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Memorandum
To: Polly Hicks (NOAA Restoration Center), Jenny Baker (TNC), Jenna Friebel (WDFW)
Cc: Steve Hinton (SRSC Restoration Program)
From: Eric Beamer, Greg Hood, and Karen Wolf (SRSC Research Program)
Date: December 27, 2016
Subject: Habitat and juvenile Chinook benefit predictions of candidate restoration projects within
the Skagit tidal delta
This memo is partial fulfillment of an agreement between the SRSC Research Program and the
NOAA/WRCO SRFB Skagit Hydrodynamic Model (SHDM) Project (P104051-A102542-n/a)
where we were asked to make predictions of 1) channel habitat formed, 2) landscape connectivity,
and 3) juvenile Chinook benefit (carrying capacity) for 18 of 23 candidate restoration projects
within the Skagit tidal delta. We provide results for all requested SHDM projects per our agreement
(Table 1).
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Table 1. Summary of SHDM project name and number. Projects included in this memo are shaded.
SHDM project #

Project name

Prediction results in this memo

1

SF Levee Setback 2, 3, 4

Yes

2

McGlinn Causeway

Yes

3

TNC South Fork

Yes

4

Cottonwood Island

5

East Cottonwood

No
Yes

6

Pleasant Ridge South

Yes

7

Hall Slough

Yes

8

Fir Island Farm

9

Telegraph Slough Full

No
Yes

10

Sullivan Hacienda

Yes

11

Rawlins Road Distributary Channel

Yes

12

Fir Island Cross Island Connector

No

13

Avon-Swinomish Bypass

Yes

14

NF Left Bank Levee Setback C

Yes

15

NF Left Bank Levee Setback A

Yes

No # given

NF Left Bank Levee Setback B

Yes

16

NF Right Bank Levee Setback

Yes

17

Milltown Island

No

18

Telegraph Slough 1

Yes

19

Thein Farm

20

Deepwater Slough Phase 2

No
Yes

21

Rawlins Road

Yes

22

Telegraph Slough 1&2

Yes
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Executive Summary
We made predictions of 1) channel habitat formed, 2) landscape connectivity, and 3) juvenile
Chinook benefit (carrying capacity) for 18 of 23 candidate restoration projects within the Skagit
tidal delta as part of the Skagit Hydrodynamic Model (SHDM) Project. Midpoint channel area
predictions by individual projects, if constructed, ranged from a low of 0.08 hectares (Pleasant
Ridge South) to a high of 32.46 hectares (Telegraph Slough Full) (Table 2). Midpoint juvenile
Chinook salmon carrying capacity estimates for individual projects, if constructed, ranged from a
low of 3,000 (South Fork Setback) to a high of 275,000 fish per year (Avon-Swinomish Bypass)
(Table 3). Each SHDM project is discussed in detail below, but we highlight a few important topics
in the executive summary.
Avon-Swinomish Bypass: This project is unique compared to all other projects. Many assumptions
must be accepted to believe the predictions for this project. The project is very conceptual and
required us to utilize input data that are outside the data range used to develop the models for
calculating landscape connectivity and predicting juvenile Chinook carrying capacity. The AvonSwinomish Bypass, if constructed, would have large negative offsite impacts to inundation of the
main Skagit tidal delta and could move many downstream migrating juvenile Chinook away from
the majority of habitat in the Skagit estuary. We were unable to predict habitat areas for the bypass
channel reach with the information provided. Nevertheless, we provide meaningful discussion of
some pros and cons to juvenile Chinook salmon for this project, which may be helpful to managers
as they decide which suite of SHDM projects are pursued further.
Prediction bias potential: In addition to the Avon-Swinomish Bypass project, several other projects
utilize input data that are outside the range used to develop the models for predictions. The TNC
South Fork and East Cottonwood projects are good examples. Both projects are located upstream
of sites used to make the juvenile Chinook carrying capacity model and therefore have higher
landscape connectivity values than what was used to create the carrying capacity model. We
believe juvenile Chinook predictions for these two projects are likely biased high based on their
comparison to fish monitoring data collected after the dataset used to create the juvenile Chinook
carrying capacity model.
Comparison to the Skagit Chinook Recovery Plan (‘Chinook Plan’): Three SHDM projects are
listed in the Chinook Plan (SRSC and WDFW 2005). These projects are included in our analysis
because improved prediction tools are thought to change the results presented in the Chinook Plan.


The North Fork Left Bank Levee Setback A project in our analysis has the same project
footprint as the North Fork Levee Setback project listed on page 191 of the Chinook Plan.
Our analysis of North Fork Left Bank Levee Setback A uses 1) an improved habitat
predictor method (Hood 2015) over what was used in the Chinook Plan and 2) breaks the
restoration area up into smaller, more realistic, hydrologic units for estimating channel
formation. Our analysis results in significantly less Chinook benefit compared to the
Chinook Plan. The midpoint prediction for North Fork Left Bank Levee Setback A is
approximately 85,000 fish per year whereas the Chinook Plan’s estimate is over 600,000
fish per year.
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Two other projects, Sullivan Hacienda and Deepwater Slough Phase 2, have significantly
more juvenile Chinook predicted in our analysis than estimated in the Chinook Plan. Our
midpoint predictions for the Sullivan Hacienda and Deepwater Slough Phase 2 are 220,000
and 160,000 fish per year, respectively. In contrast, Chinook Plan estimates are
approximately 37,000 and 96,000 fish per year for Sullivan Hacienda and Deepwater
Slough Phase 2, respectively. The main reason for the increase in Chinook benefit is our
inclusion of new channel area forming in adjacent downstream marshes caused by the
increased tidal flushing due to the restoration project. The Chinook Plan did not account
for this issue.

McGlinn Causeway: We examined how recent distributary channel changes within the North Fork
Skagit delta would affect the McGlinn Causeway Project. We concluded landscape connectivity
within the North Fork tidal delta and Dunlap Bay areas has not changed enough between 2004 and
2013 to predict the McGlinn Causeway project will have a different outcome for juvenile Chinook
carrying capacity than what was already predicted in the Chinook Plan.
Table 2. Summary of channel habitat area estimates for SHDM projects.

SHDM project

Predicted channel area (ha)
Lower
Higher
Midpoint
80% CI
80% CI

1 South Fork Setback

0.17

3 TNC South Fork

0.405

5 East Cottonwood

0.809

6 Pleasant Ridge South

0.08

Comment

0.05

0.50

Allometry model
Midpoint is constructed channel area provided by
SHDM Project Team (2016)
Midpoint is constructed channel area provided by
SHDM Project Team (2016)

0.03

0.25

Allometry model

7 Hall Slough

2.73

0.92

8.16

Allometry model

9 Telegraph Slough Full

32.46

12.70

82.91

Allometry model

10 Sullivan Hacienda

14.06

5.67

34.86

11 Rawlins Rd. Dist. Ch.

0.42

13 Avon-Swinomish Bypass
14 NF Left Bank Levee
Setback C
15 NF Left Bank Levee
Setback A
(no#) NF Left Bank Levee
Setback B

16.70

6.49

42.94

Allometry model
Midpoint is constructed channel area provided by
SHDM Project Team (2016)
Allometry model for Telegraph 1 & 2 polygons.
No habitat estimates were provided or made for
the bypass reach

1.82

0.61

5.51

2.436

0.807

7.410

2.08

0.694

6.32

16 NF RB Setback

0.193

0.063

0.600

Allometry model

18 Telegraph Slough 1

3.74

1.49

9.37

Allometry model

20 DW Slough Phase 2

9.10

3.63

22.89

Allometry model

21 Rawlins Road

3.81

1.43

10.20

Allometry model

22 Telegraph Slough 1 & 2

16.70

6.49

42.94

Allometry model

Allometry model
Allometry model
Allometry model
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Table 3. Summary of juvenile Chinook carrying capacity (fish per year) estimates for SHDM projects. The
variability column is coefficient of variation in carrying capacity estimates due to landscape connectivity
differences for projects with multiple pathways to the same polygon.

SHDM project

Juvenile Chinook carrying capacity
Average
Lowest
Highest
midpoint
estimate
estimate

1 South Fork Setback

3,027

3 TNC South Fork

31,678

5 East Cottonwood
6 Pleasant Ridge South

883

8,940

178,230

129,089

227,371

2,488

933

7,776

Variability due
to connectivity

38.99%

7 Hall Slough

22,889

7,381

69,429

2.42%

9 Telegraph Slough Full

102,855

37,746

282,719

6.15%

10 Sullivan Hacienda

219,936

67,183

619,089

15.67%

11 Rawlins Rd Dist Ch

13 Avon-Swinomish Bypass
14 NF Left Bank Levee
Setback C
15 NF Left Bank Levee
Setback A
(no#) NF Left Bank Levee
Setback B

9,268

275,506

71,057

946,651

53,476

17,937

161,883

85,239

28,079

259,946

65,468

21,811

199,243

16 NF RB Setback

8,119

2,650

25,245

18 Telegraph Slough 1

13,956

5,421

35,836

3.53%

20 DW Slough Phase 2

160,334

52,141

477,023

14.91%

21 Rawlins Road

49,936

10,069

250,405

75.66%

22 Telegraph Slough 1 & 2

61,365

22,593

162,389

4.57%
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47.56%

Comment
no range estimated for
connectivity
no range estimated for habitat
or connectivity
no range estimated for habitat
no range estimated for
connectivity

no range estimated for habitat
or connectivity
unique project; requires
accepting untested
assumptions
no range estimated for
connectivity
no range estimated for
connectivity
no range estimated for
connectivity
no range estimated for
connectivity

Methods
Habitat predictions
Tidal channel count, length, and surface area are predicted for the SHDM projects using an
allometric model that links marsh area to channel geometry (Hood 2007, Hood 2015). This is
essentially an empirical regression model, i.e., patterns in reference marshes are used to predict
outcomes in restoration marshes. The simplest form of the model finds that marsh area alone is
sufficient to predict channel metrics (Hood 2007). However, more recent work finds that there is
geographic variation in tidal channel allometry, and that tide range, storm wave fetch, and sediment
supply also affect channel geometry in predictable ways to explain that geographic variation
throughout Puget Sound (Hood 2015).
The current project to investigate the possible benefits of tidal marsh habitat restoration requires
consideration of spatial variation within the Skagit River delta because of the widespread
distribution of many of the potential project sites. To accomplish this, several variations of the
allometric model were employed. The standard model (Hood 2007) was used for sites within the
lower portion of the South Fork Skagit delta and for the Telegraph Slough cluster of projects. The
Telegraph Slough area is similar to the South Fork Skagit delta in that it has similar tide range and
similar storm fetch. The North Fork Skagit delta experiences considerable fetch, so the standard
model was modified by sorting reference sites according to the degree of exposure to fetch (Hood
2015); reference marshes were categorized as being either windward or leeward sites and an
allometric regression model (with marsh area as the predictive variable and tidal channel metrics
as the response variable) was made for each category. Windward sites were within 650 m of the
Skagit Bay shoreline. R2 values for leeward and windward marsh, respectively, were 0.94 and
0.92 for total channel surface area, 0.97 and 0.89 for total channel length, and 0.80 and 0.79 for
channel outlet count. P-values were all < 0.001.
For sites located along the North and South Fork distributaries, tide range becomes an important
consideration, because the tide range decays to zero as one approaches the head of tide near Mount
Vernon. The tide range at any point along the distributaries was assumed to decay at a constant
rate from a mean of 3.1 m in Skagit Bay to zero at the I-5 bridge in Mount Vernon. An allometric
model was built with marsh area and tide range as predictive variables using data for sites
throughout Puget Sound (see details in Hood 2015). Regression equations and confidence limits
for the predictions were generated using the Systat 13 statistical package. The resulting multiple
regression equations are as follows:




Total channel surface area: R2 = 0.85; p << 0.0001; logAC = 1.412logAM + 0.67T -4.288
Total channel outlet count: R2 = 0.67; p << 0.0001; logOC = 0.602logAM + 0.391T 1.000
Total channel length: R2 = 0.87; p << 0.0001; logLC = 1.176logAM + 0.584T 0.093,

where AM = marsh area; T = mean tide range; AC = channel surface area; OC = channel outlet
count; and LC = channel length.
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
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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 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.
This indirect effect is expressed in the empirical allometric model as a non-linear effect of marsh
area on tidal channel surface area and length. For example, one 100-acre marsh site typically has
more tidal channel area and length than do two 50-acre sites, which typically have more channel
area and length than four 25-acre sites, and so on. Restoring a site adjacent to existing tidal marsh
produces more tidal channel than one would calculate separately for the restored site and the
adjacent existing marsh, i.e., the whole is greater than the sum of its parts.
To calculate the likely indirect (i.e., off-site) effects of site restoration on existing, adjacent,
downstream tidal marshes, the allometric model was applied to the sum of the surface areas of the
restoration site and the adjacent downstream tidal marsh to generate channel geometry predictions
for both sites as a collective unit. Then the allometric model was applied only to the restoration
site and the result subtracted from the prediction for the collective site and adjacent off-site area.
This produced an estimate of the channel surface area and length in the adjacent downstream marsh
that would result from the indirect effect of project site restoration. This estimate can be compared
to the currently existing amount of tidal channel area and length to see if a significant increase
would be likely in the adjacent downstream marsh. In some cases, the existing adjacent marsh
already has an unusually large number and size of tidal channels so that the prediction can be less
than existing. This is a circumstance which prevents confident estimation of off-site effects of
restoration. In most cases the predicted channel area and length is greater than the existing amount
so that confidence in an off-site effect is greater.
Offsite impacts: We included the SHDM Project Team’s offsite habitat change results for each
SHDM project. The SHDM Project Team estimated offsite impacts that would result from building
an individual restoration project using hydrodynamic modeling results from PNNL (2016). The
modelling effort calculated a) area inundated by sub-area of the Skagit delta and b) created
inundation maps for with- and without-candidate restoration projects for two hydrologic scenarios:
1) two-year flood event at low tide and 2) low flow at high tide. Only gains and losses that occurred
outside of the hydrodynamic model’s error (i.e., over 0.3ft) were included in calculations of offsite
impacts. The SHDM Project Team estimated some projects have offsite impacts under the twoyear flood event at low tide scenario but no projects have offsite impacts under the low flow at
high tide scenario. The results for offsite impacts presented in this technical memo are draft
estimates; final estimates were in development at the time this technical memo was completed.

Landscape connectivity
Landscape connectivity was calculated for the SHDM projects. Landscape connectivity, or largescale 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
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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 (LC) for each site is calculated:
LC =

1
jend
 (Oj * Dj )



j 1

where Oj = distributary channel order for channel segment j, Dj = distance along segment j of order
Oj, j = count (1...jend) of distributary channel segments, and jend = total number of channel segments
at destination or sample point. Methods are more completely described in Beamer and Wolf
(2011).
For this project we updated the fish migration pathways to account for changes in delta
connectivity as a result of the North Fork avulsion into a new distributary, as well as other channel
changes throughout the delta. The new fish migration pathway arc layer was developed over 2013
orthophotos. Using the 2013 fish migration pathway arc layer, landscape connectivity was
calculated to the geometric center (centroid) of each polygon representing the candidate restoration
projects. In some cases, the candidate restoration project polygon was divided into multiple
polygons because they would act as independent hydrologic units for channel formation. For each
polygon, we identified points (primary or secondary) located on the dike boundary to represent a
pathway fish would use to access habitat within the candidate restoration project. Primary points
are logical fish access points due to evidence of existing or historic channels; secondary points
serve to illustrate possible variability in landscape connectivity to the candidate restoration site to
help account for the number of channel outlets predicted for each candidate project. Landscape
connectivity results, along with maps figures, are presented below by SHDM project for each
candidate project and point combination. We also calculated landscape connectivity to nine fish
monitoring sites used to compare monitored values of juvenile Chinook density to predicted
juvenile Chinook carrying capacity.

Juvenile Chinook carrying capacity predictions
Juvenile Chinook carrying capacity was predicted for the SHDM projects 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
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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).
Predicted habitat, landscape connectivity, and juvenile Chinook carrying capacity estimates for
each candidate restoration project are presented for each SHDM project below. Per our scope of
work and to be consistent with the 2005 Chinook Plan, only point estimates of juvenile Chinook
carrying capacity are provided.

Predictions compared to existing fish monitoring results
To compare actual fish monitoring results to predicted juvenile Chinook carrying capacity
estimates, we used available fish monitoring data that was not used to develop the juvenile Chinook
carrying capacity model. For discussion purposes, we included fish monitoring results from four
constructed restoration projects [Edgewater Park (Beamer and Brown 2013); Wiley Slough
(Beamer et al 2015); Fisher Slough (Beamer et al 2014); and South Fork Dike Setback (Beamer
2015)].
Fish monitoring data that fit our criteria above came from unpublished data collected as part of the
Skagit long term monitoring program (i.e., Greene et al. 2015) and five sources: Beamer et al.
(2007), Beamer and Henderson (1995), Beamer et al. (2014), SRSC (2013), and Beamer & Brown
(2013) (Figure 1).
For each monitoring site and year combination, we calculated the season-long density of juvenile
Chinook salmon. This fish density statistic is termed cumulative Chinook salmon density.
Cumulative Chinook salmon density was estimated for the periods February 1 through August 15
for timing curves of juvenile Chinook salmon in Skagit River tidal delta habitat. Cumulative
Chinook salmon density (C) (fish*days*ha-1) was calculated as:

C

L

D

m F

n

m m

where Dm is the average monthly density, nm is the number of days in the month, and F and L are
the first and last months (m) sampled, respectively.
Cumulative Chinook salmon density for each monitoring site and year combination was divided
by the average resident time (35 days) of individual juvenile Chinook salmon rearing in Skagit
River tidal delta habitat (Beamer et al. 2000). This calculation procedure is an estimate of the
population of juvenile Chinook salmon that used habitat at each monitoring site and year
combination standardized to a habitat area of one hectare.
We standardized the juvenile Chinook salmon carrying capacity predictions for each SHDM
project/landscape connectivity combination by predicting carrying capacity for a one-hectare area
to directly compare to the fish monitoring results. For each SHDM project we used average
midpoint predictions for carrying capacity and average landscape connectivity to compare to fish
monitoring results.
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Figure 1. Location of fish monitoring sites used for comparison to juvenile Chinook carrying capacity
predictions for SHDM projects.
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Results and Discussion
#1 South Fork Setback
Habitat predictions
Two distinct sites comprise the South Fork Setback project. The northerly site is adjacent
marsh/floodplain, while the southerly site is not. Indirect restoration effects on adjacent marsh
were considered for the northerly site. The southerly site was further subdivided into three
sections, at two narrow constrictions along its length (18 and 23 m in width), which seemed logical
points at which to delimit relatively independent areas of marsh (with widths of up to 70-100 m)
(Figure 2).
The reference system for allometric prediction (Table 4) consisted of a suite of tidal marshes in
river deltas throughout Puget Sound, whose tidal ranges varied from 2.6 to 4.1 m (Hood 2015).
This Puget Sound data was modeled through multiple regression to generate predictions, with
marsh area and tide range as the independent variables. The tide range of the South Fork Setback
site was estimated to vary from 2.2 m at the upstream limit to 2.4 m at the downstream limit of the
northerly site, and from 2.4 m to 2.7 m at the southerly site.
Table 4. Allometric predictions of tidal channel geometry for South Fork Setback, with 80% confidence
limits of the prediction in parentheses. Row labeled “Total – Upstr” shows the difference between upstream
project site plus downstream existing marsh (“Total”) predictions and project site only (“Upstr”) predictions
(i.e., indirect or downstream effects of project site restoration), with currently observed channel metrics in
the existing downstream marsh shown in brackets for comparison with indirect effects predictions.

South Fork Setback
N
SF Setback N
+
dwnstr
Total SFN - Upstr

10.47

Predicted
channel count
3 (1 – 7)

17.34

4 (2 – 10)

0.10 (0.03 – 0.30)

782 (337 – 1,816)

6.87

1 [1]

0.05 [-]

344 [-]

South Fork Setback
S up
South Fork Setback
S mid
South Fork Setback
S down

3.26

2 (1 – 4)

0.01 (0 – 0.04)

138 (59 – 318)

7.48

3 (2 – 7)

0.05 (0.02 – 0.14)

412 (179 – 950)

1.66

1 (1 – 3)

0.01 (0 – 0.02)

78 (34 – 180)

Site

Site area (ha)

Predicted channel area
(ha)
0.05 (0.02 – 0.15)

Predicted
channel length (m)
438 (188 – 1,016)

The R2 for the channel count multiple regression was 0.67 while it was 0.85 and 0.87 for channel
surface area and length, respectively. Given the greater reliability of the channel area and length
regression models, it should be assumed that at least one channel can be sustained by each of the
South Fork Setback sites. The calculated indirect benefit of restoration of the northerly setback site
indicates support of one channel with at least 0.033 ha surface area and at least 337 m length.
Indeed, one channel is known to exist (i.e., sampling site: Fisher Sl Blind Ch, see Beamer et al.
2014), exiting at the south end of the site, with an area of 0.136 ha, which is 36% greater than
predicted, but within the prediction confidence limits. Site restoration would presumably enlarge
this channel, perhaps up to the upper end of the prediction confidence limit.
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Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The South Fork Setback project predicted juvenile Chinook carrying capacity point estimate is
approximately 3,000 fish per year with four separate sub-project polygons contributing to the total
(Table 5). Predicted carrying capacity for this project varies from nearly 900 to 9,000 fish per year
as a function of predicted habitat amount for each of the sub-project polygons. The South Fork
Setback project consists of narrow strips of setback area (Figure 2) which may not develop channel
area in two of the four sub-project polygon areas.
We did not model variability in landscape connectivity within each of the sub-project polygons.
However, variability in landscape connectivity ranges from 0.035 to 0.043.
Table 5. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the South Fork Setback project. Chinook carrying
capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in parentheses).
Candidate restoration
project (from Table 4)
Site
SF
Setback
N+
dwnstr
South
Fork
Setback
S up
South
Fork
Setback
S mid
South
Fork
Setback
S down

Predicted
channel
area (ha)

Fish migration pathway used
(from Figure 2)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

0.10
(0.03 – 0.30)

SF Setback N 12

primary

0.037123

1,779 (534 - 5,336)

0.01
(0 – 0.04)

SF Setback up 13

primary

0.042772

205 (0 – 821)

SF Setback mid
11

primary

0.036435

873 (349 - 2,444)

SF Setback down
10

primary

0.035415

170 (0 – 339)

0.05
(0.02 – 0.14)

0.01
(0 – 0.02)
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Figure 2. Location of fish migration pathway points used to estimate landscape connectivity for the South
Fork Setback project.
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#2 McGlinn Causeway
Habitat predictions
The McGlinn Causeway design calls for a 134-ft (toe width) channel cut through the causeway
near the southern end of Swinomish Channel (Figure 3) (SHDM Project Team 2016). Habitat areas
influenced by this project are the same as described in the Skagit Chinook Recovery Plan (SRSC
and WDFW 2005), which are the habitats along the Swinomish Channel corridor and southern
Padilla Bay.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
McGlinn Causeway restoration will increase connectivity to Swinomish Channel (Table 6). It
provides an additional and higher connectivity pathway for fish migration into Swinomish Channel
than the Fish Hole pathway. Landscape connectivity within the North Fork tidal delta and Dunlap
Bay areas has not changed enough between 2004 and 2013 to predict the McGlinn Causeway
project will have a different outcome for juvenile Chinook carrying capacity than what was already
predicted in the Skagit Chinook Recovery Plan (Figure 3).
There is evidence of an increase in distributary channel bifurcation order (and reduced landscape
connectivity) within the Dunlap Bay area because of a new distributary upstream creating a
pathway from Fishtown to Craft Island (Beamer and Wolf 2016a). These changes are caused by
distributary channel narrowing patterns between 2004 and 2013 (Figure 3). However, we did not
find evidence of reduced channel width for the most direct pathway taken to the McGlinn
Causeway site between 2004 and 2013. We assumed the designed 134-ft channel cut through the
McGlinn Causeway would maintain a bifurcation order of ‘6’ (Figure 3). However, it is unclear
whether flow from a new pathway through the McGlinn Causeway would offset the predicted
filling pattern for areas of the North Fork tidal delta downstream of the new distributary near Craft
Island (Beamer and Wolf 2016b). The influence of the McGlinn Causeway project should be reevaluated when: 1) the project is more certain to be constructed; and 2) design elements are more
defined. At this future time, it will be more clear how the North Fork tidal delta and Dunlap Bay
area have changed in terms of landscape connectivity.
Table 6. McGlinn Causeway Project landscape connectivity values by pathway and year.
Year
2004
2013

Fish migration pathway
McGlinn Causeway
Fish Hole
0.0297 (1/33.7013)
0.0244 (1/41.0420)
0.0297 (1/33.7128)
0.0244 (1/41.0639)
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Figure 3. Location of fish migration pathways used to estimate landscape connectivity for the McGlinn
Causeway project for the time period when the Skagit Chinook Plan was developed (2004) and after the
new North Fork distributary fully formed (2013).
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#3 TNC South Fork
Habitat predictions
The SHDM Project Team (2016) provided the predicted habitat area for this project located along
the upper South Fork Skagit River (Figure 4). A one acre (0.405 hectare) backwater channel would
be created. No range in habitat area was provided.
Ultimately, constructed channel projects will gravitate to the natural range of variability for a site’s
potential, which is controlled by the natural processes acting on the site and not by what humans
construct at one point in time. We thought it would be informative to provide a habitat area range
based on Hood (2015) for this project given the fact that: 1) there is uncertainty of sustainability
for this channel; and 2) only a single estimate of habitat area was provided. Existing dike setback
area for the TNC South Fork project is 20.76 hectares (Figure 4) and is predicted to have 0.049 ha
of tidal channel with upper and lower 80% CI of the prediction of 0.163 and 0.015 ha, respectively.
The SHDM Project Team (2016) habitat area estimate of 0.405 hectares is much higher than
predicted in natural systems.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The TNC South Fork project predicted juvenile Chinook carrying capacity point estimate is nearly
32,000 fish per year (Table 7). We did not model variability in juvenile Chinook carrying capacity
because there was no range in predicted habitat area provided. However, there is concern the
habitat area created by this project will not be sustainable over more than a few decades (SHDM
Project Team 2016). We did not model variability in landscape connectivity because the project is
conceived as an engineered channel with a single point of entry from the South Fork Skagit River.
Prediction limitations: The TNC South Fork project utilizes input variables that are outside the
data range used to develop the model for juvenile Chinook carrying capacity. The juvenile Chinook
prediction for this project may be biased high based on its comparison to fish monitoring data
collected after the dataset used to create the juvenile Chinook carrying capacity model (see later
section in this memo comparing predictions to existing fish monitoring results).
Table 7. Summary of channel habitat area, landscape connectivity, and predicted Chinook carrying capacity
for the TNC South Fork project.
Candidate restoration
project

Fish migration pathway used
(from Figure 4)

Juvenile Chinook
Predicted
carrying capacity
Point
Landscape
Site
channel
Point name
type
connectivity
area (ha)
TNC
0.405
TNC South Fork
South
(no range
primary
0.160964
31,687*
53
Fork
provided)
* No range is predicted for juvenile Chinook carrying capacity because no habitat area range was provided.
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Figure 4. Location of fish migration pathway point used to estimate landscape connectivity for the TNC
South Fork project.
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#5 East Cottonwood
Habitat predictions
The SHDM Project Team (2016) provided the predicted habitat area for this project located on the
east side of the Skagit River where it splits into the North and South Forks (Figure 5). A 2-acre
(0.809 hectare) channel would be created. No range in habitat area or discussion of channel
sustainability was provided.
Ultimately, constructed channel projects will gravitate to the natural range of variability for a site’s
potential, which is controlled by the natural processes acting on the site and not by what humans
construct at one point in time. We thought it would be informative to provide a habitat area range
based on Hood (2015) for this project given the fact that: 1) no discussion of channel sustainability
was provided; and 2) only a single estimate of habitat area was provided. Existing dike setback
area for the East Cottonwood project is 29.22 hectares (Figure 5) and is predicted to have 0.054 ha
of tidal channel with upper and lower 80% CI of the prediction of 0.184 and 0.016 ha, respectively.
The SHDM Project Team (2016) habitat area estimate of 0.809 hectares is much higher than
predicted in natural systems. However, based on a 2013 orthophoto and 2012 LiDAR,
approximately 2.5 hectares of off channel pond area is present within the existing dike setback
site. It is unknown whether this ponded area is enhanced by beaver dams or human factors.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The East Cottonwood project predicted juvenile Chinook carrying capacity point estimates range
from nearly 130,000 to 230,000 fish per year (Table 8). The large difference between the two
estimates is due to differences in calculated landscape connectivity. Per the assumption embedded
within the landscape connectivity calculation, if fish access the project’s channel via point 52
(Figure 5), fish migrating down the Skagit mainstem have an opportunity to access the project. But
if fish access the project’s channel via point 54, only fish migrating down the South Fork have an
opportunity to access the project. There are presumably only about half the number of fish traveling
down the South Fork as the mainstem Skagit River because the other half would take the North
Fork pathway. Because the East Cottonwood project is located at the fork, it is likely only fish
migrating on the eastern shore of the mainstem Skagit would have a chance to access the project,
which would coincide with the number of fish using the South Fork pathway. Thus, we believe the
130,000 fish/year carrying capacity estimate is more realistic than the 230,000-fish estimate.
We did not model variability in juvenile Chinook carrying capacity by access point because there
was no range in predicted habitat area provided.
Prediction limitations: The East Cottonwood project utilizes input variables that are outside the
data range used to develop the model for juvenile Chinook carrying capacity. The juvenile Chinook
prediction for this project may be biased high based on its comparison to fish monitoring data
collected after the dataset used to create the juvenile Chinook carrying capacity model (see later
section in this memo comparing predictions to existing fish monitoring results). Also, the
restoration design for this project has advanced since our calculation for carrying capacity
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predictions were completed. The new design does not include the connection to the mainstem
Skagit River (i.e., via point East Cottonwood 52). It was outside of our scope of work to recalculate
carrying capacity estimates based on new design information.
Table 8. Summary of channel habitat area, landscape connectivity, and predicted Chinook carrying capacity
for the East Cottonwood project.
Candidate restoration
project
Site

Predicted
channel
area (ha)

Fish migration pathway used
(from Figure 5)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

East Cottonwood
primary
0.571127
227,371*
52
East Cottonwood
primary
0.326032
129,089*
54
* No range is predicted for juvenile Chinook carrying capacity because no habitat area range was provided.
East
Cottonwood

0.809
(no range
provided)

Figure 5. Location of fish migration pathway points used to estimate landscape connectivity for the East
Cottonwood project.
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#6 Pleasant Ridge South
Habitat predictions
This site is located on the north side of the Skagit North Fork, just downstream of the Best Road
bridge over the North Fork (Figure 6). There are no adjacent marshes so downstream effects were
not relevant to habitat prediction.
The reference system for allometric prediction (Table 9) consisted of a suite of tidal marshes in
river deltas throughout Puget Sound, whose tidal ranges varied from 2.6 to 4.1 m (Hood 2015).
This Puget Sound data was modeled through multiple regression to generate predictions, with
marsh area and tide range as the independent variables. This site had an estimated tide range of 2.5
m, which is relatively close to the lower limit of the reference marsh data set, so that extrapolation
to this site is probably relatively reasonable.
Table 9. Allometric predictions of tidal channel geometry for Pleasant Ridge, with 80% confidence limits
of the prediction in parentheses.
Site

Site area (ha)

Pleasant Ridge

12.16

Predicted
channel count
4 (2 – 10)

Predicted channel area
(ha)
0.08 (0.03 – 0.25)

Predicted
channel length (m)
675 (292 – 1,556)

Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The Pleasant Ridge South project predicted juvenile Chinook carrying capacity point estimate is
approximately 2,500 fish per year (Table 10). Predicted carrying capacity for this project varies
from approximately 900 to nearly 8,000 fish per year as a function of predicted habitat amount.
We did not model variability in landscape connectivity within this project’s polygon. Landscape
connectivity to this site would not vary much due to its adjacency to the North Fork Skagit River
and its relatively short shoreline length (Figure 6). The fish migration pathway point is located at
the outlet of a current drainage channel that is presumably a historic channel.
Table 10. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Pleasant Ridge South project. Chinook
carrying capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in
parentheses).
Candidate restoration
project (from Table 9)
Site

Predicted
channel
area (ha)

Pleasant
Ridge

0.08
(0.03 – 0.25)

Fish migration pathway used
(from Figure 6)
Point name
Pleasant Ridge S
9

Point
type
primary
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Landscape
connectivity
0.064568

Juvenile Chinook
carrying capacity

2,488 (933 - 7,776)

Figure 6. Location of fish migration pathway point used to estimate landscape connectivity for the Pleasant
Ridge South project.
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#7 Hall Slough
Habitat predictions
This site is located on the bayfront near the outlet of Hall Slough on Fir Island. The site is bordered
by adjacent existing tidal marsh to the west and south (Figure 7); downstream effects of site
restoration were considered for these adjacent marshes. The reference system for allometric
prediction (Table 11) consisted of the windward Skagit North Fork tidal marshes, due to the project
site’s proximity to the North Fork marshes and similar exposure to Skagit Bay fetch. Distinct
differences were detected between tidal marsh directly exposed to the southerly storm fetch across
Skagit Bay (windward marshes) and those sheltered from the fetch by intervening marsh (leeward
marshes). Hall Slough is clearly exposed to southerly Skagit Bay fetch.
Table 11. Allometric predictions of tidal channel geometry for Hall Slough, with 80% confidence limits of
the prediction in parentheses. Row labeled “Total – Upstr” shows the difference between upstream project
site plus downstream existing marsh (“Total”) predictions and project site only (“Upstr”) predictions (i.e.,
indirect or downstream effects of project site restoration), with currently observed channel metrics in the
existing downstream marsh shown in brackets for comparison with indirect effects predictions.

Hall Slough

54.11

Predicted
channel count
11 (6 – 20)

Hall Sl. + dwnstr

90.99

14 (8 – 27)

2.73 (0.92 – 8.16)

9,888 (4,425 – 22,095)

Total - Upstr

36.88

3 [6]

1.63 [0.24]

4,935 [1,990]

Site

Site area (ha)

Predicted channel area
(ha)
1.10 (0.39 – 3.12)

Predicted
channel length (m)
4,953 (2,303 – 10,653)

The 1889 T-sheet of the Skagit delta only shows one large blind tidal channel draining the Hall
Slough project site, in the northwest corner of the site (Figure 8). However, the T-sheet shows
very few blind tidal channels in the Skagit marshes at that time, only the largest ones. The
downstream portion of that historical channel still remains in the adjacent marsh, though it is
undoubtedly narrower and shallower than it was historically, due to lost tidal prism. Nevertheless,
this remnant channel is the largest tidal channel in the marsh adjacent to the project site.
Given the few channels currently present in the existing adjacent tidal marsh, their small size, and
the fact that any channels draining the project site must traverse the adjacent marsh, it is highly
likely that significant downstream effects on channel geometry will be experienced by the
downstream marsh. Some of those effects may be over-predicted in this case. This is because a
portion of the downstream marsh has been eroded away, likely due to sediment starvation
following obstruction of the Browns-Hall Slough distributary by dikes at its junction with the
North Fork Skagit River and at its outlet with Skagit Bay. The eroded marsh is lower in elevation
than uneroded marsh and this lower elevation has resulted in loss of marsh tidal channels (Hood,
unpublished observations). It may be hard to establish tidal channels in this lower marsh zone.
The new avulsion of the North Fork Skagit River may bring more sediment to this area and
potentially result in marsh aggradation that would favor channel development, but this is only a
speculative possibility.
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Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Figure 7. Hall Slough project site (red outline) and adjacent downstream marshes (yellow outline). The
southeastern downstream marsh boundary is formed by Hall Slough.

Figure 8. Hall Slough project site (red outline) and adjacent downstream marshes (yellow outline) overlaid
on the 1889 T-sheet. The T-sheet shows one large blind tidal channel system draining the project site in
1889. Smaller channels were present, but not mapped. The southeastern downstream marsh boundary is
formed by the modern course of Hall Slough.
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Landscape connectivity and juvenile Chinook carrying capacity predictions
The Hall Slough project predicted juvenile Chinook carrying capacity average midpoint estimate
is nearly 23,000 juvenile Chinook per year (Table 12). Predicted carrying capacity for this project
varies by tens of thousands of fish per year as a function of predicted habitat amount from a low
of 7,381 to a high of 69,429. Variability in predicted carrying capacity due to landscape
connectivity varies by approximately a thousand fish per year (Table 12). The primary fish
migration pathway point uses the lower end of Hall Slough to access the site (Figure 9).
Table 12. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Hall Slough project. Chinook carrying
capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in parentheses).
Candidate restoration
project (from Table 11)
Site

Hall Sl.
+ dwnstr

Predicted
channel
area (ha)

2.73
(0.92 – 8.16)

Fish migration pathway used
(from Figure 9)
Point name

Point
type

Juvenile Chinook
carrying capacity

Landscape
connectivit
y
0.017814

23,136 (7,797 - 69,154)

Hall Sl 1

primary

Hall Sl 3

secondary

0.017884

23,228 (7,828 - 69,429)

Hall Sl 4

secondary

0.017761

23,066 (7,773 - 68,946)

Hall Sl 5

secondary

0.017795

23,112 (7,789 - 69,082)

Hall Sl 2

secondary

0.016873

21,903 (7,381 - 65,467)
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Figure 9. Location of fish migration pathway points used to estimate landscape connectivity for the Hall
Slough project.
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#9 Telegraph Slough Full
Habitat predictions
This site at the northern end of Swinomish Channel was analyzed as three parcels: one south of
Highway 20 (Telegraph S), and two north of Highway 20 (Telegraph NW and Telegraph NE),
separated by what remains of Telegraph Slough (Figure 10). The northern parcels each are
bordered by a fringe of existing tidal marsh; downstream effects of site restoration were considered
for these marsh fringes.
The Skagit South Fork tidal marshes were used as the reference system for allometric prediction
of tidal channel geometry (Table 13), because of similar tide range and fetch.
Table 13. Allometric predictions of tidal channel geometry for Telegraph Slough Full, with 80% confidence
limits of the prediction in parentheses. Rows labeled “Total – Upstr” show the difference between upstream
project site plus downstream existing marsh (“Total”) predictions and project site only (“Upstr”) predictions
(i.e., indirect or downstream effects of project site restoration), with currently observed channel metrics in
the existing downstream marsh shown in brackets for comparison with indirect effects predictions.

Telegraph NW

95.53

Predicted
channel count
32 (15 – 67)

Telegraph NW
+ dwnstr

109.37

35 (17 – 73)

6.66 (2.63 – 16.83)

27,060 (10,780 – 67,928)

3 [18]

1.24 [0.45]

4,241 [4,230]

Site

Total - Upstr

Site area (ha)

13.84

Predicted channel area
(ha)
5.42 (2.15 – 13.66)

Predicted
channel length (m)
22,819 (9,121 – 57,086)

Telegraph NE

128.52

39 (18 – 81)

8.51 (3.35 – 21.61)

33,161 (13,154 – 83,595)

Telegraph NE +
dwnstr

134.34

40 (19 – 83)

9.10 (3.58 – 23.14)

35,064 (13,893 – 88,499)

Total - Upstr
Telegraph S

5.82
200.25

1 [19]
51 (24 – 108)

0.59 [0.09]
16.70 (6.49 – 42.94)

1,903 [1,370]
57,983 (148,045 – 22,710)

Telegraph NW and Telegraph S contain large remnant Swinomish Channel distributaries. These
remnant distributaries are oversized as blind tidal channels, so they will very likely fill in with
sediment over time, the rate depending on sediment supply. Initially the restoration sites will have
much more tidal channel area than predicted and perhaps less channel length. As the historical
distributary remnants fill in, the channel area will decline and channel length will increase due to
development of one or more meandering channels within the distributary footprint. Reconnection
of Telegraph Slough under Highway 20 (placing a bridge in this location) will restore a distributary
of the Swinomish Channel that may widen and deepen to some degree to accommodate restored
tidal flow. The mainstem Swinomish Channel will likely remain dominant, so it is unclear how
much the restored distributary channel will grow.
The degree to which downstream indirect project effects occur will depend on the degree of project
site subsidence relative to adjacent downstream marshes. If the project site is greatly subsided,
tidal flushing will likely primarily occur directly to the adjacent bay rather than across the higher
downstream marsh. In this case, indirect effects on downstream tidal channel geometry will likely
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be minor. If subsidence is relatively minor, or if channel connections are intentionally excavated
between the upstream project and the existing downstream marsh tidal channels, more flow will
occur through the adjacent marsh and more downstream channel effects will occur. The
downstream effects are likely to be limited to increases in channel area to accommodate restored
tidal prism; channel count is unlikely to increase because there is already a large (greater than
predicted) number of channels in the existing adjacent marsh.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Figure 10. Telegraph Slough Full project sites (red outlines) and adjacent downstream marshes and their
tidal channels (yellow outlines). Note the large remnant distributary channels within the two western
project sites.

Landscape connectivity and juvenile Chinook carrying capacity predictions
For the Telegraph Slough Full project, each sub-project polygon acts as an individual project area
with respect to predicting fish benefits because Highway 20 divides the north and south areas and
historic Telegraph Slough divides the NE and NW areas (Figure 11). For the NE and NW areas,
we calculated landscape connectivity for fish migration pathways: 1) around the north end of
Swinomish Channel; and 2) through Telegraph Slough.
The total Telegraph Slough Full project predicted juvenile Chinook carrying capacity point
estimate is approximately 103,000 fish per year with three separate sub-project polygons
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contributing to the total (Table 14). Predicted juvenile Chinook carrying capacity for each of the
sub-project polygon areas varied by tens of thousands of fish per year as a function of predicted
habitat amount (Table 14). Conversely, variability in predicted carrying capacity within each of
the sub-project polygon areas due to landscape connectivity is a few hundred to a few thousand
fish per year. Overall, the carrying capacity predictions for Telegraph Slough Full suggest the
highest value area is the southern polygon, due to: 1) total habitat size; and 2) higher landscape
connectivity. The project would have significantly higher juvenile Chinook value (5,000 – 8,000
fish per year) to the Telegraph NE area if fish access is via a pathway directly from a reconnected
Telegraph Slough and not around the north end of Swinomish Channel.
This entire project is subject to fish migration pathways from the North Fork Skagit delta through
the Swinomish Channel corridor in the area of McGlinn Island and its causeway. Improvement of
connectivity through the McGlinn Causeway will improve connectivity to Telegraph Slough Full.
Prediction limitations: The Telegraph Slough Full project utilizes input variables that are outside
the data range used to develop the model for juvenile Chinook carrying capacity. The juvenile
Chinook prediction for this project may be biased high for areas of the project where fish access
the restored habitat from southern Padilla Bay, based on its comparison to fish monitoring data
collected after the dataset used to create the juvenile Chinook carrying capacity model (see later
section in this memo comparing predictions to existing fish monitoring results).
Table 14. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Telegraph Slough Full project. Chinook
carrying capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in
parentheses).
Candidate restoration
project (from Table 13)
Site

Telegraph
NW +
dwnstr

Telegraph
NE +
dwnstr

Telegraph
S

Predicted
channel
area (ha)
6.66
(2.63 –
16.83)

9.10
(3.58 –
23.14)

16.70
(6.49 –
42.94)

Fish migration pathway used
(from Figure 11)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

Telegraph NW 25

primary

0.005669

17,763 (7,015 - 44,888)

Telegraph NW 26

primary

0.005671

17,770 (7,017 - 44,905)

Telegraph NW 27
Telegraph NW 26
via Telegraph Sl

primary

0.005759

18,049 (7,127 - 45,610)

0.006026

18,891 (7,460 – 47,738)
23,755 (9,345 - 60,404)

primary

Telegraph NE 19

primary

0.005550

Telegraph NE 20

primary

0.005535

23,693 (9,321 - 60,247)

Telegraph NE 21

primary

0.005448

23,313 (9,172 - 59,282)

primary

0.005102

21,821 (8,584 - 55,487)

Telegraph NE 23

primary

0.005093

21,781 (8,569 - 55,385)

Telegraph NE 24
Telegraph NE 21
via Telegraph Sl

primary

0.004839

20,687 (8,138 - 52,603)

0.006658

28,547 (11,231 – 72,592)

Telegraph S 28

primary

0.007967

62,804 (24,407 - 161,485)

Telegraph S 29

primary

0.008011

63,155 (24,544 - 162,389)

Telegraph S 30

primary

0.007381

58,137 (22,593 - 149,486)

Telegraph NE 22

primary
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Figure 11. Location of fish migration pathway points used to estimate landscape connectivity for the
Telegraph Slough Full project.
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#10 Sullivan Hacienda
Habitat predictions
This site is located near the mouth of the North Fork Skagit River, between Fishtown and Sullivan
Slough. The site is bordered by adjacent existing tidal marsh to the west and south (Figure 12);
downstream effects of site restoration were considered for these adjacent marshes.
The reference system for allometric prediction (Table 15) of tidal channel geometry consisted of
the leeward Skagit North Fork tidal marshes. Distinct differences were detected between tidal
marsh directly exposed to the southerly storm fetch across Skagit Bay (windward marshes) and
those sheltered from the fetch by intervening marsh (leeward marshes). Sullivan Hacienda is
considered a leeward site.
Table 15. Allometric predictions of tidal channel geometry for Sullivan Hacienda, with 80% confidence
limits of the prediction in parentheses. The row labeled “Total – Upstr” shows the difference between
upstream project site plus downstream existing marsh (“Total”) predictions and project site only (“Upstr”)
predictions (i.e., indirect or downstream effects of project site restoration), with currently observed channel
metrics in the existing downstream marsh shown in brackets for comparison with indirect effects
predictions.

Sullivan Hacienda

82.97

Predicted
channel count
17 (9 – 30)

Sullivan Hacienda
+ dwnstr

120.91

20 (11 – 38)

14.06 (5.67 – 34.86)

34,726 (21,982 – 54,859)

Total - Upstr

37.94

3 [13]

6.78 [1.77]

13,681 [6,165]

1937 S. Hacienda

82.97

11 observed

3.04 observed

8,750 observed

107.54

12 observed

-

-

Site

1937 S. Hacienda +
dwnstr

Site area (ha)

Predicted channel area
(ha)
7.28 (3.01 – 17.59)

Predicted
channel length (m)
21,045 (13,492 – 32,826)

Sullivan Hacienda was not diked in the 1937 aerial photographs, but it was diked in the 1956 and
subsequent photos. Thus, for this site we know exactly where the larger historical tidal channels
were located on the project site and their approximate size. This can be used in developing a
conceptual restoration design for this site. The 1937 photos are of lower resolution and quality
than modern photos taken since 2004. Consequently, direct comparisons of tidal channel network
geometry are not possible; the 1937 photos do not allow relatively small tidal channels to be
distinguished. The 11 tidal channels crossing the current project site boundary observed in the
1937 photos are likely an underestimate of the number of tidal channels on the site in 1937. This
suggests that the allometric prediction of 17 channels that should drain the project site is likely a
reasonable estimate. Channel network surface area and length are also underestimated from the
1937 photos, though channel area is less sensitive to poor photo resolution than length; very small
channels which cannot be distinguished in the 1937 photos have small surface area, but often have
significant length, so their omission has a smaller effect on surface area estimates than it does on
length estimates. The channel network area and length observed in 1937 provide lower bounds on
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the area and length to be expected following site restoration, with the length bound being much
lower than the likely outcome.
Downstream effects on tidal channel geometry for the adjacent marshes can be evaluated by
comparison of the current condition to that of the 1937 photos. For example, restored channels in
the western portion of the project site would drain to existing channels in the adjacent marsh and
merely increase their width and surface area to accommodate the restored tidal prism in the project
site. Restored channels in the eastern portion of the project site would in many cases cross adjacent
marsh that currently has no existing channels, so that there would be an increase in the number,
length, and area of channels in this adjacent marsh.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Figure 12. Sullivan Hacienda project site (red outline) and adjacent downstream marshes (yellow outline).
The 1937 tidal channel network (white) is overlaid on the 2015 background photo.
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Landscape connectivity and juvenile Chinook carrying capacity predictions
The Sullivan Hacienda project has an average midpoint carrying capacity estimate of
approximately 220,000 juvenile Chinook per year (Table 16). The lowest and highest predicted
carrying capacity for this project is approximately 67,000 and 619,000 fish per year, respectively.
Predicted carrying capacity for this project varied by hundreds of thousands of fish per year as a
function of predicted habitat amount. Variability in predicted carrying capacity due to landscape
connectivity ranges from a few thousand to tens of thousands of fish per year (Table 16). The
primary fish migration pathway point uses an existing large channel that branches off the North
Fork Skagit River (Figure 13). Predicted carrying capacity is up to 40,000 fish per year lower if
fish travel downstream from Bald Island and into the Sullivan Slough area to access the site.
This project is the same project footprint as described in the Skagit Chinook Recovery Plan (page
187). Our midpoint prediction for Sullivan Hacienda is 220,000 fish per year, whereas the Chinook
Plan estimate is approximately 37,000 fish per year. The main reason for the increase in Chinook
benefit is our inclusion of new channel area forming in adjacent downstream marshes caused by
the increased tidal flushing due to the restoration project. The Skagit Chinook Recovery Plan did
not account for this issue.
Table 16. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Sullivan Hacienda project. Chinook carrying
capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in parentheses).
Candidate restoration
project (from Table 15)
Site

Sullivan
Hacienda
+ dwnstr

Fish migration pathway used
(from Figure 13)

Predicted
channel
area (ha)

Point name

14.06
(5.67 –
34.86)

Sullivan Hacienda
18
Sullivan Hacienda
15
Sullivan Hacienda
14
Sullivan Hacienda
16
Sullivan Hacienda
17

Point
type
secondary
secondary
primary
secondary
secondary

35

Landscape
connectivity
0.035858
0.035289
0.037064
0.030380
0.024826

Juvenile Chinook
carrying capacity
241,494 (97,388 598,754)
237,627 (95,828 589,166)
249,696 (100,695 619,089)
204,269 (82,376 506,458)
166,596 (67,183 413,054)

Figure 13. Location of fish migration pathway points used to estimate landscape connectivity for the
Sullivan Hacienda project.
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#11 Rawlins Road Distributary Channel
Habitat predictions
We evaluated the Rawlins Road Distributary Channel project for its value as new juvenile Chinook
carrying capacity within the proposed excavated distributary channel. We did not evaluate this
project for its influence on landscape connectivity for surrounding and downstream juvenile
Chinook rearing habitats because its value as a new fish migration pathway is likely offset by the
formation of the new distributary, which is much larger in size and located nearby. The influence
of the newly formed North Fork tidal delta distributary on juvenile Chinook distribution is
discussed in Beamer and Wolf (2016b).
Habitat estimates for the Rawlins Road Distributary Channel project were provided by the SHDM
Project Team (2016). No range in habitat area or discussion of channel sustainability was provided.
The project footprint is listed at 8 acres (3.24 ha) but the excavated distributary channel is 457 m
long and 40 m wide, a 1.83 ha channel area.
Only the edges of distributary channels are consistently utilized by juvenile Chinook salmon
(Beamer et al. 2005, see Appendix D.II starting on page 55). Average edge area suitable for
juvenile Chinook rearing for distributary channels narrower than 50 m is 23% (Beamer et al. 2005,
see Appendix D.III starting on page 60) so the habitat area used to calculate carrying capacity for
this project is 0.42 ha.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The Rawlins Road Distributary Channel project is estimated to create habitat for over 9,000
juvenile Chinook per year (Table 17). Estimated carrying capacity for this project is relatively high
because of the high landscape connectivity value for this area compared to many other SHDM
projects.
If the distributary channel is sustainable, we expect this project will improve fish access to
marsh/channel habitats located approximately 0.8 km westward to Craft Island and southeasterly
to the blind channel shown as the point ‘Hall Sl 2’ (Figure 9), approximately 0.75 km away from
the mouth of the proposed distributary. We do not believe the proposed distributary will provide
good access to Hall Slough proper or as far away as Browns Slough and Fir Island Farms because
the water current direction is wrong for dispersing fry-sized juvenile Chinook salmon southeast
along the bayfront (Beamer and Wolf 2016b).
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We have concerns about two objectives for this project inferred to in SHDM Project Team (2016),
specifically listed in the Rawlins Road Feasibility Study (Yang and Khangaonkar 2006), and listed
below:
1. Increase Productivity of Chinook Salmon Rearing Habitat. This was described as: Restore
supply of freshwater from North Fork to provide brackish salinity for the emergent tidal
marsh, scrub-shrub marsh and forested wetlands.
2. Expand Migratory Opportunity between Skagit and Nearshore Marsh Habitats. This was
described as: Provide direct conveyance between the North Fork and the nearshore region
west of the Fir Island dike. (Direct conveyance presumably means conveyance of fish).
Objective 2 is consistent with the hypotheses presented in the Skagit Chinook Recovery Plan, but
as a stand-alone objective, objective 1 is not. If objective 2 is achieved, it is true that objective 1
would be supported (i.e., salinity would also be reduced), but these should not be viewed as
independent objectives. We do not believe reducing salinity along the bayfront is a valid standalone objective for Skagit Chinook recovery. Yang and Khangaonkar (2006) declare objective 1
as important but give no biological evidence to support it. Objective 1 is conceptually not wrong
because juvenile salmon need to make the physiological transition from fresh to salt water, but fish
and salinity data by habitat type and place within the greater Skagit estuary do not support bullet
1 as a stand-alone objective, except for the sudden change in salinity occurring at the Hole in the
Wall located on the south end of Swinomish Channel (Yates 2001). Salinities in habitat along the
bayfront (i.e., Browns Slough area) range from 0.4 to 18.2 ppt (SRSC unpublished data provided
to Brian Williams for the Fir Island Farms Feasibility Study in 2008). These same areas support
growth rates of juvenile Chinook salmon (average of 1.7 mm/day) consistent with other nonbayfront estuarine emergent marsh sites (SSC and USGS 1999). Moreover, juvenile Chinook
salmon are known to rear (and grow) for extensive periods of time in non-natal pocket estuaries
(Beamer et al. 2013), which are even more saline with salinities up to 25 ppt (Beamer et al. 2007).
Having more fresh water will not necessarily make bayfront habitat more suitable for juvenile
Chinook rearing. The bayfront already has salinities within the range that supports rearing juvenile
Chinook salmon.
Table 17. Summary of channel habitat area, landscape connectivity, and predicted Chinook carrying
capacity for the Rawlins Road Distributary Channel project.
Candidate restoration
project
Site

Predicted
channel
area (ha)

Fish migration pathway used
(from Figure 14)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

Rawlins
Rawlins
Road
0.42
distributary
primary
0.045956
9,268*
Distributary
(centroid)
Channel
* No range is predicted for juvenile Chinook carrying capacity because no habitat area range was provided.
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Figure 14. Location of fish migration pathway point (centroid) used to estimate landscape connectivity for
the Rawlins Road Distributary Channel project.
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#13 Avon-Swinomish Bypass
Habitat predictions
It was outside our scope of work to estimate habitat areas for the Avon-Swinomish Bypass project.
However, limited project design elements for this project were provided by the SHDM Project
Team (2016) and used to estimate preliminary habitat, landscape connectivity, and juvenile
Chinook estimates.
The 1,293-acre (project footprint) Avon-Swinomish Bypass project runs from river mile 15.9 on
the Skagit River near Avon to Swinomish Channel along the south side of Highway 20 (Figure
15). The project includes a 2,000-ft wide flood flow bypass with a low flow channel for continuous
flow to allow fish use. The bypass channel’s design drawing at the point of bifurcation with the
mainstem Skagit River shows the channel’s bankfull and low flow width at 500 and 100 feet,
respectively. The Avon-Swinomish Bypass project connects to the Telegraph Slough 1 and 2
Project, so we used its habitat area estimates to predict juvenile Chinook carrying capacity
estimates for this project (Table 18).
This project should create new juvenile Chinook habitat within the bypass area upstream of
Telegraph Slough 1 & 2. Per the project’s design, habitat within the bypass channel will likely
function like a distributary channel, where only the channel edges are consistently used by juvenile
Chinook salmon (Beamer et al. 2005, see Appendix D.II starting on page 55). Average edge area
suitable for juvenile Chinook rearing for distributary channels is 23% for channels < 50 m and 5%
for channels >100 m (Beamer et al. 2005, see Appendix D.III starting on page 60). Thus, fish
rearing value of the bypass channel will depend on the actual channel width constructed (500 or
100 ft), and on flows observed. Without more information about the bypass channel we did not
estimate its habitat area.
Offsite impacts: The SHDM Project Team estimated construction of the Avon-Swinomish Bypass
would result in a reduction of 313 acres (126.7 hectares) of inundated floodplain habitat during a
two-year flood event at low tide due to the lowered water levels downstream of the bypass. The
losses are evenly distributed across the mainstem, North Fork, South Fork, and Steamboat Slough
sub-areas, and include floodplain habitat along the edge of the river between the dikes as well as
parts of Edgewater Park, East Cottonwood, Cottonwood Island, South Fork Dike Setback #1,
Milltown Island and around the North Fork Bridge. Additional habitat may be affected upstream
of the inlet to the Bypass, but this was not a part of the study area.

Landscape connectivity and juvenile Chinook carrying capacity predictions
We calculated landscape connectivity for this project based on design drawings showing channel
width (500 or 100 ft). We used the design widths to calculate bifurcation order of the bypass
channel relative to the mainstem Skagit River. However, we were not given a channel length value,
only the footprint of the project area. The artist’s rendition of channel form for the AvonSwinomish Bypass Project likely over estimates channel length because of the very high sinuosity
used. We measured sinuosity from two historic distributary channels located in the area of the
proposed bypass channel (from Collins and Sheikh 2005; Collins and Montgomery 2001) in order
to estimate the bypass channel’s length for landscape connectivity calculation purposes. The two
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historic channels’ sinuosity values are 1.24 and 1.27. Thus, the bypass channel would be 10.89 km
long if its sinuosity was 1.26 over the 8.64 km length of the project footprint (i.e., split from the
mainstem Skagit to the centroid of the Telegraph Slough 1 & 2 project footprint, see Figure 15).
If the bypass channel is 500 or 100 ft wide, then landscape connectivity to the Telegraph Slough
1 & 2 area is 0.0459 and 0.0230, respectively (Table 18). Please note: landscape connectivity
results for the bypass project are within the range observed for our monitored fish sampling sites
but outside of the spatial range in which the rules were developed. Thus, the predictions of juvenile
Chinook carrying capacity for the bypass project are based on some estimates outside of the
model’s dataset.
The Avon-Swinomish Bypass project is estimated to produce connectivity conditions for 70,000
to over 900,000 juvenile Chinook per year in the Telegraph Slough 1 & 2 area, depending on: 1)
which channel width drives landscape connectivity; and 2) how much habitat is actually formed
(Table 18). Assuming the project creates suitable and passable habitat within the bypass channel,
it should increase juvenile Chinook values for all Telegraph Slough projects (Project #9, 13, and
18) and existing (or future) habitat within the north end of Swinomish Channel and southern
Padilla Bay. However, these increases should be considered in the context of any offsite impact to
fish migration pathways.
Offsite impacts to fish migration pathways: The Avon-Swinomish Bypass project will reduce
juvenile Chinook use of habitat areas fed by fish traveling down the Skagit River downstream of
the bypass channel’s bifurcation point. If the bypass channel is 500 ft wide (bankfull channel
condition), then the bypass project dramatically reduces landscape connectivity values
downstream of the bifurcation. This is because the mainstem Skagit River becomes a bifurcation
order of ‘2’ starting at Avon (instead of at the fork), rather than remaining a first order channel.
Under this scenario, half the fish outmigrating the Skagit River would theoretically take the bypass
channel pathway, which would significantly increase fish seeding of habitats along the Swinomish
Channel corridor and southern Padilla Bay. There are about 300 hectares of vegetated tidal delta
footprint in these areas compared to the over 2,700 hectares present in the North Fork, South Fork,
and bayfront tidal delta areas. If the 100-ft wide low flow channel is used for bifurcation ordering
of the bypass channel, then the project does not mathematically reduce landscape connectivity
values for all Skagit tidal delta habitat downstream of Avon. In reality, some fish will take the new
bypass channel pathway. If this project receives significant traction toward actually happening,
then we recommend its design for fish migration pathways be balanced with the amount of
receiving water’s habitat. It would be a bad idea for Skagit Chinook recovery to have half of the
Skagit River’s juvenile Chinook outmigrants connected to much less than half of the Skagit’s total
tidal delta habitat. If such a phenomenon occurred, it would likely result in exporting juvenile fish
to exposed nearshore habitat before they are ready, similar to what was detected for the new
distributary channel in the North Fork Skagit tidal delta (Beamer and Wolf 2016b).
Prediction limitations: The Avon-Swinomish Bypass project utilizes input variables that are
outside the data range used to develop bifurcation ordering of channels used for calculating
landscape connectivity which makes the juvenile Chinook salmon carrying capacity estimates
suspect (likely biased high). Moreover, the project would have large negative offsite impacts to
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inundation of the main Skagit tidal delta and could move many downstream migrating juvenile
Chinook away from the majority of habitat in the Skagit estuary if constructed. We were unable to
predict habitat areas for the bypass channel reach with the information provided. Nevertheless, we
provided meaningful discussion (above) of some pros and cons to juvenile Chinook salmon for
this project, which may be helpful to managers as they decide which suite of SHDM projects are
pursued further. Because of the project’s listed limitations, we do not recommend directly
comparing carrying capacity estimates for this project with other SHDM projects.
Table 18. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Avon-Swinomish Bypass project. Chinook
carrying capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in
parentheses). The habitat area estimate is for the Telegraph Slough 1 & 2 project and landscape connectivity
varies depending on bypass channel width.
Candidate restoration project
Site

Predicted
channel area (ha)

500 ft wide
bypass channel
100 ft wide
bypass channel

16.70
(6.49 – 42.94)

Fish migration pathway used
(from Figure 15)
Point
name
Telegraph
1&2
centroid

Point
type

Landscape
connectivity
0.045914

primary
0.022957

Juvenile Chinook
carrying capacity
368,167 (143,078 –
946,651)
182,844 (71,057 –
470,139)

Figure 15. Location of fish migration pathway point (Telegraph Sl centroid) used to estimate landscape
connectivity for the Avon-Swinomish Bypass project.
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#14 North Fork Left Bank Levee Setback C
Habitat predictions
This site is bordered by adjacent existing tidal/riverine marsh; downstream effects of site
restoration were considered for these adjacent marshes. This site was subdivided into three sites
that were thought to likely act relatively independently of each other. The most upstream site was
bounded by the road prism leading to the North Fork Skagit River bridge as well as the bridge
abutment. The other border is further downstream at a comparatively narrow portion of the site
(126 m compared to a maximum site width of 550 m).
The reference system for allometric prediction (Table 19) consisted a suite of tidal marshes in river
deltas throughout Puget Sound, whose tidal ranges varied from 2.6 to 4.1 m (Hood 2015). This
Puget Sound data was modeled through multiple regression to generate predictions, with marsh
area and tide range as the independent variables. The tide range of the North Fork Left Bank Levee
Setback C project was estimated to vary from 2.2 m at its upstream limit to 2.9 m at its downstream
limit.

Figure 16. North Fork Left Bank Levee Setback C (pink polygons) and adjacent marsh (blue polygons).
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Table 19. Allometric predictions of tidal channel geometry for North Fork Left Bank Levee Setback C,
with 80% confidence limits of the prediction in parentheses. Rows labeled “Total – Upstr” show the
difference between upstream project site plus downstream existing marsh (“Total”) predictions and project
site only (“Upstr”) predictions (i.e., indirect or downstream effects of project site restoration), with currently
observed channel metrics in the existing downstream marsh shown in brackets for comparison with indirect
effects predictions.

North Fork Setback
up
NF setback up +
dwnstr
Total - Upstr

25.62

Predicted
channel count
6 (3 – 13)

33.58

7 (3 – 15)

0.27 (0.09 – 0.82)

1,770 (762 – 4,112)

7.96

1 [2]

0.09 [0.08]

482 [190]

North Fork Setback
mid
NF setback mid +
dwnstr
Total - Upstr

20.67

6 (3 – 13)

0.18 (0.06 – 0.55)

1,291 (560 – 2,979)

26.64

7 (3 – 16)

0.26 (0.09 – 0.78)

1,742 (753 – 4,018)

5.97

1 [2]

0.08 [-]

451 [-]

North Fork Setback
down
NF setback down +
dwnstr
Total - Upstr

65.19

14 (6 - 32)

1.25 (0.41 – 3.77)

6,531 (2,831 – 15,066)

66.95

14 (7 - 32)

1.29 (0.43 – 3.91)

6,730 (2,917 – 15,524)

1.76

0 [0]

0.04 [0]

199 [0]

Site

Site area (ha)

Predicted channel area
(ha)
0.18 (0.06 – 0.56)

Predicted
channel length (m)
1,288 (555 – 2,992)

The tidal marsh/river floodplain adjacent to the project site has only one visible side channel, which
appears to be a vestige of the historical Browns-Hall distributary that once diverged from the North
Fork Skagit River to cross Fir Island. This broadly u-shaped side channel (in planform) has two
connections to the river, so it was counted as two channels (i.e., two outlets) to maintain
consistency with the definition of channel count in the reference marsh system. Two other small
channels are known to be present but were not visible in the aerial photos, being obscured by forest
canopy.
Offsite impacts: The SHDM Project Team estimated construction of the North Fork Left Bank
Setback C had a negligible net change in habitat outside of the project footprint, estimated at 0.5
acres with some gains occurring around the North Fork Bridge and minor losses of less than an
acre at Cottonwood Island as well as wetted floodplain habitat along the edge of the river in the
South Fork.
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Landscape connectivity and juvenile Chinook carrying capacity predictions
The North Fork Left Bank Levee Setback C project predicted juvenile Chinook carrying capacity
midpoint estimate is approximately 53,000 fish per year with three separate sub-project polygons
contributing to the total (Table 20). Predicted carrying capacity for this project varies from a low
of 18,000 to a high of 162,000 fish per year as a function of predicted habitat amount.
We did not model variability in landscape connectivity within each of the sub-project polygons.
However, variability in landscape connectivity ranges from a high of 0.085 in the upstream-most
polygon to a low of 0.054 for the downstream-most polygon (Figure 17).
Table 20. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the North Fork Left Bank Levee Setback C
project. Chinook carrying capacity estimates are for the habitat point estimate and habitat 80% confidence
limits (in parentheses).
Candidate restoration
project (from Table 19)
Site
NF
setback
up +
dwnstr
NF
setback
mid +
dwnstr
NF
setback
down +
dwnstr

Fish migration pathway used
(from Figure 17)

Juvenile Chinook
carrying capacity

Predicted
channel
area (ha)

Point name

0.27
(0.09 – 0.82)

NF Setback upstr
8

primary

0.084898

11,072 (3,691 - 33,628)

0.26
(0.09 – 0.78)

NF Setback mid 7

primary

0.069531

8,716 (3,017 - 26,147)

1.29
(0.43 – 3.91)

NF Setback
dwnstr 6

primary

0.054299

33,688 (11,229 - 102,108)

Point
type

45

Landscape
connectivity

Figure 17. Location of fish migration pathway points used to estimate landscape connectivity for the North
Fork Left Bank Levee Setback C project.
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#15 North Fork Left Bank Levee Setback A
Habitat predictions
This site includes North Fork Left Bank Levee Setback C as well as an adjacent extension of the
project site upstream (Figure 18). The upstream extension was divided into three sections that
may behave differently and to which fish may respond differently due to river meandering. The
most upstream sections are bordered by adjacent existing tidal/riverine marsh; downstream effects
of site restoration were considered for this adjacent marsh.
The reference system for allometric prediction (Table 21) consisted a suite of tidal marshes in river
deltas throughout Puget Sound, whose tidal ranges varied from 2.6 to 4.1 m (Hood 2015). This
Puget Sound data was modeled through multiple regression to generate predictions, with marsh
area and tide range as the independent variables. The tide range of all polygons in the North Fork
Left Bank Levee Setback A project was estimated to vary from 1.8 m at its upstream limit to 2.9
m at its downstream limit.

Figure 18. North Fork Left Bank Levee Setback A (pink polygons) and adjacent marsh (blue polygons).
Note: The North Fork Left Bank Levee Setback A project also includes the North Fork Left Bank Levee
Setback C project.
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Table 21. Allometric predictions of tidal channel geometry for the North Fork Left Bank Levee Setback A
project site, not including the portions identical to North Fork Left Bank Levee Setback C project (see Table
19), with 80% confidence limits of the prediction in parentheses. The rows labeled “Total – Upstr” shows
the difference between upstream project site plus downstream existing marsh (“Total”) predictions and
project site only (“Upstr”) predictions (i.e., indirect or downstream effects of project site restoration), with
currently observed channel metrics in the existing downstream marsh shown in brackets for comparison
with indirect effects predictions.

North Fork Setback
A up
NF setback A up
+ dwnstr
Total - Upstr

24.09

Predicted
channel count
3 (1 – 8)

26.92

4 (2 – 8)

0.086 (0.027 – 0.27)

670 (281 – 1,596)

2.83

1 [1]

0.013 [0.029]

85 [150]

North Fork Setback
A mid
North Fork Setback
A down

48.09

6 (3 – 15)

0.27 (0.086 – 0.82)

1,746 (745 – 4,083)

40.17

6 (3 - 14)

0.26 (0.084 – 0.81)

1,702 (719 – 4,018)

Site

Site area (ha)

Predicted channel area
(ha)
0.073 (0.023 – 0.23)

Predicted
channel length (m)
585 (245 – 1,396)

Offsite impacts: The SHDM Project Team estimated construction of the North Fork Left Bank
Levee Setback A reduced wetted floodplain habitat in the study area by approximately 26 acres
(10.5 hectares). There were some gains and minor losses of wetted habitat around the North Fork
Bridge for a net increase in this area of 4 acres (1.6 hectares). There were losses of wetted
floodplain around and just downstream of Edgewater Park, as well as Cottonwood Island, East
Cottonwood, and floodplain habitat along the edge of the South Fork. The largest wetted
floodplain reduction was at Milltown Island.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The North Fork Left Bank Levee Setback A project predicted juvenile Chinook carrying capacity
midpoint estimate is approximately 85,000 fish per year with six separate sub-project polygons
contributing to the total (Figure 19). Predicted carrying capacity for this project varies from a low
of 28,000 to a high of 260,000 fish per year as a function of predicted habitat amount (Table 22).
We did not model variability in landscape connectivity within each of the sub-project polygons.
However, variability in landscape connectivity ranges from a high of 0.154 in the upstream-most
polygon to a low of 0.054 for the downstream-most polygon (Figure 19).
The North Fork Left Bank Levee Setback A project has the same project footprint as the North
Fork Levee Setback project1 listed on page 191 of the Skagit Chinook Recovery Plan. Our
analysis uses: 1) an improved habitat predictor method (Hood 2015) over what was used in the
Chinook Plan; and 2) breaks the restoration area up into smaller, more realistic, hydrologic units
for estimating channel formation, resulting in less predicted channel area than what is predicted
by the Chinook Plan. Thus, our analysis of this project predicts significantly less Chinook benefit
1

Figure 11.14 on page 192 of the Skagit Chinook Recovery Plan only shows a possible first phase of the North Fork
Levee Setback project which is equivalent to the footprint of SHDM North Fork Left Bank Levee Setback C project.
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compared to the Chinook Plan. The midpoint prediction for North Fork Left Bank Levee Setback
A is approximately 85,000 fish per year, whereas the Chinook Plan estimated over 600,000 fish
per year.
Table 22. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the North Fork Left Bank Levee Setback A
project. Chinook carrying capacity estimates are for the habitat point estimate and habitat 80% confidence
limits (in parentheses).
Candidate restoration
project (from Table 21)
Site
All NF
“C”
polygons
NF
setback
A up
+ dwnstr
North
Fork
Setback
A mid
North
Fork
Setback
A down

Predicted
channel
area (ha)

Fish migration pathway used
(from Figure 19)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

See Table 20

primary

See Table
20

53,476 (17,937 –
161,883)

0.086
(0.027 –
0.27)

NF Setback A up
44

primary

0.153623

6,419 (2,015 - 20,152)

0.27
(0.086 –
0.82)

NF Setback A
mid 45

primary

0.102192

13,352 (4,253 - 40,551)

0.26
(0.084 –
0.81)

NF Setback A
down 46

primary

0.095376

11,992 (3,874 - 37,360)

1.82
(0.61 – 5.51)
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Figure 19. Location of fish migration pathway points used to estimate landscape connectivity for the North
Fork Left Bank Levee Setback A project.
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# (not given) North Fork Left Bank Levee Setback B
Habitat predictions
This project consists of the same sites as North Fork Left Bank Levee Setback C, plus “NF A
down” in Figure 6. The predicted channel geometries for these parcels are those in Table 19, plus
the bottom line in Table 21.
Offsite impacts: The SHDM Project Team did not model offsite impacts for the North Fork Left
Bank Levee Setback B project. It is expected that offsite impacts for this project are intermediate
of those estimated for the North Fork C project (which were negligible) and the North Fork A
project which reduced wetted floodplain habitat in the study area by approximately 26 acres (10.5
hectares).

Landscape connectivity and juvenile Chinook carrying capacity predictions
The North Fork Left Bank Levee Setback B project predicted juvenile Chinook carrying capacity
midpoint estimate is approximately 65,000 fish per year with four separate sub-project polygons
contributing to the total (Figure 20). Predicted carrying capacity for this project varies from a low
of 22,000 to a high of 199,000 fish per year as a function of predicted habitat amount (Table 23).
We did not model variability in landscape connectivity within each of the sub-project polygons.
However, variability in landscape connectivity ranges from a high of 0.095 in the upstream-most
polygon to a low of 0.054 for the downstream-most polygon (Figure 20).
Table 23. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the North Fork Left Bank Levee Setback B
project. Chinook carrying capacity estimates are for the habitat point estimate and habitat 80% confidence
limits (in parentheses).
Candidate restoration
project
Site
All NF
“C”
polygons
North
Fork
Setback
A down

Predicted
channel area
(ha)

Fish migration pathway used
(from Figure 20)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

1.82
(0.61 – 5.51)

See Table 20

primary

See Table
20

53,476 (17,937 –
161,883)

0.26
(0.084 – 0.81)

NF Setback A
down 46

primary

0.095376

11,992 (3,874 - 37,360)
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Figure 20. Location of fish migration pathway points used to estimate landscape connectivity for the North
Fork Left Bank Levee Setback B project.
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#16 North Fork Right Bank Levee Setback
Habitat predictions
This site (Figure 21) was bordered by adjacent existing tidal/riverine marsh at the most
downstream portion of the project site; indirect, off-site effects of site restoration were considered
for these adjacent marshes. This site was subdivided into two sites that were thought to likely act
relatively independently of each other. The most upstream site is located on a concave bank of
North Fork Skagit River and is separated from the downstream portion by a small narrowing in
the site width. The downstream portion of the project site is along a generally straight reach of the
river.
The reference system for allometric prediction (Table 24) consisted a suite of tidal marshes in river
deltas throughout Puget Sound, whose tidal ranges varied from 2.6 to 4.1 m (Hood 2015). This
Puget Sound data was modeled through multiple regression to generate predictions, with marsh
area and tide range as the independent variables. The tide range of the North Fork Right Bank
Levee Setback site was estimated to be approximately 2.25 m for the downstream portion of the
project and 2.15 m for the upstream portion.

Figure 21. North Fork Right Bank levee setback (pink polygons) and adjacent marsh (blue polygons).
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Table 24. Allometric predictions of tidal channel geometry for the North Fork Right Bank Levee Setback
project site, with 80% confidence limits of the prediction in parentheses. The row labeled “Total – Upstr”
shows the difference between upstream project site plus downstream existing marsh (“Total”) predictions
and project site only (“Upstr”) predictions (i.e., indirect or downstream effects of project site restoration),
with currently observed channel metrics in the existing downstream marsh shown in brackets for
comparison with indirect effects predictions.

North Fork Right
Bank down
NF RB down
+
dwnstr
Total - Upstr

17.81

Predicted
channel count
4 (2 – 10)

20.29

5 (2 – 10)

0.116 (0.038 – 0.36)

879 (378 – 2,046)

2.48

1 [1]

0.019 [0.009]

124 [90]

North Fork Right
Bank up

16.99

4 (2 – 9)

0.077 (0.025 – 0.24)

624 (267 – 1,459)

Site

Site area (ha)

Predicted channel area
(ha)
0.097 (0.032 – 0.30)

Predicted
channel length (m)
755 (324 – 1,758)

Offsite impacts: The SHDM Project Team estimated construction of the North Fork Right Bank
Levee Setback Project would reduce wetted floodplain habitat across the study area by
approximately 4 acres (1.6 hectares) total. These losses occur in small patches in the mainstem
around Edgewater Park and just downstream of the park and along the edge of the river; in the
North Fork around Cottonwood Island, the North Fork bridge and edges of the river; and in the
South Fork in floodplain habitat along the edges of the river.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The North Fork Right Bank Levee Setback project predicted juvenile Chinook carrying capacity
midpoint estimate is approximately 8,000 fish per year with two separate sub-project polygons
contributing to the total (Figure 22). Predicted carrying capacity for this project varies from a low
of 2,650 to a high of 25,000 fish per year as a function of predicted habitat amount (Table 25). We
did not model variability in landscape connectivity within each of the sub-project polygons.
However, variability in landscape connectivity ranges from a high of 0.095 in the upstream-most
polygon to a low of 0.082 for the downstream-most polygon (Figure 22).
Table 25. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the North Fork Right Bank Levee Setback
project. Chinook carrying capacity estimates are for the habitat point estimate and habitat 80% confidence
limits (in parentheses).
Candidate restoration
project (from Table 24)
Site
NF RB
down
+ dwnstr
North Fork
Right Bank
up

Predicted
channel area
(ha)

Fish migration pathway used
(from Figure 22)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

0.116
(0.038 – 0.36)

NF rb down
47

primary

0.081739

4,578 (1,500 – 14,209)

0.077
(0.025 – 0.24)

NF rb up 48

Primary

0.095089

3,541 (1,150 - 11,036)
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Figure 22. Location of fish migration pathway points used to estimate landscape connectivity for the North
Fork Right Bank Levee Setback project.

55

#18 Telegraph Slough 1
Habitat predictions
This project consists of the westernmost third of Telegraph S polygon (Figure 23). As mentioned
above for the Telegraph Slough Full project, the Skagit South Fork tidal marshes were used as the
reference system for allometric prediction of tidal channel geometry, because of similar tide range
and fetch.
The project site amounts to 74.86 ha. The predicted channel count is 27 with upper and lower 80%
confidence limits (CLs) of the prediction ranging from 13 to 57; the predicted total tidal channel
area is 3.74 ha (80% CLs: 1.49 – 9.37 ha); the predicted total channel length is 16,783 m (80%
CLs: 6,747 – 41,746 m).

Figure 23. Telegraph Slough 1 project site (outlined in red). Note the large remnant historical Swinomish
Channel meander in the project site.

The Telegraph 1 site contains a large remnant Swinomish Channel meander. This remnant channel
is oversized as a blind tidal channel, so it will very likely fill in with sediment over time, the rate
depending on sediment supply. The US Army Corps of Engineers currently dredges the existing
Swinomish Channel for navigation on approximately a three-year schedule, depending on
available funding, so sediment is not in short supply. Initially the restoration sites will have much
more tidal channel area than predicted and perhaps less channel length. As the historical
distributary remnants fill in, the channel area will decline and channel length will increase due to
development of one or more meandering channels within the distributary footprint.
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Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.

Landscape connectivity and juvenile Chinook carrying capacity predictions
The Telegraph Slough 1 project has an average midpoint carrying capacity estimate of
approximately 14,000 juvenile Chinook per year (Table 26). The lowest and highest predicted
carrying capacity for this project is approximately 5,400 and nearly 36,000 fish per year. Predicted
carrying capacity for this project varied by approximately 30,000 fish per year as a function of
predicted habitat amount. Variability in predicted carrying capacity due to landscape connectivity
ranges from a few hundred to a thousand fish per year (Table 26).
This entire project is subject to fish migration pathways from the North Fork Skagit delta through
the Swinomish Channel corridor in the area of McGlinn Island and its causeway. Improvement of
connectivity through the McGlinn Causeway will improve connectivity to Telegraph Slough 1.
Prediction limitations: The Telegraph Slough 1 project utilizes input variables that are outside the
data range used to develop the model for juvenile Chinook carrying capacity. However, the
carrying capacity estimates for this project compared to fish monitoring data collected after the
dataset used to create the juvenile Chinook carrying capacity model support the idea that
predictions for this project are reasonable (see later section in this memo comparing predictions to
existing fish monitoring results).
Table 26. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Telegraph Slough 1 project. Chinook carrying
capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in parentheses).
Candidate restoration
project
Site

Predicted
channel
area (ha)

Westernmost third
of
Telegraph
S

3.74
(1.49 –
9.37)

Fish migration pathway used
(from Figure 24)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

Telegraph S 1 29

primary

0.008101

14,304 (5,699 - 35,836)

Telegraph S 1 30

primary

0.007710

13,607 (5,421 - 34,090)
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Figure 24. Location of fish migration pathway points used to estimate landscape connectivity for the
Telegraph Slough 1 project.
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#20 Deepwater Slough Phase 2
Habitat predictions
Two disjunct sites comprise Deepwater Slough Phase 2 (Figure 25); each has adjacent tidal marsh
that consists principally of Deepwater Slough Phase 1, completed in the late summer of 2000.
These adjacent marshes were evaluated for downstream, off-site restoration effects. The reference
system for allometric prediction (Table 27) consisted of the South Fork tidal marshes, because the
adjacent Deepwater Slough Phase 1 tidal channel networks generally conform to the geometry
found in the reference tidal marshes of the South Fork Skagit delta.
Table 27. Allometric predictions of tidal channel geometry for Deepwater Slough Phase 2, with 80%
confidence limits of the prediction in parentheses. Rows labeled “Total – Upstr” show the difference
between upstream project site plus downstream existing marsh (“Total”) predictions and project site only
(“Upstr”) predictions (i.e., indirect or downstream effects of project site restoration), with currently
observed channel metrics in the existing downstream marsh shown in brackets for comparison with indirect
effects predictions.
Site
DW East

Site area
(ha)
67.63

Predicted
channel count

Predicted channel area
(ha)

Predicted
channel length (m)

26 (12 – 54)

3.23 (1.29 – 8.07)

14,850 (5,983 – 36,857)

DW E + dwnstr

94.75

32 (15 – 66)

5.35 (2.13 – 13.49)

22,585 (9,030 – 56,488)

Total DW E - Upstr

27.12

6 [11]

2.12 [2.73]

7,735 [5,245]

DW West

40.94

19 (9 – 39)

1.50 (0.60 – 3.70)

7,846 (3,193 – 19,281)

DW W + dwnstr

74.99

27 (13 – 57)

3.75 (1.50 – 9.40)

16,820 (6,762 – 41,839)

Total DWW - Upstr

34.05

8 [9]

2.25 [2.09]

8,974 [6,250]

The new restoration actions are unlikely to increase channel number or length in the adjacent
downstream marsh through off-site effects, but restoration is likely to increase the surface area of
downstream channels which will have to accommodate increased tidal prism contributed by the
new restoration project. The phase 1 restoration sites consist of many ponded areas that have been
filling in on the western portion of the site; that has yet to occur in the eastern portion, but may do
so in the future, somewhat off-setting the potential increase in channel area from off-site
restoration effects.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.
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Figure 25. Deepwater Slough Phase 2 (pink polygons) and downstream-affected adjacent marsh (blue
polygons).
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Landscape connectivity and juvenile Chinook carrying capacity predictions
The Deepwater Slough Phase 2 project has an average midpoint carrying capacity estimate of
approximately 160,000 juvenile Chinook per year (Table 28). The lowest and highest predicted
carrying capacity for this project is approximately 52,000 and 477,000 fish per year. Predicted
carrying capacity for this project varied by 300,000 fish per year as a function of predicted habitat
amount. Predicted carrying capacity varied by over 50,000 fish per year as a function of landscape
connectivity.
This project is the same project footprint as described in the Skagit Chinook Recovery Plan (page
189). Our midpoint prediction for Deepwater Slough Phase 2 is 160,000 fish per year, whereas the
Chinook Plan estimate is approximately 96,000 fish per year. The main reason for the increase in
Chinook benefit is our inclusion of new channel area forming in adjacent downstream marshes
caused by the increased tidal flushing due to the restoration project. The Skagit Chinook Recovery
Plan did not account for this issue.
Table 28. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Deepwater Slough Phase 2 project. Chinook
carrying capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in
parentheses).
Candidate restoration
project (from Table 27)
Site

DW E +
dwnstr

DW W +
dwnstr

Predicted
channel area
(ha)

5.35
(2.13 – 13.49)

3.75
(1.50 – 9.40)

Fish migration pathway used
(from Figure 26)
Point came

Point
type

Deepwater E 37

primary

0.0375828

96,356 (38,362 - 242,961)

Deepwater E 38

primary

0.028572

73,058 (29,087 - 184,216)

Deepwater E 39

secondary

0.028465

72,782 (28,977 - 183,520)

Deepwater E 40

secondary

0.033513

85,826 (34,170 - 216,409)

Deepwater E 41

secondary

0.034031

87,165 (34,703 - 219,787)

Deepwater E 42

secondary

0.040754

104,569 (41,632 - 263,670)

Deepwater E 43

secondary

0.040676

Deepwater W 31

primary

0.032273

104,367 (41,552 -263,160)
57,911 (23,164 - 145,164)

Deepwater W 32

primary

0.033263

59,705 (23,882 - 149,661)

Deepwater W 33

secondary

0.039979

71,889 (28,755 - 180,201)

Deepwater W 34

secondary

0.041236

74,171 (29,669 - 185,923)

Deepwater W 35

secondary

0.043482

78,252 (31,301 - 196,151)

Deepwater W 36

secondary

0.047257

85,114 (34,046 - 213,353)
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Landscape
connectivity

Juvenile Chinook carrying
capacity

Figure 26. Location of fish migration pathway points used to estimate landscape connectivity for the
Deepwater Slough Phase 2 project.
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#21 Rawlins Road
Habitat predictions
This site (Figure 27) borders both the North Fork Skagit River and Skagit Bay. A portion of the
site is within 650 m of Skagit Bay and can thus be considered windward marsh subject to southerly
storm fetch across Skagit Bay. The remainder of the marsh is further from Skagit Bay and can be
considered leeward marsh. Allometric predictions differ, depending on exposure to fetch.
Additionally, because the restoration site is subsided by two to three feet relative to the adjacent
North Fork marsh, the leeward portion of the marsh was assumed to drain primarily to the North
Fork River. The smaller windward portion of the marsh, while also subsided, would have to have
some channels excavated through bay-front dike to drain into Skagit Bay across remnant fringing
marsh. There would be some downstream effect of marsh restoration on existing marsh channels
to accommodate restored tidal prism (Table 29). It was assumed for the sake of simplicity that
only the windward portion of the site would contribute to downstream effects on the adjacent
remnant bay fringe marsh.

Figure 27. Location of Rawlins Road restoration site (pink polygons) and adjacent bay fringe marsh likely
to be influenced by indirect, downstream effects of tidal prism restoration (blue polygon).
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Table 29. Allometric predictions of tidal channel geometry for the Rawlins Road site, with 80% confidence
limits of the prediction in parentheses. The rows labeled “Total – Upstr” shows the difference between
upstream project site plus downstream existing marsh (“Total”) predictions and project site only (“Upstr”)
predictions (i.e., indirect or downstream effects of project site restoration), with currently observed channel
metrics in the existing downstream marsh shown in brackets for comparison with indirect effects
predictions.
Site
Rawlins Rd
leeward
Rawlins Rd
windward
Rawlins Rd
windward +
dwnstr
Total - Upstr

49.57

Predicted
channel count
12 (7 – 22)

Predicted channel area
(ha)
2.95 (1.12 – 7.81)

Predicted
channel length (m)
10,608 (5,192 – 21,674)

28.00

7 (4 – 13)

0.35 (0.13 – 0.93)

2,062 (998 – 4,260)

46.85

10 (5 – 18)

0.86 (0.31 – 2.39)

4,090 (1,920 – 8,711)

18.85

3 [3]

0.51 [0.35]

2,028 [1,465]

Site area (ha)

The adjacent bay fringe marsh is currently eroding as a result of exposure to southerly storm fetch
(Hood et al. 2016). The 650 m distance to determine the shoreward limit of the windward marsh
was measured from the lower edge of the eroding, low-elevation bay fringe marsh, which is
characterized by the sedge, Schoenoplectus pungens. This may produce an underestimate of the
extent of windward marsh and overpredict the amount of tidal channel habitat that may be restored
here. A more conservative approach would have been to measure the 650 m distance from the edge
of the higher-elevation, Carex lyngbyei marsh that has not yet been impacted by erosion. It is not
clear which marsh edge should be used to determine the extent of windward marsh. The
downstream effects of site restoration were limited only to the higher-elevation, Carex marsh,
because tidal channels currently only exist in this portion of the marsh. The lower-elevation
Schoenoplectus marsh is dominated by sheet flow rather than channelized flow because of its low
elevation in the tidal frame.
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.
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Landscape connectivity and juvenile Chinook carrying capacity predictions
The Rawlins Road project has an average midpoint carrying capacity estimate of approximately
50,000 juvenile Chinook per year (Table 30). The lowest and highest predicted carrying capacity
for this project is approximately 10,000 and 250,000 fish per year. Predicted carrying capacity for
this project varied by 60,000 to over 200,000 fish per year as a function of predicted habitat
amount. Predicted carrying capacity varied by over 60,000 fish per year as a function of landscape
connectivity. This project has a large connectivity influence because one pathway fish could take
to the site is directly off the North Fork (connectivity value is 0.051) whereas other pathways to
the site are via the bayfront (connectivity values average 0.015).
Table 30. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Rawlins Road project. Chinook carrying
capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in parentheses).
Candidate restoration
project (from Table 29)
Site
Rawlins Rd
leeward
and
Rawlins Rd
windward
+ dwnstr
(combined)

Predicted
channel
area (ha)

3.81
(1.43 – 10.2)

Fish migration pathway used
(from Figure 28)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook carrying
capacity

Rawlins Rd 49

primary

0.051075

93,533 (35,106 - 250,405)

Rawlins Rd 50

primary

0.014827

26,827 (10,069 - 71,821)

Rawlins Rd 51

primary

0.016260

29,447 (11,052 - 78,833)
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Figure 28. Location of fish migration pathway points used to estimate landscape connectivity for the
Rawlins Road project.
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#22 Telegraph Slough 1 & 2
Habitat predictions
This site is the Telegraph Slough parcel south of Highway 20 (Telegraph S) mentioned in the
preceding analysis. It is not bordered by any existing marsh fringe, so there are no indirect
(downstream effects) of site restoration.
As mentioned above for previously discussed Telegraph Slough projects, the Skagit South Fork
tidal marshes were used as the reference system for allometric prediction of tidal channel
geometry, because of similar tide range and fetch.
The project site amounts to 200.25 ha. The predicted channel count is 51 with upper and lower
80% confidence limits (CLs) of the prediction ranging from 24 to 108; the predicted total tidal
channel area is 16.70 ha (80% CLs: 6.49 – 42.94 ha); the predicted total channel length is 57,983
m (80% CLs: 22,710 – 148,045 m) (Table 31).
Offsite impacts: The SHDM Project Team found no detectible offsite habitat changes due to this
project.
Table 31. Allometric predictions of tidal channel geometry for Telegraph Slough 1 & 2, with 80%
confidence limits of the prediction in parentheses.
Site
Telegraph S

Site area (ha)
200.25

Predicted
channel count
51 (24 – 108)

Predicted channel area
(ha)
16.70 (6.49 – 42.94)
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Predicted
channel length (m)
57,983 (148,045 – 22,710)

Landscape connectivity and juvenile Chinook carrying capacity predictions
The Telegraph Slough 1 & 2 project has an average midpoint carrying capacity estimate of
approximately 61,000 juvenile Chinook per year (Table 32). The lowest and highest predicted
carrying capacity for this project is approximately 23,000 and over 160,000 fish per year. Predicted
carrying capacity for this project varied by over 100,000 fish per year as a function of predicted
habitat amount. Variability in predicted carrying capacity due to landscape connectivity is a few
thousand fish per year (Table 32).
This entire project is subject to fish migration pathways from the North Fork Skagit delta through
the Swinomish Channel corridor in the area of McGlinn Island and its causeway. Improvement of
connectivity through the McGlinn Causeway will improve connectivity to Telegraph Slough 1 &
2.
Prediction limitations: The Telegraph Slough 1 & 2 project utilizes input variables that are outside
the data range used to develop the model for juvenile Chinook carrying capacity. However, the
carrying capacity estimates for this project compared to fish monitoring data collected after the
dataset used to create the juvenile Chinook carrying capacity model support the idea that
predictions for this project are reasonable (see later section in this memo comparing predictions to
existing fish monitoring results).

Table 32. Summary of channel habitat area (with 80% confidence limits in parentheses), landscape
connectivity, and predicted Chinook carrying capacity for the Telegraph Slough 1 & 2 project. Chinook
carrying capacity estimates are for the habitat point estimate and habitat 80% confidence limits (in
parentheses).
Candidate restoration
project (from Table 31)
Site
Telegraph
S

Predicted
channel
area (ha)
16.70
(6.49 –
42.94)

Fish migration pathway used
(from Figure 29)
Point name

Point
type

Landscape
connectivity

Juvenile Chinook
carrying capacity

Telegraph S 1 28

primary

0.007967

62,804 (24,407 - 161,485)

Telegraph S 1 29

primary

0.008011

63,155 (24,544 - 162,389)

Telegraph S 2 30

primary

0.007381

58,137 (22,593 - 149,486)
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Figure 29. Location of fish migration pathway points used to estimate landscape connectivity for the
Telegraph Slough 1 & 2 project.
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Predictions compared to existing fish monitoring results
In general, observed monitoring results of cumulative Chinook salmon density are lower than point
estimates of predicted juvenile Chinook carrying capacity (Figure 30). At least three possible
reasons may explain why:
1. Monitoring of reference and restored sites occurred over varying juvenile Chinook
outmigration sizes, while the prediction of SHDM project benefits are at carrying capacity.
We elaborate on this subject in its own section below.
2. In some cases, we made predictions for areas with lower or higher landscape connectivity
values than the dataset used to create the juvenile Chinook carrying capacity model. We
elaborate on this subject in its own section below.
3. We are comparing the monitored point estimates against the predicted point estimates. Both
monitored and predicted results have variability around their estimates so it is likely there
is overlap between the two in some cases. It was beyond the scope of this project for us to
update the carrying capacity model to include confidence limits.

Figure 30. Juvenile Chinook carrying capacity predictions for SHDM projects and fish monitoring results
standardized to one-hectare habitat size for direct comparison. For each SHDM project we show one value
which is average midpoint carrying capacity and average landscape connectivity. The x-axis error bars on
the SHDM project series reflect the landscape connectivity range possible for each project. Monitoring data
are from 13 reference sites (n= 91 annually summarized observations) and 4 built restoration projects (n=9
annually summarized observations). See Figure 1 for site locations. The gray shaded box encompasses the
landscape connectivity range [0.0234 (Tom Moore) to 0.0881 (Grain of Sand)] of the fish dataset used to
create the juvenile Chinook carrying capacity model. The blue dashed trend line is for the reference site
fish monitoring series using only landscape connectivity as the independent variable (R2 = 0.45, p <
0.00001).
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Effect of monitoring at varying juvenile Chinook outmigration sizes
Monitoring of reference and restored sites occurred over varying juvenile Chinook outmigration
sizes, while the prediction of SHDM project benefits are at carrying capacity. Carrying capacity
of Skagit tidal delta habitat is estimated to occur at a Skagit River wild Chinook fry outmigration
of 3.9 million fish per year. Fifty-six of our 100 monitoring results occurred in years when less
than 3.9 million wild Chinook fry out-migrated the Skagit River (Appendix 1 Table). We tested
what influence varying outmigration levels and connectivity have on our monitoring results using
regression analysis.
We created two linear regression models from the reference site monitoring results shown in
Appendix 1 to predict juvenile Chinook density (fish/ha/yr) (Table 33). For each model, all
independent variables were highly significant (p < 0.001). The trend line of Model 1 is shown in
Figure 30. Model 1 uses only landscape connectivity as a predictor of juvenile Chinook density.
Landscape connectivity alone accounts for 45% of the variation in juvenile Chinook density for
all 91 reference site observations. By adding fry outmigration size to Model 2 we gain another 6%
of explanatory power (Table 33). Landscape connectivity and outmigration size explain 51% of
the variation in juvenile Chinook density. Using the equation for Model 2 and setting the fry
outmigration variable to the Skagit tidal delta’s carrying capacity for fry (i.e., 3.9 million) we
compared whether the 91 monitoring observations are consistent with the carrying capacity model
predictions. We found generally the carrying capacity model predictions and monitoring results
are consistent for the range of landscape connectivity that was used to create the carrying capacity
model, but not for landscape connectivity values lower or higher than the dataset used to create
the carrying capacity model.
Table 33. Summary of regression models predicting juvenile Chinook density from Skagit tidal delta
reference sites shown in Figure 1.
Model #

Equation

1

Ln Chinook/yr/ha = (1.76492*Ln Landscape Connectivity) + 14.7279
Ln Chinook/yr/ha = (0.000000272*fry outmigrants) + (1.856519*Ln
Landscape Connectivity) + 14.24202

2

R2, overall regression pvalue, observations
R2=0.45, p<0.0001, n=91
R2=0.51, p<0.0001, n=91

Effect of making predictions outside of the values used to create the juvenile
Chinook carrying capacity model
In some cases, we made predictions for areas with lower or higher landscape connectivity values
than the dataset used to create the juvenile Chinook carrying capacity model. The shaded grey box
in Figure 30 represents the range of landscape connectivity values that were used to create the
carrying capacity model. Figure 30 shows that for areas outside of the grey shaded box, actual fish
use is always lower than carrying capacity model predictions. Because of the logarithmic scaling
of the data, over-prediction of the lower landscape connectivity areas is not as great as overprediction of higher landscape connectivity value areas. We identify which SHDM projects are
most influenced by carrying capacity prediction bias.
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Sites with higher landscape connectivity: We had two observations from sites where landscape
connectivity was higher than data used to create the carrying capacity model. The sites were
monitored in 2012, a year with an outmigration higher than carrying capacity. Edgewater Park =
13,800 fish per hectare (1.38 fish /m2). Cottonwood Pond = 12,500 fish per hectare (1.25 fish/m2).
These monitoring results support the idea that the carrying capacity model over-estimates carrying
capacity for sites with landscape connectivity higher than 0.0881. The SHDM projects influenced
by this over-prediction bias are: 3 TNC South Fork and 5 East Cottonwood. We suggest a more
realistic carrying capacity for SHDM project sites upriver should be the average of the two sites,
i.e., 13,150 fish per hectare per year.
Sites with lower landscape connectivity: We had 38 observations from four different reference
sites (Telegraph A&B, Swin Ch Old Bridge Blind, Browns Sl Diked Side, and Browns Sl Barrow
Channel) where landscape connectivity was lower than data used to create the carrying capacity
model. These sites were monitored over a range of outmigration sizes, including some higher than
carrying capacity. Monitoring results from these four sites support the idea that the carrying
capacity model over-estimates carrying capacity for sites with landscape connectivity lower than
0.0234. The SHDM projects influenced by this over-prediction bias are: 9 Telegraph Slough Full,
22 Telegraph Slough 1 & 2, 18 Telegraph Slough 1, 7 Hall Slough, and 21 Rawlins Road (if the
dominant fish migration pathway is via the bayfront rather than the North Fork Skagit River).

Comparison to restored sites
The Chinook carrying capacity model does not always over-predict fish benefit results. In fact,
three Skagit tidal delta restoration projects have been evaluated for juvenile Chinook abundance
after restoration. Two projects were found to have more fish than predicted (Fisher Slough Beamer et al. 2014; Wiley Slough – Beamer et al. 2015) while one project had fewer fish than
predicted (South Fork Dike Setback – Beamer 2015). The Fisher and Wiley Slough restoration
projects were estimated to have more juvenile Chinook salmon using their restored habitat than
predicted by the Chinook carrying capacity model largely because a) more wetted area was present
in the restored areas than was predicted for the restored footprint area and b) juvenile Chinook
were clearly using all the wetted areas. At the South Forth Dike Setback site fish had difficulty
accessing the restored area due to sedimentation and small channel size. The site also had less than
ideal dissolved oxygen levels during the two years of monitoring.
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Appendix 1. Juvenile Chinook monitoring results
Monitoring results are standardized to one-hectare habitat area for direct comparison to SHDM Projects.
Site
type

Name

Reference

Browns Sl Barrow Channel

Browns Sl Diked Side

Cattail

Year

fish/yr/ha

Skagit River
Chinook fry
outmigration size1
(fish)

2002

3,965

4,338,274

0.0212

yes

2003

8,434

4,702,344

0.0212

yes

2004

246

1,131,606

0.0212

no

2005

1,632

3,160,558

0.0212

no

2006

1,291

5,116,578

0.0212

yes

2007

5,781

1,808,798

0.0212

no

2008

2,349

914,161

0.0212

no

2009

572

1,580,141

0.0212

no

2010

312

801,677

0.0212

no

2011

1,338

3,177,656

0.0212

no

2012

690

3,900,019

0.0212

yes

2013

711

4,603,262

0.0212

yes

2014

730

3,416,943

0.0212

no

2015

535

1,016,166

0.0212

no

2011

1,373

3,177,656

0.0212

no

2012

653

3,900,019

0.0212

yes

2013

620

4,603,262

0.0212

yes

2011

2,288

3,177,656

0.0203

no

2012

1,313

3,900,019

0.0203

yes

2013

3,886

4,603,262

0.0203

yes

2002

933

4,338,274

0.0203

yes

2003

5,433

4,702,344

0.0203

yes

2004

247

1,131,606

0.0203

no

2005

2,235

3,160,558

0.0203

no

2006

2,291

5,116,578

0.0203

yes

2007

12,643

1,808,798

0.0203

no

2008

3,168

914,161

0.0203

no

2009

906

1,580,141

0.0203

no

2010

774

801,677

0.0203

no

2011

1,689

3,177,656

0.0203

no

2012

960

3,900,019

0.0203

yes

2013

2,835

4,603,262

0.0203

yes

2014

4,561

3,416,943

0.0203

no

2015

1,804

1,016,166

0.0203

no

2003

25,329

4,702,344

0.0403

yes
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Landscape
Connectivity

At carrying
capacity
outmigration2

Cottonwood Pond

DW Reference E Blind

Fisher Sl Blind Ch

Grain of Sand

Ika

2004

3,485

1,131,606

0.0403

no

2005

31,700

3,160,558

0.0403

no

2006

18,617

5,116,578

0.0403

yes

2007

5,475

1,808,798

0.0403

no

2008

6,051

914,161

0.0403

no

2009

11,970

1,580,141

0.0403

no

2010

14,327

801,677

0.0403

no

2011

13,670

3,177,656

0.0403

no

2012

29,695

3,900,019

0.0403

yes

2013

42,789

4,603,262

0.0403

yes

2014

6,905

3,416,943

0.0403

no

2015

1,581

1,016,166

0.0403

no

2012

12,536

3,900,019

0.3228

yes

2010

10,169

801,677

0.0302

no

2011

20,630

3,177,656

0.0302

no

2012

15,493

3,900,019

0.0302

yes

2013

56,563

4,603,262

0.0302

yes

2011

8,511

3,177,656

0.0472

no

2012

3,574

3,900,019

0.0472

yes

2013

13,665

4,603,262

0.0472

yes

2003

308,851

4,702,344

0.0881

yes

2004

3,752

1,131,606

0.0881

no

2005

60,823

3,160,558

0.0881

no

2006

25,167

5,116,578

0.0881

yes

2007

39,915

1,808,798

0.0881

no

2008

22,432

914,161

0.0881

no

2009

26,923

1,580,141

0.0881

no

2010

25,930

801,677

0.0881

no

2011

51,162

3,177,656

0.0881

no

2012

69,373

3,900,019

0.0881

yes

2013

66,655

4,603,262

0.0881

yes

2014

77,469

3,416,943

0.0881

no

2015

10,593

1,016,166

0.0881

no

2003

34,887

4,702,344

0.0353

yes

2004

3,499

1,131,606

0.0353

no

2005

27,358

3,160,558

0.0353

no

2006

36,106

5,116,578

0.0353

yes

2007

11,307

1,808,798

0.0353

no

2008

17,334

914,161

0.0353

no

2009

28,265

1,580,141

0.0353

no

2010

29,910

801,677

0.0353

no

2011

18,024

3,177,656

0.0353

no
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2012

23,844

3,900,019

0.0353

yes

2013

36,312

4,603,262

0.0353

yes

2014

32,089

3,416,943

0.0353

no

2015

3,864

1,016,166

0.0353

no

1992

16,820

706,886

0.0762

no

1993

2,663

474,055

0.0762

no

2011

3,032

3,177,656

0.0172

no

2012

5,377

3,900,019

0.0172

yes

2013

3,963

4,603,262

0.0172

yes

2003

116

4,702,344

0.0057

yes

2010

3,419

801,677

0.0234

no

2011

4,517

3,177,656

0.0234

no

2012

13,130

3,900,019

0.0234

yes

2013

9,482

4,603,262

0.0234

yes

2012

13,796

3,900,019

1.0000

yes

2012

3,949

3,900,019

0.0239

yes

2013

3,027

4,603,262

0.0239

yes

2012

7,487

3,900,019

0.0858

yes

2014

7,868

3,416,943

0.0858

no

2012

1,504

3,900,019

0.0312

yes

2013

6,302

4,603,262

0.0291

yes

2012

4,728

3,900,019

0.0217

yes

2013

10,165

4,603,262

0.0217

yes

N Fork 1

Swin Ch Old Bridge Blind

Telegraph A& B.

Tom Moore

Edgewater Park Restoration

Restored

Fisher Sl Restoration (after dike setback)

SF Dike Setback

Wiley Sl Restoration (Teal side)

Wiley Sl Restoration (Wiley side)
1

Wild Skagit River juvenile Chinook outmigration estimates 2003, 2011-2013 from Clayton Kinsel & Joe Anderson
of WDFW, personal communication; 1992 and 1993 from Seiler et al. 1998.
2

Skagit tidal delta juvenile Chinook carrying capacity is estimated to be achieved at an outmigration of 5.1 million
total subyearling Chinook outmigrants (Beamer et al. 2005). Regression analysis of outmigration data by fry and parr
life history types through 2015 suggests tidal delta carrying capacity is achieved at an outmigration of 3.9 million
Chinook fry.
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