014 11/5/2014 1/25/2017 1/26/20172 1/25/2017 1/26/2017 
Data End Date 5/27/2015 5/27/2015 3/22/2017 12/15/2017 2/22/2017 12/15/2017 

1. HDM Site 5 and Site S1 are at the same location. The HDM dataset is from 2014/2015 and the S1 dataset is from 
2017. 

2. Data is unavailable between 5/15/2017 and 8/27/2017. 
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Figure 9 - Mean, Minimum, and Maximum Daily water surface elevations (in feet NAVD88) at Milltown S2 

 

Figure 10 - Mean, Minimum, and Maximum Daily water surface elevations (in feet NAVD88) at HDM Site 4 
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Figure 11 - Mean, Minimum, and Maximum Daily water surface elevations (in feet NAVD88) at HDM Site 5 

Evaluation of Tidal Inundation 
This section provides an analysis of water surface elevations in the lower south fork Skagit River and the depth 
and duration of inundation that could occur if a portion or all of the footprint of the Island Unit were reconnected 
to natural hydrology. Existing recent water surface elevation data was used in the analysis.  

Sites HDM 4 and HDM 5 contained the longest record of water surface elevation data for the locations closest to 
the Island Unit and were used to evaluate the amount of time the site would likely be inundated with water under 
partial or full restoration scenarios. The data is comparable to the other sites for other years, as can be seen in 
Table 1. Although the HDM data does not span a full year with all seasons represented, it provides water surface 
elevations through much of the wintering waterfowl and juvenile Chinook migration season so it provides useful 
data for understanding water surface elevation at the site. 

Table 2 summarizes the percentage of time the water surface will be higher than a given elevation. Figure 12 
provides a histogram of the percent of time water surfaces exceed a given elevation from November to May. 

 

Table 2- Percent of time water surface is above given elevation by month based on data collected at site HDM 4 and HDM 5 during Nov 
2014-May 2015. Ground elevations are in feet NAVD88. 

Ground 
elevation  November December January February March April May Total 

4 100% 100% 100% 100% 100% 94% 100% 100% 
6 96% 100% 100% 99% 88% 45% 68% 88% 
8 63% 68% 54% 52% 31% 17% 20% 44% 

10 35% 27% 16% 21% 3% 1% 1% 15% 
12 11% 2% 0% 5% 0% 0% 0% 2% 
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Figure 12 - Histogram of HDM 4 and HDM 5 data showing the percent of time a given elevation is inundated at Island Unit.  

Based on the data that has been collected at the HDM 4 and HDM 5 sites, which span November 2014 to May 
2015, predictions can be made about what to expect in terms of inundation of the Island Unit under partial or full 
restoration scenarios (Figures 13-16). The data from 2014-2015 is similar to that in 2017 (Table 1). The Mount 
Vernon Gage shows that the two seasons presented here fall within a “normal” year. The southern halves of the 
west island and the east island are nearly all less than 8 feet NAVD88 and are likely to be under water over half of 
the time from November to February if dikes are removed (Figure 14). Nearly the entirety of both islands are less 
than 10 feet (Figure 15). Areas less than 10 feet will likely be submerged for over 25% of the time in November 
and December if dikes are removed.  
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Figure 13 - Inundated Areas when water surface is at 6 feet NAVD88 
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Figure 14 -Inundated Areas when water surface is at 8 feet NAVD88 
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Figure 15 -Inundated Areas when water surface is at 10 feet NAVD88 
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Figure 16 - Inundated Areas when water surface is at 12 feet NAVD88 
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Tidal Channels and Breaches 
Tidal channel length and area was estimated by Greg Hood, PhD at Skagit River System Cooperative (SRSC) 
(Beamer 2020). SRSC used a conceptual design method based on habitat created at neighboring projects and 
reference natural marshes to estimate tidal channel length and area (Table 3). Figure 17 provides a schematic 
layout of the tidal channels. 

Table 3 - Predicted Tidal Channel Length and Area 
 

Predicted Channel 
Area (ac) 

Predicted Channel 
Area (SF) 

Predicted Channel 
Length (ft) 

Alternative 2 6.07 264,571 37,129 
Alternative 3 3.08 134,331 24,908 
Alternative 4 8.70 378,774 55,432 

 

a)   b)   

c)  

Figure 17 – Conceptual tidal channel layout and channel connections. a) Alternative 2, b) Alternative 3, and c) 
Alternative 4.  Tidal channels are black lines. Tidal channel outlets are shown as white dots with a black center. 
“Pt ##” labels are related to Chinook smolt estimating methods and are explained in Beamer and Hood 2020. 
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Sediment Dynamics 
The Skagit River is generally aggrading from Sedro Woolley to Skagit Bay (Grossman, in prep). Georeferenced 
survey data from 1999 to 2014 was analyzed to show that in the North Fork of the Skagit River, the bed has 
aggraded between 2 and 5 feet, which continues a trajectory seen prior to that time period as well. The South 
Fork Skagit River does not have an equal period of data but has been characterized as a moderate aggradation 
reach (Figure 18). At the time of the analysis the south fork conveyed approximately 40% of the river sediment, 
had a lower gradient than the north fork, and had equal tidal influence. These factors promote sediment trapping. 

 

Figure 18 - Map showing the sediment aggradation regime of the lower Skagit River and delta (from Grossman, in prep) 

Skagit Hydrodynamic Model 
The Skagit HDM project included modeling restoration scenarios throughout the delta to understand the impact 
of restoration on several factors related to salmon habitat and flooding.  Two model outputs are relevant to this 
geomorphic memo: change in flood water elevations and changes in shear stress (erosion/deposition potential). 
In both cases current conditions (equivalent to “no restoration/alternative 1”) are compared with a full 
restoration scenario (Alternative 4). The model run that included Island Unit also included two other restoration 
projects that were far enough away that the impacts of each project were distinct from each other. The other two 
projects were in the North Fork of the Skagit River and in the Swinomish Channel. Models are predictive tools that 
estimate changes, but there is some degree of uncertainty in the results.  
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Changes in Flood Water Elevation 
Model runs were done to look at how full restoration at the Island Unit would impact water surface elevations 
(WSE’s) during two river flow and tide conditions: 1) a 50% annual possible exceedance high flow (Q2 = 62,000 
CFS) and a low spring tide (-3.3 ft), and 2) river flood flows (QFlood = 93,200 CFS) and high spring tide (10.4 ft 
NAVD88). Under both scenarios there were decreases in water surface elevations over significant distances of the 
river (Figures 19 and 20). Below are details on the flood flow/high tide scenario. 

The flood flow scenario was defined as a peak discharge rate at the Mount Vernon gage of 93,200 CFS and a 
spring high tide of 10.4 ft. Under this combination of river flow and tidal elevation, the model predicted the WSE 
to be near the top the river levees. When comparing no restoration with full restoration, there was a WSE 
reduction of 0.3 feet at the North Fork split to over 3 feet at the upstream end of the Island Unit (approximately 
4.5 miles). This is due to removal of the “plug” in the outlet of the south fork Skagit River that is formed by the 
dikes at Island Unit. Partial restoration alternatives were not modeled. However, the “plug” effect would be 
somewhat reduced with Alternative 2; it would likely not reduced with Alternative 3. During discharge less than 
Q2 on the river water surface elevations will only be minimally changed downstream of the project site (Figure 
18). 

 

 
Figure 19 - Contour map of change in WSE from baseline to full restoration with Q2 river flow and low tide. (Whiting et al, 2017) 

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 

40



 
Figure 20 - Contour map of change in WSE from baseline to full restoration with flood flow in the river and high tide. (Whiting et al, 2017) 

Changes in Shear Stress 
Modeling was done to look at how full restoration at the Island Unit would impact shear stress, which is a 
measure of river energy used to predict sediment transport and meandering. Two model runs were completed for 
baseline/no restoration conditions and two model runs were completed that allowed a comparison of existing 
conditions (no restoration) with full restoration. For each pair of runs, the following conditions were modelled: (1) 
peak shear stress during a full tidal cycle and low river flow (12,000 CFS) and (2) shear stress during Q2 flow 
(62,000 CFS) and low spring tide (-3.3 ft).  Figure 21 provide the shear stress predicted by the model under a no 
restoration scenario and Figure 22 provides the change in shear stress that is predicted by the model under 
conditions mentioned above due to the removal of the dikes/levees at the Island Unit. 
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Figure 21 - Contour maps showing shear stress under existing conditions (no restoration) during two conditions: (left) peak shear stress 
during a full tidal cycle and low river flow, and (right) Q2 river flow and low spring tide. (Whiting et al, 2017) 

   
Figure 22 - Contour maps showing change in bed shear stress between existing conditions to “with project” conditions during two 

conditions: (left) peak shear stress during a full tidal cycle and low flow, and (right) Q2 river flow and low spring tide. (Whiting et al, 2017) 

During the 2 year (Q2) river flow and low spring tide with full restoration, the predicted shear stress increases at 
the inlet to Deepwater Slough and decreases by 2 to 3 Pascals within Freshwater Slough. The Skagit Delta consists 
of fine-grained material of silts and very fine sands. A consistent 2 Pascal increase in shear stress could change 
sediment mobilization from silts to very small gravels (<4mm). These results indicate that energy in the channels 
could change as a result of dike removal at Island Unit. If this predicted change did occur, over time it is possible 
that the discharge within Freshwater Slough could decrease and the discharge in Deepwater Slough could 
increase  However, modeling results represent a finite point in time under particular conditions and do not 
account for consistent changes in dynamics that would shape the channels in this reach. Shear stress and other 
factors that shape channels in this part of the river should be investigated further during the next phase of design.   
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Elevation and Vegetation 
In tidal marsh systems, specific vegetation species and plant communities correlate with marsh surface elevation 
resulting from changes in salinity, inundation frequency and duration, and other factors. Vegetation currently on 
the Island Unit is supported by diking and drainage and is not reflective of native estuarine vegetation 
communities that would be expected at the site. Vegetation community predictions for full restoration of the 
Island Unit were completed as part of the Skagit HDM project as well. Complete methods and sources are 
provided in the final report (Friebel et al, 2017). The vegetation zone elevation ranges (in feet NAVD88) used in 
the HDM analysis were:  

• Mudflat: Less than 3.0 
• Emergent Marsh: 3.0 – 7.9 
• Shrub-Scrub: 8.0 – 9.9 
• Floodplain Riparian: Greater than 10 

Mudflat is unvegetated; emergent marsh is vegetated by non-woody plants, scrub-shrub zones support woody 
shrubs and non-woody vegetation, and floodplain riparian supports trees and shrubs. The acreages on the Island 
Unit within each vegetation elevation zone are provided in Table 4. There is no predicted mudflat but there are 
significant acreages predicted in each of the three other vegetation zones. This means the site would provide a 
wide range of habitats under the full restoration scenario (Alternative 4). 

Table 4 - Acreages within the Island Unit that are predicted to support different vegetation communities for Alternative 4 (Full restoration) 

mudflat or 
submerged 

emergent 
marsh 

scrub-
shrub 

floodplain 
riparian 

0 149.1 66.6 52.1 
 

No analysis was done for partial restoration alternatives, the only vegetation zone information we have for those 
alternatives is what can be interpreted from viewing elevation LiDAR maps (Figure 8). Alternative 2, which 
involves restoring the east island, contains a range of elevations and would support a range of vegetation 
communities. Alternative 3, which involves restoring the lower elevation southern portions of both islands, would 
mean only lower elevation vegetation zones would be restored.  

Existing Levee/Dike Condition and Impacts 
On the north side of the west island Freshwater Slough is migrating into the left bank and the levee is currently in 
poor condition there (Figure 23). If Alternative 1, 2 or 3 are selected as the preferred alternative, the levee will 
need to be fortified or set back to ensure it is not damaged further and potentially breached. The other dikes and 
levees are visually in acceptable condition, but should be evaluated during design. 
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Figure 23- Possible levee repair or setback location 

Climate Change 
Current models predict that both sea level rise and changes in river hydrology are occurring at a progressively 
faster rate over time. Island Unit infrastructure and management will be affected by these changes. 

Sea Level 
The predicted sea level rise for 2070 for the Puget Sound was calculated with the US Army Corps of Engineers Sea 
Level Curve Calculator (USACOE 2019). The intermediate estimated sea level rise is 0.81 feet. The low estimated 
rise is 0.34 feet and the high estimated rise is 2.30 feet.  

Hydrology 
Table 5 presents the predicted change in hydrology in the Skagit River estimated by Lee et al, 2016. They predict 
that Q2 discharge will increase by a factor of 1.7 by 2080. The effect of increased hydrology has not been 
modeled, but this would be a significant change in water surface. Removal of the dikes within the Island Unit 
could possibly decrease the effect of the increase in discharge. 

Table 5 - Skagit River 2080 Q2 predicted discharge (Lee et al. 2016). 

Recurrence Units 2015 2080 
2-year Discharge Cubic Feet per Second 62,000 103,237 

 

Long Term Sustainability 
Channels in the lower Skagit River are changing under current conditions/no restoration. Channels migrate 
naturally (which is why we see bank/dike erosion issues on the northern side of the west island) and data shows 
that it is an aggrading reach (Grossman, in prep). Changes in SLR and river flows will cause channel changes even 
without changes at Island Unit. More frequent and severe high flows will increase the energy that causes scour 
and sediment movement. SLR will increase the area over which river flows are backed up and the area over which 
tidal processes shape the land.  
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Our understanding of what might happen under partial or full restoration scenarios is limited. Modelling results 
from a single point in time indicate that dike removal will change where channel energy might increase and 
decrease. However channel changes are a result of energy acting over time and not a single point in time. Further 
investigation is needed to fully understand how channels might change under any of the alternatives. Using the 
best available current data, predictions have been made and are included below. 

Tidal Channels 
Daily WSE rarely drop below 6 feet NAVD88 during winter (Figure 8 and 9) , presumably due to higher river flows 
at this time of year, constructed tidal channels in areas below elevation 6 feet NAVD 88 (Figure 13) may infill 
during winter with sediment from the bay. Primarily these areas are found in Alternatives 3 and 4. These areas 
will likely be ponded and provide habitat over a larger area than just in the channels during this time as has been 
seen on other restoration projects such as the Wiley Slough Restoration Project (Beamer, 2015). The channels will 
likely redevelop during spring when river flows are lower and WSE drops below 6 feet NAVD88 on low tides. 

Slough Avulsion  
The removal of the dikes/levees in Alternative 4 and to a lesser extent in Alternative 2 is predicted to change 
shear stress in this reach during certain conditions, which may increase the chance of a higher discharge into 
Deepwater Slough. The predicted decrease in shear stress within Freshwater Slough may aggrade the slough and 
decrease scour risk on the right bank levees of the Skagit River. This reach of the Skagit River is generally 
aggrading and, although sediment transport may increase through the reach immediately after construction, it is 
possible that the delta will respond and the river will generally trend towards aggradation with local changes in 
channels within the delta. 

Vegetation 
Under full or partial restoration scenarios the vegetation community within the Island Unit would likely develop as 
predicted by the vegetation zones associated with ground elevations described above. As sea level rises, sediment 
is likely to deposit on the marsh surface and may keep pace with SLR. If sedimentation does not keep pace with 
SLR, the vegetation communities are likely to migrate to higher elevations.  

Infrastructure 
Climate change may have substantial impacts on the dike system. Sea level rise (SLR) would increase the need for 
raising the elevation of the dikes and could result in increased damages. Water levels will reach dike-top 
elevations more frequently, which would result in more frequent overtopping. More frequent and higher water 
levels against the dikes also increases dike saturation and seepage. Overtopping, saturation and seepage 
contribute to dike instability, erosion and failure. In addition, increases in the frequency and size of river flood 
flows due to climate change may increase the shear stress within the Skagit River. The increased shear stress 
would increase scour and require fortification of the dike system. Improvements to the dike system in the case of 
no restoration or partial restoration should be considered. 

Climate change impacts will also likely have significant impacts on operation of the tidegates. The tidegates work 
on gravity so water drains out when water outside the dikes is lower than water on the land side of the dikes. As 
SLR occurs, there will be less time during each tidal cycle when water is low enough on the bay side of the dikes to 
drain via gravity. This will result in reduced drainage capacity, which will likely limit management activities such as 
mowing and crop production. 

Conclusions and Recommendations  
This preliminary geomorphic assessment provides limited information about geomorphic changes that might be 
expected as a result of full or partial restoration at the Island Unit site. Preliminary conclusions include:  
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• The project area is in a dynamic geomorphic and hydraulic setting that is appropriate for restoring 
estuarine processes.   

• This reach of the river will experience changes due to ongoing geomorphic processes as well as climate 
change even without a change in management at Island Unit.  

• Removal of dikes may change flow and sediment conditions within the estuary. 
• Dike removal and channel construction is anticipated to restore natural hydrology, elevations and native 

plant communities.  
• Restoration would allow vegetation communities and habitats to adapt and migrate with sea level rise.  
• Removing sections of the “plug” in the lower river caused by dikes would likely reduce flood risk during 

certain events. 
• Infrastructure in this location will face increasing challenges in the face of sea level rise and changing river 

flows.  
• Increasing frequency and size of floods and higher tides could result in more frequent and severe dike 

damages.  
• Gravity operated tidegates will provide reduced drainage capacity as SLR reduces the amount of time 

water can flow off the site.  

If full or partial restoration is pursued, it is recommended that additional analysis be completed in the subsequent 
design phase related to:  

• Potential for channel changes (avulsion, scour and sedimentation) 
• Inventory of dike condition 
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Memorandum 

To: Jenny Baker, Washington Department of Fish and Wildlife 

From: Eric Beamer and Greg Hood, Skagit River System Cooperative Research Program 

Date: September 24, 2020 

Subject: Habitat and juvenile Chinook benefit predictions Deepwater Phase 2 Restoration 

Alternatives 

This memo is fulfillment of an agreement between the Skagit River System Cooperative Research 

Program and the Washington Department of Fish and Wildlife (WDFW) under WDFW Contract 

No. 20-15696 where we make predictions of (1) the length, number, and area of tidal channels that 

will result from three Island Unit of the Skagit Wildlife Area restoration alternatives (Full 

Restoration, Alternative 2, Alternative 3); (2) landscape connectivity calculations for their 

conceptual tidal channel restoration designs; and (3) a carrying capacity estimate for juvenile 

Chinook salmon for each alternative. 
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Introduction 
In this memo we make predictions of (1) the length, number, and area of tidal channels that will 

result from three Island Unit of the Skagit Wildlife Area restoration alternatives (Full Restoration, 

Alternative 2, Alternative 3); (2) landscape connectivity calculations for their conceptual tidal 

channel restoration designs; and (3) a carrying capacity estimate for juvenile Chinook salmon for 

each alternative.  Making these predictions required development of a conceptual restoration 

design for each alternative, which are also presented here.  It should be noted that the conceptual 

restoration design for the chosen alternative will be subject to future modification as it is 

transformed into a final restoration design, depending on project constraints that may be 

encountered by engineers and biologists in the course of project development.  This is standard 

procedure for tidal marsh restoration projects.  Consequently, the estimates of juvenile Chinook 

carrying capacity made in this memo are preliminary and should be used only for the purposes of 

comparing the three restoration alternatives.  Final estimates of carrying capacity will depend on 

the final restoration design and as-built surveys. 

Methods 
We predicted tidal channel habitat, landscape connectivity, and juvenile Chinook carrying capacity 

for three Island Unit of the Skagit Wildlife Area restoration alternatives (Full Restoration, 

Alternative 2, Alternative 3). 

Tidal Channel Habitat 
Restoration Alternative Footprint: We predicted channel habitat metrics for the restoration 

footprint of each alternative using three different methods 1) Standard Allometric Prediction 

(Hood 2007), 2) Tide Range-Adjusted (TRA) Allometric Prediction (Hood 2015), and 3) 

Conceptual Design. The standard (Hood 2007) and TRA (Hood 2015) allometric methods are 

empirical regression models, i.e., patterns in reference marshes are used to predict outcomes in 

restoration marshes. The standard allometric model uses marsh area alone to predict channel 

metrics. The TRA allometric model is a more recent method reflecting that geographic variation 

in tidal channel allometry is also influenced by tide range, storm wave fetch, and sediment supply. 

Both allometric models are scaling logarithmic relationships, so confidence intervals for 

predictions have wide margins of uncertainty. To reduce uncertainty in predictions we also used a 

conceptual design method which identifies channel planform locations using historical aerial 

photos/surveys and topography.  The conceptual design method produces design-specified values 

of channel metrics, rather than statistical predictions.  Thus, there are no statistical uncertainties in 

the design. Tidal channel metrics for each of the three methods are 1) total channel length, 2) 

number of channel outlets, and 3) channel area. 

Adjacent Downstream Marshes: Tidal marsh restoration through dike breaching or removal can 

have direct effects on channel network geometry in the restored site, as well as indirect effects on 

the channel network of the existing adjacent tidal marsh (Hood 2004).  Restoration of upstream 

tidal prism via new tidal channels or restored tidal marsh surface drainage area will typically 

increase the width and surface area of downstream tidal channels in existing adjacent downstream 
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marsh as the channels adjust (erode) to accommodate the increased tidal prism contributed by the 

newly restored site.  Channel length is less likely to be increased unless new tidal channels develop 

in the downstream marsh. To quantify new channel area that would likely be created in adjacent 

downstream marshes as a result of the alternatives, we compared downstream channel changes 

(before vs. after restoration) influenced by the Wiley Slough Restoration and Deepwater Phase 1 

Restoration projects.  We found in the twelve mainstem tidal channels, downstream tidal channel 

mainstem widths increased by 29% on average, while surface areas increased 31%.  We applied 

the 31% value for channel area increase to existing tidal channel mainstems in adjacent 

downstream marsh polygons for each of the Island Unit restoration alternatives.  

Landscape connectivity 
Landscape connectivity, or large-scale connectivity, refers to the relative distances and pathways 

that salmon must travel to find habitat over a very large area. As this concept is applied in the 

Skagit River delta, landscape connectivity is a function of both the distance and complexity of the 

pathway that salmon must follow to specific habitat areas (e.g., candidate restoration sites). 

Connectivity decreases as complexity of the route the fish must swim increases and the distance 

the fish must swim increases. Within the delta, the complexity of the route fish must take to find 

habitat is measured by the distributary bifurcation order and distance traveled. Habitat that is less 

connected to the source of fish has lower densities of fish. We use landscape connectivity to help 

predict juvenile Chinook benefits for candidate restoration areas and to interpret juvenile Chinook 

monitoring results from sites throughout the Skagit tidal delta. 

Landscape connectivity was calculated adequately for potential fish migration pathways to the 

three Island Unit of the Skagit Wildlife Area restoration alternatives (Full Restoration, Alternative 

2, Alternative 3) as part of the SHDM projects. Detailed methods are described in Beamer et al. 

(2016). Maps, showing fish migration pathways, used to calculate landscape connectivity values 

are attached as Appendix 1. 

Juvenile Chinook carrying capacity predictions 
Juvenile Chinook carrying capacity was predicted using an empirical model developed for the 

Skagit Chinook Recovery Plan that predicts carrying capacity estimates for candidate restoration 

projects within the Skagit tidal delta based on channel area and landscape connectivity. Overall, 

the model explained 68% of the variation in seasonal Chinook density at six sites over eleven 

years. The habitat factor (i.e., landscape connectivity) explained 37% of the variation while density 

dependence (outmigrants) explained the remaining 31%. The methods are described in Beamer et 

al. (2005) (pages 89-94). Juvenile Chinook salmon carrying capacity is based on two variables: 1) 

wetted area available to fish; and 2) landscape connectivity. Both variables are positively 

correlated with juvenile Chinook abundance (i.e., larger habitat areas and higher connectivity 

values result in higher estimates of juvenile Chinook carrying capacity).  

We calculated juvenile Chinook carrying capacity based on the average (and range) landscape 

connectivity estimates and predicted channel area using the Conceptual Design method. 
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Results 
Full Restoration 
Channel predictions: The Full Restoration alternative is comprised of two hydrologically distinct 

areas, a 67.6 ha area on the east side of Deepwater Slough and a 40.6 area on the west side of 

Deepwater Slough (Figure 1). The standard allometric predictions for the Full Restoration 

alternative for channel length, channel outlets, and channel area are 22,525 m, 45, and 4.682 ha., 

respectively (Table 1). The tide range-adjusted allometric predictions for channel length, channel 

outlets, and channel area are 8,110 m, 24, and 1.846 ha., respectively. The conceptual design 

predictions for channel length, channel outlets, and channel area are 16,900 m, 35, and 3.519 ha., 

respectively. Additionally, the Full Restoration alternative is predicted to create 0.653 ha of new 

channel habitat in adjacent downstream marsh areas (Table 1). 

Landscape Connectivity: Landscape connectivity values for the Full Restoration alternative will 

vary by the 35 different channel outlet locations (Table 4, Figure 1). Average landscape 

connectivity estimates for the Full Restoration alternative is 0.039582 (range: 0.032273 - 

0.047257) in the western polygon and 0.034799 (range: 0.028465 - 0.040754) in the eastern 

polygon (Table 1).  

Chinook Carrying Capacity: Predicted juvenile Chinook carrying capacity for the Full Restoration 

alternative is 72,820 (range: 59,377 - 86,035) smolts per year when including fish benefits for 

channel area formed due to indirect effects of the project in adjacent marshes downstream (Table 

1). 

Alternative 2 
Channel predictions: Alternative 2 is comprised of one hydrologically distinct area, a 67.6 ha area 

on the east side of Deepwater Slough (Figure 2). The standard allometric predictions for 

Alternative 2 for channel length, channel outlets, and channel area are 14,760 m, 26, and 3.205 

ha., respectively (Table 2). The tide range-adjusted allometric predictions for channel length, 

channel outlets, and channel area are 5,285 m, 14, and 1.254 ha., respectively. The conceptual 

design predictions for channel length, channel outlets, and channel area are 11,320 m, 21, and 

2.458 ha., respectively. Alternative 2 is predicted to create 0.289 ha of new channel habitat in its 

adjacent downstream marsh area (Table 2). 

Landscape Connectivity: Landscape connectivity values for Alternative 2 will vary by the 21 

different channel outlet locations (Table 5, Figure 2). Average landscape connectivity estimates 

for Alternative 2 is 0.034799 (range: 0.028465 - 0.040754) (Table 2).  

Chinook Carrying Capacity: Predicted juvenile Chinook carrying capacity for Alternative 2 is 

45,776 (range: 37,371 - 53,692) smolts per year when including fish benefits for channel area 

formed due to indirect effects of the project in adjacent marshes downstream (Table 2). 

Alternative 3 
Channel predictions: Alternative 3 is comprised of two hydrologically distinct areas, a 16.5 ha 

northern area on the west side of Deepwater Slough and a 28.1 ha southern area on the east side 

of Deepwater Slough (Figure 3). The standard allometric predictions for Alternative 3 for channel 
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length, channel outlets, and channel area are 7,380 m, 26, and 1.220 ha., respectively (Table 3). 

The tide range-adjusted allometric predictions for channel length, channel outlets, and channel 

area are 2,754 m, 14, and 0.505 ha., respectively. The conceptual design predictions for channel 

length, channel outlets, and channel area are 7,594 m, 18, and 1.248 ha., respectively. Alternative 

2 is predicted to create 0.563 ha of new channel habitat in its adjacent downstream marsh areas 

(Table 3). 

Landscape Connectivity: Landscape connectivity values for Alternative 3 will vary by the 18 

different channel outlet locations (Table 6, Figure 3). Average landscape connectivity estimates 

for Alternative 3 is 0.036688 (0.032273 - 0.041236) in the northern polygon and 0.031145 (range: 

0.028465 - 0.034031) in the southern polygon (Table 3). 

Chinook Carrying Capacity: Predicted juvenile Chinook carrying capacity for Alternative 3 is 

29,135 (range: 26,116 - 32,309) smolts per year when including fish benefits for channel area 

formed due to indirect effects of the project in adjacent marshes downstream (Table 3). 

Discussion 
In this section we discuss differences in the habitat prediction methods for the Island Unit of the 

Skagit Wildlife Area restoration alternative footprints, and their use in three planning documents: 

Skagit Chinook Recovery Plan (SRSC and WDFW 2005), Skagit Hydrodynamic Model Project 

(Beamer et al 2016), and this memo. 

Differences between habitat prediction methods 
Restoration Alternative Footprint: As one moves upstream from the bay along the Skagit River’s 

large distributaries, tide range declines, so the tidal energy available to scour tidal channels also 

declines.  Tidal geomorphological processes gradually transition to fluvial geomorphological 

processes, until at the head of tide (near Mount Vernon) tidal processes disappear and fluvial 

processes completely take over.  The standard allometric model does not take the effect of varying 

tidal range within deltas into account, so it may over-estimate tidal channel count, length, and area 

in marshes that are located in more landward (upstream) portions of the tidal-fluvial energy 

gradient where tidal energy is diminished. To account for tides, the TRA-allometric model 

interpolates tide range from the bay (full range expression) to the head of tide (zero tide) according 

to the distance along the distributary channels from the bay.  It then applies results from 

comparisons between tidal river delta marshes in Puget Sound with varying tide ranges (Hood 

2015).  However, these results could not entirely distinguish the effects of tide range and fetch, 

which were autocorrelated.  Thus, while the logic of accounting for tide range seems sensible, 

there is uncertainty about the interaction between tide range and fetch.  Additionally, extrapolating 

from differences between Puget Sound river deltas and applying those patterns to a tidal-fluvial 

gradient within a large river delta, like the Skagit, violates a basic principle of regression analysis, 

i.e., thou shalt not extrapolate outside of your range of observations.  Or in other words, differences 

between river delta systems may be different and controlled by different processes than differences 

within a river delta system along a tidal-fluvial process gradient.  Thus, there are concerns about 

indiscriminately applying either allometric model (standard or TRA) to the Island Unit alternatives 

analysis, because the proposed restoration site is located farther upstream than are any of the Skagit 
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Delta reference tidal marshes and so it may be affected by tidal and fluvial processes to a different 

degree than downstream reference marshes, and in a way that is challenging to predict. 

To bound our predictions for the Island Unit alternatives analysis, we applied both the standard 

allometric model and the TRA-allometric model to the proposed alternatives (Tables 1-3).  The 

result was that the TRA-allometric model predicted approximately half the tidal channel count, 

length, and area as did the standard allometric model, with the difference between the two models 

increasing as marsh area increased.  This large discrepancy leads to two risks: overpredicting vs. 

underpredicting the amount of tidal channel that should result from tidal marsh restoration.  The 

ecological and socio-political consequences of these risks are asymmetrical.  If we over-predict 

channel geometry, the consequence will be that the over-excavated tidal channel networks will 

resize (partially fill with sediment to become smaller) over time to reach their appropriate 

equilibrium condition.  During this period of adjustment to equilibrium, salmon production will be 

higher than the eventual equilibrium, but decline until equilibrium conditions are met.  From 

observations of over-excavated systems in the Skagit Delta, it appears that the time required for 

such an adjustment could be on the order of a couple of decades (unpublished observations).  

However, if we underpredict channel geometry, the consequence will be that the under-excavated 

tidal channel network could take many decades, perhaps as many as 7 or 8 decades, to erode to a 

larger equilibrium size (Hood 2019), during which time salmon production will be impaired 

relative to equilibrium conditions.  The reason for this asymmetry in adjustment to equilibrium is 

that formerly agricultural soils can be resistant to tidal erosion, often containing a clay-dominated 

plow pan, i.e., a hard pan formed by plowing that sorts the sediment by grain size so that fine 

sediments cohere into clay, by compression of the sediment by heavy farm machinery, and by loss 

of sediment organic material to oxidative decomposition.  If it is determined that underprediction 

has occurred there will be pressure for additional rounds of restoration on the site to more rapidly 

achieve appropriate levels of salmon production.  Further rounds of restoration will entail greater 

economic and political costs.  Clearly, overprediction is preferable to underprediction. 

Our third approach, conceptual planform channel design, was implemented and compared to the 

standard and TRA allometric models in this memo (Tables 1-3).  This approach consisted of 

identifying historical tidal channel remnants within the restoration site, identifying topographic 

lows from 2012 and 2019 lidar and from ponded areas in aerial photographs, and incorporating 

existing excavated drainage ditches and ponds where this seemed appropriate.  These features were 

all included in a conceptual planform design to identify the potential locations of future restoration 

site tidal channels.  Historical channel remnants were identified by their sinuous form, which 

contrasts with typically straight drainage ditches that intersect each other at right angles.  

Topographic lows were used to site locations where tidal channels could be excavated.  The 

resulting tidal channel network was then compared to the standard and TRA allometric model 

predictions.  The aim of this approach was to produce a channel network design responsive to site 

conditions, and intermediate between both allometric predictions so that an appropriate estimate 

of fish production could be facilitated. However, the conceptual design was also intentionally 

biased in favor of the standard allometric prediction to reduce the risk of underprediction.  It should 

be noted that the conceptual planform design can be used to estimate channel network length, but 

not to directly estimate planform channel widths.  Channel widths and depths will be calculated 
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during later engineering design stages once a final restoration alternative has been chosen.  The 

purpose of the conceptual design is to site the potential restoration channels and allow estimation 

of channel network lengths.  Consequently, channel network areas for the conceptual designs were 

estimated with reference to the standard allometric prediction using the following equation: 

conceptual design channel area = standard allometric channel area prediction x conceptual design 

channel length/standard allometric channel length prediction. 

Some existing ponds and drainage ditches were retained in the conceptual restoration design for 

several reasons: 1) they can provide habitat to salmon in their existing location, 2) the ponds, which 

were excavated to provide waterfowl habitat, can continue to do so if retained, 3) retaining, rather 

than filling, the ponds and ditches can reduce excavation and filling costs, and 4 ) retaining these 

features in the conceptual design can provide some flexibility to engineers in their final design if 

they require places to dispose of dike sediments to balance cut/fill estimates.  It should be noted, 

that while retained ponds can provide habitat for juvenile salmon (and waterfowl), once connected 

to the tidal channel network and associated sediment supply the ponds are likely to fill with 

sediment over the course of several decades and be converted to tidal channels.  This process has 

been observed at several locations in the South Fork Skagit Delta tidal marshes (unpublished 

observations). 

Adjacent Downstream Marshes: Not all of the proposed new channels openings in the restoration 

design connect to downstream channels (Figure 1).  Many connect directly to large river 

distributaries, e.g., Freshwater Slough, Deepwater Slough, Steamboat Slough.  These large 

distributaries will be minimally affected by site restoration, river discharge being the 

overwhelmingly dominant force structuring the distributaries, so potential downstream effects on 

river distributaries were not calculated.  However, direct connection of restoration site tidal 

channels to river distributaries greatly increases site connectivity for salmon accessibility.  Other 

proposed tidal channel openings connect to large downstream ponds that were historically 

excavated to provide waterfowl habitat.  These ponds are slowly filling with sediment and this will 

continue even with a new connection to a restored upstream tidal channel, as has been observed 

for the Deepwater Slough restoration project implemented in 2000.  Thus, downstream effects of 

tidal channel restoration were only calculated when the downstream (off-site) connection was to a 

blind tidal channel, and the effects were only calculated for the mainstem channels of the 

downstream blind tidal channels, not for any tributaries to the mainstem channel, which were 

deemed to be minimally influenced by project site restoration. 

We believe the approach described above, based on observed channel widening after restoration 

results applied to specific blind channel in adjacent downstream marshes, is more accurate than 

the standard allometry model approach used for the Skagit Hydrodynamic Model Project described 

in Beamer et al. (2016). 

History of juvenile Chinook capacity estimates 
Predicted habitat areas and fish benefits for the Island Unit of the Skagit Wildlife Area have been 

included in at least two prior documents related to Skagit estuary restoration: 1) the 2005 Skagit 

Chinook Recovery Plan (SRSC and WDFW 2005) (herein, SRP) and 2) the 2016 Skagit 

Hydrodynamic Model Project (herein, SHDM). A main purpose of the SRP and SHDM was to list 
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candidate restoration projects that would contribute to the SRP’s overall goal for estuary 

restoration. SRP and SHDM listed projects were largely at a conceptual stage so it should be 

recognized that many factors could change as individual projects are developed and move through 

various stages from “conceptual” to “fully designed” and ultimately “built.” The 2005 SRP was 

the first presentation of the Deepwater Slough Phase 2 project concept. The SHDM project, in 

2016, further developed the full restoration concept by completing an estuary-wide update of 

landscape connectivity to reflect changes that had occurred within the Skagit’s distributary channel 

network and to include an estimate of the indirect (downstream) benefits of restoration which were 

inferred by Hood (2004). The Island Unit Alternatives Analysis is a next step toward refining 

habitat and juvenile Chinook salmon estimates for the three alternatives portrayed in this memo. 

Below, and in Table 7, are summaries of the SRP and SHDM estimates for Deepwater Slough 

Phase 2 in contrast to results predicted for the IUAA full restoration alternative in this memo. 

SRP: The SRP’s estimates for the Deepwater Slough Phase 2 project used a preliminary version 

of the standard allometric model (Hood 2007 was not published yet) applied to a 108.5 ha footprint. 

The SRP a) did not account for adjacent downstream marsh effects and (b) only used one landscape 

connectivity value for the entire footprint area.  

SHDM: The SHDM estimates for the Deepwater Slough Phase 2 project used the published 

version of the standard allometric model (Hood 2007) applied to a 108.57 ha footprint. The biggest 

difference between the SHDM and SRP Chinook carrying capacity estimates are because the 

SHDM project a) included an adjacent downstream marsh effect using the standard allometry 

method applied to 61.17 ha of adjacent marsh, (b) used updated landscape connectivity values for 

the Skagit delta, and (c) used a range of landscape connectivity values applied to the project 

footprint to reflect variability in how fish migration pathways vary across such a large area.  

IUAA (Conceptual Design method): For reasons stated in the discussion section above, we believe 

the Conceptual Design method and our presented downstream effects method based on observed 

channel widening after restoration provide the best estimates for predicted habitat for the Island 

Unit Area. Additionally, we point out there is no change in landscape connectivity results between 

the IUAA (this memo) and SHDM documents and the SRP, SHDM, and IUAA all used the same 

juvenile Chinook carrying capacity model so no variance in estimated fish benefit between 

documents is due to a changing fish model.  
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Table 1. Channel, landscape connectivity, and juvenile Chinook carrying capacity predictions for the Deepwater Slough Phase 2 Full 

Restoration Alternative. Channel predictions are shown for three methods: standard allometric prediction (SA), tide range-adjusted 

allometric prediction (TRA), and conceptual design (CD) methods. Chinook carrying capacity is shown for the channel prediction from 

the CD method. 

Polygon 

(from Figure 1) 

Marsh 

Area 

(ha) 

Method 

Channel Predictions Landscape Connectivity 
Chinook carrying capacity 

(smolts/yr) 

Count Length (m) Area (ha) ave low high ave low high 

Western polygon 40.6 

SA 19 7,765 1.477 

0.039582 0.032273 0.047257 

   

TRA 10 2,824 0.592    

CD  14 5,580 1.061 20,136 16,385 24,082 

downstream of west 

(new channel) 
    0.364 6,908 5,621 8,262 

Eastern polygon 67.6 

SA 26 14,760 3.205 

0.034799 0.028465 0.040754 

   

TRA 14 5,285 1.254    

CD  21 11,320 2.458 40,961 33,439 48,044 

downstream of east 

(new channel) 
    0.289 4,816 3,931 5,648 

Total (within restoration footprint) 61,096 49,824 72,125 

Grand Total (footprint + downstream) 72,820 59,377 86,035 
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Table 2. Channel, landscape connectivity, and juvenile Chinook carrying capacity predictions for the Deepwater Slough Phase 2 

Alternative 2. Channel predictions are shown for three methods: standard allometric prediction (SA), tide range-adjusted allometric 

prediction (TRA), and conceptual design (CD) methods. Chinook carrying capacity is shown for the channel prediction from the CD 

method. 

Polygon 

(from Figure 2) 

Marsh 

Area 

(ha) 

Method 

Channel Predictions Landscape Connectivity 
Chinook carrying capacity 

(smolts/yr) 

Count Length (m) Area (ha) ave low high ave low high 

Eastern polygon from 

“Full” alternative 
67.6 

SA 26 14,760 3.205 

0.034799 0.028465 0.040754 

   

TRA 14 5,285 1.254    

CD  21 11,320 2.458 40,961 33,439 48,044 

downstream of east 

(new channel) 
    0.289 4,816 3,931 5,648 

Total (within restoration footprint) 40,961 33,439 48,044 

Grand Total (footprint + downstream) 45,776 37,371 53,692 
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Table 3. Channel, landscape connectivity, and juvenile Chinook carrying capacity predictions for the Deepwater Slough Phase 2 

Alternative 3. Channel predictions are shown for three methods: standard allometric prediction (SA), tide range-adjusted allometric 

prediction (TRA), and conceptual design (CD) methods. Chinook carrying capacity is shown for the channel prediction from the CD 

method. 

Polygon 

(from Figure 3) 

Marsh 

Area 

(ha) 

Method 

Channel Predictions Landscape Connectivity 
Chinook carrying capacity 

(smolts/yr) 

Count Length (m) Area (ha) ave low high ave low high 

Northern polygon 16.5 

SA 11 2,497 0.376 

0.036688 0.032273 0.041236 

   

TRA 6 1,001 0.170    

CD  8 2,920 0.440 7,729 6,790 8,697 

Downstream of north 

(new channel) 
    0.363 6,387 5,612 7,187 

Southern polygon 28.1 

SA 15 4,883 0.844 

0.031145 0.028465 0.034031 

   

TRA 8 1,753 0.335    

CD  10 4,674 0.808 12,036 10,990 13,162 

downstream of south 

(new channel) 
    0.200 2,983 2,724 3,262 

Total (within restoration footprint) 19,765 17,781 21,859 

Grand Total (footprint + downstream) 29,135 26,116 32,309 
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Table 4. Summary of landscape connectivity for the Full Restoration alternative. 

Polygon 

(from Figure 1) 
Fish migration pathway used 

(See Figure 1 for point locations) 

Point name 
Landscape 

connectivity 

Western polygon Point 31 0.032273 

Point 32 0.033263 

Point 33 0.039979 

Point 34 0.041236 

Point 35 0.043482 

Point 36 0.047257 

Eastern polygon Point 37 0.0375828 

Point 38 0.028572 

Point 39 0.028465 

Point 40 0.033513 

Point 41 0.034031 

Point 42 0.040754 

Point 43 0.040676 

 

Table 5. Summary of landscape connectivity for the Alternative 2. 

Polygon 

(from Figure 2) 
Fish migration pathway used 

(See Figure 2 for point locations) 

Point name 
Landscape 

connectivity 

Eastern polygon from “Full” alternative Point 37 0.0375828 

Point 38 0.028572 

Point 39 0.028465 

Point 40 0.033513 

Point 41 0.034031 

Point 42 0.040754 

Point 43 0.040676 
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Table 6. Summary of landscape connectivity for the Alternative 3. 

Polygon 

(from Figure 3) 
Fish migration pathway used 

(See Figure 3 for point locations) 

Point name 
Landscape 

connectivity 

Northern polygon Point 31 0.032273 

Point 32 0.033263 

Point 33 0.039979 

Point 34 0.041236 

Southern Polygon Point 38 0.028572 

Point 39 0.028465 

Point 40 0.033513 

Point 41 0.034031 

 

Table 7. Summary of habitat and juvenile Chinook carrying capacity predictions for the Island 

Unit Area of the Skagit Wildlife Area. SRP is the 2005 Skagit Chinook Recovery Plan, SHDM is 

the 2016 Skagit Hydrodynamic Model Project, and IUAA is the Island Unit Alternatives Analysis 

(results from Table 1 in this memo). 

Planning Document 

(habitat prediction 

method) 

Predicted Channel 

area 

(mid-point) 

Landscape 

connectivity 

Chinook carrying capacity 

(smolts/year) 

(mid-point) 

SRP 

(Standard) 
4.5 ha 0.045a 95,516 

SHDM 

(Standard) 

9.1 ha 

 

(includes 4.37 ha 

downstream effect) 

range 0.028-0.047 160,000 

IUAA 

(Conceptual Design 

method) 

4.172 ha 

 

(includes 0.653 ha 

downstream effect) 

range 0.028-0.047 72,820 

a The SRP (page 189) erroneously reports connectivity as 0.026. Beamer et al (2005) reports the 

correct connectivity estimate as 0.045 (see Table 7.1 on page 43). 
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Figure 1. Map of the conceptual design method for the Full Restoration Alternative depicting locations of 

channel outlets and channel. The top panel is shown over an orthophoto; the bottom panel over 2012 

LiDAR. Hydrologically distinct polygons are bounded by white outlines. Tidal channel outlet points are 

shown as white dots with a black center. The channel outlet points used to calculate Landscape Connectivity 

values are labeled. Channels are shown as black lines.  
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Figure 2. Map of the conceptual design method for Alternative 2 depicting locations of channel outlets and 

channel. The top panel is shown over an orthophoto; the bottom panel over 2012 LiDAR. Hydrologically 

distinct polygons are bounded by white outlines. Tidal channel outlet points are shown as white dots with 

a black center. The channel outlet points used to calculate Landscape Connectivity values are labeled. 

Channels are shown as black lines. 
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Figure 3. Map of the conceptual design method for Alternative 3 depicting locations of channel outlets and 

channel. The top panel is shown over an orthophoto; the bottom panel over 2012 LiDAR. Hydrologically 

distinct polygons are bounded by white outlines. Tidal channel outlet points are shown as white dots with 

a black center. The channel outlet points used to calculate Landscape Connectivity values are labeled. 

Channels are shown as black lines. 

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 

63



References 
Beamer, E., G. Hood, and K. Wolf. 2016. Technical Memo to Polly Hicks (NOAA Restoration 

Center), Jenny Baker (TNC), Jenna Friebel (WDFW) on December 27, 2016 regarding Habitat 

and juvenile Chinook benefit predictions of candidate restoration projects within the Skagit tidal 

delta. Work completed under NOAA/WRCO SRFB Skagit Hydrodynamic Model (SHDM) Project 

(P104051-A102542-n/a). Skagit River System Cooperative, La Conner, WA 98257. 

http://skagitcoop.org/wp-

content/uploads/HabitatandJuvenileChinookBenefitPredictionsofCandidateRestorationProjectswi

thintheSkagitTidalDelta.pdf 

Beamer, E.M., A. McBride, C. Greene, R. Henderson, G. Hood, K. Wolf, K. Larsen, C. Rice, and 

K. Fresh. 2005. Delta and nearshore restoration for the recovery of wild Skagit River Chinook 

salmon: linking estuary restoration to wild Chinook salmon populations. Appendix to the Skagit 

Chinook Recovery Plan. Skagit River System Cooperative, LaConner, WA. 

http://skagitcoop.org/wp-content/uploads/Appendix-D-Estuary1.pdf 

Hood, W.G. 2004. Indirect environmental effects of dikes on estuarine tidal channels: thinking 

outside of the dike for habitat restoration and monitoring.  Estuaries 27:273-282. 

Hood, W.G. 2007. Scaling tidal channel geometry with marsh island area: a tool for habitat 

restoration, linked to channel formation process.  Water Resources Research 43, W03409, 

doi:10.1029/2006WR005083. 

Hood, W.G. 2015. Geographic variation in Puget Sound tidal channel planform geometry. 

Geomorphology 230:98-108. 

Hood, W.G. 2019.  Tidal Channel Erosion Rates Depend on Marsh Restoration Site Size. 

Technical Report to the Estuary and Salmon Restoration Program.  Skagit River System 

Cooperative, LaConner, WA. 

Skagit River System Cooperative and Washington Department of Fish and Wildlife. 2005. Skagit 

Chinook Recovery Plan. Skagit River System Cooperative, La Conner, WA.  

http://skagitcoop.org/wp-content/uploads/Skagit-Chinook-Plan-13.pdf 

  

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 

64

http://skagitcoop.org/wp-content/uploads/HabitatandJuvenileChinookBenefitPredictionsofCandidateRestorationProjectswithintheSkagitTidalDelta.pdf
http://skagitcoop.org/wp-content/uploads/HabitatandJuvenileChinookBenefitPredictionsofCandidateRestorationProjectswithintheSkagitTidalDelta.pdf
http://skagitcoop.org/wp-content/uploads/HabitatandJuvenileChinookBenefitPredictionsofCandidateRestorationProjectswithintheSkagitTidalDelta.pdf
http://skagitcoop.org/wp-content/uploads/Appendix-D-Estuary1.pdf
http://skagitcoop.org/wp-content/uploads/Skagit-Chinook-Plan-13.pdf


Appendix1. Fish migration pathways and landscape 
connectivity calculations. 
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Changes in WDFW-managed lands and habitat types since 2000 
within WDFW Region 4 that are available for public hunting 

 
This document contains the results of an inventory of WDFW-managed lands within Region 4 
that are available for public hunting. The inventory compared how habitat types within those 
lands have changed since 2000. Habitat types are defined in the section below. Table 1 provides 
the results. A map of the properties can be found at: 
http://www.arcgis.com/home/webmap/viewer.html?webmap=63771693b0ee4b81b949d87d6f
58fc0e&extent=-122.7128,48.2096,-122.0399,48.5666 
 
Habitat Types Definitions  

  
Enhanced Forage – Lands that are planted and/or managed to produce high value plants that 
are generally seed bearing and are left standing for forage.  These plants include planted crops: 
barley, corn, fava beans, millet, buckwheat, and moist soil plants, including wild 
millet, smartweed, yellow nut-sedge, and Bidens. This also includes cover crops, unharvested 
crops, and harvested crop areas at the Fir Island Farms and Johnson/DeBay’s Slough Game 
Reserves, which are managed primarily for Snow Geese and Swans, respectively. This 
management creates high intensity use throughout most of the winter season for waterfowl 
and recreational users.  
 
Managed Forage – Lands that Wildlife Area Staff or agricultural lessees manipulate through 
mowing, mid- to late-summer disking, grazing, flooding or other methods to improve habitat 
forage quality and access, and harvested commercial agricultural crops. This category may not 
provide the same intensity of use over time as the enhanced category.  
 
Non-forested Upland – Lands within the dike system that are not manipulated to produce 
forage.  
 
Intertidal Native Vegetation – Lands within the intertidal zone of the Lower Skagit River and 
Skagit and Port Susan Bays offering a mix of native and non-native emergent marsh species.   
 
Riparian(tree/brush) – Lands that are made up primarily of mixed coniferous and deciduous 
trees, scrub/shrub, and other woody or rank vegetation consider less desirable for waterfowl 
hunting or forage.  These areas can be located within or outside of the diked uplands.   
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Table 1.  Changes in WDFW-managed lands and habitat types since 2000 in Region 4 (continues on next page). 

  

 

 

Unit Name
Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Big Ditch Access 115 115 0 0 0 0 0 0 113 113 0 0 113 113 0 2
Cottonwood Island 164 164 0 0 12 12 0 0 0 0 152 152 0 0 164 164
DeBay’s Slough Unit 359 359 60 60 73 73 0 0 0 0 226 226 47 47 312 312
Fir Island Farms* 297 297 249 95 0 5 0 0 27 193 21 0 0 0 297 297
Headquarters* 193 193 78 0 4 0 0 0 0 183 111 10 168 168 25 25
Island* 477 477 162 125 86 10 0 14 0 209 229 119 477 477 0 0
Jensen Access 21 21 0 0 0 0 0 0 20 20 0 0 20 20 1 1
South Leque** 317 317 222 0 0 0 0 0 60 317 0 0 297 297 20 20
North Leque* 109 109 36 0 0 0 25 0 73 73 0 0 96 96 13 13
Milltown Island* 299 299 0 0 0 0 0 0 201 201 98 98 299 299 0 0
North Fork Access 163 163 0 0 0 0 0 0 163 163 0 0 163 163 0 0
Samish 410 410 230 190 0 180 180 0 0 0 0 30 373 373 37 37
Samish River 0 104 0 0 0 10 0 94 0 0 0 0 0 10 0 94
Skagit Delta Game Reserv 329 329 0 0 0 0 0 0 329 329 0 0 0 0 329 329
Skagit Forks 0 61 0 0 0 0 0 0 0 0 0 61 0 61 0 0
South Skagit Forks 0 5 0 0 0 0 0 0 0 0 0 5 0 5 0 0
South Padilla Bay 0 245 0 20 0 225 0 0 0 0 0 0 0 20 0 225
South Telegraph 46 46 0 0 0 0 0 0 0 0 46 46 45 45 1 1
North Telegraph 14 14 0 0 0 0 0 0 14 14 0 0 14 14 0 0
Skagit Bay Estuary 10003 10003 0 0 0 0 0 0 10003 10003 0 0 10003 10003 0 0
Skagit Totals 13316 13731 1037 490 175 515 205 108 11003 11818 883 747 12115 12211 1199 1520
Skagit Net Change
* Denotes Units where an estuary restoration project has been implemented since Year 2000.
**The acreages reflect the Year 2020 total, since an estuary restoration project was implemented in 2019.
Note:  This table accompanies an online map titled "Changes in Habitat Type of WDFW Skagit Wildlife Area Units".

SKAGIT WILDLIFE AREA

415 -547 340 -97 815 -136 96 321

Total Unit Acres
Enhanced 

Forage
Managed Forage 

Non-forested 
Upland

Intertidal
Riparian 

(tree/brush)
Hunted Acres

Non-Hunted 
Acres
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Table 1.  Changes in WDFW-managed lands and habitat types since 2000 in Region 4 (continued from previous page).

 

Unit Name
Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Year 
2000

Year 
2016

Cherry Valley 392 392 0 60 104 30 113 113 0 0 175 189 323 323 69 69
Spencer Island 174 174 0 0 0 0 0 0 0 0 174 174 174 174 0 0
Ebey Island 420 1249 0 13 0 287 0 242 0 0 420 707 0 789 420 483
Crescent Lake 359 359 110 110 0 43 3 3 0 0 246 203 349 349 10 10
Stillwater 456 456 0 60 0 73 139 6 0 0 317 317 434 434 22 22
Corson 167 167 0 6 0 0 0 0 0 0 167 161 0 0 167 167
Snoqualmie Totals 1968 2797 110 249 104 433 255 364 0 0 1499 1751 1280 2069 688 751
Snoqualmie Net Change

Nooksack 627 627 12 12 118 118 397 397 0 0 100 100 500 500 127 127
Tennant Lake 360 360 0 0 0 20 125 105 0 0 115 115 40 40 320 320
Lake Terrell 1500 1500 60 60 40 40 600 600 0 0 300 300 500 500 1000 1000
Intalco 1000 1000 0 0 200 200 500 500 0 0 100 100 850 850 150 150
British Petroleum 1000 1000 20 20 100 400 400 100 0 0 500 500 800 800 200 200
Whatcom Totals 4487 4487 92 92 458 778 2022 1702 0 0 1115 1115 2690 2690 1797 1797
Whatcom Net Change

Skagit County 0 579 0 148 0 417 0 0 0 14 0 0 0 579 0 0
Snohomish County 0 602 0 54 0 548 0 0 0 0 0 0 0 602 0 0
Whatcom County 0 771 0 20 0 751 0 0 0 0 0 0 0 771 0 0
PLAP Totals 0 1952 0 222 0 1716 0 0 0 14 0 0 0 1952 0 0
PLAP  Net Change

SNOQUALMIE WILDLIFE AREA

829 139 329 109 0 252 789 63
WHATCOM WILDLIFE AREA

0 0 320 -320 0 0 0 0
REGION 4 PRIVATE LANDS ACCESS PROGRAM (PLAP)

1952 222 1716 0 14 0 1952 0

-308 829 116 2837

REGION 4 TOTAL NET 
CHANGE

Total Unit Acres
Enhanced 

Forage
Managed Forage 

Non-forested 
Upland

Intertidal

384
Note:  This table accompanies an online map titled "Changes in Habitat Type of WDFW Skagit Wildlife Area Units".

Total Unit Acres
Enhanced 

Forage
Managed Forage 

Non-forested 
Upland

Intertidal
Riparian 

(tree/brush)
Hunted Acres

Non-Hunted 
Acres

Riparian 
(tree/brush)

Hunted Acres
Non-Hunted 

Acres
3196 -186 2705
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Barn Field and Seattle Pond tidegates and water control structures 

This document is intended to outline the current tidegates with no change to the designed function of 
current structures.  

Overview 

The Island Unit is comprised of two islands, each of which is protected from tides and high river flows by 
dikes. Tidegates and water control structures located on each island were designed and built to manage 
water surface elevations. Tidegates allow drainage in support of farming (i.e. enhanced/managed winter 
waterfowl forage production) and water control structures provide the ability to flood these crops to 
improve access for waterfowl to feed.  The structure on the west island is known as the Seattle Pond 
tidegate and the one on the east island is known as the Barn Field tidegate.  

Figure 1.  Location of tidegates and water control structures on the Island Unit site. 

Over the decades since they were built, these structures have performed well but now have exceeded 
their projected life expectancy and are currently not functioning as designed. The current condition of 
the tidegates and water control structures restrict the management options on the Island. WDFW land 
managers have adapted planting and management to accommodate the restricted water management 
capacity.  Active management of the site (mowing and cropping) is still possible, however, as the system 
continues to degrade this may become more difficult. Failure of one or both tidegates or culverts could 
result in dike failure.  It is unknown whether WDFW would be able to farm any portion of the site if dikes 
failed, but given the elevation of the site relative to tidal elevations it seems unlikely that any portion of 
it could be farmed, and it is certain that WDFW would not be able to farm as much of the site as is now 
possible.  

Structure Description: 
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The water control structures on the Island Unit combine multiple features that allow for control of water 
movement both onto and off the site. At both the Seattle Pond and Barn Field tidegates, there is a 
culvert that extends through the dike. On the exterior of the dike (tidal side), there is a top-hinge 
flapgate-style tidegate attached to the culvert. This gate is closed except when interior water surfaces 
are high enough relative to exterior water surfaces to push the gate open. As such, each gate keeps tidal 
water from entering the site but allows water to drain out when the tides drops below a certain level. 
Each tidegate is also connected to a threaded rod (known as a screw gate), which can be used to raise 
the tidegate above the culvert opening and allow water onto the site. 

On the opposite end of each culvert (interior of the dike), there is a flashboard riser.  The flashboard 
riser allows land managers to add and remove boards to control the water levels on the interior of the 
dike. Added boards retain water on the site; fewer boards allow water to drain out. 

Figure 2. Schematic of Barn Field and Seattle Pond tidegates and water control structures. 

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 

82



Figure 3. Typical flashboard riser with metal channel for addition of boards to control water levels on site 
(left), typical top-hinge flapgate-style tidegate which is pushed open when interior water is higher than 
exterior/tidal water (middle), and typical screw gate with frame to raise or lower gate over culvert 
opening (right).  

Barn Field tidegate and water control structures: 

The Barn Field tidegate has been leaking for a number of years.  Since the structure is under water on all 
tides it is difficult to determine the exact cause of the leak.  An attempt to examine the structure with an 
underwater camera did not yield any definitive information due to the cloudy water conditions.  It could 
be that the tidegate is not sealing completely, that the culvert is corroded and allowing water to enter 
through holes in the culvert between the tidegate and the dike, or that water is piping along the sides of 
the culvert through the dike. The screw gate has not been used for several years due to the concern of 
failure. As such the gate has not been raised to allow free flow of water onto the site. The flashboard 
riser appears to slow water draining from the site but does not restrict water entering during some 
higher tides and high river levels.  

The assumption is that to repair the structure would require the removal and replacement of the 
combination tidegate, culvert and flashboard riser with a similar or improved design. 
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Figure 4. Barn Field water control structures on waterward side of the dike. Footbridge to platform with 
screw gate controls.  

Figure 5. Barn Field water control structures on waterward side of the dike. Culvert with tidegate on end 
and frame for raising with screw mechanism.  
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Figure 6. Barn Field water control structures on landward side of the dike. Flashboard riser with foot 
bridge. 

Seattle Pond tidegate and water control structures: 

The Seattle Pond tidegate functions as intended with the flapgate opening when water levels on the site 
are high enough to push it open and closing at all other times. It does not allow tidal water on to the 
site. The screw gate, however, has not been used for several years due to the concern of failure. As such 
the gate has not been raised to allow free flow of water onto the site. Additionally, the interior 
flashboard riser is not working properly. The riser is not connected to the culvert passing through the 
dike so it does not hold water on the site when boards are inserted.   

The assumption is that to repair the structure would require the removal and replacement of the 
combination tidegate, culvert and flashboard riser with a similar or improved design. 
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Figure 7. Seattle Pond water control structures on waterward side of the dike. Footbridge to platform 
with screw gate controls  

Figure 8. Seattle Pond water control structures on landward side of the dike. Flashboard riser with foot 
bridge and hand rail. 
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Tidegate Replacement 

Replacement of the culverts and tidegates have been identified as a WDFW capital need for many years.  
Replacement was proposed as part of the Deepwater Slough restoration project. However once the two-
island alternative was selected, meaning water would once again flow through Deepwater Slough, the 
need for a bridge became essential.  There was not enough project funding available to replace the 
drainage infrastructure and build the bridge, and so funding was used to build the bridge.   

Since that time, Skagit Wildlife Area staff have developed funding requests for the tidegate replacement 
through the WDFW capital budget and the Migratory Bird Stamp processes. The capital funding requests 
did not rank well when compared to the other agency capital needs. WDFW received funding through 
the Migratory Bird Stamp process for design and planning, but other project obstacles led to the design 
and planning being abandoned (more on obstacles below). In addition the estimated full replacement 
cost was more than the Migratory Bird Stamp process alone could fund. 

In 2014, a local waterfowl hunting supporter, who had grown up hunting the Island, was aware of the 
need for tidegate replacement and the lack of funding to do so. This supporter proposed that his 
construction company provide the equipment and the operators to perform the tidegate replacement at 
no charge.  WDFW Wildlife Program staff supported examination of how WDFW could work with a 
private contractor in this way. The decision was made to apply for permits to replace the Barn Field 
tidegate (more details below) based on a preliminary design completed by WDFW’s Capital Asset 
Management Program (construction group) staff.  CAMP had some discussions with the private 
construction company but ultimately WDFW could not move forward with the project due to a lack of 
funding for design, permitting, mitigation, materials and construction oversight.   

Starting in 2014 WDFW attempted to obtain permits for replacing the Barn Field tidegate. Below are key 
milestones in the permitting process: 

 A State Environmental Policy Act (SEPA) application was submitted to replace the Barn Field 
Tidegate with no mitigation and a Determination of Non-Significance was issued (DNS 15-004, 
January 2015) 

 Skagit River System Cooperative (SRSC) opposed the DNS (January 2015) suggesting that a 
replacement structure would need to allow fish passage and tidal exchange; WDFW subsequently 
withdrew the SEPA application (January 2016) 

 WDFW assessed the feasibility of installing a self-regulating tidegate to support management of 
the site for farmed waterfowl forage production while also providing juvenile salmon habitat and 
determined that it would not be feasible due to conflicting water management objectives in 
spring and early summer (April 2016). 

 Conversations began with SRSC about what mitigation would be sufficient if the tidegate were 
replaced with a standard tidegate (not self-regulating). 

 WDFW and SRSC tried to negotiate a path forward. WDFW proposed that North Leque be used as 
mitigation for tidegate replacement. However, SRSC was not willing to support the continued 
exclusion of salmon from the site for an underdetermined period.  SRSC was willing to support 
the temporary replacement of the tidegate if the Island Unit design and permitting was 
underway and restoration happened within 10 years.  An MOU was drafted (September 2016) 
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but never signed because WDFW was not comfortable committing to the cost of a temporary 
replacement or the eventual restoration project without a public process.  

 WDFW wrote a letter to SRSC outlining its path forward, which was to move forward with 
permitting using North Leque as mitigation.   

 WDFW applied for SEPA again, applying the Tidegate Fish Initiative formula to calculate required 
mitigation acreage with North Leque proposed as mitigation, and a DNS was issued (DNS 16-074, 
December 2016).   

 SRSC didn’t agree with using North Leque because it was already intertidal and too far away from 
pathways used by Skagit juvenile Chinook. They wrote another SEPA response outlining why they 
didn’t believe it was sufficient mitigation and requesting an Environmental Impact Statement 
(January 2017). WDFW withdrew SEPA again (April 2017). 

 NOAA advised WDFW not to apply for federal permits without coming to agreement with the 
tribes (SRSC). 

 An email dated April 14, 2017 contained points of agreement from a meeting between Larry 
Carpenter (WDFW Commission), Larry Wasserman (Swinomish Tribe) and Bob Everitt (WDFW 
Region 4 Director). It documents an agreement that WDFW will apply for funding to complete a 
feasibility study (currently described as an alternatives analysis), and outlines a potential short 
term solution where if a full restoration design is selected in the feasibility study, the tidegates 
may be replaced until they are removed during the restoration project within seven years of their 
repair.  

 WDFW applied for and received a Salmon Recovery Funding Board grant (January 2018) to 
complete a feasibility study.  

 In September 2019, WDFW reached out to SRSC staff to review their position on tidegate 
replacement. Their position has not changed. 

Findings 

At this time, issues around replacement of the tidegates have not changed.  

 The tidegates and water control structures are in disrepair and at risk of failing. 
 Funding is not available for replacement. 
 Skagit River System Cooperative supports full restoration of the site and does not support repair 

or replacement of infrastructure on the site, including tidegates and water control structures. 
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Opinion of Probable Construction Costs 

The “opinion of probable construction costs” was developed by WDFW’s Region 4 Habitat 
Engineer. Because alternatives are conceptual at this stage, construction costs are provided as a 
general basis for comparison only. Estimated costs were derived from actual costs from similar 
nearby projects and adjusted for inflation to the year 2020. Costs include design, permitting, 
mitigation, construction oversight, construction, taxes and fees, and contingency. 

For all alternatives that include dike removal, there is a range of costs provided. Table 1 
contains detailed cost information assuming 50% of the dike length is removed for full and 
partial restoration alternatives and Table 2 contains detailed cost information assuming 100% 
of the dike length is removed. In summary, the cost for each alternative is: 

 Alternative 1: $6.5M 
 Alternative 2: $8.2-10.4M 
 Alternative 3: $9.9-11.7M 
 Alternative 4: $9.3-13.0M 
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Table 1. Opinion of Probable Construction Cost for the Island Unit (50% dike removal per alternative that include dike removal)
Date: 

By: Syms

Description Unit Unit Price Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Demolition/ Site Prep

Clearing and Grubbing AC $3,000 7.06 $21,193.39 2.53 $7,582.64 3.22 $9,647.11 270.00 $810,000.00
Excavation1,2,3 CY $15 0.00 $0.00 63405.65 $951,084.75 53788.35 $806,825.25 108354.40 $1,625,316.00
Excavation, mucky or wet4 CY $5 0.00 $0.00 12681.13 $63,405.65 10757.67 $53,788.35 21670.88 $108,354.40
Remove Existing Bridge EA $20,000 0.00 $0.00 1.00 $20,000.00 0.00 $0.00 1.00 $20,000.00

Levee Construction
Dike Select Fill5,6 C.Y. $30 28208.40 $846,252.00 10092.50 $302,775.00 40560.30 $1,216,809.00 0.00 $0.00

Levee Repairs
Riprap7 CY $300 1500.00 $450,000.00 1500.00 $450,000.00 1500.00 $450,000.00 0.00 $0.00

Tidal Channel Work and Breaches
Excavation8 C.Y. $25 0.00 $0.00 48994.66 $1,224,866.46 24876.05 $621,901.28 70143.29 $1,753,582.22

Tidegate Replacement
New Side Hinge Tidegates9 EA $500,000 2.00 $1,000,000.00 1.00 $500,000.00 2.00 $1,000,000.00 0.00 $0.00

$2,317,445.39 $3,519,714.51 $4,158,970.99 $4,317,252.62
Other Construction Costs

Seeding or Planting10 AC $4,000 7.06 $28,257.85 2.53 $10,110.19 3.22 $12,862.81 0.00 $0.00
Dewatering/ Defishing Site % 10% $231,744.54 $351,971.45 $415,897.10 $431,725.26
Mobilization % 30% $695,233.62 $1,055,914.35 $1,247,691.30 $1,295,175.78

$3,272,681.40 $4,937,710.50 $5,835,422.19 $6,044,153.66
Design, Permitting, Contingency and Mitigation

Design and Permitting % 20% $463,489.08 $703,942.90 $831,794.20 $863,450.52
Construction Inspection & Oversight % 15% $347,616.81 $527,957.18 $623,845.65 $647,587.89
Taxes and Fees % 10% $231,744.54 $351,971.45 $415,897.10 $431,725.26
Contingency % 30% $695,233.62 $1,055,914.35 $1,247,691.30 $1,295,175.78
Loss of Estuary - Mitigation 11 AC $135,000 270.00 $1,514,862.00 110.00 $617,166.00 159.00 $892,085.40 0.00 $0.00

$6,525,627.44 $8,194,662.38 $9,846,735.83 $9,282,093.12

Assumptions
1. In full and partial restoration alternatives, 50% of levees not left in place are completely removed to elevation of surrounding ground.
2. Existing levees average 8 feet above the farm field surface.
3. When levees are removed, levee material will be sidecast or used to fill ditches and ponds landward of the levee.
4. 20% of excavation is assumed to be muck. This cost is in addition to the excavation cost.
5. Levee will be raised by 1' on all levees left in place to account for 0.8 feet of sea level rise and 0.2 feet of settlement.
6. New levee will be constructed to 9 feet above ground surface for Alternative 3 cross-dikes.
7. Existing levee on northwest portion of west island is in need of repair/ armoring for no restoration and partial restoration alternatives. 1500 feet of repair assumed.
8. Tidal channel areas from SRSC analysis. Assumed an average of 5 feet deep. Cost assumes sidecast of material.
9. Tidegates/water control structures must be replaced for alternatives 1-3. Existing structures are replaced with concrete headwall/wingwalls and side hinge gate & associated water control
10. Seeding or Planting includes all disturbed area on sides of dike after raising.
11. Continued loss of habitat with tidegate repair is multiplied by 0.04156 per the TFI accounting formula to calculate the acres of mitigation required.
12. Bridge removal is included with alternatives 2 and 4.

9/28/2020

Alternative 1 - No Restoration Alternative 2 - East Island Restoration12 Alternative 3 - Both Island Levee Setback Alternative 4 - Full Restoration12

SUB CONSTRUCTION

APPROXIMATE TOTAL CONSTRUCTION COST

APPROXIMATE TOTAL COST
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Table 2. Opinion of Probable Construction Cost for the Island Unit (100% dike removal per alternative that include dike removal)
Date: 

By: Syms

Description Unit Unit Price Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Demolition/ Site Prep

Clearing and Grubbing AC $3,000 7.06 $21,193.39 2.53 $7,582.64 3.22 $9,647.11 270.00 $810,000.00
Excavation1,2,3 CY $15 0.00 $0.00 126811.30 $1,902,169.50 107576.70 $1,613,650.50 216708.80 $3,250,632.00
Excavation, mucky or wet4 CY $5 0.00 $0.00 25362.26 $126,811.30 21515.34 $107,576.70 43341.76 $216,708.80
Remove Existing Bridge EA $20,000 0.00 $0.00 1.00 $20,000.00 0.00 $0.00 1.00 $20,000.00

Levee Construction
Dike Select Fill5,6 C.Y. $30 28208.40 $846,252.00 10092.50 $302,775.00 40560.30 $1,216,809.00 0.00 $0.00

Levee Repairs
Riprap7 CY $300 1500.00 $450,000.00 1500.00 $450,000.00 1500.00 $450,000.00 0.00 $0.00

Tidal Channel Work and Breaches
Excavation8 C.Y. $25 0.00 $0.00 48994.66 $1,224,866.46 24876.05 $621,901.28 70143.29 $1,753,582.22

Tidegate Replacement
New Side Hinge Tidegates9 EA $500,000 2.00 $1,000,000.00 1.00 $500,000.00 2.00 $1,000,000.00 0.00 $0.00

$2,317,445.39 $4,534,204.91 $5,019,584.59 $6,050,923.02
Other Construction Costs

Seeding or Planting10 AC $4,000 7.06 $28,257.85 2.53 $10,110.19 3.22 $12,862.81 0.00 $0.00
Dewatering/ Defishing Site % 10% $231,744.54 $453,420.49 $501,958.46 $605,092.30
Mobilization % 30% $695,233.62 $1,360,261.47 $1,505,875.38 $1,815,276.90

$3,272,681.40 $6,357,997.06 $7,040,281.23 $8,471,292.22
Design, Permitting, Contingency and Mitigation

Design and Permitting % 20% $463,489.08 $906,840.98 $1,003,916.92 $1,210,184.60
Construction Inspection & Oversight % 15% $347,616.81 $680,130.74 $752,937.69 $907,638.45
Taxes and Fees % 10% $231,744.54 $453,420.49 $501,958.46 $605,092.30
Contingency % 30% $695,233.62 $1,360,261.47 $1,505,875.38 $1,815,276.90
Loss of Estuary - Mitigation 11 AC $135,000 270.00 $1,514,862.00 110.00 $617,166.00 159.00 $892,085.40 0.00 $0.00

$6,525,627.44 $10,375,816.74 $11,697,055.07 $13,009,484.48

Assumptions
1. In full and partial restoration alternatives, 100% of levees not left in place are completely removed to elevation of surrounding ground.
2. Existing levees average 8 feet above the farm field surface.
3. When levees are removed, levee material will be sidecast or used to fill ditches and ponds landward of the levee.
4. 20% of excavation is assumed to be muck. This cost is in addition to the excavation cost.
5. Levee will be raised by 1' on all levees left in place to account for 0.8 feet of sea level rise and 0.2 feet of settlement.
6. New levee will be constructed to 9 feet above ground surface for Alternative 3 cross-dikes.
7. Existing levee on northwest portion of west island is in need of repair/ armoring for no restoration and partial restoration alternatives. 1500 feet of repair assumed.
8. Tidal channel areas from SRSC analysis. Assumed an average of 5 feet deep. Cost assumes sidecast of material.
9. Tidegates/water control structures must be replaced for alternatives 1-3. Existing structures are replaced with concrete headwall/wingwalls and side hinge gate & associated water control
10. Seeding or Planting includes all disturbed area on sides of dike after raising.
11. Continued loss of habitat with tidegate repair is multiplied by 0.04156 per the TFI accounting formula to calculate the acres of mitigation required.
12. Bridge removal is included with alternatives 2 and 4.

Alternative 4 - Full Restoration 12

APPROXIMATE TOTAL CONSTRUCTION COST

SUB CONSTRUCTION

9/28/2020

APPROXIMATE TOTAL COST

Alternative 1 - No Restoration Alternative 2 - East Island Restoration12 Alternative 3 - Both Island Levee Setback
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Cost estimates for annual O&M at Island Unit

costs include labor, materials and equipment

current 
management 

description of management

141 acres of 
enhanced & 

managed forage; 0 
acres of estuary

cost category low end  high end  low end  high end  low end  high end low end high end

ferrying, prep & misc  $                      4,196  $                      4,196  $                      4,196  $                      2,039 2,039$                        $                      3,275  $                      3,275 1,300$                       1,300$                       

Field prep, planting & spraying  $                    21,463  $                    21,463  $                    21,463  $                    10,274 10,274$                    15,493$                     $                    15,493 -$                           -$                           

Dike/field mowing & maintenance  $                      6,685  $                      6,685  $                      6,685  $                      3,109 3,109$                       4,744$                       4,744$                       -$                           -$                           

Equipment operation & 
maintenance

 $                      6,727  $                      6,727  $                    20,182  $                      3,716  $                    11,149 4,979$                        $                    14,937 -$                           -$                           

Drainage & water control  $                          650  $                          650  $                          650  $                          370 370$                          770$                          770$                          -$                           -$                           

Blind/foot bridge construction & 
maintenance

 $                      1,660  $                      1,660 1,660$                        $                      1,660 1,660$                       1,660$                       1,660$                       1,660$                       1,660$                       

Noxious weed survey only -$                           -$                            $                             -    $                      4,722  $                             -   4,722$                       -$                           4,722$                       -$                           

Noxious weed survey & control -$                           -$                            $                             -    $                             -    $                    30,260 -$                           19,580$                    -$                           49,640$                    

TOTAL 41,382$                    41,382$                    54,836$                    25,890$                    58,860$                     $                    35,643  $                    60,459 7,682$                       52,600$                    

Assumptions based on 2019 costs 
with volunteer labor 
rate applied for 
volunteer hours; 110 
acres enhanced & 
30 acres managed 
forage

volunteer labor rate 
applied for 
volunteer hours; 
equipment cost 
based on WDFW 
owned, leased, or 
donated equipment 
operated and 
maintained by 
WDFW

volunteer labor rate 
applied for 
volunteer hours; 
equipment cost is 3 
times current cost to 
account for no barge 
agreement and 
equipment 
replacement and 
major repairs as 
needed

volunteer labor rate 
applied for 
volunteer hours; 
equipment cost 
based on WDFW 
owned, leased, or 
donated equipment 
operated and 
maintained by 
WDFW; weed survey 
only, no treatment 
on 170 acres estuary

volunteer labor rate 
applied for 
volunteer hours; 
equipment cost is 3 
times current cost to 
account for no barge 
agreement and 
equipment 
replacement and 
major repairs as 
needed; weed 
survey and 
treatment on 170 
acres estuary

volunteer labor rate 
applied for 
volunteer hours; 
equipment cost 
based on WDFW 
owned, leased, or 
donated equipment 
operated and 
maintained by 
WDFW; weed survey 
only, no treatment 
on 110 acres estuary

 volunteer labor rate 
applied for 
volunteer hours; 
equipment cost is 3 
times current cost to 
account for no barge 
agreement and 
equipment 
replacement and 
major repairs as 
needed; weed 
survey and 
treatment on 110 
acres estuary 

weed survey only, 
no treatment on 270 
acres estuary

weed survey and 
treatment on 270 
acres estuary

 270 acres diked including 141 acres of  
enhanced & managed forage; 0 acres of 

estuary 

 100 acres diked including 54 acres of 
enhanced & managed forage; 170 acres of 

estuary 

 160 acres diked including 81 acres of 
enhanced & managed forage; 110 acres of 

estuary 

 0 acres diked; 0 acres enhanced & 
managed forage; 270 acres of estuary 

alternative 1/no restoration alternative 2/east island alternative 3/south ends alternative 4/full restoration

Island Unit Advisory Group REVIEW DRAFT 
(a public review version will be available mid-November 2020) 
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