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Inland Group Culvert Replacement and Watercourse K Realignment and Relocation 
Project (HUC6 – 171100) 

Dear Ms. Printz:

Thank you for your letter of October 16, 2020, requesting initiation of consultation with 
NOAA’s National Marine Fisheries Service (NMFS) pursuant to section 7 of the Endangered 
Species Act of 1973 (ESA) (16 U.S.C. 1531 et seq.) for the Inland Group Culvert Replacement 
and Watercourse K Realignment and Relocation Project. This consultation was conducted in 
accordance with the 2019 revised regulations that implement section 7 of the ESA (50 CFR 402, 
84 FR 45016). 

NMFS also reviewed the likely effects of the proposed action on essential fish habitat (EFH), 
pursuant to section 305(b) of the Magnuson-Stevens Fishery Conservation and Management Act 
(16 U.S.C. 1855(b)), and concluded that the action would adversely affect the EFH of Pacific 
coast salmon. Therefore, we have included the results of that review in Section 3 of this 
document.  

The enclosed document contains a biological opinion prepared by NMFS pursuant to section 
7(a)(2) of the ESA on the effects of the Inland Group Culvert Replacement and Watercourse K 
Realignment and Relocation Project in the Lower Green River basin near Auburn, Washington. 
We have determined that the Corps’ proposed action to permit the project will not jeopardize the 
continued existence of listed Puget Sound Chinook salmon and Puget Sound steelhead or result 
in the destruction or adverse modification of critical habitat for either species. 
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Please contact Kim Kratz of the Oregon Washington Coastal Office (503-231-2155) if you have 
any questions concerning this consultation, or if you require additional information. 

Sincerely,

Kim W. Kratz. Ph.D
Assistant Regional Administrator
Oregon Washington Coastal Office

cc: Kelly Werdick, COE
Daniel Krenz, COE
Kristin McDermott, COE
Jennifer Marriott, Wet.land
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1. INTRODUCTION 

This Introduction section provides information relevant to the other sections of this document 
and is incorporated by reference into Sections 2 and 3, below. 

1.1. Background 

The National Marine Fisheries Service (NMFS) prepared the biological opinion (opinion) and 
incidental take statement (ITS) portions of this document in accordance with section 7(b) of the 
Endangered Species Act (ESA) of 1973 (16 U.S.C. 1531 et seq.), and implementing regulations 
at 50 CFR 402, as amended.  

We also completed an essential fish habitat (EFH) consultation on the proposed action, in 
accordance with section 305(b)(2) of the Magnuson-Stevens Fishery Conservation and 
Management Act (MSA) (16 U.S.C. 1801 et seq.) and implementing regulations at 50 CFR 600. 

We completed pre-dissemination review of this document using standards for utility, integrity, 
and objectivity in compliance with applicable guidelines issued under the Data Quality Act 
(DQA) (section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 
2001, Public Law 106-554). The document will be available within two weeks at the NOAA 
Library Institutional Repository (https://repository.library.noaa.gov/welcome). A complete 
record of this consultation is on file at the Oregon Washington Coastal Office in Lacey, 
Washington. 

1.2. Consultation History 

The Corps requested informal consultation on October 16, 2020, for the Inland Group Culvert 
Replacement project. The Corps endorsed and advanced to NMFS the applicant’s (Inland 
Construction Group) effects determination that the proposed action ‘may affect, but is not likely 
to adversely affect’ listed Puget Sound (PS) Chinook salmon and PS steelhead. On March 25, 
2021, NMFS informed the Corps that it could not concur with the effects determination and 
suggested the Corps reconsider the project and request formal consultation. NMFS reengaged 
with the Corps regarding the Inland Group Project on July 8, 2021 and was informed by the 
Corps that due to construction constraints the project would be split up so that a critical 
component could be completed by the end of 2021. The Corps informed NMFS they would 
submit one component (floodplain reconnection project) of the project to be covered under the 
Corps’ Fish Passage and Restoration Project Programmatic (FPRP III) (WCRO-2014-1857) and 
the Corps would request consultation for the remaining project components (I Street extension, 
Watercourse K relocation, and culvert replacement).  

On July 29, 2021, the Corps submitted a notification to NMFS indicating the enhancement of 
Watercourse N and floodplain compensation components originally included in the October 16, 
2020, request would be covered under FPRP III. On August 20, 2021, the Corps resubmitted 
their request for consultation for Inland Group Culvert Replacement, I Street extension project, 
and Watercourse K relocation. The August 20 submission included a memo explaining the 
changes to the project scope as well as updated project designs. On September 20, 21, and 

https://repository.library.noaa.gov/welcome
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October 4, 2021, via email, NMFS requested additional information from the Corps to complete 
its cursory review process. On October 28th, 2021, the Corps and the applicant provided written 
responses to NMFS’s questions. On December 13, 2021, NMFS provided a draft description of 
the proposed action to the Corps for review to ensure NMFS understanding of the action was 
accurate and complete. The Corps and the applicant provided edits to the draft on December 30, 
2021. On December 30, 2021, NMFS requested the Corps and the applicant clarify specific 
details of the proposed action and update supporting figures to reflect the most recent 
description. The Corps and the applicant responded on January 23, 2022. NMFS provided 
another draft to the Corps on February 17, 2022, and stated that NMFS would not be able to 
concur with the Corps’ NLAA determination for PS Chinook salmon, PS steelhead and their 
associated critical habitats. NMFS suggested the Corps request formal consultation to move 
forward with the consultation process. The Corps requested formal ESA section 7 consultation 
via email on February 18, 2022. On February 22, 2022, NMFS determined information was 
complete and initiated formal consultation with the Corps. The action also triggers MSA 
consultation because EFH for Pacific Coast salmon may be affected.  

1.3. Proposed Federal Action  

Under the ESA, “action” means all activities or programs of any kind authorized, funded, or 
carried out, in whole or in part, by Federal agencies (50 CFR 402.02). Under MSA, federal 
action means any action authorized, funded, or undertaken, or proposed to be authorized, funded, 
or undertaken by a federal agency (50 CFR 600.910). 

The Corps is proposing to permit under section 404 of the CWA, a street extension, culvert 
removal and replacement, and stream channel relocation project near Auburn, Washington. The 
purpose of the project is to provide additional transportation infrastructure to support an increase 
in vehicle traffic associated with the Copper Gate Apartments Project. The I Street NE extension 
project includes realigning an unnamed tributary to Auburn Drain (Green River basin) and 
replacing two steel pipe culverts with a stream simulation compliant box culvert on the realigned 
stream. A series of restoration measures would also be implemented as part of the proposed 
action including placement of large woody debris, new streambed substrate, revegetating and 
planting riparian areas, and replacing and restoring stream and wetland buffers.  

The proponent would install approximately 2,000 linear feet of new road that would connect the 
existing I Street NE from its intersection with 45th Street NE to a new interchange with South 
277th Street. This new road is proposed as an arterial roadway to help manage existing and an 
anticipated increase in vehicular traffic in this area, as a result of the Copper Gate Apartment 
Project. A total of 5.4 acres of new pollution generating impervious surfaces (PGIS), concrete 
and asphalt, would be installed as part of the proposed action.  

Temporary sandbag dams would be placed up and downstream of the work site to isolate the 
work area and prevent water and fish from entering during construction. Prior to commencing 
work, the area would be evaluated by a Corps biologist for the presence of any water and fish. If 
any fish are found they would be captured and relocated to an appropriate downstream location 
with adequate water and flow. Water would be diverted around the project area until construction 
is complete. The sandbag dams would be removed once construction is complete. 
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The stream channel, known as Watercourse K, would be realigned within the designated right of 
way as part of the road construction to accommodate the extension of I Street. The relocation and 
realignment of Watercourse K would require filling 438 linear feet of the existing stream channel 
with 722 cubic yards of material to accommodate the proposed road extension. Once the original 
Watercourse K channel has been filled, a 467-foot long channel would be constructed. The new 
channel would be designed to have a maximum 3:1 slope on both west and east banks. A 
concrete wall, approximately 510-feet long and 5-feet tall, would be installed on the western 
edge of the new stream segment to prevent the stream from extending outside of the right of way 
easement.  

As part of the stream relocation effort an existing 157-foot 24-inch steel pipe culvert would be 
fully removed. Another 65-foot long by 24-inch wide steel pipe culvert under the Port of Seattle 
access road would be upgraded to a Stream Simulation Compliant 3-foot tall by 12-foot wide by 
60-foot long pre-cast concrete box culvert. The new culvert would be realigned to accommodate 
the extended road and the new stream channel. The new culvert would be designed to 
accommodate for natural flow conditions during high flow periods. While the stream currently 
supports little to no flow during certain periods of the year, the box culvert is designed to ensure 
stormwater and natural flows are conveyed without creating obstructions. Finally, once the 
stream has been relocated and realigned and the new culvert installed, new substrate and large 
wood would be placed that meet WDFW and WSDOT design requirements.  

Stormwater Management 
Over the long-term stormwater runoff volume would increase as a result of the I Street Extension 
and Copper Gate Apartments projects. The project area for both projects is divided into five 
different basins, each draining into different components of the proposed stormwater conveyance 
system (Figure 1). The stormwater runoff associated with the I Street Extension project 
originates from Basin 3 and 4 and would be conveyed to a detention pond to control flow rates 
(Figure 1). The detention pond would then drain into Watercourse L and subsequently into 
Watercourse K before draining into Auburn Drain and ultimately the Green River. The 
stormwater runoff generated from the developed surfaces of Basin 3 and 4 (Table 1) are 
analyzed in this Opinion because of the connection between Watercourse L and Watercourse K, 
Auburn Drain, and the Green River; while Watercourse L would not be modified by the 
proposed action it conveys stormwater runoff to areas classified to support listed species and 
critical habitat.  

Stormwater treatment and management infrastructure described in the proposed action are 
designed to be in compliance with the City of Auburn Surface Water Management Manual (City 
of Auburn Dept. of Public Works 2014) and the 2014 Department of Ecology Stormwater 
Management Manual for Western Washington (SWMMWW) (Ecology 2014). The project is 
also required to obtain a National Pollutant Discharge Elimination System (NPDES) permit from 
Ecology and develop a Stormwater Pollution Prevention Plan (SWPPP) and a Temporary 
Erosion and Sediment Control Plan (TESCP) to ensure that water quality does not degrade 
during or immediately following construction. 

Stormwater from Basins 3 and 4 would be conveyed to a detention pond and treated using a 
Modular Wetland system (MWS) (Figure 2). The MWS would be installed downstream of the 
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outlet control and designed to the full 2-year release rate for detention facilities per the General 
Use Level Designation developed by Ecology (2017). The Corps determined through 
geotechnical evaluation that additional BMPs for Basin 3 and 4 including full dispersal (BMP 
T5.30), permeable pavement and sheet flow dispersion (BMP T5.15), and bioretention (BMP 
T7.30) were infeasible due to specific site characteristics including unsuitable native soil 
infiltration rates and absent native vegetated flow paths.  

Stormwater facilities associated with the project would also be designed to meet Post 
Construction Soil Quality and Depth (BMP T5.13) requirements described in the SWMMWW 
(Ecology 2014). The purpose of this BMP is to ensure soil quality and depth post-construction 
provide important stormwater treatment functions including: water infiltration, nutrient, 
sediment, and pollutant adsorption; sediment and pollutant biofiltration; water interflow storage 
and transmission; and pollutant decomposition. These functions are dependent on site 
characteristics and are largely lost when development strips away native soil and vegetation and 
replaces it with minimal topsoil and sod. Not only are these important stormwater functions lost 
but such landscapes themselves become pollution generating pervious surface due to increased 
use of pesticides, fertilizers and other landscaping and household/industrial chemicals, the 
concentration of pet wastes, and pollutants that accompany roadside litter. Establishing soil 
quality and depth regains greater stormwater functions in the post development landscape, 
provides increased treatment of pollutants and sediments that result from development and 
habitation, and minimizes the need for some landscaping chemicals, thus reducing pollution 
through prevention. However, as stated previously native soil characteristic preclude full 
infiltration, which is why the project relies on a MWS to treat stormwater prior to discharge into 
Watercourse K.  

Finally, stormwater management facilities would be designed to meet Minimum Requirements 
#6 and #7 of the SWMMWW (Ecology 2014). Minimum requirement #6 addresses runoff 
treatment and requires that stormwater facilities must be sized to treat the entire drainage area 
even if some areas are not pollution generating. Additionally, designs must take into account the 
volume of runoff predicted from a 24-hour, 6-month reoccurrence storm. Water quality detention 
facilities, including the MWS, must meet the full 2-year release rate for downstream facilities. 
Furthermore, direct discharge of untreated stormwater from PGIS is prohibited, except for 
discharge achieved by soil infiltration, dispersion of runoff through use of on-site stormwater 
management BMPs, or by infiltration through soils meeting SWMMWW (2014) soil suitability 
criteria. Minimum Requirement #7 addresses flow control of stormwater runoff. Specifically, 
projects must provide flow control to reduce the impacts of stormwater runoff from hard surfaces 
and land cover conversions. The detention pond and MWS provide on-site treatment and flow 
control meeting Ecology Minimum Requirements. However, this approach would not remove all 
pollutants from stormwater prior to discharge.   
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Table 1.  Total acres of pervious and impervious surfaces associated with each catchment 
basin draining into Watercourse K.  

Land Development Basin 3 (acres) Basin 4 (acres) Total (acres) 
Pervious 6.085 0.557 6.642 

Impervious 10.043 2.804 12.847 
Total 16.128 3.361 19.489 

Modular Wetland Systems 
The proposed action includes installation of a modular wetland system at the drainage point of 
the stormwater detention pond (Figure 1). A modular wetland system is used where direct 
infiltration into soil is not possible. The soil types at the project location preclude infiltration and 
a Bioclean modular wetland system would be installed to treat stormwater prior to discharging 
into Watercourse K and ultimately the Green River. According to Bioclean, a Modular Wetland 
Linear system removes1:  

• 66% of dissolved zinc; 
• 69% of total zinc; 
• 38% of dissolved copper; 
• 50% of total copper; 
• 85% of TSS; 
• 100% of trash; 
• 45% of nitrogen; 
• 95% of motor oil; 
• 67% of ortho-phosphorus; and 
• 64% of total phosphorus.  

Ecology’s General Use Designation for Basic (TSS) Enhanced and Phosphorus treatment2 
indicates that the Modular Wetland Linear system has the capability to remove:  

• 99% of total suspended solids with influent concentrations of 270mg/L using a quarter 
scale model; 

• 91% of TSS in laboratory conditions with influent concentrations of 84.6 mg/L at a flow 
rate of 3.0 gpm per square foot of media; 

• 93% of dissolved copper in a quarter scale model with influent concentrations of 0.757 
mg/L; 

• 79% of dissolved copper in laboratory conditions with influent concentrations of 0.567 
mg/L at a flow rate of 3.0 gpm per square foot of media; 

•  80.5% of dissolved zinc in a quarter scale model with influent concentrations of 0.95 
mg/L at a flow rate of 3.0 gpm per square foot of media; and 

1 https://biocleanenvironmental.com/wp-content/uploads/2020/03/Modular-Wetlands-Linear_Brochure_8-30-
21_web-spread.pdf  
2 https://fortress.wa.gov/ecy/ezshare/wq/tape/use_designations/MWSlinearMODULARwetlandGULD.pdf  

https://biocleanenvironmental.com/wp-content/uploads/2020/03/Modular-Wetlands-Linear_Brochure_8-30-21_web-spread.pdf
https://biocleanenvironmental.com/wp-content/uploads/2020/03/Modular-Wetlands-Linear_Brochure_8-30-21_web-spread.pdf
https://fortress.wa.gov/ecy/ezshare/wq/tape/use_designations/MWSlinearMODULARwetlandGULD.pdf
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• 78% of dissolved zinc in laboratory conditions with influent concentrations of 0.75 mg/L 
at a flow rate of 3.0 gpm per square foot of media.  

Additional Best Management Practices and Conservation Measures 
Additional conservation measures include planting native tree and shrub species within the 
upland and riparian areas of the new stream channel (Table 2). The purpose of the planting is to 
restore areas temporarily impacted by the construction, provide vegetation along the stream 
channel that would at maturity, provide some shade and cover to fish species utilizing the stream, 
and provide a source of organic input to the stream ecosystem. The intent of this 
restoration/conservation measure is to ultimately increase habitat for fish and wildlife, protect the 
stream channel, and prevent colonization by non-native weedy plant species such as reed 
canarygrass (Phalaris arundinacea) and Himalayan blackberry (Rubus armeniacus).  
In addition to the stormwater treatment BMPs, the following BMPs and conservation measures 
are included in the proposed action: 

• All work would occur during the Washington Department of Fish Wildlife (WDFW) in-
water work window of July 16 to September 30. 

• Silt fencing, straw bales, straw wattles, and vegetated strips would be used to prevent silt 
and sediment from entering the stream channel during construction. 

• Filter fabric, gravel, and check dams would be used on storm drains and catch basins in 
areas that may receive sediment-laden water from the work area.  

• Soil and disturbed slopes would be stabilized using temporary or permanent seeding, 
mulching, nets, blankets, plastic coverings, sod, check dams, and triangular silt dikes. 

• Pollutants would be controlled by regular inspection of vehicles and petroleum 
dispensing equipment for leaks, providing secondary containment for petroleum storage 
containers, ensuring proper chemical storage, and maintaining emergency spill 
containment and clean-up materials on-site.  

• Control dust from construction activities. 
• Containment of demolition material and debris, including collection and treatment of 

processed water and slurry. 
• Control, containment, and treatment of water removed from the construction area.  
• Restore areas outside of the stream channel temporarily disturbed with native shrubs and 

trees. 

We considered, under the ESA, whether or not the proposed action would cause any other 
activities and determined that it would not. 
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Table 2.  Tree and shrubs species included in the upland and riparian planting plan.  

Planting Area Common Name Scientific Name 

Upland trees 
Vine maple Acer circinatum 
Big leaf maple Acer macrophyllum 
Western hazelnut Corylus cornuta 
Douglas fir Pseudotsuga menziesii 

Upland shrubs 

Serviceberry Amelanchier alnifolia 
Salal Gaultheria shallon 
Oceanspray Holodiscus discolor 
Tall Oregon Grape  Mahonia aquifolium 
Sword Fern Polystichum munitum 
Red elderberry Sambucus racemose 
Common snowberry Symphoricarpos albus 

Wetland trees Vine maple Acer circinatum 
Cascara Rhamnus purshiana 

Wetland shrubs 
Pacific crabapple Crataegus douglasii 
Nootka rose Rosa nutkana 
Salmonberry Rubus Spectabilis 
Black twinberry Lonicera involucrate 

In-stream seasonal trees 
Western Crabapple Malus fusca 
Pacific willow Salix lasiandra 
Sitka willow Salix sitchensis 

In stream seasonal shrubs 
Red twig dogwood Cornus sericea 
Pacific ninebark Physocarpus capitatus 
Salmonberry Rubus spectabilis 

1.4. Action Area 

“Action area” means all areas to be affected directly or indirectly by the Federal action and not 
merely the immediate area involved in the action (50 CFR 402.02). 

The action area includes Watercourse K and the 1 mile of stream channel to Auburn Drain’s 
confluence with the Green River (Figure 3). The action area also includes the riparian areas 
surrounding Watercourse K where culvert removal and replacement and stream realignment and 
relocation would occur. While the modular wetland system is an effective tool for reducing 
pollutant loads it does not remove 100% of all pollutants, therefore effluent would be expected to 
contain harmful levels of pollutants depending upon influent concentrations. The action area 
extends downstream to the Auburn Drain and the mainstem Green River due to the anticipated 
effects of the project to water quality discussed in section 2.4 below.  

Information regarding current stormwater pollutant loads at the project site was not provided in 
the project initiation package therefore we cannot predict at what rate pollutant loads would be 
reduced before discharging into Watercourse K. Given this uncertainty, we assume that water 
treated via the detention pond and Modular Wetland would contain toxic stormwater and degrade 
water quality PBF in Auburn Drain and the Green River for the life of the project.  
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Figure 1.  Drainage basins associated with the I Street Extension, Watercourse K relocation, and culvert replacement projects. 
Basin 3 is outlined in green and basin 4 is outlined in red.  
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Figure 2.  Locations of Watercourse K and L, and the stormwater detention pond.  
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Figure 3.  Action area including the construction site, Auburn Drain, and the Green River. 
The red area represents the flow path from the construction site to the Green River via 
Auburn Drain.   
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2. ENDANGERED SPECIES ACT: BIOLOGICAL OPINION AND INCIDENTAL 
TAKE STATEMENT 

The ESA establishes a national program for conserving threatened and endangered species of 
fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) of 
the ESA, each Federal agency must ensure that its actions are not likely to jeopardize the 
continued existence of endangered or threatened species, or adversely modify or destroy their 
designated critical habitat. Per the requirements of the ESA, Federal action agencies consult with 
NMFS and section 7(b)(3) requires that, at the conclusion of consultation, NMFS provide an 
opinion stating how the agency’s actions would affect listed species and their critical habitats. If 
incidental take is reasonably certain to occur, section 7(b)(4) requires NMFS to provide an ITS 
that specifies the impact of any incidental taking and includes reasonable and prudent measures 
(RPMs) and terms and conditions to minimize such impacts. The Corps determined the proposed 
action is not likely to adversely affect PS Chinook salmon and PS steelhead or their critical 
habitat.  

2.1. Analytical Approach 

This biological opinion includes both a jeopardy analysis and an adverse modification analysis. 
The jeopardy analysis relies upon the regulatory definition of “jeopardize the continued existence 
of” a listed species, which is “to engage in an action that reasonably would be expected, directly 
or indirectly, to reduce appreciably the likelihood of both the survival and recovery of a listed 
species in the wild by reducing the reproduction, numbers, or distribution of that species” (50 
CFR 402.02). Therefore, the jeopardy analysis considers both survival and recovery of the 
species. 

This biological opinion relies on the definition of “destruction or adverse modification,” which 
“means a direct or indirect alteration that appreciably diminishes the value of critical habitat as a 
whole for the conservation of a listed species” (50 CFR 402.02). 

The designation(s) of critical habitat for (species) use(s) the term primary constituent element 
(PCE) or essential features. The 2016 critical habitat regulations (50 CFR 424.12) replaced this 
term with physical or biological features (PBFs). The shift in terminology does not change the 
approach used in conducting a “destruction or adverse modification” analysis, which is the same 
regardless of whether the original designation identified PCEs, PBFs, or essential features. In this 
biological opinion, we use the term PBF to mean PCE or essential feature, as appropriate for the 
specific critical habitat. 

We use the following approach to determine whether a proposed action is likely to jeopardize 
listed species or destroy or adversely modify critical habitat: 

• Evaluate the rangewide status of the species and critical habitat expected to be adversely 
affected by the proposed action.  

• Evaluate the environmental baseline of the species and critical habitat.  
• Evaluate the effects of the proposed action on species and their habitat using an exposure-

response approach.  
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• Evaluate cumulative effects.  
• In the integration and synthesis, add the effects of the action and cumulative effects to the 

environmental baseline, and, in light of the status of the species and critical habitat, 
analyze whether the proposed action is likely to: (1) directly or indirectly reduce 
appreciably the likelihood of both the survival and recovery of a listed species in the wild 
by reducing the reproduction, numbers, or distribution of that species, or (2) directly or 
indirectly result in an alteration that appreciably diminishes the value of critical habitat as 
a whole for the conservation of a listed species. 

• If necessary, suggest a reasonable and prudent alternative to the proposed action.  

2.2. Rangewide Status of the Species and Critical Habitat 

This Opinion examines the status of each species that is likely to be adversely affected by the 
proposed action. The status is determined by the level of extinction risk that the listed species 
face, based on parameters considered in documents such as recovery plans, status reviews, and 
listing decisions. This informs the description of the species’ likelihood of both survival and 
recovery. The species status section also helps to inform the description of the species’ 
“reproduction, numbers, or distribution” as described in 50 CFR 402.02. The Opinion also 
examines the condition of critical habitat throughout the designated area, evaluates the 
conservation value of the various watersheds and coastal and marine environments that make up 
the designated area, and discusses the function of the PBFs that are essential for the conservation 
of the species. 

One factor affecting the status of ESA-listed species considered in this Opinion, and aquatic 
habitat at large, is climate change. Climate change is likely to play an increasingly important role 
in determining the abundance and distribution of ESA-listed species, and the conservation value 
of designated critical habitats in the Pacific Northwest. These changes will not be spatially 
homogeneous across the Pacific Northwest. The largest hydrologic responses are expected to 
occur in basins with significant snow accumulation, where warming decreases snow pack, 
increases winter flows, and advances the timing of spring melt (Mote et al. 2014; Mote et al 
2016). Rain-dominated watersheds and those with significant contributions from groundwater 
may be less sensitive to predicted changes in climate (Tague et al. 2013; Mote et al. 2014). 

During the last century, average regional air temperatures in the Pacific Northwest increased by 
1-1.4°F as an annual average, and up to 2°F in some seasons (based on average linear increase 
per decade; Abatzoglou et al. 2014; Kunkel et al. 2013). Recent temperatures in all but two years 
since 1998 ranked above the 20th century average (Mote et al. 2014). Warming is likely to 
continue during the next century as average temperatures are projected to increase another 3 to 
10°F, with the largest increases predicted to occur in the summer (Mote et al. 2014).  

Decreases in summer precipitation of as much as 30 percent by the end of the century are 
consistently predicted across climate models (Mote et al. 2014). Precipitation is more likely to 
occur during October through March, less during summer months, and more winter precipitation 
will be rain than snow (ISAB 2007; Mote et al. 2013). Earlier snowmelt will cause lower stream 
flows in late spring, summer, and fall, and water temperatures will be warmer (ISAB 2007; Mote 
et al. 2014). Models consistently predict increases in the frequency of severe winter precipitation 
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events (i.e., 20-year and 50-year events), in the western United States (Dominguez et al. 2012). 
The largest increases in winter flood frequency and magnitude are predicted in mixed rain-snow 
watersheds (Mote et al. 2014).  

The combined effects of increasing air temperatures and decreasing spring through fall flows are 
expected to cause increasing stream temperatures; in 2015 this resulted in 3.5-5.3°C increases in 
Columbia Basin streams and a peak temperature of 26°C in the Willamette (NWFSC 2015). 
Overall, about one-third of the current cold-water salmonid habitat in the Pacific Northwest is 
likely to exceed key water temperature thresholds by the end of this century (Mantua et al. 2009).  

The Northwest Fishery Science Center (NWFSC 2015) reported that model projections of 
climate conditions affecting Puget Sound salmonids were not optimistic, and recent and 
unfavorable environmental trends are expected to continue. A negative pattern in the Pacific 
Decadal Oscillation3 has recently emerged, which adds uncertainty to the short-term duration of 
warming trends. However, the long-term trends of climate change and other environmental 
indicators suggest the continuation of warming ocean temperatures; fragmented or degraded 
freshwater spawning and rearing habitat; reduced snowpack; altered hydrographs producing 
reduced summer river flows and warmer water; and low marine survival for salmonids in the 
Salish Sea (NWFSC 2015). Overall, the marine heat wave in 2014-2016 had the most drastic 
impact on marine ecosystems in 2015, with lingering effects into 2016 and 2017. Conditions had 
somewhat returned to “normal” in 2018, but another marine heat wave in 2019 again set off a 
series of marine ecosystem changes across the North Pacific. One reason for lingering effects of 
ecosystem response is due to biological lags. These lags result from species impacts at larval or 
juvenile stages, which are typically most sensitive to extreme temperatures or changes in food 
supply. It is only once these species grow to adult size or recruit into fisheries that the impact of 
the heat wave is apparent. Any rebound in VSP parameters for PS steelhead are likely to be 
constrained under these conditions (NWFSC 2015; Ford 2022). 

Higher temperatures will reduce the quality of available salmonid habitat for most freshwater life 
stages (ISAB 2007). Reduced flows will make it more difficult for migrating fish to pass 
physical and thermal obstructions, limiting their access to available habitat (Mantua et al. 2010; 
Isaak et al. 2012). Temperature increases shift timing of key life cycle events for salmonids and 
species forming the base of their aquatic foodwebs (Crozier et al. 2011; Tillmann and Siemann 
2011; Winder and Schindler 2004). Higher stream temperatures will also cause decreases in 
dissolved oxygen (DO) and may also cause earlier onset of stratification and reduced mixing 
between layers in lakes and reservoirs, which can also result in reduced oxygen (Meyer et al. 
1999; Winder and Schindler 2004; Raymondi et al. 2013). Higher temperatures are likely to 
cause several species to become more susceptible to parasites, disease, and higher predation rates 
(Crozier et al. 2008; Wainwright & Weitkamp 2013; Raymondi et al. 2013). 

As more basins become rain-dominated and prone to more severe winter storms, higher winter 
stream flows may increase the risk that winter or spring floods in sensitive watersheds will 
damage spawning redds and wash away incubating eggs (Goode et al. 2013). Earlier peak stream 
flows will also alter migration timing for salmon smolts, and may flush some young salmon and 

3 https://www.ncdc.noaa.gov/teleconnections/pdo/. 
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steelhead from rivers to estuaries before they are physically mature, increasing stress and 
reducing smolt survival (McMahon and Hartman 1989; Lawson et al. 2004).  

In addition to changes in freshwater conditions, predicted changes for coastal waters in the 
Pacific Northwest as a result of climate change include increasing surface water temperature, 
increasing but highly variable acidity, and increasing storm frequency and magnitude (Mote et 
al. 2014). Elevated ocean temperatures already documented for the Pacific Northwest are highly 
likely to continue during the next century, with sea surface temperature projected to increase by 
1.0-3.7oC by the end of the century (IPCC 2014). Habitat loss, shifts in species’ ranges and 
abundances, and altered marine food webs could have substantial consequences to anadromous, 
coastal, and marine species in the Pacific Northwest (Tillmann and Siemann 2011; Reeder et al. 
2013). 

Moreover, as atmospheric carbon emissions increase, increasing levels of carbon are absorbed by 
the oceans, changing the pH of the water. A 38 percent to 109 percent increase in acidity is 
projected by the end of this century in all but the most stringent CO2 mitigation scenarios, and is 
essentially irreversible over a time scale of centuries (IPCC 2014). Regional factors appear to be 
amplifying acidification in Northwest ocean waters, which is occurring earlier and more acutely 
than in other regions and is already impacting important local marine species (Barton et al. 2012; 
Feely et al. 2012). Acidification also affects sensitive estuary habitats, where organic matter and 
nutrient inputs further reduce pH and produce conditions more corrosive than those in offshore 
waters (Feely et al. 2012; Sunda and Cai 2012).  

Global sea levels are expected to continue rising throughout this century, reaching likely 
predicted increases of 10-32 inches by 2081-2100 (IPCC 2014). These changes will likely result 
in increased erosion and more frequent and severe coastal flooding, and shifts in the composition 
of nearshore habitats (Tillmann and Siemann 2011; Reeder et al. 2013). Estuarine-dependent 
salmonids such as chum and Chinook salmon are predicted to be impacted by significant 
reductions in rearing habitat in some Pacific Northwest coastal areas (Glick et al. 2007). 
Historically, warm periods in the coastal Pacific Ocean have coincided with relatively low 
abundances of salmon and steelhead, while cooler ocean periods have coincided with relatively 
high abundances, and therefore these species are predicted to fare poorly in warming ocean 
conditions (Scheuerell and Williams 2005; Zabel et al. 2006). This is supported by the recent 
observation that anomalously warm sea surface temperatures off the coast of Washington from 
2013 to 2016 resulted in poor coho and Chinook salmon body condition for juveniles caught in 
those waters (NWFSC 2015). Changes to estuarine and coastal conditions, as well as the timing 
of seasonal shifts in these habitats, have the potential to impact a wide range of listed aquatic 
species (Tillmann and Siemann 2011; Reeder et al. 2013). 

The adaptive ability of these threatened and endangered species is depressed due to reductions in 
population size, habitat quantity and diversity, and loss of behavioral and genetic variation. 
Without these natural sources of resilience, systematic changes in local and regional climatic 
conditions due to anthropogenic global climate change will likely reduce long-term viability and 
sustainability of populations in many of these ESUs (Ford 2022). New stressors generated by 
climate change, or existing stressors with effects that have been amplified by climate change, 
may also have synergistic impacts on species and ecosystems (Doney et al. 2012). These 
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conditions will possibly intensify the climate change stressors inhibiting recovery of ESA-listed 
species in the future. 

2.2.1. Status of ESA-Listed Fish Species 

For Pacific salmon, steelhead, and certain other listed fish species, we commonly use the four 
“viable salmonid population” (VSP) criteria (McElhany et al. 2000) to assess the viability of the 
populations that, together, constitute the species. These four criteria (spatial structure, diversity, 
abundance, and productivity) encompass the species’ “reproduction, numbers, or distribution” as 
described in 50 CFR 402.02. When these parameters are collectively at appropriate levels, 
populations can adapt to various environmental conditions and sustain in the natural 
environment. 

“Spatial structure” refers both to the spatial distributions of individuals in the population and the 
processes that generate that distribution. A population’s spatial structure depends on quality and 
spatial configuration critical habitat, and the dispersal characteristics and dynamics of individuals 
in the population. 

“Diversity” refers to the distribution of traits within and among populations. These range in scale 
from DNA sequence variation in single genes to complex life history traits (McElhany et al. 
2000). 

“Abundance” generally refers to the number adults in the naturally produced (i.e., the progeny of 
naturally spawning parents) in the environment (e.g., on spawning grounds). 
“Productivity,” as applied to viability factors, refers to the entire life cycle (i.e., the number of 
naturally-spawning adults produced per parent). When progeny replace or exceed the number of 
parents, a population is stable or increasing. When progeny fail to replace the number of parents, 
the population is declining. McElhany et al. (2000) use the terms “population growth rate” and 
“productivity” interchangeably when referring to production over the entire life cycle. They also 
refer to “trend in abundance,” which is the manifestation of long-term population growth rate. 

For species with multiple populations, once the biological status of a species’ populations has 
been determined, we assess the status of the entire species using criteria for groups of 
populations, as described in recovery plans and guidance documents from technical recovery 
teams. Considerations for species viability include having multiple populations that are viable, 
ensuring that populations with unique life histories and phenotypes are viable, and that some 
viable populations are both widespread to avoid concurrent extinctions from mass catastrophes 
and spatially close to allow functioning as metapopulations (McElhany et al. 2000). 

The summaries that follow describe the status of ESA-listed PS Chinook salmon and PS 
steelhead that occur within the geographic area of the proposed action analyzed in this Opinion. 
More detailed information on the status and trends of these listed resources, and their biology 
and ecology, are in the listing regulations and critical habitat designations published in the 
Federal Register (Table 1). 
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Status of Puget Sound Chinook Salmon 

The PS Chinook salmon evolutionarily significant unit (ESU) was listed as threatened on June 
28, 2005 (70 FR 37160) (Table 1). NMFS adopted a recovery plan for this ESU in January 2007. 
The recovery plan consists of two documents: the Puget Sound salmon recovery plan (Shared 
Strategy for Puget Sound 2007) and a supplement by NMFS (2006). The recovery plan adopts 
ESU and population level viability criteria recommended by the Puget Sound Technical 
Recovery Team (PSTRT) (Ruckelshaus et al. 2002). The PSTRT’s biological recovery criteria 
will be met when all of the following conditions are achieved: 

• The viability status of all populations in the ESU is improved from current conditions, 
and when considered in the aggregate, persistence of the ESU is assured; 

• Two to four Chinook salmon populations in each of the five biogeographical regions of 
the ESU achieve viability, depending on the historical biological characteristics and 
acceptable risk levels for populations within each region; 

• At least one population from each major genetic and life history group historically 
present within each of the five biogeographical regions is viable; 

• Tributaries to Puget Sound not identified as primary freshwater habitat for any of the 22 
identified populations are functioning in a manner that is sufficient to support an ESU-
wide recovery scenario; Production of Chinook salmon from tributaries to Puget Sound 
not identified as primary freshwater habitat for any of the 22 identified populations 
occurs in a manner consistent with ESU recovery; and 

• Populations that do not meet the viability criteria for all VSP parameters are sustained to 
provide ecological functions and preserve options for ESU recovery. 

On October 4, 2019, NMFS published notice of NMFS’ intent to initiate a new 5-year status 
review for 28 listed species of Pacific salmon and steelhead and requesting updated information 
from the public to inform the status review (84 FR 53117). On March 24, 2020, NMFS extended 
the public comment period, from the original March 27, 2020, through May 26, 2020 (85 FR 
16619). The Northwest Fishery Science Center (NWFSC), and NMFS’ West coast Regional 
Office (WCRO) are currently preparing the final status review documents, with anticipated 
completion in spring of 2022. In this section, we utilize some of the information in the draft 
viability risk assessment (Ford, 2022), in order to provide the most recent information for our 
evaluation in this Opinion.  

Where possible, particularly as new material becomes available, the latest final status review 
information (NMFS 2016) is supplemented with more recent information and other population 
specific data that may not have been available during the status review, so that NMFS is assured 
of using the best available information for this Opinion. 

Spatial Structure and Diversity: The Puget Sound Chinook salmon ESU includes all naturally 
spawning populations of Chinook salmon from rivers and streams flowing into Puget Sound 
including the Straits of Juan De Fuca from the Elwha River, eastward, including rivers and 
streams flowing into Hood Canal, South Sound, North Sound and the Strait of Georgia in 
Washington. The ESU also includes the progeny of numerous artificial propagation programs 
(NWFSC 2015). The PSTRT identified 22 extant populations, grouped into five major 
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geographic regions, based on consideration of historical distribution, geographic isolation, 
dispersal rates, genetic data, life history information, population dynamics, and environmental 
and ecological diversity. The PSTRT distributed the 22 populations among five major 
biogeographical regions, or major population groups (MPG), that are based on similarities in 
hydrographic, biogeographic, and geologic characteristics. 

Three of the five MPGs (Strait of Juan de Fuca, Georgia Basin, and Hood Canal) contain only 
two populations each, both of which must be recovered to viability to recover the ESU (NMFS 
2006b). Under the Puget Sound Salmon Recovery Plan, the Suiattle and one each of the early, 
moderately early, and late run-timing populations in the Whidbey Basin Region, as well as the 
White and Nisqually (or other late-timed) populations in the Central/South Sound Region must 
also achieve viability (NMFS 2006b). 

The Technical Recovery Team (TRT) did not define the relative roles of the remaining 
populations in the Whidbey and Central/South Sound Basins for ESU viability. Therefore, 
NMFS developed additional guidance which considers distinctions in genetic legacy and 
watershed condition, among other factors, in assessing the risks to survival and recovery of the 
listed species by the proposed actions across all populations within the PS Chinook ESU. In 
doing so, it is important to take into account whether the genetic legacy of the population is 
intact or if it is no longer distinct within the ESU. Populations are defined by their relative 
isolation from each other and by the unique genetic characteristics that evolve, as a result of that 
isolation, and adaption to their specific habitats. If these populations still retain their historic 
genetic legacy, then the appropriate course, to ensure their survival and recovery, is to preserve 
that genetic legacy and rebuild those populations. Preserving that legacy requires both a sense of 
urgency and the actions necessary and appropriate to preserve the legacy that remains. However, 
if the genetic legacy is gone, then the appropriate course is to recover the populations using the 
individuals that best approximate the genetic legacy of the original population, reduce the effects 
of the factors that have limited their production, and provide the opportunity for them to readapt 
to the existing conditions. 

In keeping with this approach, NMFS further classified PS Chinook populations into three tiers 
based on a systematic framework that considers the population’s life history and production and 
watershed characteristics (NMFS 2010) (Figure 3). This framework, termed the Population 
Recovery Approach, carries forward the biological viability and delisting criteria described in the 
Supplement to the Puget Sound Salmon Recovery Plan (Ruckelshaus et al. 2002; NMFS 2006b). 
The assigned tier indicates the relative role of each of the 22 populations comprising the ESU to 
the viability of the ESU and its recovery. Tier 1 populations are most important for preservation, 
restoration, and ESU recovery. Tier 2 populations play a less important role in recovery of the 
ESU. Tier 3 populations play the least important role. When we analyze proposed actions, we 
evaluate impacts at the individual population scale for their effects on the viability of the ESU. 
We expect that impacts to Tier 1 populations would be more likely to affect the viability of the 
ESU, as a whole, than similar impacts to Tier 2 or 3 populations, because of the relatively greater 
importance of Tier 1 populations to overall ESU viability and recovery. NMFS has incorporated 
this and similar approaches in previous ESA section 4(d) determinations and Opinions on Puget 
Sound salmon fisheries and regional recovery planning (NMFS 2005b; 2005d; 2008f; 2008e; 
2010a; 2011a; 2013b; 2014b; 2015c; 2016f; 2017b; 2018c; 2019b; 2021e). 
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Figure 3. Puget Sound Chinook populations with tiered recovery designations. 

The ESU also includes Chinook salmon from certain artificial propagation programs. Artificial 
propagation (hatchery) programs (26) were added to the listed Chinook salmon ESU in 2005, as 
part of the final listing determinations for 16 ESUs of West Coast Salmon and Final 4(d) 
Protective Regulations for Threatened Salmonid ESUs (70 FR 37160). In October of 2016, 
NMFS proposed revisions to the hatchery programs included as part of some Pacific salmon 
ESUs and steelhead DPSs listed under the ESA (81 FR 72759). NMFS issued its final rule in 
December of 2020, which includes 25 hatchery programs as part of the listed Puget Sound 
Chinook salmon ESU (85 FR 81822). 
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Since 1999, most PS Chinook populations have mean natural-origin spawner escapement levels 
well below levels identified as required for recovery to low extinction risk. Long-term, natural-
origin mean escapements for eight populations are at or below their critical thresholds.4 Both 
populations in three of the five biogeographical regions are below or near their critical threshold: 
Georgia Strait, Hood Canal and Strait of Juan de Fuca. When hatchery spawners are included, 
aggregate average escapement is over 1,000 for one of the two populations in each of these three 
regions, reducing the demographic risk to the populations in these regions. Additionally, 
hatchery spawners help two of the remaining three of these populations achieve total spawner 
abundances above their critical threshold, reducing demographic risk. Nine populations are 
above their rebuilding thresholds,5 seven of them in the Whidbey/Main Basin Region. In 2018 
NMFS and the NWFSC updated the rebuilding thresholds for several key Puget Sound 
populations. These thresholds represent the Maximum Sustained Yield estimate of spawners 
based on available habitat. The new spawner-recruit analyses for several populations indicated a 
significant reduction in the number of spawners that can be supported by the available habitat 
when compared to analyses conducted 10 to 15 years ago. This may be due to further habitat 
degradation or improved productivity assessment or, more likely, a combination of the two. For 
example, the updated rebuilding escapement threshold for the Green River is 1,700 spawners 
compared to the previous rebuilding escapement threshold of 5,5236 spawners. So, although 
several populations are above the updated rebuilding thresholds, indicating that escapement is 
sufficient for the available habitat in many cases, the overall abundance has declined. 

Measures of spatial structure and diversity can give some indication of a population’s resilience 
to sustain itself. Spatial structure can be measured in various ways, but here we assess the 
proportion of natural-origin spawners (wild fish) vs. hatchery-origin spawners on the spawning 
grounds (Ford, 2022). 

Since 1990, there is a general declining population trend in the proportion of natural-origin 
spawners across the ESU (Table 4). While there are several populations that have maintained 
high levels of natural-origin spawner proportions, mostly in the Skagit and Snohomish basins, 
many others maintain high proportions of hatchery-origin spawners (Table 4). It should be noted 
that the pre-2005-2009 estimates of mean natural-origin fractions occurred prior to the 
widespread adoption of mass marking of hatchery produced fish. Estimates of hatchery and 
natural-origin proportions of fish since the implementation of mass marking are considered more 
robust. Several of these populations have long-standing or more recent conservation hatchery 
programs associated with them—North Fork (NF) and South Fork (SF) Nooksack, NF and SF 

4 After taking into account uncertainty, the critical threshold is defined as a point below which: (1) depensatory 
processes are likely to reduce the population below replacement; (2) the population is at risk from inbreeding 
depression or fixation of deleterious mutations; or (3) productivity variation due to demographic stochasticity 
becomes a substantial source of risk (NMFS 2000). 

5 The rebuilding threshold is defined as the escapement that will achieve Maximum Sustainable Yield (MSY) 
under current environmental and habitat conditions (NMFS 2000), and is based on an updated spawner-recruit 
assessment in the Puget Sound Chinook Harvest Management Plan, December 1, 2018. Thresholds were based on 
population-specific data, where available. 

6 The historic Green River escapement goal was established in 1977 as the average of estimated natural 
spawning escapements from 1965-1974. This goal does not reflect the lower productivity associated with the current 
condition of habitat. Reference the source for the historical objective from MUP (PSIT and WDFW 2017)(Green 
River MUP). 
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Stillaguamish, White River, Mid-Hood Canal, Dungeness, and the Elwha. These conservation 
programs are in place to maintain or increase the overall abundance of these populations, helping 
to conserve the diversity and increase the spatial distribution of these populations in the absence 
of properly functioning habitat. With the exception of the Mid-Hood Canal program, these 
conservation hatchery programs culture the extant, native Chinook salmon stock in these basins. 
With the exception of the NF and SF Stillaguamish, the remainder of the populations included in 
these conservation programs are identified in NMFS (2006b) as essential for the recovery of the 
Puget Sound Chinook salmon ESU (Table 4). 

Table 4. Five-year mean of fraction of natural-origin spawners7 (sum of all estimates 
divided by the number of estimates) (Ford, 2022). 

In addition, spatial structure, or geographic distribution, of the White, Skagit, Elwha,8 and 
Skokomish populations has been substantially reduced or impeded by the loss of access to the 
upper portions of those tributary basins due to flood control activities and hydropower 
development. Habitat conditions conducive to salmon survival in most other watersheds have 
been reduced significantly by the effects of land use, including urbanization, forestry, 

7 Estimates of hatchery and natural-origin spawning abundances, prior to the 2005-2009 period are based on 
pre-mass marking of hatchery-origin fish and, as such, may not be directly comparable to the 2005-2009 forward 
estimates. 

8 Removal of the two Elwha River dams and restoration of the natural habitat in the watershed began in 2011. 
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agriculture, and development (NMFS 2005a; SSPS 2005; NMFS 2008c; 2008d; 2008b). It is 
likely that genetic and life history diversity has been significantly adversely affected by this 
habitat loss. 

Between 1990 and 2021, the proportion of natural-origin spawners has trended downward across 
the ESU, with the Whidbey Basin the only MPG with consistently high fractions of natural-
origin spawner abundance. All other MPG have either variable or declining spawning 
populations with high proportions of hatchery-origin spawners (NWFSC 2015; Ford, 2022). 
Overall, the new information on abundance, productivity, spatial structure and diversity since the 
2015 status review supports no change in the biological risk category (NWFSC 2015; Ford, 
2022). 

Abundance and Productivity: The abundance of the PS Chinook salmon over time shows that 
individual populations have varied with increasing or decreasing abundance. Generally, many 
populations experienced increases in total abundance during the years 2000-2008, and more 
recently in 2015-2017, but general declines during 2009-2014, and a downturn again in the two 
most recent years available for the current status review, 2017-2018. Abundance across the Puget 
Sound ESU has generally increased since the last status review, with only 2 of the 22 populations 
(Cascade and North Fork and South Fork Stillaguamish) showing a negative percent change in 
the 5-year geometric mean natural- origin spawner abundances since the prior status review 
(Table). However, 15 of 20 populations with positive percent change in the 5-year geometric 
mean natural-origin spawner abundances since the prior status review have relatively low 
population abundances of <1000 fish, so some of these increases represent small changes in total 
abundance (Ford, 2022). Also, given lack of high confidence in survey techniques, particularly 
with small populations, there is substantial uncertainty in quantifying fish and detecting trends in 
small populations (Gallagher et al. 2010). 
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Table 5. Extant PS Chinook salmon populations in each biogeographic region and percent 
change between the most recent two 5-year periods (2010-2014 and 2015-2019). 
Five-year geometric mean of raw natural-origin spawner counts. In parentheses, 
5-year geometric mean of raw total spawner estimates (i.e., hatchery and natural) 
are shown. Percent change between the most recent two 5-year periods is shown 
on the far right (Ford, 2022). 

Trends in abundance over longer time periods are generally slightly negative. Fifteen-year trends 
in log natural-origin spawner abundance were computed over two time periods (1990-2005 and 
2004- 2019) for each Puget Sound Chinook salmon population. Trends were negative in the 
latter period for 16 of the 22 populations and for four of the 22 populations (SF Nooksack, SF 
Stillaguamish, Green and Puyallup) in the earlier period. Thus, there is a general decline in 
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natural-origin spawner abundance across all MPGs in the recent fifteen years. Upper Sauk and 
Suiattle (Whidbey Basin MPG), Nisqually (Central/South MPG) and Mid-Hood Canal (Hood 
Canal MPG) are the only populations with positive trends, though Mid-Hood Canal has an 
extremely low population size. Further, no change in trend between the two time periods was 
detected in SF Nooksack (Strait of Georgia MPG), Green and Nisqually (Central/South MPG). 
The average trend across the ESU for the 1990-2005 15-year time period was 0.03 (Figure 4). 
The average trend across the ESU for the later 15-year time period (2004-2019) was -0.02. The 
previous status review in 2015 (NWFSC 2015) concluded there were widespread negative trends 
for the total ESU despite that escapements and trends for individual populations were variable. 
The addition of the data to 2018 now also shows even more substantially either flat or negative 
trends for the entire ESU in natural-origin Chinook salmon spawner population abundances 
(Ford, 2022). 
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Figure 4. Smoothed trend in estimated total (thick black line, with 95 percent confidence 
internal in gray) and natural (thin red line) PS Chinook salmon population 
spawning abundance. In portions of a time series where a population has no 
annual estimate but smoothed spawning abundance is estimated from correlations 
with other populations the smoothed estimate is shown in light gray. Points show 
the annual raw spawning abundance estimates. For some trends the smoothed 
estimate may be influenced by earlier data points not included in the plot (Ford, 
2022). 
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Across the Puget Sound ESU, 10 of 22 Puget Sound populations show natural productivity 
below replacement in nearly all years since the mid-1980’s (Figure 4). These include the North 
and South Forks Nooksack in the Strait of Georgia MPG, North and South Forks Stillaguamish 
and Skykomish in Whidbey Basin MPG, Sammamish, Green and Puyallup in the Central/South 
MPG, the Skokomish in the Hood Canal MPG, and Elwha in the Strait of Juan de Fuca MPG. 
Productivity in the Whidbey Basin MPG populations was above zero the mid-late 1990’s, with 
the exception of Skykomish and North and South Forks Stillaguamish populations. White River 
population in the Central/South MPG was above replacement from the early 1980’s to 2001, but 
has dropped in productivity consistently since the late 1980’s. In recent years, only 5 populations 
have had productivities above zero. These are Lower Skagit, Upper Skagit, Lower Sauk, Upper 
Sauk, and Suiattle, all Skagit River populations in the Whidbey Basin MPG. This is consistent 
with, and continues the decline reported in the 2015 Status Review (NWFSC 2015). 

All Puget Sound Chinook salmon populations continue to remain well below recovery levels 
(Ford, 2022). Most populations also remain consistently below the spawner-recruit levels 
identified by the TRT as necessary for recovery. Across the ESU, most native-origin populations 
have slightly increased in abundance since the last status review in 2016, but have small negative 
trends over the past 15 years (Figure 5). Productivity remains low in most populations. Hatchery-
origin spawners are present in high fractions in most populations outside the Skagit watershed, 
and in many watersheds the fraction of spawner abundances that are natural-origin have declined 
over time. Habitat protection, restoration and rebuilding programs in all watersheds have 
improved stream and estuary conditions despite record numbers of humans moving into the 
Puget Sound region in the past two decades. Bi-annual four-year work plans document the many 
completed habitat actions that were initially identified in the Puget Sound Chinook salmon 
recovery plan.  However, the expected benefits from restoration actions is likely to take years or 
decades to produce significant improvement in natural population viability parameters (see Roni 
et al. 2010).  

Development of a monitoring and adaptive management program was required by NMFS in the 
2007 Supplement to the Shared Strategy Recovery Plan (NMFS 2006b), and since the last review 
the Puget Sound Partnership has completed this, but this program is still not fully functional for 
providing an assessment of watershed habitat restoration/recovery programs, nor does it fully 
integrate the essentially discrete habitat, harvest and hatchery programs. A recent white paper 
produced by the Salmon Science Advisory Group, of the Puget Sound Partnership concludes 
there has been “a general inability of monitoring to link restoration, changes in habitat 
conditions, and fish response at large-scales” (PSP 2021). A number of watershed groups are in 
the process of updating their Recovery Plan Chapters and this includes prioritizing and updating 
recovery strategies and actions, as well as assessing prior accomplishments. Overall, recent 
information on PS Chinook salmon abundance and productivity since the 2016 status review 
indicates a slight increase in abundance but does not indicate a change in biological risk to the 
ESU despite moderate inter-annual variability among populations and a general decline in 
abundance over the last 15 years (Ford, 2022). 
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Figure 5. Trends in Chinook salmon population productivity, estimated as the log of the 
smoothed natural-origin spawning abundance in year t – smoothed natural-origin 
spawning abundance in year (t – 4) (Ford, 2022). 
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Limiting Factors: Limiting factors for this species include: 

• Degraded floodplain and in-river channel structure 
• Degraded estuarine conditions and loss of estuarine habitat 
• Riparian area degradation and loss of in-river large woody debris 
• Excessive fine-grained sediment in spawning gravel 
• Degraded water quality and temperature 
• Degraded nearshore conditions 
• Impaired passage for migrating fish  
• Altered flow regime 

PS Chinook Salmon Recovery Plan: Nearshore areas serve as the nursery for juvenile PS 
Chinook salmon. Riparian vegetation, shade and insect production, and forage fish eggs along 
marine shorelines and river deltas help to provide food, cover and thermoregulation in shallow 
water habitats. Forage fish spawn in large aggregations along shorelines with suitable habitat, 
which produce prey for juvenile PS Chinook salmon. Juvenile salmon commonly occupy 
“pocket estuaries” where freshwater inputs provide salinity gradients that make adjusting to the 
marine environment less physiologically demanding. Pocket estuaries also provide refugia from 
predators. As the juvenile salmon grow and adjust, they move out to more exposed shorelines 
such as eelgrass, kelp beds and rocky shorelines where they continue to grow and migrate into 
the ocean environment. Productive shoreline habitats of Puget Sound are necessary for the 
recovery of Puget Sound salmon (SSPS 2007). 

The Puget Sound Recovery Plan (Volumes 1 and 2) includes specific recovery actions for each 
of the 22 extant populations of PS Chinook salmon. General protection and restoration actions 
summarized from the plan include: 

• Aggressively protect functioning drift cells and feeder bluffs that support eelgrass bands 
and depositional features;  

• Counties should pass strong regulations and policies limiting increased armoring of these 
shorelines and offering incentives for protection; 

• Aggressively protect areas, especially shallow water/low gradient habitats and pocket 
estuaries, within 5 miles of river deltas; 

• Protect the forage fish spawning areas; 
• Conduct limited beach nourishment on a periodic basis to mimic the natural sediment 

transport processes in select sections where corridor functions may be impaired by 
extensive armoring; 

• Maintain the functioning of shallow, fine substrate features in and near 11 natal estuaries 
for Chinook salmon (to support rearing of fry); 

• Maintain migratory corridors along the shores of Puget Sound; 
• Maintain the production of food resources for salmon; 
• Maintain functioning nearshore ecosystem processes (i.e., sediment delivery and 

transport; tidal circulation) that create and support the above habitat features and 
functions; 
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• Increase the function and capacity of nearshore and marine habitats to support key needs 
of salmon;  

• Protect and restore shallow, low velocity, fine substrate habitats along marine shorelines, 
including eelgrass beds and pocket estuaries, especially adjacent to major river deltas;  

• Protect and restore riparian areas;  
• Protect and restore estuarine habitats of major river mouths; 
• Protect and restore spawning areas and critical rearing and migration habitats for forage 

fish; 
• Protect and restore drift cell processes (including sediment supply, e.g., from feeder 

bluffs, transport, and deposition) that create and maintain nearshore habitat features such 
as spits, lagoons, bays, beaches. 

Development of shoreline and estuary areas of Puget Sound is expected to continue to adversely 
impact the quality of marine habitat for PS Chinook salmon. Projected changes in nearshore and 
estuary development based on documented rates of developed land cover change in Bartz et al. 
(2015) show that between 2008 and 2060, an additional 14.7 hectares of development of 
shoreline areas and 204 hectares of estuary development can be expected.   

Status of Puget Sound Steelhead 

The PS steelhead DPS was listed as a threatened species under the ESA on May 11, 2007 (72 FR 
26722). Subsequent status assessments of the DPS after the ESA-listing decision have found that 
the status of PS steelhead regarding risk of extinction has not changed substantially (Ford et al. 
2011a; NMFS 2016a) (81 FR 33468, May 26, 2016) (Ford, 2022). On October 4, 2019 NMFS 
published a Federal Register notice (84 FR 53117), announcing NMFS’ intent to initiate a new 5-
year status review for 28 listed species of Pacific salmon and steelhead and requesting updated 
information from the public to inform the most recent five-year status review. On March 24, 
2020, NMFS extended the public comment period, from the original March 27, 2020, through 
May 26, 2020 (85 FR 16619). The NWFSC and the NMFS’ WCR are currently preparing the 
final five-year status review documents, with anticipated completion in spring of 2022. 

The PS Steelhead TRT produced viability criteria, including population viability analyses 
(PVAs), for 20 of 32 demographically independent populations (DIPs) and three major 
population groups (MPGs) in the DPS (Hard et al. 2015). It also completed a report identifying 
historical populations of the DPS (Myers et al. 2015). The DIPs are based on genetic, 
environmental, and life history characteristics. Populations display winter, summer, or 
summer/winter run timing (Myers et al. 2015). The TRT concludes that the DPS is currently at 
“very low” viability, with most of the 32 DIPs and all three MPGs at “low” viability. 
The designation of the DPS as “threatened” is based upon the extinction risk of the component 
populations. For a DIP to be considered viable, it must have at least an 85 percent probability of 
meeting the viability criteria, as calculated by Hard et al. (2015). 

At the time of listing the Puget Sound steelhead Biological Review Team (BRT) considered the 
major risk factors associated with spatial structure and diversity of PS steelhead to be: (1) the 
low abundance of several summer run populations; (2) the sharply diminishing abundance of 
some winter steelhead populations, especially in south Puget Sound, Hood Canal, and the Strait 
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of Juan de Fuca; and (3) continued releases of out-of-ESU hatchery fish from Skamania-derived 
summer run and Chambers Creek-derived winter run stocks (Hard et al. 2007; Hard et al. 2015). 
Loss of diversity and spatial structure were judged to be “moderate” risk factors (Hard et al. 
2007). In 2011 the BRT identified degradation and fragmentation of freshwater habitat, with 
consequential effects on connectivity, as the primary limiting factors and threats facing the PS 
steelhead DPS (Ford et al. 2011a). The BRT also determined that most of the steelhead 
populations within the DPS continued to show downward trends in estimated abundance, with a 
few sharp declines (Ford et al. 2011a). The 2015 status review concurred that harvest and 
hatchery production of steelhead in Puget Sound were at low levels and not likely to increase 
substantially in the foreseeable future, thus these risks have been reduced since the time of 
listing. However, unfavorable environmental trends previously identified (Ford et al. 2011a) 
were expected to continue (Hard et al. 2015). 

In this Opinion, where possible, the 2015 status review information is supplemented with 
information and other population specific data available considered during the drafting of the 
2020 five-year status review for PS steelhead. 

On December 27, 2019, we published a recovery plan for PS steelhead (84 FR 71379) (NMFS 
2019a). The Puget Sound steelhead Recovery Plan (Plan) (NMFS 2019a) provides guidance to 
recover the species to the point that it can be naturally self-sustaining over the long term. To 
achieve full recovery, steelhead populations in Puget Sound need to be robust enough to 
withstand natural environmental variation and some catastrophic events, and they should be 
resilient enough to support harvest and habitat loss due to human population growth. The Plan 
aims to improve steelhead viability by addressing the pressures that contribute to the current 
condition: habitat loss/degradation, water withdrawals, declining water quality, fish passage 
barriers, dam operations, harvest, hatcheries, climate change effects, and reduced early marine 
survival. NMFS is using the recovery plan to organize and coordinate recovery of the species in 
partnership with state, local, tribal, and federal resource managers, and the many watershed 
restoration partners in the Puget Sound. Consultations, including this one, will incorporate 
information from the Plan (NMFS 2019a). 

In the Plan, NMFS and the PSSTRT modified the 2013 and 2015 PSSTRT viability criteria to 
produce the viability criteria for PS steelhead, as described below: 

• All three MPGs (North Cascade, Central-South Puget Sound, and Hood Canal-Strait of 
Juan de Fuca) (Figure 5) must be viable (Hard et al. 2015). The three MPGs differ 
substantially in key biological and habitat characteristics that contribute in distinct ways 
to the overall viability, diversity, and spatial structure of the DPS. 

• There must be sufficient data available for NMFS to determine that each MPG is viable. 

The Plan (NMFS 2019h) also established MPG-level viability criteria. The following are specific 
criteria are required for MPG viability: 

• At least 50 percent of steelhead populations in the MPG achieve viability. 
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• Natural production of steelhead from tributaries to Puget Sound that are not identified in 
any of the 32 identified populations provides sufficient ecological diversity and 
productivity to support DPS-wide recovery. 

• In addition to the minimum number of viable DIPs (50 percent) required above, all DIPs 
in the MPG must achieve an average MPG-level viability that is equivalent to or greater 
than the geometric mean (averaged over all the DIPs in the MPG) viability score of at 
least 2.2 using the 1–3 scale for individual DIPs described under the DIP viability 
discussion in the PSSTRT Viability Criteria document (Hard et al. 2015). This criterion is 
intended to ensure that MPG viability is not measured (and achieved) solely by the 
strongest DIPs, but also by other populations that are sufficiently healthy to achieve 
MPG-wide resilience. The Plan allows for an alternative evaluation method to that in 
Hard et al. (2015) may be developed and used to assess MPG viability. 

The Plan (NMFS 2019h) also identified specific DIPs in each of the three MPGs which must 
attain viability. These DIPs, by MPG, are described as follows: 

For the North Cascades MPG eight of the sixteen DIPs in the North Cascades MPG must be 
viable. The eight (five winter-run and three summer-run) DIPs described below must be viable to 
meet this criterion: 

• Of the eleven DIPs with winter or winter/summer runs, five must be viable: 
• Nooksack River Winter-Run; 
• Stillaguamish River Winter-Run; 
• One from the Skagit River (either the Skagit River Summer-Run and Winter-Run or the 

Sauk River Summer-Run and Winter-Run); 
• One from the Snohomish River watershed (Pilchuck, Snoqualmie, or 

Snohomish/Skykomish River Winter-Run); and 
• One other winter or summer/winter run from the MPG at large. 

The rationale for this is that there are four major watersheds in this MPG, and one viable 
population from each will help attain geographic spread and habitat diversity within core extant 
steelhead habitat (NMFS 2019h). Of the five summer-run DIPs in this MPG, three must be 
viable, representing each of the three major watersheds containing summer-run populations 
(Nooksack, Stillaguamish, Snohomish rivers). Therefore, the priority summer-run populations 
are as follows: 

• South Fork Nooksack River Summer-Run; 
• One DIP from the Stillaguamish River (Deer Creek Summer-Run or Canyon Creek 

Summer-Run); and 
• One DIP from the Snohomish River (Tolt River Summer-Run or North Fork Skykomish 

River Summer-Run). 

As described, these priority populations in the North Cascades MPG include specific, winter or 
winter/summer-run populations from the Nooksack, Stillaguamish, Skagit or Sauk, and 
Snohomish River basins and three summer-run populations from the Nooksack, Stillaguamish, 
and Snohomish basins. These populations are targeted to achieve viable status to support MPG 
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viability. Having viable populations in these basins assures geographic spread, provides habitat 
diversity, reduces catastrophic risk, and increases life-history diversity (NMFS 2019h). 

For the Central and South Puget Sound MPG four of the eight DIPs in the Central and South 
Puget Sound MPG must be viable. The four DIPs described below must be viable to meet this 
criterion: 

• Green River Winter-Run; 
• Nisqually River Winter-Run; 
• Puyallup/Carbon rivers Winter-Run, or the White River Winter-Run; and 
• At least one additional DIP from this MPG: Cedar River, North Lake 

Washington/Sammamish Tributaries, South Puget Sound Tributaries, or East Kitsap 
Peninsula Tributaries. 

The rationale for this prioritization is that steelhead inhabiting the Green, Puyallup, and 
Nisqually River watersheds currently represent the core extant steelhead populations and these 
watersheds contain important diversity of stream habitats in the MPG. 

For the Hood Canal and Strait of Juan de Fuca MPG four of the eight DIPs in the Hood Canal 
and Strait of Juan de Fuca MPG must be viable. The four DIPs described below must be viable 
to meet this criterion: 

• Elwha River Winter/Summer-Run (see rationale below); 
• Skokomish River Winter-Run; 
• One from the remaining Hood Canal populations: West Hood Canal Tributaries Winter-

Run, East Hood Canal Tributaries Winter-Run, or South Hood Canal Tributaries Winter-
Run; and 

• One from the remaining Strait of Juan de Fuca populations: Dungeness Winter-Run, 
Strait of Juan de Fuca Tributaries Winter-Run, or Sequim/Discovery Bay Tributaries 
Winter-Run. 

The rationale for this prioritization is that the Elwha and Skokomish rivers are the two largest 
single watersheds in the MPG and bracket the geographic extent of the MPG. Furthermore, both 
Elwha and Skokomish populations have recently exhibited summer-run life histories, although 
the Dungeness River population was the only summer/winter run in this MPG recognized by the 
PSSTRT in Hard et al. (2015). Two additional populations, one population from the Strait of 
Juan de Fuca area and one population from the Hood Canal area, are needed for a viable MPG to 
maximize geographic spread and habitat diversity. 

Lastly, the Plan (NMFS 2019h) also identified additional attributes, or characteristics which 
should be associated with a viable MPG: 

• All major diversity and spatial structure conditions are represented, based on the 
following considerations: 

• Populations are distributed geographically throughout each MPG to reduce risk of 
catastrophic extirpation; and 
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• Diverse habitat types are present within each MPG (one example is lower 
elevation/gradient watersheds characterized by a rain-dominated hydrograph and higher 
elevation/gradient watersheds characterized by a snow-influenced hydrograph). 

Federal and state steelhead recovery and management efforts will provide new tools and data and 
technical analyses to further refine PS steelhead population structure and viability, if needed, and 
better define the role of individual populations at the watershed level and in the DPS. Future 
consultations will incorporate information from the Plan (NMFS 2019h). 

Spatial Structure and Diversity: The PS steelhead DPS is the anadromous form of O. mykiss that 
occur in rivers, below natural barriers to migration, in northwestern Washington State that drain 
to Puget Sound, Hood Canal, and the Strait of Juan de Fuca between the U.S./Canada border and 
the Elwha River, inclusive. Non-anadromous ‘‘resident’’ O. mykiss occur within the range of PS 
steelhead but are not part of the DPS due to marked differences in physical, physiological, 
ecological, and behavioral characteristics (Hard et al. 2007). In October of 2016, NMFS 
proposed revisions to the hatchery programs included as part of Pacific salmon ESUs and 
steelhead DPSs listed under the ESA (81 FR 72759). NMFS issued its final rule in December of 
2020 (85 FR 81822). This final rule includes steelhead from five artificial propagation programs 
in the PS steelhead DPS: the Green River Natural Program; White River Winter Steelhead 
Supplementation Program; Hood Canal Steelhead Supplementation Program; the Lower Elwha 
Fish Hatchery Wild Steelhead Recovery Program; and the Fish Restoration Facility Program. (85 
FR 81822, December 17, 2020). 

In 2013, the PSSTRT completed its evaluation of factors that influence the diversity and spatial 
structure VSP criteria for steelhead in the DPS. For spatial structure, this included the fraction of 
available intrinsic potential rearing and spawning habitat that is occupied compared to what is 
needed for viability9. For diversity, these factors included hatchery fish production, contribution 
of resident fish to anadromous fish production, and run timing of adult steelhead. Quantitative 
information on spatial structure and connectivity was not available for most PS steelhead 
populations, so a Bayesian Network framework was used to assess the influence of these factors 
on steelhead viability at the population, MPG, and DPS scales. The PSSTRT concluded that low 
population viability was widespread throughout the DPS and populations showed evidence of 
diminished spatial structure and diversity. Specifically, population viability associated with 
spatial structure and diversity was highest in the Northern Cascades MPG and lowest in the 
Central and South Puget Sound MPG (Puget Sound Steelhead Technical Recovery Team 2011). 
Diversity was generally higher for populations within the Northern Cascades MPG, where more 
variability in viability was expressed and diversity generally higher, compared to populations in 
both the Central and South Puget Sound and Hood Canal and Strait of Juan de Fuca MPG, where 
diversity was depressed and viabilities were generally lower (NWFSC 2015). Most PS steelhead 
populations were given intermediate scores for spatial structure and low scores for diversity 
because of extensive hatchery influence, low breeding population sizes, and freshwater habitat 
fragmentation or loss (NWFSC 2015). The PSSTRT concluded that the Puget Sound DPS was at 
very low viability, considering the status of all three of its constituent MPGs, and many of its 32 
DIPs (Hard et al. 2015). For spatial structure there were a number of events that occurred in 

9 Where intrinsic potential is the area of habitat suitable for steelhead rearing and spawning, at least under 
historical conditions (Puget Sound Steelhead Technical Recovery Team 2011; PSSTRT 2013). 
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Puget Sound during the last review period (2015-2019) that are anticipated to improve status 
populations within several of the MPGs within the DPS.  

Since the PSSTRT completed its 2013 review, the only additional spatial structure and diversity 
data that have become available have been estimates of the fraction of hatchery fish on the 
spawning grounds (NWFSC 2015). Since publication of the NWFSC report in 2015, reductions 
in hatchery programs founded from non-listed and out of DPS stocks (i.e., Skamania) have 
occurred. In addition, the fraction of out of DPS hatchery steelhead spawning naturally are low 
for many rivers (NWFSC 2015; NMFS 2016i; 2016h). The fraction of natural-origin steelhead 
spawners was 0.9 or greater for the 2005-2009 and 2010-2014 time periods for all populations 
where data was available, but the Snoqualmie and Stillaguamish Rivers. For 17 of 22 DIPs 
across the DPS, the five-year average for the fraction of natural-origin steelhead spawners 
exceeded 0.75 from 2005 to 2009; this average was near 1.0 for 8 populations, where data were 
available, from 2010 to 2014 (NWFSC 2015). However, the fraction of natural-origin steelhead 
spawners could not be estimated for a substantial number of DIPs during the 2010 to 2014 
period, or for the most recent 2015 – 2019 timeframe (NWFSC 2015; 2020). In some river 
systems, such as the Green River, Snohomish/Skykomish Rivers, and the Stillaguamish Rivers 
these estimates were higher than some guidelines recommend (e.g., no more than 5percent 
hatchery-origin spawners on spawning grounds for isolated hatchery programs (HSRG 2009) 
over the 2005-2009 and 2010-2014 timeframes. The draft NWFSC viability risk assessment 
(Ford, 2022) states that a third of the 32 PS steelhead populations continue to lack monitoring 
and abundance data, and in most cases, it is likely that abundances are very low.  

Early winter-run fish produced in isolated hatchery programs are derived from Chambers Creek 
stock in southern Puget Sound, which has been selected for early spawn timing, a trait known to 
be inheritable in salmonids.10 Summer-run fish produced in isolated hatchery programs were 
historically derived from the Skamania River summer stock in the lower Columbia River Basin 
(i.e., from outside the DPS). The production and release of hatchery fish of both run types 
(winter and summer) may continue to pose risk to diversity in natural-origin steelhead in the 
DPS, as described in Hard et al. (2007) and Hard et al. (2015). However, the draft NWFSC 
viability risk assessment (Ford, 2022) states that risks to natural-origin PS steelhead that may be 
attributable to hatchery-related effects has decreased since the 2015 status review due to 
reductions in production of non-listed stocks, and the replacement with localized stocks. The 
three summer steelhead programs continuing to propagate Skamania derived stocks from outside 
of Puget Sound should be phased out completely by 2031 (NMFS 2019c; Ford, 2022). Lastly, 
annual reporting from the operators and current science suggest that risks remain at the same low 
to negligible levels as evaluated in 2016 and 2019 (NMFS 2016b; 2019c; 2019g; 2019h). 

More information on PS steelhead spatial structure and diversity can be found in NMFS’s 
PSSTRT viability report and NMFS’s status review update on salmon and steelhead (NWFSC 
2015) and recent viability risk assessment (Ford, 2022). 

Abundance and Productivity: The viability of the PS steelhead DPS has improved somewhat 
since the Puget Sound Steelhead TRT concluded that the DPS was at very low viability, as were 
all three of its constituent MPGs, and many of its 32 DIPs (Hard et al. 2015). Increases in 

10 The native-origin Chambers Creek steelhead stock is now extinct. 
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spawner abundance have been observed in a number of populations over the last five years; 
however, these improvements were disproportionately found within the South and Central Puget 
Sound and Strait of Juan de Fuca and Hood Canal MPGs, and primarily among smaller 
populations. The recent positive trends among winter-run populations in the White, Nisqually, 
and Skokomish rivers improve the demographic risks facing those populations. The abundance, 
productivity, spatial structure, and diversity of Elwha River steelhead winter and summer-runs 
has dramatically improved following the removal of the Elwha River dams improved. 
Improvements in abundance have not been as widely observed in the Northern Puget Sound 
MPG. The declines of summer and winter-run populations in the Snohomish Basin are especially 
concerning. These populations figure prominently as sources of abundance for the MPG and 
DPS (NMFS 2019a). Additionally, the decline in the Tolt River summer-run steelhead 
population was especially alarming given that it is the only summer-run population for which we 
have abundance estimates. The demographic and diversity risks to the Tolt River summer-run 
DIP are very high. In fact, all summer-run steelhead populations in the North Cascades MPG are 
likely at a very high demographic risk. In spite of improvements in some areas, most populations 
are still at relatively low abundance levels, with about a third of the DIPs unmonitored and 
presumably at very low levels (Ford, 2022). 

As described in the recovery plan, recovery targets were calculated using a two-tiered approach 
adjusting for years of low and high productivity (NMFS 2019a). Abundance information is 
unavailable for approximately one-third of the DIPs, disproportionately so for summer-run 
populations. In most cases where no information is available it is assumed that abundances are 
very low. Some population abundance estimates are only representative of part of the population 
(index reaches, etc.). Where recent five-year abundance information is available, 30 percent (6 of 
20 populations) are less than 10 percent of their high productivity recovery targets (lower 
abundance target), 65 percent (13 of 20) are between 10 and 50 percent, and 5 percent (1 of 20) 
are greater than 50 percent of their low abundance targets (Table 6). A key element to achieving 
recovery is recovering a representative number of both winter- and summer-run steelhead 
populations, and the restoration of viable summer-run DIPs is a long-term endeavor (NMFS 
2019a). Fortunately, the relatively rapid reestablishment of summer-run steelhead in the Elwha 
River does provide a model for potentially re-anadromizing summer-run steelhead sequestered 
behind impassable dams. 
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Table 6. Recent (2015-2019) 5-year geometric mean of raw wild spawner counts for Puget 
Sound steelhead populations and population groups compared with Puget Sound 
Steelhead Recovery Plan high and low productivity recovery targets (NMFS 
2019). (SR) – Summer-run. Abundance is compared to the high productivity 
individual DIP targets. Colors indicate the relative proportion of the recovery 
target currently obtained: red (<10%), orange (10%>x<50%), yellow 
(50%>x<100%), green (>100%). “*” denotes an interim recovery target. 
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There are a number of planned, ongoing, and completed actions that will likely benefit steelhead 
populations in the near term, but have not yet influenced adult abundance. Among these, the 
removal of the diversion dam on the Middle Fork Nooksack River, the Pilchuck Dam removal, 
passage improvements at Mud Mountain Dam, the ongoing passage program in the North Fork 
Skokomish River, and the planned passage program at Howard Hanson Dam. Dam removal in 
the Elwha River, and the resurgence of the endemic winter and summer-run steelhead 
populations have underscored the benefits of restoring fish passage. The Elwha River scenario is 
somewhat unique in that upstream habitat is in pristine condition and smolts emigrate into the 
Strait of Juan de Fuca and not Puget Sound or Hood Canal. 

Improvements in spatial structure can only be effective if done in concert with necessary 
improvements in habitat. Habitat restoration efforts are ongoing, but land development and 
habitat degradation concurrent with increasing human population in the Puget Sound corridor 
may results in a continuing net loss of habitat. Recovery efforts in conjunction with improved 
ocean and climatic conditions have resulted in improved viability status for the majority of 
populations in this DPS; however, absolute abundances are still low, especially summer-run 
populations, and the DPS remains at high to moderate risk of extinction. However, since 2015, 
fifteen of the 21 populations indicate small to substantive increases in abundance.11 
Nevertheless, most steelhead populations remain small. From 2015 to 2019, nine of the 21 
steelhead populations had fewer than 250 natural spawners annually, and 12 of the 21 steelhead 
populations had 500 or fewer natural spawners (Table 7). 

11 Nooksack River, Samish River/Bellingham Bays Tributaries, Skagit River, Stillaguamish River, Pilchuck 
River, Cedar River, Green River, Puyallup River, Nisqually River, White River, S. Hood Canal, Eastside Hood 
Canal Tributaries, Westside Hood Canal Tributaries, Skokomish River and Elwha River winter-run populations. The 
Skagit River and Elwha River summer-run steelhead are also showing increasing trends (Ford 2022). 
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Table 7. Five-year geometric mean of raw natural spawner counts for Puget Sound 
steelhead. This is the raw total spawner count times the fraction natural estimate, 
if available. Percent change between the most recent two 5-year periods is shown 
on the far right. (W=winter run; S=summer run). 

Limiting factors. In our 2013 proposed rule designating critical habitat for this species (USDC 

• The continued destruction and modification of steelhead habitat 
• Widespread declines in adult abundance (total run size), despite significant reductions 

in harvest in recent years 
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• Threats to diversity posed by use of two hatchery steelhead stocks (Chambers Creek 
and Skamania) 

• Declining diversity in the DPS, including the uncertain but weak status of summer 
run fish 

• A reduction in spatial structure 
• Reduced habitat quality through changes in river hydrology, temperature profile, 

downstream gravel recruitment, and reduced movement of large woody debris  
• In the lower reaches of many rivers and their tributaries in Puget Sound where urban 

development has occurred, increased flood frequency and peak flows during storms 
and reduced groundwater-driven summer flows, with resultant gravel scour, bank 
erosion, and sediment deposition 

• Dikes, hardening of banks with riprap, and channelization, which have reduced river 
braiding and sinuosity, increasing the likelihood of gravel scour and dislocation of 
rearing juveniles 

PS steelhead Recovery Plan: Juvenile Puget Sound steelhead are less dependent on nearshore 
habitats for early marine rearing than Chinook or Chum salmon; nevertheless, nearshore, 
estuarine, and shoreline habitats provide important features necessary for the recovery of 
steelhead. Puget Sound steelhead spend only a few days to a few weeks migrating through the 
large fjord, but mortality rates during this life stage are critically high (Moore et al. 2010; Moore 
and Berejikian 2017). Early marine mortality of Puget Sound steelhead is recognized as a 
primary limitation to the species’ survival and recovery (NMFS 2019a). Factors in the marine 
environment influencing steelhead survival include predation, access to prey (primarily forage 
fish), contaminants (toxics), disease and parasites, migration obstructions (e.g., the Hood Canal 
bridge), and degraded habitat conditions which exacerbate these factors. 

The PS steelhead recovery plan identifies ten ecological concerns that directly impact salmon 
and steelhead: 

• Habitat quantity (anthropogenic barriers, natural barriers, competition);  
• Injury and mortality (predation, pathogens, mechanical injury, contaminated food);  
• Food (altered primary productivity, food-competition, altered prey species 

composition and diversity);  
• Riparian condition (riparian condition, large wood recruitment);  
• Peripheral and transitional habitats (side channel and wetland condition, estuary 

conditions, nearshore conditions); 
• Channel structure and form (bed and channel form, instream structural complexity); 
• Sediment conditions (decreased sediment quantity, increased sediment quantity);  
• Water quality (temperature, oxygen, gas saturation, turbidity, pH, salinity, toxic 

contaminants);  
• Water quantity (increased water quality, decreased water quality, altered flow 

timing); and  
• Population-level effects (reduced genetic adaptiveness, small population effects, 

demographic changes, life history changes). 
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The Puget Sound steelhead recovery plan and its associated appendix 3 includes specific 
recovery actions for the marine environment. General protection and restoration actions 
summarized from the plan include: 

• Continue to improve the assessments of harbor seal predation rates on juvenile 
steelhead; 

• Remove docks and floats which act as artificial haul-out sites for seals and sea lions; 
• Consistent with the MMPA, test acoustic deterrents and other hazing techniques to 

reduce steelhead predation from harbor seals; 
• Develop non-lethal actions for “problem animals and locations” to deter predation; 
• Increase forage fish habitat to increase abundance of steelhead prey; 
• Remove bulkheads and other shoreline armoring to increase forage fish; 
• Acquire important forage fish habitat to protect high forage fish production areas; 
• Add beach wrack to increase forage fish egg survival; 
• Protect and restore aquatic vegetation (e.g., eelgrass and kelp); 
• Remove creosote pilings to reduce mortality of herring eggs; 
• Increase the assessment of migratory blockages, especially the Hood Canal bridge, 

where differential mortality has been documented; 
• Identify and remedy sources of watershed chemical contaminants (e.g., PBDEs and 

PCBs). 

2.2.2. Status of Critical Habitat 

This section examines the status of designated critical habitat affected by the proposed action by 
examining the condition and trends of essential physical and biological features throughout the 
designated areas. These features are essential to the conservation of the listed species because 
they support one or more of the species’ life stages (e.g., sites with conditions that support 
spawning, rearing, migration and foraging). 

For salmon and steelhead, NMFS ranked watersheds within designated critical habitat at the 
scale of the fifth-field hydrologic unit code (HUC5) in terms of the conservation value they 
provide to each listed species they support. The conservation rankings are high, medium, or low. 
To determine the conservation value of each watershed to species viability, NMFS’s critical 
habitat analytical review teams (CHARTs) evaluated the quantity and quality of habitat features 
(for example, spawning gravels, wood and water condition, side channels), the relationship of the 
area compared to other areas within the species’ range, and the significance to the species of the 
population occupying that area (NOAA Fisheries 2005). Thus, even a location that has poor 
quality of habitat could be ranked with a high conservation value if it were essential due to 
factors such as limited availability (e.g., one of a very few spawning areas), a unique 
contribution of the population it served (e.g., a population at the extreme end of geographic 
distribution), or if it serves another important role (e.g., obligate area for migration to upstream 
spawning areas). 

The physical or biological features of nearshore marine areas that would be affected by the 
proposed action include, ample forage, areas free of artificial obstructions, sufficient natural 
cover, and adequate water quality and quantity to support adult growth, sexual maturation, and 
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migration as well as nearshore juvenile rearing. These features are essential to conservation 
because they allow adult fish to swim upstream to reach spawning areas and they allow juvenile 
fish to grow and mature before migrating to the ocean. 

CHART Salmon and Steelhead Critical Habitat Assessments: The CHART for each recovery 
domain assessed biological information pertaining to occupied habitat by listed salmon and 
steelhead, determine whether those areas contained PCEs essential for the conservation of those 
species and whether unoccupied areas existed within the historical range of the listed salmon and 
steelhead that are also essential for conservation. The CHARTs assigned a 0- to 3-point score for 
the PCEs in each HUC5 watershed for: 

• Factor 1: Quantity,  
• Factor 2: Quality—Current Condition, 
• Factor 3: Quality—Potential Condition,   
• Factor 4: Support of Rarity Importance,  
• Factor 5: Support of Abundant Populations, and  
• Factor 6: Support of Spawning/Rearing.  

Thus, the quality of habitat in a given watershed was characterized by the scores for Factor 2 
(quality—current condition), which considers the existing condition of the quality of PCEs in the 
HUC5 watershed; and Factor 3 (quality—potential condition), which considers the likelihood of 
achieving PCE potential in the HUC5 watershed, either naturally or through active 
conservation/restoration, given known limiting factors, likely biophysical responses, and 
feasibility. 

Puget Sound Recovery Domain: Critical habitat has been designated in Puget Sound for PS 
Chinook salmon, PS steelhead, and HCSR chum salmon (HCSRC). Major tributary river basins 
in the Puget Sound basin include the Nooksack, Samish, Skagit, Sauk, Stillaguamish, 
Snohomish, Lake Washington, Cedar, Sammamish, Green, Duwamish, Puyallup, White, Carbon, 
Nisqually, Deschutes, Skokomish, Duckabush, Dosewallips, Big Quilcene, Elwha, and 
Dungeness rivers and Soos Creek. 

Critical habitat for PS Chinook salmon was designated on September 2, 2005 (70 FR 52630). 
Critical habitat includes 1,683 miles of streams, 41 square mile of lakes, and 2,182 miles of 
nearshore marine habitat in Puget Sounds. The Puget Sound Chinook salmon ESU has 61 
freshwater and 19 marine areas within its range. Of the freshwater watersheds, 41 are rated high 
conservation value, 12 low conservation value, and eight received a medium rating. Of the 
marine areas, all 19 are ranked with high conservation value. 

Critical habitat for PS steelhead was designated on February 24, 2016 (81 FR 9252). Critical 
habitat includes 2,031 stream miles. Nearshore and offshore marine waters were not designated 
for this species. There are 66 watersheds within the range of this DPS. Nine watersheds received 
a low conservation value rating, 16 received a medium rating, and 41 received a high rating to 
the DPS. Critical habitat for PS steelhead includes freshwater spawning sites, freshwater rearing 
sites, and freshwater migration corridors. 
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Critical habitat is designated for PS Chinook salmon in estuarine and nearshore areas. 
Designated critical habitat for PS steelhead does not include nearshore areas, as this species does 
not make extensive use of these areas during juvenile life stage.  

The following discussion is general to salmon and steelhead critical habitat in the Puget Sound 
basin. More specific information for each individual species’ critical habitat is presented after the 
general discussion.  

Landslides can occur naturally in steep, forested lands, but inappropriate land use practices likely 
have accelerated their frequency and the amount of sediment delivered to streams. Fine sediment 
from unpaved roads has also contributed to stream sedimentation. Unpaved roads are widespread 
on forested lands in the Puget Sound basin, and to a lesser extent, in rural residential areas. 
Historical logging removed most of the riparian trees near stream channels. Subsequent 
agricultural and urban conversion permanently altered riparian vegetation in the river valleys, 
leaving either no trees, or a thin band of trees. The riparian zones along many agricultural areas 
are now dominated by alder, invasive canary grass and blackberries, and provide substantially 
reduced stream shade and large wood recruitment (SSPS 2007).  

Diking, agriculture, revetments, railroads and roads in lower stream reaches have caused 
significant loss of secondary channels in major valley floodplains in this region. Confined main 
channels create high-energy peak flows that remove smaller substrate particles and large wood. 
The loss of side-channels, oxbow lakes, and backwater habitats has resulted in a significant loss 
of juvenile salmonid rearing and refuge habitat. When the water level of Lake Washington was 
lowered 9 feet in the 1910s, thousands of acres of wetlands along the shoreline of Lake 
Washington, Lake Sammamish and the Sammamish River corridor were drained and converted 
to agricultural and urban uses. Wetlands play an important role in hydrologic processes, as they 
store water that ameliorates high and low flows. The interchange of surface and groundwater in 
complex stream and wetland systems helps to moderate stream temperatures. Forest wetlands are 
estimated to have diminished by one-third in Washington State (FEMAT 1993; Spence et al. 
1996; SSPS 2007). 

Loss of riparian habitat, elevated water temperatures, elevated levels of nutrients, increased 
nitrogen and phosphorus, and higher levels of turbidity, presumably from urban and highway 
runoff, wastewater treatment, failing septic systems, and agriculture or livestock impacts, have 
been documented in many Puget Sound tributaries (SSPS 2007). 

Peak stream flows have increased over time due to paving (roads and parking areas), reduced 
percolation through surface soils on residential and agricultural lands, simplified and extended 
drainage networks, loss of wetlands, and rain-on-snow events in higher elevation clear cuts 
(SSPS 2007). In urbanized Puget Sound, there is a strong association between land use and land 
cover attributes and rates of coho spawner mortality likely due to runoff containing contaminants 
emitted from motor vehicles (Feist et al. 1996)., Recent studies have shown that coho salmon 
show high rates of pre-spawning mortality when exposed to chemicals that leach from tires 
(McIntyre et al. 2015). Researchers have recently identified a tire rubber antioxidant as the cause 
(Tian et al. 2020). Although Chinook salmon did not experience the same level of mortality, tire 
leachate is still a concern for all salmonids. Traffic residue also contains many unregulated toxic 
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chemicals such as pharmaceuticals, polycyclic aromatic hydrocarbons (PAHs), fire retardants, 
and emissions that have been linked to deformities, injury and/or death of salmonids and other 
fish (Trudeau 2017; Young et al. 2018).  

Urban stormwater is commonly a major contributing factor to water quality impairments 
throughout Washington (EPA 2020). Urban development alters the natural infiltration of 
vegetation and soil, and generates or collects many diverse pollutants that accumulate on 
impervious surfaces and compacted and poor soils. Precipitation runs off these surfaces and is 
quickly drained through a system of conveyances into streams, rivers, and lakes. The hydrologic 
effects of these alterations and climate change increase erosion and streambank scouring, 
downstream sedimentation and flooding, and channel simplifications, which can affect aquatic 
life (Jorgensen et al. 2013; Jonsson et al. 2017).  

Dams constructed for hydropower generation, irrigation, or flood control have substantially 
affected PS salmon and steelhead populations in a number of river systems. The construction and 
operation of dams have blocked access to spawning and rearing habitat (e.g., Elwha River dams 
block anadromous fish access to 70 miles of potential habitat) changed flow patterns, resulted in 
elevated temperatures and stranding of juvenile migrants, and degraded downstream spawning 
and rearing habitat by reducing recruitment of spawning gravel and large wood to downstream 
areas (SSPS 2007). These actions tend to promote downstream channel incision and 
simplification (Kondolf 1997), limiting fish habitat. Water withdrawals reduce available fish 
habitat and alter sediment transport. Hydropower projects often change flow rates, stranding and 
killing fish, and reducing aquatic invertebrate (food source) productivity (Hunter 1992). 

Juvenile mortality occurs in unscreened or inadequately screened diversions. Water diversion 
ditches resemble side channels in which juvenile salmonids normally find refuge. When 
diversion head gates are shut, access back to the main channel is cut off and the channel goes 
dry. Mortality can also occur with inadequately screened diversions from impingement on the 
screen, or mutilation in pumps where gaps or oversized screen openings allow juveniles to get 
into the system (WDFW 2009). Blockages by dams, water diversions, and shifts in flow regime 
due to hydroelectric development and flood control projects are major habitat problems in many 
Puget Sound tributary basins (SSPS 2007). 

The nearshore marine habitat has been extensively altered and armored by industrial and 
residential development near the mouths of many of Puget Sound’s tributaries. A railroad runs 
along large portions of the eastern shoreline of Puget Sound, eliminating natural cover along the 
shore and natural recruitment of beach sand (SSPS 2007). 

Degradation of the near-shore environment has occurred in the southeastern areas of Hood Canal 
in recent years, resulting in late summer marine oxygen depletion and significant fish kills. 
Circulation of marine waters is naturally limited, and partially driven by freshwater runoff, 
which is often low in the late summer. However, human development has increased nutrient 
loads from failing septic systems along the shoreline, and from use of nitrate and phosphate 
fertilizers on lawns and farms. Shoreline residential development is widespread and dense in 
many places. The combination of highways and dense residential development has degraded 
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certain physical and chemical characteristics of the near-shore environment (HCCC 2005; SSPS 
2007). 

In summary, critical habitat for salmon and steelhead throughout the Puget Sound basin has been 
degraded by numerous management activities, including hydropower development, loss of 
mature riparian forests, increased sediment inputs, removal of large wood, intense urbanization, 
agriculture, alteration of floodplain and stream morphology (i.e., channel modifications and 
diking), riparian vegetation disturbance, wetland draining and conversion, dredging, armoring of 
shorelines, marina and port development, road and railroad construction and maintenance, 
logging, and mining. Changes in habitat quantity, availability, and diversity, and flow, 
temperature, sediment load and channel instability are common limiting factors in areas of 
critical habitat. As mentioned above, development of shoreline and estuary areas of Puget Sound 
is expected to continue to adversely impact the quality of marine habitat for PS salmonids. 
Projected changes in nearshore and estuary development based on documented rates of 
developed land cover change in Bartz et al. (2015) show that between 2008 and 2060, an 
additional 14.7 hectares of development of shoreline areas and 204 hectares of estuary 
development can be expected.   

The PS recovery domain CHART for PS Chinook salmon (NOAA Fisheries 2005) determined 
that only a few watersheds with PCEs for Chinook salmon in the Whidbey Basin (Skagit 
River/Gorge Lake, Cascade River, Upper Sauk River, and the Tye and Beckler rivers) are in 
good-to-excellent condition with no potential for improvement. Most HUC5 watersheds are in 
fair-to-poor or fair-to-good condition. However, many of these watersheds have some or a high 
potential for improvement.  

As discussed in the Section 2.2.1, the abundance of Chinook salmon in recent years is 
significantly less than historic abundance due to a number of human activities. The most notable 
human activities that cause adverse effects on ESA-listed and non-ESA-listed salmon include: 
land use activities that result in habitat loss and degradation, hatchery practices, harvest and 
hydropower systems. 

As mentioned previously, numerous factors have led to the decline of PS Chinook salmon 
including overharvest, freshwater and marine habitat loss, hydropower development, and 
hatchery practices, as mentioned in Section 2.2.1, above. Adjustments can, and have been made 
in the short term to ameliorate some of the factors for decline. Harvest can be adjusted on yearly 
or even in-season basis. Since PS Chinook salmon were listed, harvest in state and federal 
fisheries has been reduced in an effort to increase the number of adults returning to spawning 
grounds. Likewise, hatchery management can, and has been adjusted relatively quickly when 
practices are detrimental to listed species. To address needed improvements in hydropower, 
NMFS has issued biological opinions with reasonable and prudent alternatives to improve fish 
passage at existing hydropower facilities. Unlike the other factors, however, loss of critical 
habitat quality is much more difficult to address in the short term. Once human development 
causes loss of critical habitat quality, that loss tends to persist for decades or longer. The 
condition of critical habitat will improve only through active restoration or natural recovery 
following the removal of human infrastructure. As noted throughout this Opinion, future effects 
of climate change on habitat quality throughout Puget Sound are expected to be negative. 
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Habitat utilization by Chinook salmon and steelhead in the Puget Sound area has been 
historically limited by large dams and other manmade barriers in a number of drainages, 
including the Nooksack, Skagit, White, Nisqually, Skokomish, and Elwha river basins 
(Appendix B in NMFS (2015a)). In addition to limiting habitat accessibility, dams affect habitat 
quality through changes in river hydrology, altered temperature profile, reduced downstream 
gravel recruitment, and the reduced recruitment of large woody debris. Such changes can have 
significant negative impacts on salmonids (e.g., increased water temperatures resulting in 
decreased disease resistance) (Spence et al. 1996; McCullough 1999). However, over the past 
several years modifications have occurred to existing barriers, which have reduced the number of 
basins with limited anadromous access to historical habitat. The completion of the Elwha and 
Glines Canyon Dam removals occurred in 2014. The response of fish populations to this action is 
still being evaluated. It is clear; however, that Chinook salmon and steelhead are accessing much 
of this newly available habitat. Passage operations have begun on the North Fork Skokomish 
River to reintroduce steelhead above Cushman Dam, although juvenile collection efficiency is 
still relatively low, and further improvements are anticipated. Similarly, improvements in the 
adult fish collection facility at Mud Mountain Dam (White River basin) are near completion, 
with the expectation that improvements in adult survival will facilitate better utilization of 
habitat above the dam (NMFS 2014b). The recent removal of the diversion dam on the Middle 
Fork Nooksack Dam (16 July 2020) and the Pilchuck River Dam (late 2020) will provide access 
to important headwater salmonid spawning and rearing habitats. Similarly, the proposed 
modification of Howard Hanson Dam for upstream fish passage and downstream juvenile 
collection in the longer term (NMFS 2019f) will allow winter steelhead to return to historical 
habitat (Ford, 2022). 

2.3. Environmental Baseline 

The “environmental baseline” refers to the condition of the listed species or its designated critical 
habitat in the action area, without the consequences to the listed species or designated critical 
habitat caused by the proposed action. The environmental baseline includes the past and present 
impacts of all Federal, State, or private actions and other human activities in the action area, the 
anticipated impacts of all proposed Federal projects in the action area that have already 
undergone formal or early section 7 consultations, and the impact of State or private actions 
which are contemporaneous with the consultation in process. The consequences to listed species 
or designated critical habitat from ongoing agency activities or existing agency facilities that are 
not within the agency’s discretion to modify are part of the environmental baseline (50 CFR 
402.02). 

The action area includes areas downstream of the proposed action based on the effects associated 
with stormwater discharge. The action area is located in the Lower Green River subbasin (WRIA 
9) and the environmental baseline is influenced by upriver and upland activities. The Green 
River originates at Howard Hanson Dam and flows approximately 65 river miles before draining 
into Elliot Bay in the Puget Sound. The upper and middle Green River subbasins flow primarily 
through commercial forest land and several state parks. The lower Green River subbasin consists 
of agriculture, industrial, commercial, and residential land. The Green River eventually turns into 
the industrialized Duwamish Waterway before entering Elliot Bay. Auburn Drain is a small 
tributary joining the Green River between river mile 25 and 26 in the lower subbasin. The area 
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surrounding Auburn Drain is dominated by agricultural fields, undeveloped land, and mixed 
commercial and residential land. The project site is almost entirely graded gravel and compacted 
rock that was historically used as a parking lot. Very little native vegetation exists in project 
footprint and the general condition is heavily degraded.  

Watercourse K is primarily a linear farm ditch with very little riparian vegetation or suitable 
substrate for rearing juvenile salmonids. Watercourse K is considered fish-bearing by 
Washington Department of Fish and Wildlife because of it is connected to Auburn Drain. A flap 
gate exists upstream of where Auburn Drain flows into the Green River that the Corps 
acknowledges acts as a hindrance to fish passage. King County (2019) describes the gate as 
setback from the confluence and is perched above the stream channel except during high flows 
when water from the Green River backs up into Auburn Drain. Further, King County (2019) 
found that non-natal juvenile Chinook salmon rearing habitat exists in relatively high density 
despite turbid and degraded water quality conditions. The data and information included in the 
King County (2019) report provides evidence that Auburn Drain is utilized by juvenile 
salmonids. Therefore, when flow conditions are conducive fish are able to access Watercourse K.  

Based on the information included in the initiation package, very little suitable freshwater habitat 
exists in Watercourse K to support juvenile rearing and migration or adult spawning and 
migration. Rearing juveniles require cold clean water and cover and forage opportunities to grow 
and mature. Sufficient riparian vegetation, gravel, cobble, and boulder substrate is necessary for 
fish to avoid predators and feed. Currently, the Watercourse K lacks most of these features. 
Spawning has not been documented anywhere in Auburn Drain or in the project area.  

Currently, stormwater is managed through a series of catch basins, pipes, culverts, and drainage 
ditches. Most of the stormwater drainage system is a remnant of farming infrastructure 
developed more than 50 years ago and has largely fell into disrepair over the years. Due to the 
low gradient of the site, most stormwater is collected in roadside ditches and carried to two 
culverts under 277th Street. Infiltration is also low at the site due to a restrictive layer of alluvial 
silt and sand situated above the groundwater table determined by a recent geotechnical survey 
conducted by the applicant. In other words, infiltration rates were determined not to meet long-
term design guidelines suggesting that stormwater treatment through infiltration is unfeasible 
across the site.  

Contaminants become entrained in stormwater from a variety of sources in the urban landscape. 
Roads generate a broad range and large load of pollutants that accumulate and run off 
impervious surfaces into stormwater drains and into streams, rivers, and lakes. Vehicle wear and 
emissions are primary sources of tire tread particles, metallic particles (particularly copper and 
chromium); persistent bio-accumulating toxicants (PBTs) from upholstery, plastic, and carpet; 
and polycyclic aromatic hydrocarbons (PAHs), nickel, and zinc from exhaust and leakage. 
Stormwater conveyances are also likely to include: common-use herbicides and pesticides, 
nutrients (nitrogen, phosphorus), silt and sediment, chlorides, metals, petroleum hydrocarbons, 
livestock fecal matter (bacteria), pharmaceuticals, surfactants (detergents, cleaners, pesticide 
adjuvants), along with several PBTs and their metabolites (Table 3). Other pollutants present in 
water and sediments throughout Washington state include mercury, copper, and other metals; 
chlorinated pesticides (DDT) and their degradates (DDD and DDE), polychlorinated dibenzo-p-
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dioxins and furans, polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), 
PAHs, and many others (Hinck et al. 2006; Seiders et al. 2007; Johnson et al. 2006; Johnson et 
al. 2013a; Alvarez et al. 2014; Counihan et al. 2014; WDOE 2006). Persistent organochlorine 
pollutants (POPs), some of which were discontinued 15 to 30 years ago and still exceed 
benchmarks for human health, aquatic life, and fish-eating wildlife in water, bed-sediment, and 
fish tissue samples in areas such as the the Snake and Columbia rivers (Johnson and Norton 
2005; Hinck et al. 2006; Seiders et al. 2011; Johnson et al. 2007; Johnson et al. 2013b; Nilsen et 
al. 2014; Alvarez et al. 2014; WDOE 2021). These common and legacy pollutants are often 
present regardless of land use within a drainage. Other parameters such as temperature, pH, 
hardness, and conductivity may also be pollutants or indicators that other pollutants are 
negatively impacting receiving waters. 
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Table 3.  Pollutants commonly found in stormwater runoff in Washington State. 

Heavy Metals 
Heavy metals, such as copper, zinc, cadmium, or mercury, can have a range of acute and chronic 
physiological and behavior effects on fish. Recent literature demonstrates that exposure to 
stormwater pollutants such as petroleum-based hydrocarbons and metals can affect salmonids, 
with effects ranging from avoidance to mortality depending on the pollutant and its concentration 
(Feist et al. 2011; Gobel et al. 2007; Mcintyre et al. 2012; Meadore et al. 2006; Sandahl et al. 
2007; Spromberg et al. 2015). All stormwater discharge is expected to contain concentration 
levels of constituents and chemical mixtures that are toxic to fish and aquatic life (NMFS 2012, 
or “Oregon Toxics Opinion”). The Oregon Toxics Opinion concluded that for chronic saltwater 
criteria for metal compounds, fish exposed to multiple compounds, versus a single compound 
exposure, are likely to suffer toxicity greater than the assessment effects (e.g., 50 percent 
mortality) such as mortality, reduced growth, impairment of essential behaviors related to 
successful rearing and migration, cellular trauma, physiological trauma, and reproductive failure. 
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Mercury 
Sources of mercury are diverse and include natural emissions and weathering of metallic ores, 
human activities (mining, emissions from the burning and refining of coal and petroleum fuels, 
paper mills, cement production), and consumer products (thermostats, automotive switches, 
fluorescent lights, and dental fillings (WDOE 2021). Air emissions from industrial activities are 
by far the major source of mercury in most locations (Fitzgerald et al. 1998; Obrist et al. 2018). 
Mercury is a common stormwater contaminant (Fleck et al. 2016; EPA 2020). Mercury 
contaminates aquatic habitats and food webs, including rearing and migrating salmonids in the 
action area. Mercury concentrations in resident fish exceed Washington’s water quality criteria 
for human health concentrations in the action area (WDOE 2021). All forms of mercury are toxic 
to fish, invertebrates, other animals, and humans (Eisler 1987; Broussard et al. 2002). Mercury 
ions produce toxic effects by protein precipitation, enzyme inhibition, and generalized corrosive 
action (Broussard et al. 2002).  

Mercury is a mutagen, teratogen, and carcinogen, and causes embryocidal, cytochemical, and 
histopathological effects (Eisler 1987). Significant adverse sub-lethal effects for sensitive aquatic 
species are observed at 0.03-0.1 μg/L and water quality criteria of 0.012 μg/L provide only 
limited protection (Eisler 1987; NMFS 2014a). Mercury species are transformed by organic and 
inorganic processes to methylmercury (MeHg), which bio-accumulates throughout aquatic food 
webs and biomagnifies through trophic levels. Bettaso and Goodman (2010) found that lamprey 
ammocetes, which filter-feed from burrows in contact with sediments and ingest more benthos-
dependent prey, bio-accumulated 12-25 times greater concentrations of mercury in their bodies 
than did mussels, which feed from water columns. In reservoir habitats of the action area, 
juvenile salmonids ingest large numbers of benthic invertebrates. Smaller fish tend to ingest 
smaller invertebrates, which may accumulate higher concentrations of metals (Farag et al. 1998). 
Daily feeding on potentially contaminated invertebrates, long migrations, depleted lipid stores, 
and bursts of energy to escape predators, increase ventilation and growth. Together, these factors 
increase bioaccumulation rates and adverse effects to juvenile salmonids.  

Copper 
Copper from automobiles is one of the most common heavy metals contaminating stormwater, 
especially stormwater originating from parking lots. Copper is highly toxic to aquatic biota and 
ESA-listed salmon and steelhead can experience a variety of acute and chronic lethal and sub-
lethal effects (NMFS 2014a). Copper bio-accumulates in invertebrates and fish (Feist et al. 2005; 
Layshock et al. 2021), is redox-active, and interacts with or alters many compounds in mixtures 
(Gauthier et al. 2015). Copper-PAH mixtures, which synergistically interact are highly toxic 
through several exacerbating mechanisms: copper weakens cell membranes increasing 
absorption of PAHs, copper chelates or hastens and preserves the bio-accumulative toxicity of 
PAHs; and PAHs in turn increase the bio-accumulative and redox properties of Copper (Gauthier 
et al. 2015). Sub-lethal effects of copper include avoidance at very low concentrations (Hecht et 
al. 2007) and reduced chemosensory function at slightly higher concentrations, which in turn 
causes maladaptive behaviors, including inability to avoid copper or to detect chemical alarm 
signals (McIntyre et al. 2012). Sandahl et al. (2007) demonstrated that copper concentration as 
low as 2 micrograms/liter can significantly impair the olfactory system of salmonids and hinder 
their predator avoidance behavior. Thus any fish that are exposed to stormwater containing high 
concentrations of copper may experience diminishment of predator avoidance ability and would 
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be at greater risk of predation. Appreciable adverse effects can be expected with increases as 
small as 0.6 μg/L above background concentrations (NMFS 2014a). 

Copper concentrations typically increase during spring-summer high flows when migrating 
juvenile salmonids are most actively feeding and growing at greatest rates (NMFS 2014a). 
Copper toxicity increases significantly during conditions of low calcium carbonate (CaCO3), low 
pH, and low DOC (NMFS 2014a). Survival of juvenile salmon and steelhead, particularly during 
migration, is strongly size and season dependent (Mebane and Arthaud 2010). Small reductions 
in size and slower growth may slow or delay migration and would result in disproportionately 
larger reductions in survival during migration and entry into saltwater (Tattam et al. 2013, 
Thompson and Beauchamp 2014). 

Chromium  
Sources of chromium include phosphate fertilizers, chrome plating, paper mills, sewage, and 
solid wastes from the disposal of consumer products and chromium is a common pollutant found 
in stormwater UAs and along roadways (Eisler 1986a). While the pure metallic form is absent 
naturally, it is commonly found in three oxidation states: Cr II, Cr III, and Cr VI (Bakshi and 
Panigrahi 2018). Chromium is a redox-active metal, causing oxidative stress and oxidative-
induced alterations of DNA in fish and other aquatic organisms (Eisler 1986a; Sevcikova et al. 
2011). Hook et al. (2006) found that Cr VI caused oxidative stress in rainbow trout. Toxicity and 
uptake of Cr VI increases when pH is 7.8 or lower, low DOC, and low hardness (Vanderputte et 
al. 1981; Eisler 1986a). Comprehensive reviews show that chromium is taken up by fish and 
aquatic organisms through the gastrointestinal tract, respiratory tract, and skin (Eisler 1986a; 
Farag et al. 2006; Sevcikova et al. 2011; Bakshi and Panigrahi 2018). Dietary uptake of Cr VI 
may cause chronic sub-lethal toxicity in juvenile salmonids and is likely to increase the toxic and 
absorptive properties of PBTs and other metals. 

Zinc 
Major sources of zinc include electroplaters, smelting and ore processors, mine drainage, 
domestic and industrial sewage, combustion of solid wastes and fossil fuels, road surface runoff 
(vehicle emissions, motor oils, lubricants, tires, and fuel oils), corrosion of zinc alloys and 
galvanized surfaces, and erosion of agricultural soils (Eisler 1993). Several species of zinc are 
highly mobile in aquatic environments, are often transported many miles downstream, and 
eventually load to sediments. Zinc interacts with many chemicals and aquatic conditions of 
reduced pH and dissolved oxygen, low DOC, and elevated temperatures increase zinc toxicity, 
causing altered patterns of accumulation, metabolism, and toxicity (Eisler 1993; Farag et al. 
1998). Many aquatic invertebrates and some fish may be adversely affected from ingesting zinc-
contaminated particulates (Farag et al. 1998). In freshwater fish, excess zinc affects the gill 
epithelium, which leads to internal tissue hypoxia, reduced immunity, and may acutely include 
osmoregulatory failure, acidosis, and low oxygen tensions in arterial blood (Eisler 1993). 
Toxicity of zinc mixtures with other metals is mostly additive; however, toxicity of zinc-copper 
mixtures is more than additive (or synergistic) for freshwater fish and amphipods (Skidmore 
1964; de March 1988). 
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Titanium  
Consumer products using bulk and nanoparticles of titanium dioxide (TiO2) are increasing 
worldwide in paints, pigments, varnishes, plastics, sewage treatment, among others (Sharma and 
Agrawal 2005; Nunes et al. 2018). Recent research finds that nanoparticles in freshwater and 
saltwater continually aggregate into larger micro-particles and bind with high affinity to mixtures 
of metals and other contaminants (Nunes et al. 2018). Titanium dioxide nanoparticles physically 
cling to fish gills, causing some physical injuries (oedema and thickening of lamellae) that may 
reduce efficiency of gas exchange and significantly decrease the proportion of time rainbow trout 
spent swimming at high speed (Boyle et al. 2013). When rainbow trout were exposed to high 
concentrations, titanium oxide caused oxidative stress, disrupted signal transducing in gills and 
intestine, decreased intracellular calcium, altered homeostasis and resting potential, changed 
tissue copper and zinc levels, and may decrease enzyme activity in the brain (Federici et al. 
2007). TiO2 nanoparticles physically fill or clog digestive tracts of some aquatic invertebrates 
causing increased feeding rates and reduced digestion, which increases oxidative stress and may 
lead to lethality (Das et al. 2013). Large loads of TiO2 at high concentrations are likely to kill 
and contaminate prey (e.g., amphipods), cause chronic sub-lethal toxicity in juvenile and adult 
salmonids, and increase toxic and absorptive properties of PBTs and other metals.  

Nickel 
Sources of nickel in urban areas and highways include metal emissions from tires, petroleum 
combustion, household waste, and fertilizers (Sharma and Agrawal 2005). Nickel is a redox-
active metal (Gauthier et al 2015) that can interact with other metals and PBTs to increase 
toxicity, oxidative stress, and immune defense depletion in fish and invertebrate prey (Eisler 
1985, 1998; Stohs and Bagchi 1995; Sevicikova et al. 2011; Palermo et al. 2015). Stormwater 
discharges of nickel degrade water and sediment quality and can reduce and contaminate prey 
and cause sub-lethal toxicity in juvenile salmonids and increase toxic and absorptive properties 
of PBTs and other metals in the aquatic environment.  

Persistent Bioaccumulative Toxicants (PBTs) 
Lipophilic chemicals such as PCB’s, PBDE’s, or PAH’s tend to bioaccumulate in the tissues of 
organisms, particularly those at the top of trophic food chains such as salmonids. Increased levels 
of PAHs, oils, and other contaminants would be widely dispersed, and can have detrimental 
effects at very low levels of exposure either directly or indirectly through the consumption of 
contaminated prey or exposure to contaminants in the water column. This would impair the value 
of critical habitat for growth and maturation of each of the listed species. As the concentration of 
these constituents increases in the environment the likelihood that organisms are harboring 
dangerous chemical loads also increases. Environmental and biological accumulation of these 
chemicals can result in adverse long-term ecosystem impacts including altering species behavior, 
reproduction, and growth. 

PBTs are an expansive grouping (WAC 2021) of chemical compounds (and some metals) that 
may persist several years while maintaining high toxicity, often move readily among air, water, 
sediment, and food webs, and may bioaccumulate in listed salmonids and other fish from 
exposure to water, sediments, and from their diet of zooplankton, invertebrates, and other fish. 
PBTs often bind to sediments and are typically found in diverse mixtures in aquatic 
environments along with a broad range of pesticides, nutrients, metals, and PAHs (Johnson et al. 
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2006; Laetz et al. 2009; Baldwin et al. 2009; Johnson et al. 2013a). PBTs include POPs 
(persistent organochlorine pollutants) as described by Sloan et al. (2010), which include PCB 
congeners, PBDE congeners, DDT and metabolites, dioxins and furans, other organochlorinated 
compounds, and pesticides (hexachlorocyclohexane, hexachlorobenzene, chlordanes, aldrin, 
dieldrin, mirex, and endosulfan I). 

PBTs typically include similar modes of toxicity and are often carcinogens, endocrine and 
reproductive disruptors, and transgenerational disruptors. PBTs may cause neurological and 
developmental disorders, oxidative stress, weakened immune systems, and may cause mortality 
of invertebrates and fish in aquatic ecosystems (Soto et al. 1994; Major et al. 2020; WDOE 
2021). PBTs are often found in mixtures together with a broad range of PAHs and metals, to 
which PBTs readily bind and interact; often-increasing toxicity and mobility. The following 
PBTs are expected to have these generally similar effects and are likely to be present in the state 
of Washington depending on current and legacy land use. 

Persistent Organochlorine Pollutants (POPs) 
POPs include organochlorinated pesticides and metabolites (DDT, DDE), toxaphene, dieldrin, 
and other DDT-like compounds, and polychlorinated dibenzo-p-dioxins and furans. Some POPs 
that were discontinued 15 to 30 years ago continue to be reported at toxic concentrations in fish 
(Johnson et al. 2013a and 2013b). DDT, toxaphene, and dieldrin are major agricultural 
insecticides that were often used on cereal grains and fruit orchards, in mosquito abatement 
programs, and to kill fish in ponds (Eisler 1970; WDOE 2021). Most POPs are likely to enter 
stormwater from wind and water erosion or construction disturbance of legacy-contaminated 
soils. Some POPs are volatile and often deposit in the atmosphere where they are highly mobile 
and are likely to settle on impervious surfaces and enter stormwater drainage systems. Dioxins 
and furans are most likely to be absorbed to particulate matter when entering stormwater. 
Common sources are air emissions from regional forest fires and from trash burning and stack 
emissions from industries in and around the Lewiston UA. Construction activities or erosion of 
soils may disturb recent or legacy deposits of POPs that become entrained in stormwater runoff 
and drain into receiving waters and sediments.  

Polychlorinated Biphenyls (PCBs) 
PCBs are very persistent and are found in over 209 synthetic compounds, typically occurring in 
complex mixtures. Sources include food packaging, electronic transformers and capacitors, 
plasticizers, wax and pesticide extenders, lubricants, inks and dyes, and legacy sealants (WDOE 
2021) and are likely to occur in stormwater runoff that is discharged into receiving waters. PCB 
concentrations in resident fish often exceed Washington’s water quality criteria for human health 
concentrations (WDOE 2021). 

Polybrominated Diphenyl Ethers (PBDEs) 
PBDEs are flame retardants added to foam, plastics, and textiles, and are often found in car seats, 
electronics, building insulation, and older upholstered furniture and mattresses (WDOE 2021; 
Eisler 1986b). Studies show PBDEs have been spreading from these common items in UAs and 
roadways and entering stormwater that partitions to biota and sediments in receiving waters 
(Hites 2004; WDOE 2021; Stone 2006). PBDEs are rapidly increasing in the environment, 
doubling every 2-5 years (WDOE 2021) and other pollutants (nutrients and other wastewater 
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contents; O’Neill et al. 2020) increase their toxicity. Salmon ingest contaminated terrestrial and 
aquatic prey in the action area and assimilate some PBDE congeners throughout life (Stone 
2006; Arkoosh et al. 2017). Even low concentrations of some PBDEs cause sub-lethal effects in 
salmonids such as alteration of thyroid hormone levels or thyroid function and neurological 
disorders (Sloan et al. 2010). Arkoosh et al. (2017) found thyroid hormone concentrations were 
altered in juvenile Chinook salmon when fed environmentally relevant concentrations of some 
PBDE congeners for 5-40 days. Most migrating Chinook salmon smolts spend at least five days 
and as long as several weeks or months rearing in freshwater before migrating to the marine 
waters of the Puget Sound or the ocean. This exposure is likely to cause sub-lethal disruption of 
thyroid hormones that impact critical functions salmonids require for growth, smolting, and 
migration (Iwata 1995). 

Polycyclic Aromatic Hydrocarbons (PAHs) 
Petroleum-based contaminants are usually in the form of two or more condensed aromatic 
carbon rings, include more than 100 different chemicals, and usually occur as complex mixtures 
in the environment. Major human-related sources released to the environment are from wood 
stoves, creosote treated wood, and vehicle emissions, plastics including tire wear particles, 
improper motor oil disposal, leaks, and asphalt sealants (WDOE 2021). PAHs are lipophilic, 
persistent, interact synergistically with bio-accumulative and redox-active metals and other 
contaminants, and may disperse long-distances in water (Gauthier et al. 2014, 2015; Arkoosh et 
al. 2011; WDOE 2021). Metabolites are commonly more toxic than the parent, some are 
carcinogenic, neurotoxic, and cause genetic damage. Although biotransformation of PAHs 
causes oxidative stress with subsequent cellular damage and increased energy is required at the 
cost of growth, many organisms (including salmon) can eliminate at least the lower density 
PAHs from their bodies as part of metabolism and excretion (Arkoosh et al. 2011). However, 
plants and some aquatic organisms, such as mussels and lamprey, have limited ability to 
metabolize or degrade PAHs, which may bioaccumulate over several years (Tian et al. 2019; 
Nilsen et al. 2015). PAHs and metabolites are acutely toxic to salmonids and may cause narcosis 
at low levels of exposure, can in some cases bioaccumulate through food webs (water, 
groundwater, soil, and plants; Bravo et al. 2011; Zhang et al. 2017), and can also cause chronic 
sub-lethal effects to aquatic organisms at very low levels (Neff 1985; Varanasi et al. 1985; 
Meador et al. 1995). PAHs can affect DNA within the nucleus of cells, cause genetic damage, 
and are classified as carcinogens (Collier et al. 2014). 

Microplastics and Transformation Products 
Microplastics (MPs) are generally found in higher numbers near urbanized areas. Campanale et 
al. (2020) detailed sources of MPs were mostly from electrical and electronics, building and 
construction, transport, and textiles. Brahney et al. (2021) found that stormwater runoff from 
roads in urbanized areas in the western U.S. produced 84 percent of MPs compared to the 
remainder of urbanized areas, which produced only 0.4 percent. Agricultural runoff produced 
five percent of MPs and 11 percent were legacy MPs from the ocean. City roads produced fewer 
MPs in stormwater because surrounding buildings and trees reduced wind and dust and because 
vehicles emit fewer microplastics (tire tread particles) at slow speeds. Highways and roads with 
higher speed limits and increased exposure produced vastly more MPs, because vehicles produce 
their own buffeting winds and tire tread wears at much greater rates (Brahney et al. 2021). 
Ingested MPs can interfere with food capture and digestion, particularly for benthic filter feeders, 
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leading to decreased feeding, oxidative stress, or mortality of sensitive aquatic invertebrates and 
fish (Kapp and Yeatman 2018). MPs are infused with PBT additives and when released to 
aquatic environments strongly attract other PBTs, PAHs, and metals (especially copper and 
zinc). Some MPs sink to sediments and others are transported long distances downstream, 
including through and over dams (Rochman et al. 2013; Wang et al. 2018; Campanale et al. 
2020). MPs are also transported into the ocean and can carry PBTs and several metals (Rochman 
et al. 2014). Many MPs eventually enter the hydrologic cycle to be re-deposited throughout the 
western U.S. (Brahney et al. 2021). Mounting evidence shows MPs bioaccumulate in benthic 
invertebrates (e.g., amphipods, prawns) (Campanale et al. 2020), which are primary food sources 
for juvenile salmonids. Some MPs in fish, breakdown into smaller particles that can enter the 
circulatory system and bioaccumulate to higher trophic predators (Wang et al. 2018). PBTs and 
other contaminants leach from the MPs and bioaccumulate in tissues (Rochman et al. 2013; 
Campanale et al. 2020). 

One of most common microplastics entering aquatic habitats from proximate roadways and 
stormwater discharges are tire tread wear particles (Tian et al. 2020; Brahney et al. 2021). The 
ubiquitous antioxidant 6PPD or [(N-(1, 3-dimethylbutyl)-N’-phenyl-p-phenylenediamine] is used 
to preserve elasticity of tires. 6PPD may transform in the presence of ozone (O3) from 
automotive and other urbanized area emissions to 6PPD-quinone. 6PPD-quinone is acutely toxic 
to juvenile and adult salmonids and is identified by Tian et al. (2020) as the primary cause of 
urban runoff mortality syndrome described by Scholz et al. (2011). Acute toxicity ending in 
mortality of juveniles and adult salmonids is caused by relatively low concentrations and short 
duration exposures (24 hr., LC50 = 0.79 μg/L) of 6PPD-quinone. All 6PPD added to tires is 
designed to react with atmospheric ozone to form a protective film on tires. The transformation 
product found to be toxic to salmonids is 6PPD-quinone found in tire tread particles ubiquitous 
to both rural and urban roadways (Sutton et al. 2019; Feist et al. 2018).  Subsequent laboratory 
studies demonstrated that juvenile coho salmon (Chow et al. 2019) as well as juvenile steelhead 
and Chinook salmon (J. McIntyre and N. Scholz, unpublished results, 2020) were also 
susceptible to varying degrees of mortality when exposed to stormwater containing 6PPD-
quinone. Fortunately, other recent literature has shown that the mortality can be prevented by 
infiltrating the road runoff through soil media containing organic matter, which results in 
removal of this (and other) contaminant(s) (Fardel et al. 2020; Spromberg et al. 2016; McIntrye 
et al. 2015). These types of green infrastructure or low impact development practices are 
commonly included in new construction projects but are often lacking in existing infrastructure 
and many redevelopment or routine maintenance projects. Stormwater discharges of MPs 
(especially tire tread particles) contribute to the degraded water and sediment quality in 
Washington. Pulses and cumulative loads of tire tread particles and MPs may cause acute lethal 
toxicity of adult and juvenile steelhead in Washington State. 

Pesticides and Nutrients 
Pesticides and fertilizers are ubiquitous in urbanized areas and are applied annually on lawns, 
pastures, orchards, and other interspersed agricultural lands (Gilliom et al. 2006; Gilliom 2007). 
Terrestrial pesticides, adjuvants, and fertilizers can be highly persistent and toxic upon entering 
aquatic environments, causing acute and chronic effects to salmonids and their invertebrate prey 
(Scholtz et al. 2012). Glyphosate-based-herbicides (e.g., Roundup) are mostly likely to runoff of 
roads and railways (Botta et al. 2009), riprap and levees, and areas of limited and poor soil with 
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intensive vegetation control (Kjaer et al. 2011). Highest concentrations (75-90 μg/L) of 
glyphosate in streams are commonly from urban sewers during storms (Botta et al. 2009) and 
were concentrated in soil, sediments, and solid matter (Primost et al. 2017), even as water levels 
remained low. Effective vegetation removal by herbicides increases erosion of soil that may 
contain legacy POPs and mercury (Jonsson et al. 2017). Glyphosate and other contaminants in 
biofilms of wetlands can be 2-3 orders of magnitude higher than surrounding water and represent 
concentrated exposures to higher trophic levels (Beecraft and Rooney 2021). Commonly used 
terrestrial herbicide formulations and adjuvants may include bio-accumulating metals and PAHs, 
which are added to enhance performance and increase toxicity of active ingredients (Defarge et 
al. 2018). Additives are often labeled as proprietary “inert” ingredients but consist primarily of 
petroleum-based oxidized molecules and trace metals (arsenic, chromium, cobalt, lead, nickel, 
and others), which accumulate in soils, organic solids, sediments, and biofilms. Glyphosate 
significantly increases the bio-accumulation of mercury in zooplankton (Tsui et al. 2005). 
Mammals, mussels, amphibians, several insects, and many aquatic invertebrates are sensitive to 
sub-lethal and lethal toxicity of several pesticides, including glyphosate-based herbicides and 
their surfactants (Bringolf et al. 2007; Relyea and Diecks 2008; Janssens and Stoks 2017; Motta 
et al. 2018; Scully-Engelmeyer et al. 2021). Some pesticides are endocrine disruptors and may 
include transgenerational effects (Kubsad et al. 2019; Major et al. 2020). Pulses and cumulative 
loads of common-use herbicides and other biocides are likely to reduce and contaminate prey, 
cause acute and chronic sub-lethal toxicity in juvenile and adult salmonids, and increase toxic 
and absorptive properties of PBTs and metals.  

Stormwater discharges of nutrients (nitrogen, nitrite, nitrate, phosphorus) and sediment 
contribute to the impairment of aquatic ecosystems throughout Washington. Water and sediment 
quality impairments from siltation and excessive nutrients degrade spawning and rearing habitat 
by clogging substrates, reducing interstitial oxygen required by incubating eggs, and altering and 
reducing cover. Nitrite and nitrate can also be toxic to fish. Davidson et al. (2014) found nitrate 
concentrations of 80-100 mg/L were related to increased mortality and other chronic health 
impacts (abnormal swimming behavior) in juvenile rainbow trout. Nutrients from agriculture and 
wastewater may increase toxicity of PBTs to juvenile Chinook salmon (O’Neill et al. 2020). 
Chronic exposure by fathead minnows to environmentally relevant nitrate levels may cause 
endocrine disruption, alter steroid hormone synthesis and metabolism in male and female fish, 
and may include transgenerational effects (Kellock et al. 2018). Sediment and nutrient loads are 
likely to reduce and contaminate prey and cause chronic lethal and sub-lethal toxicity in 
incubating eggs and juvenile steelhead. 

Green Stormwater Infrastructure 
Treatment of stormwater using biofiltration or bioremediation, also referred to as green 
stormwater infrastructure (GSI), to remove toxic pollutants has been shown to reduce harmful 
effects to fish (McIntyre et al. 2014) and prevent lethality in coho salmon (McIntyre et al. 2015; 
Spromberg et al. 2016). Research points to infiltration of polluted stormwater into soil as a 
highly effective method of removing toxic compounds before discharging into streams or rivers. 
McIntyre et al. (2015) observed that untreated urban stormwater was acutely lethal to salmon and 
invertebrates, but stormwater filtered through soil media in biorention columns eliminated acute 
mortality in both salmon and invertebrates. Previous scientific understanding relied on dilution 
as the primary method for evaluating risk of stormwater effects to listed species. Recent research 
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in the Puget Sound has revealed that stormwater remains toxic to coho salmon even after 
dilution. GSI are commonly being installed as part of larger transportation and infrastructure 
projects to limit the delivery of toxic stormwater to the aquatic environment. While infiltration of 
stormwater into soil may be the best method for removing pollutants and preventing lethal 
effects, full infiltration may not always be possible due to constraining site factors such as soil 
types or existing infrastructure. In those cases alternative methods are available such as modular 
wetland systems.  

2.3.1. Salmonid Populations in the Action Area 

Green River Chinook Salmon 
Viable Salmon Population (VSP) as described above provides the basis for recovery for Green 
River Chinook salmon populations. The 2007 recovery plan uses abundance, productivity, spatial 
structure and diversity to determine viability and extinction risk. The primary metric to assess 
abundance goals is natural origin spawners. Since the 1980’s natural origin spawner abundance 
has fluctuated around 2,000 fish annually and has been in decline since 2009 (Figure 5, red line). 
Abundance has been below recovery goals frequently since the early 2000’s (WRIA 9 2021). 
Natural origin productivity has also been well below recovery goals since before the 2007 
Recovery plan was finalized. Chinook salmon productivity has been negative since 1975 
indicating that natural origin spawners are not replacing themselves and hatchery 
supplementation has been a key factor in sustaining population abundance (Figure 6). 

Spawners typically utilize Newaukum Creek and the mainstem Green River below Howard 
Hanson Dam (WRIA 9 2021), which are located well upstream of the project site. Chinook 
salmon are not currently passed above the dam because downstream fish passage facilities do not 
exist. Downstream fish passage facilities are planned to be installed following a deadline set by 
NMFS as part of a 2019 Biological Opinion. Spatial structure would be improved once habitat 
above the dam is accessible to natural origin spawners. King County has documented salmonids 
utilizing Auburn Drain up to an artificial barrier (Figure A - 1).  
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Figure 4.  Smoothed trends in estimated total (thick black line, with 95% confidence interval 
in grey) and natural (thin red line) spawner abundance of Green River fall Chinook 
salmon (Adapted from Ford, 2022).  

Figure 5.  Annual trends in Green River fall Chinook salmon productivity calculated as the 
difference of the log of the smoothed natural origin spawning abundance in year t and the 
smoothed natural origin spawning abundance in year t – 4 (Adapted from Ford, 2022). 

Green River Steelhead 
Green River steelhead abundance has declined since the late 90’s and remains below recovery 
goals (Figure 7). Productivity, while improving over recent years, has varied widely since the 
80’s (Figure 8). Meyers et al. (2015) estimate historic population intrinsic potential to be 
between 19,800 and 39,000 adult steelhead spawners in the Green River basin. Green River 
steelhead are supported by three hatchery programs including Chambers Creek early winter stock 
and Skamania early summer stock (Cram et al. 2018). Dams, fish passage, hatcheries, and 
disease/parasites were identified by WDFW as key factors threatening the viability of steelhead 
in the Green River basin (Cram et al. 2018). Nearly half of historical habitat exists above 
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Howard Hanson Dam and is a critical component inhibiting recovery of the population. 
Steelhead utilize the mainstem Green River and tributaries such as Newaukum and Soos Creek 
for spawning and rearing. Addressing smaller fish passage projects would help move the 
population towards recovery. King County has documented salmonids utilizing Auburn Drain up 
to an artificial barrier (Figure A - 2). 

Figure 6.  Smoothed trends in estimated total (thick black line, with 95% confidence interval 
in grey) and natural (thin red line) population abundance of Green River steelhead 
(Adapted from Ford 2022). 

Figure 7.  Annual trends in Green River steelhead population productivity calculated as the 
difference of the log of the smoothed natural origin spawning abundance in year t and the 
smoothed natural origin spawning abundance in year t – 4 (Adapted from Ford, 2022).  
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2.3.2. Critical Habitat in the Action Area 

Within the action area critical habitat is designated for both Chinook salmon and steelhead along 
the mainstem Green River (Figure 9). In addition, steelhead critical habitat is designated 
approximately 600 feet upstream into the Auburn Drain. Critical habitat for both species would 
be impacted by the project both in Auburn Drain and the Green River. Specific PBFs that would 
be affected by the proposed action include water quality.  

The action area is considered migration habitat for PS Chinook salmon; for PS steelhead the 
action area is both rearing and migration habitat. The features of CH for rearing and migration 
area:  

1. Freshwater rearing sites with water quantity and floodplain connectivity to form and 
maintain physical habitat conditions and support juvenile growth and mobility; water 
quality and forage supporting juvenile development; and natural cover such as shade, 
submerged and overhanging large wood, log jams and beaver dams, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks. These features are essential 
to conservation because without them juveniles cannot access and use the areas needed to 
forage, grow, and develop behaviors (e.g., predator avoidance, competition) that help 
ensure their survival. 

2. Freshwater migration corridors free of obstruction with water quantity and quality 
conditions and natural cover such as submerged and overhanging large wood, aquatic 
vegetation, large rocks and boulders, side channels, and undercut banks supporting 
juvenile and adult mobility and survival. These features are essential to conservation 
because without them juveniles cannot use the variety of habitats that allow them to avoid 
high flows, avoid predators, successfully compete, begin the behavioral and physiological 
changes needed for life in the ocean, and reach the ocean in a timely manner. Similarly, 
these features are essential for adults because they allow fish in a non-feeding condition 
to successfully swim upstream, avoid predators, and reach spawning areas on limited 
energy stores. 
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Figure 9.  Critical habitat designations for Puget Sound Chinook salmon (left) and Puget 
Sound steelhead (right) in relation to the project location.  

2.4. Effects of the Action  

Under the ESA, “effects of the action” are all consequences to listed species or critical habitat 
that are caused by the proposed action, including the consequences of other activities that are 
caused by the proposed action. A consequence is caused by the proposed action if it would not 
occur but for the proposed action and it is reasonably certain to occur. Effects of the action may 
occur later in time and may include consequences occurring outside the immediate area involved 
in the action (see 50 CFR 402.17). In our analysis, which describes the effects of the proposed 
action, we considered 50 CFR 402.17(a) and (b). 

After the application of all minimization and conservation measures described in Section 1.3 the 
proposed action would still result in adverse effects that cannot be avoided. Likely effects 
include short-term construction impacts, and long-term impacts of the proposed structural 
changes.  

Temporary effects associated with construction that are reasonably certain to occur include: fish 
handling/exclusion prior to construction, turbid conditions, and modifications to the channel and 
riparian zone. 

The long-term effects of the project that are reasonably certain to occur include degraded water 
quality from the increase in impervious surface and the associated stormwater and improved fish 
passage and riparian habitat resulting from culvert replacement and riparian planting.  
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2.4.1. Effects of the Action on Habitat 

Channel Fill and Relocation/Turbidity 
The proposed action would result in temporary negative effects on water quality by increasing 
suspended sediments and turbidity. The degree to which this effect would occur is dependent on 
the quantity of water in Watercourse K at the time of construction. Watercourse K frequently 
dries up during the summer and it is possible water would be absent during construction. 
However, if water is present, prior to construction sandbag dams would be installed up and 
downstream of the project site ensure water and potentially fish cannot enter the project site. 
Once fish are confirmed to be absent from the existing channel would be filled. Once the new 
channel is completed it is likely that sediment levels would increase briefly immediately 
following removal of the sandbag dams and during and following the first large storm event. 
However, based state on water quality criteria for turbidity in streams of this size, it is unlikely 
that sediments would be transported downstream to Auburn Drain or the mainstem Green River 
and degrade critical habitat.  

Stormwater Discharges/Water Quality 
Auburn Drain and the Green River would receive stormwater runoff from the additional 
impervious surfaces associated with the extension of I Street, culvert removal and replacement, 
and Watercourse K relocation and realignment. The proposed action would add approximately 
19.5 acres of PGIS draining into Watercourse K. Due to the site characteristics appropriate 
stormwater management BMPs described in Ecology’s 2014 SWMMWW were limited 
(described in detail in Section 1.3 Proposed Federal Action). The quantity of stormwater is 
expected to increase as a result of the proposed action because of the increase in impervious 
surfaces and create a mechanistic pathway for increases in higher rates of erosion, sedimentation, 
and transport of pollutants from the surrounding areas.  

Traffic volume is expected to increase as a result of the project and would likely increase with 
population growth over time. Only full infiltration would completely remove all contaminants 
from road runoff, but this treatment method is not physically available at this location. 
Contaminants in road runoff are dominated by vehicle sources including brake friction materials, 
tire wear, and fuel and oil discharges.  

Stormwater runoff occurs following heavy rainfall or snowmelt over impervious surfaces where 
post construction, vehicular, and industrial pollutants are picked up, carried, and deposited into 
aquatic environments (Dressing et al. 2016). Stormwater can discharge at any time of year, with 
the potential to expose individual salmon and steelhead in the action area. Concentration levels 
and toxicity of chemical mixtures are seasonally influenced. First- flush rain events after long 
periods without rain that most typically occur in September in western Washington are expected 
to have extremely high levels of toxic pollutants (Peter et al. 2020). Higher concentrations are 
also expected to occur between March and October in any given year—as there would be more 
dry periods during rain events. However, the occurrence of these events would occur with less 
frequency. In Western Washington, most discharge would occur between October and March, 
concurrent with when the region receives the most rain. Any action that is reasonably certain to 
result in increased urbanization and/or commercial development is expected to lead to a general 
increase in stormwater volume and a corollary decrease in water quality in the surrounding 
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aquatic environments, unless stormwater management and treatment is adequately addressed in 
the proposed action. Effects caused by stormwater runoff are considered long term intermittent 
or episodic effects as they occur during and after rain events for the life of the impervious 
surface. Construction activities that include installing, replacing, or repairing pollution 
generating impervious surfaces (PGIS) provide a pathway for numerous pollutants from diffuse 
sources to be mobilized by stormwater runoff and transported to waterways.  

Modified Fish Passage  
Culvert removal and replacement would result in greater accommodation of high flow events, 
improvements to instream habitat conditions, and increase access to suitable upstream habitat. 
The 12-foot wide concrete box culvert is designed according to Stream Simulation criteria and to 
accommodate stormwater discharge during high flow events. Culvert replacement also includes 
placement of suitable streambed substrate according to Washington State Department of 
Transportation guidelines (WSDOT 2020), which would further enhance fish habitat conditions. 
Improved fish passage and substrate conditions at the project site would benefit fish habitat in 
the long-term with increased access to spawning areas, and improved substrate. These habitat 
benefits occur upstream of designated critical habitat. 

Modified Rearing Habitat  
Large woody debris would be placed in the new Watercourse K channel below the ordinary high 
water mark which would alter habitat and hydraulic conditions in the channel, adding instream 
complexity. Large wood slows down flow which can cause suspended sediments to settle out of 
the water column. Additionally, large wood creates habitat suitable for rearing juvenile fish to 
forage and avoid predators. Over the long-term, the addition of large wood would cause the 
complexity of the stream channel to increase and consequently improve fish habitat conditions. 
These habitat benefits occur upstream of designated critical habitat. 

Modified Riparian Vegetation 
Upon completion of the channel fill and relocation effort, noxious weeds would be removed 
from the riparian area surrounding the new channel and would be replanted with fast growing 
native trees and shrubs to stabilize the newly created stream bank. The new vegetation, once 
established, would provide shade for the new stream channel while improving longevity of the 
channel. Additionally, once mature, the riparian vegetation would create new habitat for juvenile 
fish along the stream margins as well as provide organic inputs to the stream, which would 
enhance forage opportunities for rearing juveniles. This habitat benefit occurs upstream of 
critical habitat. 

2.4.2. Effects of the Action on Critical Habitat 

Critical habitat for PS Chinook salmon and PS steelhead is designated in the mainstem Green 
River approximately 1 river mile downstream from the project site. Critical habitat for PS 
steelhead is also designated about 500 feet upstream in Auburn Drain (Figure 9). Critical habitat 
is not designated for either species directly within the project footprint. So impacts from the 
project that are likely to impact critical habitat would be limited to effects that are transported 
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downstream. Specific effects include long-term degradation of water quality from an increase in 
impervious surfaces and stormwater volume.  

Enduring Effects to Water Quality 
Stormwater discharges are likely to transport contaminants to designated critical habitat for both 
species, and multiple pollutants found in stormwater (Table 3) would degrade water quality, a 
feature of designated critical habitat for both ESA listed salmonids in the freshwater 
environment12. Contaminants in stormwater can be transported far from the point of delivery 
either dissolved in solution, attached to suspended sediments, or through bioaccumulation. Water 
currents may transport contaminants that are in solution or bound to suspended sediment far 
downstream, to estuaries and the ocean. Contaminants bound to solids typically settle on 
substrates, where some are buried by sedimentation and sequestered to deep sediments away 
from most aquatic biota. Wind waves, water currents, and changing water levels erode substrates 
and resuspend contaminated sediments that are then transported farther downstream (Johnson et 
al. 2005). Sedimentation of contaminated material occurs in habitats with slower currents (wider 
or deeper sections of channel, reservoir backwaters, coves, and shorelines). In soil, sediments, 
and water, various metals and changes in oxygen, pH, and temperature can alter toxicity, binding 
properties, volatility, and degradation patterns and persistence of contaminants (Johnson et al. 
2005). Metals especially serve as redox catalysts, chelating or binding other contaminants or 
eluting them from their bound state. Benthic prey communities can accumulate body load of 
contaminants from contaminated sediments. 

This effect of stormwater discharge and the anticipated array of constituent pollutants, because it 
is a long term modification with multiple episodes of load each year, is likely to diminish the 
water quality and indirectly diminish the quantity and quality forage reducing the role of each in 
the action area for rearing or migration of either species (survival, growth, maturation, 
development, and downstream movement of juveniles). 

2.4.3. Effects of the Action on Listed Species 

Period of Exposure and Species Presence 
Listed PS Chinook salmon and PS steelhead may not be exposed to all effects of the proposed 
action. Timing of work when some of the streams sections may be dry, (and if not dry, removal 
or exclusion of fish from the project site) reduces the likelihood of exposure to suspended 
sediment.  

12 Habitat area of particular concern (HAPC). 
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Table 4.  Expected presence of listed species and lifestages in the action area relative to the 
in-water work window (IWWW).  

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
In-water work 

F. Chinook Adult Migration 
Juvenile Migration 

W. Steelhead 

S. Steelhead 

Juvenile Migration 
Adult Migration 

Juvenile Migration 

Puget Sound Chinook Salmon – Green River Population 
Juvenile PS Chinook salmon generally emigrate from freshwater natal areas to estuarine and 
nearshore habitats from January to April as fry, and from April through early July as larger sub-
yearlings. The proposed in-water work window is July 16 through September 30 when 
conditions are expected to dry and avoids peak juvenile Chinook salmon outmigration timing. 
However, we cannot rule out that juvenile Chinook may be residing in Watercourse K if flow is 
maintained through the summer at the start of construction.  

Adult Chinook salmon typically enter the Duwamish River from mid-June through October. 
Many adults hold in the lower river until early fall when river conditions are more favorable; 
adults typically move upstream to spawning grounds in the Upper Green River basin following 
autumn rains. Given the timing of adult migration, it is possible that adult Chinook salmon may 
be present in the Green River downstream of the Auburn Drain confluence during the work 
window.  

Puget Sound Steelhead – Green River Population 
Washington Department of Fish and Wildlife (WDFW) data indicates occurrences of both 
summer and winter-run steelhead stocks in the Green/Duwamish Rivers. Green/Duwamish River 
adult summer steelhead enter the river from the Puget Sound from April to October and migrate 
to the upper Green River to spawn. Winter steelhead migrate upstream between November and 
May. Summer steelhead typically spawn from the end of January through March while winter 
fish spawn from late February through June. Similar to Chinook salmon, the action area does not 
currently provide any spawning habitat for steelhead. Puget Sound steelhead typically emigrate 
from natal streams in April and May, and appear to move directly out into the ocean to rear, 
spending little time in the nearshore or estuarine zones (Goetz et al. 2015). Juvenile and adult 
steelhead are unlikely to be in the action area during the work window and are thus unlikely to be 
exposed to the short-term construction impacts. While it is unlikely, we cannot rule out the 
possibility that juvenile steelhead may be rearing in immediate construction area if flow 
conditions are adequate.  
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Short-term effects associated with fish handling and exclusion are expected to occur at the 
beginning of the work window prior to construction commencing. Long-term effects associated 
with stormwater runoff are expected to occur episodically on an annual basis.  

Fish Handling and Exclusion Activities 
Prior to filling the current Watercourse K channel, a biologist would survey the area and 
determine if fish are present. If present, fish would be removed and relocated downstream to a 
more suitable location. Capture and handling induced stress can increase plasma levels of 
cortisol and glucose, decrease growth, decrease reproductive capabilities, increase vulnerability 
to predation, and increase the likelihood of mortality. Electrofishing significantly increases the 
chance of harm, injury, or mortality. Given that the likelihood of Watercourse K having very 
little flow is high, any fish that are residing in the channel would likely be experiencing high 
levels of stress from low water levels, poor dissolved oxygen, and high temperatures. This would 
amplify the negative effects of capturing, handling, and transporting fish. We advise the Corps 
and the applicant to utilize non-invasive capture techniques such as dip netting or seining and 
transport fish using tanks equipped with oxygen regulation technology. It is highly likely that if 
fish are handled, injury and/or mortality would occur among a portion of the individuals 
captured. While we acknowledge and agree with the Corps that the likelihood of encountering 
PS Chinook salmon or PS steelhead during exclusion and relocation efforts is low, we cannot, 
based on the best available science and data rule out the possibility that listed fish would be 
captured and handled; handling even a small number of handled PS Chinook salmon or PS 
steelhead would constitute an adverse effect, even with the handling is intended to reduce 
exposure to other adverse exposures. If the stream is wet and juvenile fish are present at the time 
of work, any juvenile fish that cannot be successfully captured and removed because they are 
undetected (i.e. juveniles may burrow to avoid capture) would be killed when dewatering and 
filling of the channel occurs.  

Response to Water Quality Impacts 
Listed fish species are unlikely to be adversely affected in the short-term by the proposed 
construction effects to water quality because of the construction BMPs, work-site isolation, and 
fish exclusion components included in the proposed action. Prior to construction, if fish are 
observed in the channel of Watercourse K then they would be captured and relocated 
downstream. The channel would then be isolated using sandbag dams at the up and downstream 
ends to prevent sediment from being transported downstream during channel fill and relocation. 
These measures would prevent exposing listed PS Chinook salmon and PS steelhead to 
temporary effects of the construction.  

Conversely, we do expect degraded water quality stemming from stormwater runoff generated 
by the PGIS installed as part of the project to adversely affect listed fish species. Specifically, the 
project would increase PGIS and upgrade stormwater treatment facilities. However, given recent 
scientific findings, despite the proposed stormwater treatment plan (described in section 1.3 
Proposed Federal Action) fish would still be exposed to harmful pollutants such as PAHs, heavy 
metals such as copper, zinc, or cadmium, and other vehicle related toxins (e.g., 6PPD-quinone), 
following storm events. Furthermore, we cannot predict the number of fish that would be 
exposed to these chemicals annually as the numbers of each species within the action area 
(Watercourse K, Auburn Drain, and Green River) would vary year to year. Because the site 
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characteristics preclude infiltrating 100% of PGIS stormwater runoff (see section 1.3 Proposed 
Federal Action), we expect fish to be exposed to toxic contaminants for the life of the project.  

In turn, aquatic organisms including ESA-listed fish and marine mammals may accumulate 
contaminants by direct contact in water and sediments, ventilation in water, or ingestion of 
contaminated plankton, invertebrates, detritus, or sediment. The intensity of effects largely 
depends on the pollutant, its concentration, and the duration of exposure. Pollutants can have 
individual as well as synergistic and additive effects on exposed species. Responses can range 
from behavioral changes, to injury or to death, depending on the contaminant and concentration. 

Stormwater runoff is certain to continue to deliver toxic and potentially lethal contaminants from 
urban and rural areas if left untreated, degrading water quality, a feature of designated critical 
habitat all ESA listed species, serving multiple conservation values depending on location (e.g., 
for salmonids - spawning in upstream reaches; rearing and migration lower in the riverine 
system; growth and maturation in estuarine and nearshore areas). Exposure to untreated, and to 
insufficiently treated, stormwater causes adverse effects to ESA-listed salmonids. Similarly, prey 
communities in fresh and estuarine waters are an additional feature of designated critical habitat 
that can be impaired by stormwater; prey communities exposed to the various contaminants in 
stormwater may be reduced in quantity, composition, and in quality if they accumulate toxins. 
This creates a second, indirect pathway of exposure among ESA-listed species. 

The incremental addition of small amounts of these pollutants over time are a source of adverse 
effects to salmon and steelhead, even when the source load cannot be distinguished from ambient 
levels; many pollutants common in stormwater bioaccumulate in the tissues of aquatic organisms 
and in benthic sediments and over time can cause a variety of lethal and sublethal effects (Hecht 
et al. 2007). Repeated and chronic exposures, even at very low levels, are likely to injure or kill 
individual fish, by themselves and through synergistic interactions with other contaminants 
already present in the water (Baldwin et al. 2009; Feist et al. 2011; Hicken et al. 2011; 
Spromberg and Meador 2006; Spromberg and Scholz 2011).  

In an examination of effect on juvenile salmon, McIntyre et al (2015) exposed sub yearling coho 
salmon to urban stormwater. One hundred percent of the juveniles exposed to untreated highway 
runoff died within 12 hours of exposure. McIntyre et al (2018) later examined the prespawn 
mortality rate of adult coho salmon exposed to urban stormwater runoff. In their experiments one 
hundred percent of coho salmon exposed to stormwater mixtures expressed abnormal behavior 
(lethargy, surface respiration, loss of equilibrium, and immobility) within 2 to 6 hours after 
exposure. Recent studies have shown that coho salmon show high rates of pre-spawning 
mortality when exposed to chemicals that leach from tires (McIntyre et al. 2015). Researchers 
have recently identified a tire rubber antioxidant (6 ppd quinone) as the cause (Tian et al. 2020), 
and dilution does not appear to reduce toxicity. Although Chinook salmon and steelhead did not 
experience the same level of mortality, tire leachate is still a health concern for all salmonids and 
more research is needed to determine toxicity across Pacific salmon species. Vehicle residue also 
contains many unregulated toxic chemicals such as pharmaceuticals, PAHs, fire retardants, and 
emissions that have been linked to deformities, injury and/or death of salmonids and other fish 
(Trudeau 2017; Young et al. 2018). 
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Several large classes of nearly ubiquitous environmental pollutants, including certain polycyclic 
aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and dioxins are known to be 
cardiotoxic to fish early life stages. Tricyclic PAHs derived from a wide variety of 
environmental sources can initiate several cardiotoxicity-based adverse outcome pathways 
(AOPs), and these have been characterized in a variety of laboratory and wild fish species. These 
effects range from outright embryonic heart failure and mortality at relative high PAH exposures 
(Adams et al., 2014a,b; Esbaugh et al., 2016; Incardona et al., 2014, 2013; Jung et al., 2013, 
2015; Madison et al., 2015; Martin et al., 2014; McIntyre et al., 2016a,b; Sørhus et al., 2015), to 
more subtle effects on heart shape and delayed impacts on cardiovascular performance at lower 
concentrations (Hicken et al., 2011; Incardona et al., 2015). These latter, protracted physiological 
impacts likely contributed to the delayed mortality and poor population recruitment previously 
observed both in (1) mark-recapture studies with pink salmon (Oncorhynchus gorbuscha) 
exposed to crude oil during embryogenesis (Heintz, 2007; Heintz et al., 2000) and (2) the losses 
of wild pink salmon spawned in shoreline habitats that were oiled in the aftermath of the 1989 
Exxon Valdez disaster (Rice et al., 2001; Incardona, and Scholz 2016) 

PCB’s, PBDE’s, and PAH’s tare lipophilic and bioaccumulate in the tissues of organisms, 
particularly those at the top of trophic food chains such as salmonids or marine mammals. 
Increased levels of PAHs, oils, and other contaminants are widely dispersed in stormwater 
originating from roads and other impervious surfaces associated with high vehicle use. PAHs can 
have detrimental effects at very low levels of exposure either directly or indirectly through the 
consumption of contaminated prey or exposure to contaminants in the water column. This would 
impair the value of critical habitat for growth and maturation of PS Chinook salmon and PS 
steelhead. Environmental and biological accumulation of these chemicals can result in adverse 
long-term ecosystem impacts including altering species behavior, reproduction, and growth.  

There are two pathways for PAH exposure to listed fish species in the action area, direct uptake 
through the gills and dietary exposure (Lee and Dobbs 1972; Neff et al. 1976; Karrow et al. 
1999; Varanasi et al. 1993; Meador et al. 2006; McCain et al. 1990; Roubal et al. 1977). Fish 
rapidly uptake PAHs through their gills and food but also efficiently remove them from their 
body tissues (Lee and Dobbs 1972; Neff et al. 1976). Juvenile Chinook salmon prey, including 
amphipods and copepods, uptake PAHs from contaminated sediments (Landrum and Scavia 
1983; Landrum et al. 1984; Neff 1982). Varanasi et al. (1993) found high levels of PAHs in the 
stomach contents of juvenile Chinook salmon in the Duwamish estuary. The primary response of 
exposed salmonids, from both uptake through their gills and dietary exposure, are 
immunosuppression and reduced growth. Karrow et al. (1999) characterized the immunotoxicity 
of creosote to rainbow trout (O. mykiss) and reported a lowest observable effect concentration 
for total PAHs of 17 μg/l. Varanasi et al. (1993) found greater immune dysfunction, reduced 
growth, and increased mortality compared to control fish. In order to isolate the effects of dietary 
exposure of PAHs on juvenile Chinook salmon, Meador et al. (2006) fed a mixture of PAHs 
intended to mimic those found by Varanasi et al. (1993) in the stomach contents of field-
collected fish. These fish showed reduced growth compared to the control fish. Of the listed fish 
exposed to PAHs and other contaminants, all are likely to have some degree of 
immunosuppression and reduced growth, which, generally, increases the risk of death. 
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Heavy metals can have a range of acute and chronic physiological and behavior effects on fish. 
Recent literature demonstrates that exposure to stormwater pollutants such as petroleum-based 
hydrocarbons and metals can affects salmonids, with effects ranging from avoidance to mortality 
depending on the pollutant and its concentrations (Feist et al. 2011; Gobel et al. 2007; Mcintyre 
et al. 2012; Meadore et al. 2006; Sandahl et al. 2007; Spromberg et al. 2015) Copper from 
automobiles is one of the most common heavy metals contaminating stormwater. Sandhal et al. 
(2007) showed that copper concentration as low as 2 micrograms per liter can significantly 
impair the olfactory system of salmonids and hinder their predator avoidance behavior. Predator 
avoidance impairment is likely to increase the rate of predation. Thus any fish that occupy or 
attempt to occupy the action area during times when rainfall is significant would likely 
experience diminishment of predator avoidance ability and would be at greater risk of predation. 

We cannot estimate the number of individuals that would experience adverse effects from 
exposure to stormwater with any meaningful level of accuracy. We cannot predict the number or 
duration of each pulse of discharge events, nor the number of individual fish that would be 
exposed during those events. Furthermore, not all exposed individuals would experience 
immediate adverse effects. We expect that every year some individuals PS Chinook (juvenile and 
adult) and PS steelhead (juvenile and adult) would experience sublethal effects such as stress and 
reduced prey consumption, some may respond with avoidance behaviors that disrupt feeding and 
migratory behavior, and some experience reduced growth, impairment of essential behaviors 
related to successful rearing and migration, cellular trauma, physiological trauma, reproductive 
failure, and mortality. As described in section 2.4.2 Effects of the Action on Critical Habitat 
stormwater would be treated using a modular wetland system, which, depending on influent 
concentration, would not remove all pollutants or reduce loads to zero. Since we do not know 
pollutant concentrations in stormwater originating from the project and we cannot estimate the 
reduction in pollutant load following treatment, we expect, even after treatment that individual 
fish would be exposed to toxic stormwater, within Watercourse K, Auburn Drain, and the Green 
River.  

Response to Improved Passage, Rearing Habitat, and Riparian Conditions 
The proposed action would improve fish passage, and instream complexity with the addition of 
large wood, and riparian vegetation, relative to current conditions. The two removed culverts 
would be replaced with a concrete stream simulation compliant box culvert, which would benefit 
fish by allowing for upstream movement and allowing fish to utilize any additional habitat that 
exists upstream. Additionally, the new culvert would more effectively convey water and debris 
during high events. Further, the addition of suitable stream substrate and large wood would limit 
the amount of erosion and channelization while creating high quality habitat for juvenile salmon 
and steelhead to avoid predation and take refuge during high flow events.  

These actions, along with planting the riparian and upland areas of the new channel with native 
trees and shrubs, would benefit PS Chinook salmon and PS steelhead utilizing Watercourse K in 
several ways including stabilizing the stream banks, adding organic material, cooling the water 
by providing shade, and creating cover for juvenile fish along the stream margins. Upland and 
riparian trees may also, over time deliver large wood to the stream channel creating additional 
habitat for juvenile salmonids. These elements of the proposed action would improve habitat 
conditions over the long term and provide an overall net benefit to listed fish species by 
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improving growth and fitness of juvenile fish, and potentially increasing access to additional 
spawning areas among adult fish.  

Summary of Effects to Species 
Listed species would be affected by the proposed action in the short and long-term. If fish are 
present in the channel prior to construction they would be captured and transported downstream 
resulting in adverse effects to individual fish in one cohort. Adverse effects of stormwater though 
minimized via extensive stormwater treatment, would not be completely eliminated, therefore 
water quality would be adversely affected by stormwater runoff and would in turn adversely 
affect many individual listed fish species from many cohorts over time, through exposure to 
toxic pollutants. Culvert removal and replacement and riparian planting would improve habitat 
conditions benefit juvenile fish utilizing Watercourse K, and this benefit would accrue to many 
individual fish of many cohorts over time.  

Effects to Population Viability 
We assess the importance of habitat effects in the action area to the species by examining the 
relevance of those effects to the characteristics of VSP. The characteristics of VSPs are sufficient 
abundance, population growth rate (productivity), spatial structure, and diversity. While these 
characteristics are described as unique components of population dynamics, each characteristic 
exerts significant influence on the others. For example, declining abundance can reduce spatial 
structure of a population; and when habitats are less varied, then diversity among the population 
declines. We expect a temporary negative effect from the proposed action on the survival of 
juvenile PS Chinook salmon and juvenile PS steelhead. We expect populations from the 
Green/Duwamish River basin to be present in the action area and impacted by the proposed 
action.  

Abundance: The specific amount of death, injury, or reduction in fitness of individual fish cannot 
be estimated, from either temporary or long term adverse effects, with the exception of fish 
handling. The long term adverse effects are contemporaneous with beneficial effects, so over the 
long term effects to individual fishes from the proposed action would not appreciably alter 
population level characteristics of Green River Chinook salmon or steelhead populations in the 
action area.  

Productivity: Productivity could increase over the long-term once construction is complete due to 
a slight increase in accessible habitat upstream of the new culvert, however this could be 
nullified by reductions in fitness of fish when they are downstream of the culvert, exposed to the 
contaminants in stormwater. The resulting slight increase in habitat area is could slightly increase 
PS Chinook salmon and PS steelhead productivity and carrying capacity by creating more 
rearing habitat.  

Spatial Structure: Despite the access to additional upstream areas, we do not expect the proposed 
project to significantly alter the spatial structure of the PS Chinook salmon ESU or PS steelhead 
DPS.  

Diversity: We do not expect the proposed project to impact the diversity of the PS Chinook 
salmon ESU or PS steelhead DPS.  
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2.5. Cumulative Effects 

“Cumulative effects” are those effects of future state or private activities, not involving federal 
activities, that are reasonably certain to occur within the action area of the federal action subject 
to consultation (50 CFR 402.02 and 402.17(a)). Future federal actions that are unrelated to the 
proposed action are not considered in this section because they require separate consultation 
pursuant to section 7 of the ESA. 

Some continuing non-federal activities are reasonably certain to contribute to climate effects 
within the action area. However, it is difficult if not impossible to distinguish between the action 
area’s future environmental conditions caused by global climate change that are properly part of 
the environmental baseline vs. cumulative effects. The project is an infrastructure project that is 
expected to last for several decades. Climate change effects described as a baseline condition in 
section 2.3 are expected to increase over that time.  Anticipated climate effects on abundance and 
distribution of PS Chinook salmon and PS steelhead include a wide variety of climate impacts. The 
greatest risks would likely occur during incubation, when eggs are vulnerable to high mortality due 
to increased flooding and variability in seasonal flow (Ward et al. 2015). Crozier et al. (2019) 
identified early life stages such as incubating eggs as highly sensitive when exposed to more variable 
hydrologic regimes. Crozier et al (2019) also predicted that 8% of spawning habitat would change 
from snow-dominated to transitional, and 16% would change from transitional to rain-dominated. 
These projections suggest that winter flooding would become more common, directly affecting 
incubating eggs. Stream temperature ranks high in the extent of change expected, which could 
increase pre-spawn mortality in low-elevation tributaries (Cristea and Burges 2010). Rising 
temperatures during late spring and summer may also impact Chinook salmon juveniles in estuary 
and riverine habitats. Most Puget Sound estuaries already surpass optimal summer rearing 
temperatures, and the expectation of additional warming would further degrade already degraded 
habitat (Crozier et al 2019, Appendix S3). 

The current condition of ESA-listed species and designated critical habitat within the action area 
are described in the Status of the Species and Critical Habitat (2.2) and the Environmental 
Baseline (2.3) sections above. The contribution of non-federal activities to those conditions 
include past and on-going forest management, agriculture, urbanization, road construction, water 
development, and restoration activities in the action area. Those actions are driven by a 
combination of economic conditions that characterized traditional natural resource-based 
industries, general resource demands associated with settlement of local and regional population 
centers, and the efforts of conservation groups dedicated to restoration and use of natural 
amenities, such as cultural inspiration and recreational experiences. 

NMFS is unaware of any specific future non-federal activities that are reasonably certain to 
affect the action area. However, NMFS is reasonably certain that future non-federal actions such 
as those previously mentioned are all likely to continue and increase in the future as the human 
population continues to grow across the region. Continued habitat loss and degradation of water 
quality from development and chronic low-level inputs of non-point source pollutants will likely 
continue into the future as population projections suggest that human numbers in the greater 
Puget Sound region will increase by two million in the next 30 years (Levin 2020; PSRC 2018). 
The effects of climate change may also intensify the consequences of water quality effects 



WCRO-2020-02915 -70- 

associated with human population growth, as shifting acidity, salinity, and water temperatures 
modify food both bioaccumulation and food webs (Alava et al. 2018). 

As mentioned above, human populations are expected to increase within the Puget Sound region, 
and if population growth trends remain relatively consistent with recent trends, we can anticipate 
future growth at approximately 1.5 percent per year.  The human population in the PS region 
increased from about 1.29 million people in 1950 to about 3.84 million in 2014, and is expected 
to reach nearly 5 million by 2040 (Puget Sound Regional Council 2020). As of the date of this 
Opinion, the human population in the Puget Sound Region is roughly 4.2 million, slightly 
exceeding projections. Thus, future private and public development actions are reasonably 
certain to continue in and around Puget Sound. As the human population continues to grow, 
demand for agricultural, commercial, and residential development and supporting public 
infrastructure is also reasonably certain to grow. We believe the majority of environmental 
effects related to future growth will be linked to these activities, in particular land clearing, 
associated land-use changes (i.e., from forest to impervious, lawn or pasture), increased 
impervious surface, and related contributions of contaminants to area waters. Land use changes 
and development of the built environment that are detrimental to salmonid habitats are 
reasonably certain to continue under existing regulations. Though the existing regulations 
minimize future potential adverse effects on salmon habitat, as currently constructed and 
implemented, they still allow systemic, incremental, additive degradation to occur. 

The intensity of these influences depends on many social and economic factors, and therefore is 
difficult to predict. Further, the adoption of more environmentally acceptable practices and 
standards may gradually reduce some negative environmental impacts over time. Interest in 
restoration activities has increased as environmental awareness rises among the public. State, 
tribal, and local governments have developed plans and initiatives to benefit ESA-listed PS 
Chinook salmon and PS steelhead within many Puget Sound watersheds. However, the 
implementation of plans, initiatives, and specific restoration projects are often subject to 
political, legislative, and fiscal challenges that increase the uncertainty of their success. 

The cumulative effects associated with continued development in the action area are reasonably 
certain to have ongoing adverse effects on the populations of listed species addressed in this 
Opinion. Only improved, low-impact development actions together with increased numbers of 
restoration actions, watershed planning, and recovery plan implementation would be able to 
address growth related impacts into the future. To the extent that non-federal recovery actions 
are implemented and offset ongoing development actions, adverse cumulative effects may be 
minimized, but will probably not be completely avoided. 

2.6. Integration and Synthesis 

The Integration and Synthesis section is the final step in our assessment of the risk posed to 
species and critical habitat as a result of implementing the proposed action. In this section, we 
add the effects of the action (Section 2.5) to the environmental baseline (Section 2.4) and the 
cumulative effects (Section 2.6), taking into account the status of the species and critical habitat 
(Section 2.2), to formulate the agency’s biological opinion as to whether the proposed action is 
likely to: (1) Reduce appreciably the likelihood of both the survival and recovery of a listed 
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species in the wild by reducing its numbers, reproduction, or distribution; or (2) appreciably 
diminish the value of designated or proposed critical habitat as a whole for the conservation of 
the species.  

Status: The two species of ESA-listed fish addressed in this Opinion that are likely to be 
adversely affected by this proposed action are listed as threatened, based on low abundance and 
productivity, and reductions in spatial structure and diversity. Many of the same listing factors 
and limiting factors affect both salmon and steelhead, including loss and degradation of 
important habitats (e.g., spawning areas, off channel and side channel rearing areas). Many of the 
limiting factors are systemic, affecting critical habitat negatively, even in areas with high 
conservation value. 

Baseline: Similar to areas designated as critical habitat, the environmental baseline within the 
action area has been degraded by the multiple effects of urbanization, agriculture, forestry, water 
diversion, and road building and maintenance.  

Cumulative effects: The most significant cumulative effects are from the continued conversion of 
land and intensifying development is stormwater-associated pollutant load, and climate change. 
Given that state and federal laws regulate point and nonpoint discharges, we anticipate that much 
of the new stormwater would be captured and treated, limiting the amount of pollutants 
intermittently entering the stream to low levels; however the additive nature of this perturbation, 
even in small amounts, is expected to be negative over time. Climate change is also expected to 
have a negative effect over time on habitat values. 

Project effects: The effect of the proposed action, when added to the environmental baseline, 
includes both positive and negative, permanent and temporary effects, as described above. The 
timing of work overlaps with the migration of adult and juvenile PS Chinook salmon and PS 
steelhead lifestages in the Green River, but it is unlikely that either lifestage would be in the 
direct footprint of the project during construction. However, given the implications of 
stormwater discharge and delivery of pollutants to the Green River, PS Chinook salmon and PS 
steelhead would be exposed to potentially toxic compounds for the life of the structures. We 
evaluate the addition of the project effects to this baseline, factoring status and these cumulative 
effects, by species and critical habitat, below. 

2.6.1. PS Chinook Salmon 

PS Chinook salmon are currently listed as threatened with generally negative recent trends in 
status. Widespread negative trends in natural-origin spawner abundance across the ESU have 
been observed since 1980. Productivity remains low in most populations, and hatchery-origin 
spawners are present in high fractions in most populations outside of the Skagit watershed. 
Available data now shows that most populations have increased in abundance over the last 
evaluation period (NWFSC 2015; Ford, 2022)(see section 2.2.1 Status of ESA-Listed Fish 
Species). However, most populations are consistently below the spawner-recruit levels identified 
by the recovery plan for this ESU. The population that would be affected by the proposed action 
is Green River fall Chinook salmon. 
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As described in Sections 2.2 and 2.3 Green River fall Chinook salmon abundance have been well 
below recovery goals for the last 20 year and productivity has been negative since the 1970’s. PS 
Chinook salmon were recently evaluated by Ford, 2022) to be at moderate risk of extinction. 
Stormwater impacts to Duwamish/Green River Basin Chinook are likely to negatively affect 
recovery efforts and VSP characteristics of the PS ESU because of the chronic nature of 
exposure to many individuals of this population over time, with the response to the exposure 
generally being latent health effects (reduced fitness). Based on the best available information, 
the scale of the direct and indirect negative effects of the proposed action, when considered in 
combination with the degraded baseline, cumulative effects, and the impacts of climate change, 
would be too diffuse and latent to cause discernible effects on any of the characteristics of a 
viable salmon population (abundance, productivity, distribution, or genetic diversity) Green 
River Fall Chinook salmon.  

Conversely, the number of Chinook salmon currently utilizing Auburn Drain and the 
surrounding tributaries is low due to fish passage issues and low flow conditions and the 
improvements to habitat conditions through riparian planting, culvert replacement, and channel 
restoration are likely to benefit PS Chinook salmon utilizing Auburn Drain. The improvements 
may even increase use by the species in the future, though these effects also are likely to be too 
small to cause detectable change in the abundance, productivity, or other characteristics of a 
viable salmon population. The proposed action would not improve overall flow conditions, but it 
may improve access to areas upstream of the I street road crossing. In summary, when the 
positive and negative effects of the proposed action are considered together, the proposed action 
would not appreciably reduce the numbers, distribution, or reproduction at the population level.  

2.6.2. PS Steelhead 

The long-term abundance trend of the PS steelhead DPS is negative, especially for native-origin 
spawners. The extinction risk for most DIPs is estimated to be moderate to high, and the DPS is 
currently considered “not viable.” Reduced or eliminated accessibility to historically important 
habitat, combined with degraded conditions in available habitat due to land use activities appear 
to be the greatest threats to the recovery of PS steelhead. Fisheries activities also continue to 
impact this species. 

The PS steelhead populations most likely to occur in the project area would be winter and 
summer-run fish from the Duwamish/Green River basin. Adults are typically present in the 
Green River during the winter of their upstream migration and juveniles during the spring and 
early summer of their outmigration. It is possible that some juveniles may utilize Auburn Drain 
and its tributaries to rear. No known spawning habitat exists in or upstream of Auburn Drain. 
When PS steelhead were recently evaluated by Ford (2022) the species was considered to be at 
moderate risk of extinction. The Green, Puyallup, Carbon, and White River winter steelhead 
populations are an integral component to the core MPG of the southern Puget Sound DPS 
(NMFS 2019). The Green, Puyallup, and Nisqually River basins contain important diverse 
stream habitats to support core populations. Current abundance of Green River winter steelhead 
remain well below recovery goals and significant recovery efforts would be needed to attain 
recovery of these populations. Specific measures include reconnecting side channels, wetlands, 
and floodplains, removing bank armoring and reducing confinement throughout the basin.  
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When the project effects are evaluated, similar to Green River Chinook salmon, the proposed 
action does not result in effects that are likely to significantly reduce population’s abundance, 
distribution or reproduction, because negative effects of stormwater and positive effects of 
improved passage and rearing conditions are contemporaneous. 

Species conclusions: Based on the best available information, the scale of the direct and indirect 
effects of the proposed action, when considered in combination with the degraded baseline, 
cumulative effects, and the impacts of climate change, would be too diffuse to cause detectable 
effects on any of the characteristics of a viable salmon population (abundance, productivity, 
distribution, or genetic diversity) for the affected PS steelhead and PS Chinook salmon 
populations, nor the overall DPS or ESU. Therefore, the proposed action would not appreciably 
reduce the likelihood of survival and recovery of this listed species and may in fact benefit 
survival and recovery of the species over the long term. 

2.6.3. Salmon and Steelhead Critical Habitat 

PS Chinook salmon and PS steelhead critical habitat exists approximately 1.25 miles 
downstream of the project site, but is within the action area based on the downstream effects of 
stormwater. At the designation scale, the quality of PS Chinook salmon and PS steelhead critical 
habitat is generally poor with only a small amount of freshwater habitat remaining in good 
condition. Most freshwater critical habitat for these species is degraded but nonetheless 
maintains a high importance for conservation of the species, based largely on its restoration 
potential, and the essential life history purpose it supports. Degradation of freshwater critical 
habitat quality is a limiting factor for these species. Development of Puget Sound watersheds are 
expected to continue to adversely impact the quality of critical habitat PBFs for PS Chinook 
salmon and PS steelhead, designation wide. 

Thus, the effects of the proposed action, considered with cumulative effects and added to the 
baseline, are likely to be incrementally negative with negative effects accruing in designated 
critical habitat, and positive habitat effects accruing well upstream of critical habitat. In 
summary, the status of critical habitat for PS Chinook salmon and steelhead is poor, the baseline 
conditions are poor, and the project benefits occur upstream of critical habitat designations for 
both species, with negative effects occurring to the water quality PBF through contaminated 
annual episodic stormwater discharge originating from the project’s new impervious surfaces. 
While these effects are both negative, and chronic, the slight reduction in water quality and prey 
conditions for juvenile salmonid growth, maturation, and fitness are latent and diffuse, and does 
not appreciably reduce the conservation role of the critical habitat at the ESU or DPS scale. 

2.7. Conclusion 

After reviewing and analyzing the current status of the listed species, the environmental baseline 
within the action area, the effects of the proposed action, any effects of actions caused by the 
proposed action, and cumulative effects, it is NMFS’ opinion that the proposed action is not 
likely to jeopardize the continued existence of PS Chinook salmon or PS steelhead nor is it likely 
to destroy or adversely modify designated critical habitat for PS Chinook salmon or PS 
steelhead.  
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2.8. Incidental Take Statement 

Section 9 of the ESA and Federal regulations pursuant to section 4(d) of the ESA prohibit the 
take of endangered and threatened species, respectively, without a special exemption. “Take” is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt 
to engage in any such conduct. “Harm” is further defined by regulation to include significant 
habitat modification or degradation that actually kills or injures fish or wildlife by significantly 
impairing essential behavioral patterns, including breeding, spawning, rearing, migrating, 
feeding, or sheltering (50 CFR 222.102). “Incidental take” is defined by regulation as takings 
that result from, but are not the purpose of, carrying out an otherwise lawful activity conducted 
by the Federal agency or applicant (50 CFR 402.02). Section 7(b)(4) and section 7(o)(2) provide 
that taking that is incidental to an otherwise lawful agency action is not considered to be 
prohibited taking under the ESA if that action is performed in compliance with the terms and 
conditions of this incidental take statement (ITS). 

2.8.1. Amount or Extent of Take 

In the biological opinion, NMFS determined that incidental take is reasonably certain to occur as 
follows: 

• Harm of juvenile PS Chinook salmon and PS steelhead from exposure to polluted 
stormwater discharge. 

• Capture, including injury or death from handling for exclusion from the work site. 

With the exception of fish exclusion and relocation, NMFS cannot predict with meaningful 
accuracy the number of fishes that are reasonably certain to be injured or killed by exposure to 
any of these stressors. The distribution and abundance of the fish that occur within an action area 
are affected by spawning success in upstream and adjacent areas, habitat quality, competition, 
predation, and the interaction of processes that influence population, and environmental 
characteristics. These biotic and environmental processes interact in ways that may be random or 
directional, and may operate across far broader temporal and spatial scales than are affected by 
the proposed action. Not only is presence (exposure) over time highly variable, but because 
responses are to stormwater are largely chronic and sublethal, we cannot estimate how many fish 
are harmed. NMFS knows of no device or practicable technique that would yield reliable counts 
of individuals that may experience responses. 

In such circumstances NMFS uses the casual link established between the activity and the likely 
extent and duration of changes in habitat conditions to describe the extent of take as a numerical 
level of habitat disturbance. The most appropriate surrogates for take are action-related 
parameters that are directly related to the magnitude of the expected take.  

• The extent of take in the form of harm of juvenile and adult Green River Chinook salmon 
and Green River steelhead from exposure to water quality impairments and consumption 
of contaminated prey exposure is measured as the amount of PGIS at the project site (20 
acres) and the treated discharge from this site. This is a causal measurement, because, if 
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the footprint of impervious surfaces increases at the site, or if the capture of stormwater is 
from less than this area, then load of contaminants will increase, the intensity of exposure 
will increase, and the extent of harm will be exceeded.  

Work area isolation is a conservation measure intended to reduce adverse effects from in-water 
work activities. However, capture is a form of take, and the exclusion and relocation efforts can 
cause injury or death. Due to the uncertainty in potential abundance and density we relied on a 
maximum possible density within the project location, estimating no more than 25 juvenile 
(including smolts) PS Chinook and 25 juvenile (including smolts) PS steelhead that would be 
captured and handled during the isolation and relocation efforts. However, due to the 
intermittenet nature of flow in Watercourse K we expect the likely number of fish handled would 
be much lower. If the number of PS Chinook salmon or PS steelhead captured and handled 
exceeds the above numbers then the amount of take would be exceeded, and the reinitiation 
provisions of this opinion would be triggered and the Corps must notify NMFS within 24 hours 
if work area isolation take is exceeded.  

2.8.2. Effect of the Take 

In the biological opinion, NMFS determined that the amount or extent of anticipated take, 
coupled with other effects of the proposed action, is not likely to result in jeopardy to the species 
or destruction or adverse modification of critical habitat.  

2.8.3. Reasonable and Prudent Measures  

“Reasonable and prudent measures” are measures that are necessary or appropriate to minimize 
the impact of the amount or extent of incidental take (50 CFR 402.02).  

1. The Corps shall instruct the applicant to minimize incidental take of listed species 
resulting from handling, capture, and electrofishing.  

2. The Corps shall instruct the applicant to minimize incidental take associated with long-
term habitat degradation due to stormwater. 

3. The Corps shall instruct the applicant to implement a monitoring and reporting plan to 
confirm that RPM’s are implemented as required and take exemption for the proposed 
action is not exceeded, and that the terms and conditions are effective at minimizing 
incidental take. 

2.8.4. Terms and Conditions 

In order to be exempt from the prohibitions of section 9 of the ESA, the federal action agency 
must comply (or must ensure that any applicant complies) with the following terms and 
conditions. The Corps or any applicant has a continuing duty to monitor the impacts of incidental 
take and must report the progress of the action and its impact on the species as specified in this 
ITS (50 CFR 402.14). If the entity to whom a term and condition is directed does not comply 
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with the following terms and conditions, protective coverage for the proposed action would 
likely lapse.  

1. The following terms and conditions implement RPM 1 (electrofishing, capture and 
handling): 

a. Take all appropriate steps to minimize the amount and duration of handling 
during capture and release operations, including the following: 

i. Corps or applicant fish biologists, their subordinate staff, or certified 
contractors must conduct all fish capture, handling, and electrofishing 
operations, unless otherwise approved in writing by NMFS.  

ii. Conduct a spawner/redd survey prior to starting work to ensure spawning 
adults or redds are not present in the action area.  

iii. Utilize less invasive capture methods before using electrofishing 
equipment. Herding fish using kick nets is a less invasive technique that 
keeps fish in the water.  

iv. If electrofishing is used to capture fish for relocation, NMFS’s 
electrofishing guidelines will be followed (NMFS 2000). Those guidelines 
are available from the NMFS West Coast Region, Protected Resources 
Division, Portland, Oregon.13

v. Do not use seining or electrofishing equipment if water temperatures 
exceed 18ºC, or are expected to rise above 18ºC.  

vi. ESA-listed fish must be handled with extreme care, keeping fish in water 
to the maximum extent possible during seining and transfer procedures to 
prevent the added stress of out-of-water handling.  

vii. Water quality conditions must be adequate in tanks, buckets, or in 
sanctuary nets that hold water to transport fish by providing circulation of 
clean, cold water, using aerators to provide DO, and minimizing holding 
times. DO and temperature should be periodically monitored in transport 
containers.  

viii. Fish must be released into a safe location as quickly as possible, and as 
near as possible to capture sites. 

2. The following terms and conditions implement RPM 2 (stormwater): 
a. Confirm that stormwater treatment measures comport with the 2019 

SWMMWW(Ecology 2019). If updates are needed, provide those in writing to 
NMFS.  

b. Monitor pollutant loads of water discharging from stormwater treatment facilities 
during 1 major storm events before and after project completion. By monitoring 
stormwater prior to treatment and following treatment  effectiveness of BMPs can 
be evaluated. Include the following contaminants: Copper (solid and dissolved), 
zinc (solid and dissolved), PCB, PBDE, PAH, TSS, and nitrogen. See more 
details in term and condition 3, below. 

c. Comply with the conditions of use described in Ecology’s General Use 
Designation for Basic (TSS), Enhanced, and Phosphorous treatment for MWS-

13 https://media.fisheries.noaa.gov/dam-migration/electro2000.pdf 
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Linear Modular Wetland14 which includes installing, maintaining, and monitoring 
per the Ecology guidance.  

d. Provide copies of the projects NPDES permit, SWPPP, and TESCP referenced in 
the proposed action description.  

3. The following terms and conditions implement RPM 3 (monitoring and reporting): 
a. Before work begins, all contractors working on site must receive a complete list 

of Corps permit special conditions, this Biological Opinion’s ITS, including the 
RPMs and terms and conditions intended to minimize the amount and extent of 
take resulting from in-water work. 

b. On the start date of the construction, the Corps shall notify NMFS that 
construction has commenced: This notification should be sent to 
projectreports.wcr@noaa.gov and include:

i. Email subject line: “NOTIFICATION OF START DATE WCRO-2020-
02915” 

ii. Date project construction began 
c. Report to NMFS the total number of PS Chinook salmon and PS steelhead 

encountered, captured, killed, and relocated within 30 days of completing fish 
exclusion and relocation work. This notification should be sent to 
projectreports.wcr@noaa.gov and include: 

i. Email subject line: “NOTIFICATION OF FISH EXCLUSION WORK 
COMPLETED WCRO-2020-02915” 

ii. Date fish exclusion work completed.  
d. Report to NMFS the total pre- and post-project amount of PGIS in acres and the 

net increase in PGIS upon completion of the project. This notification should be 
sent to projectreports.wcr@noaa.gov and include: 

i. Email subject line: “NOTIFICATION OF CONSTRUCTION 
COMPLETION: TOTAL PGIS WCRO-2020-02915” 

ii. Total amount of PGIS prior to construction (acres) 
iii. Total amount of PGIS after construction (acres) 
iv. Total net increase (acres) 

e. Report to NMFS findings from stormwater monitoring described in bullet 2 above 
within 60 days of completing monitoring requirements. Report should include 
contaminant loads and details pertaining to the size and intensity of the storm 
including but not limited to total rainfall and duration. This notification should be 
sent to projectreports.wcr@noaa.gov and include: 

i. Email subject line: “NOTIFICATION OF STORM EVENT WCRO-
2020-02915” 

ii. Date of start and end of storm event.  
iii. Total rainfall. 
iv. Contaminant load in stormwater prior to and following treatment. 

14 https://fortress.wa.gov/ecy/ezshare/wq/tape/use_designations/MWSlinearMODULARwetlandGULD.pdf 

mailto:projectreports.wcr@noaa.gov
mailto:projectreports.wcr@noaa.gov
mailto:projectreports.wcr@noaa.gov
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2.9. Conservation Recommendations  

Section 7(a)(1) of the ESA directs federal agencies to use their authorities to further the purposes 
of the ESA by carrying out conservation programs for the benefit of the threatened and 
endangered species. Specifically, conservation recommendations are suggestions regarding 
discretionary measures to minimize or avoid adverse effects of a proposed action on listed 
species or critical habitat or regarding the development of information (50 CFR 402.02). 

1. The Corps should evaluate appropriate applications for pervious pavement and develop 
guidance for use of pervious pavement, such as adding bicycle lanes and road shoulders. 

2. Design all road crossings for ecological connectivity and ensure culvert designs are sized, 
constructed, and maintained to match the gradient, flow characteristics, and width of the 
stream so as to accommodate flood events at the 100 year flood level. 

3. All new road crossing structures (culverts) should accommodate future increased flows 
(addressing build-out and climate projections).  

2.10. Reinitiation of Consultation  

This concludes formal consultation for the Inland Group culvert replacement, I street extension, 
and Watercourse K realignment and replacement project.  

As 50 CFR 402.16 states, reinitiation of consultation is required and shall be requested by the 
Federal agency or by the Service where discretionary Federal agency involvement or control 
over the action has been retained or is authorized by law and if: (1) The amount or extent of 
incidental taking specified in the ITS is exceeded, (2) new information reveals effects of the 
agency action that may affect listed species or critical habitat in a manner or to an extent not 
considered in this opinion, (3) the identified action is subsequently modified in a manner that 
causes an effect to the listed species or critical habitat that was not considered in the biological  
opinion, or (4) a new species is listed or critical habitat designated that may be affected by the 
action. 

3. MAGNUSON–STEVENS FISHERY CONSERVATION AND MANAGEMENT 
ACT ESSENTIAL FISH HABITAT RESPONSE 

Section 305(b) of the MSA directs Federal agencies to consult with NMFS on all actions or 
proposed actions that may adversely affect EFH. Under the MSA, this consultation is intended to 
promote the conservation of EFH as necessary to support sustainable fisheries and the managed 
species’ contribution to a healthy ecosystem. For the purposes of the MSA, EFH means “those 
waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity”, 
and includes the physical, biological, and chemical properties that are used by fish (50 CFR 
600.10). Adverse effect means any impact that reduces quality or quantity of EFH, and may 
include direct or indirect physical, chemical, or biological alteration of the waters or substrate 
and loss of (or injury to) benthic organisms, prey species and their habitat, and other ecosystem 
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components, if such modifications reduce the quality or quantity of EFH. Adverse effects on 
EFH may result from actions occurring within EFH or outside of it and may include site-specific 
or EFH-wide impacts, including individual, cumulative, or synergistic consequences of actions 
(50 CFR 600.810). Section 305(b) of the MSA also requires NMFS to recommend measures that 
can be taken by the action agency to conserve EFH. Such recommendations may include 
measures to avoid, minimize, mitigate, or otherwise offset the adverse effects of the action on 
EFH (CFR 600.905(b)). 

This analysis is based, in part, on the EFH assessment provided by the Corps and descriptions of 
EFH for Pacific Coast salmon (PFMC 2014) contained in the fishery management plans 
developed by the PFMC and approved by the Secretary of Commerce. 

3.1. Essential Fish Habitat Affected by the Project 

The Pacific Fishery Management Council (PFMC) described and identified EFH for groundfish 
(PFMC 2005), coastal pelagic species (PFMC 1998), and Chinook, coho, and PS pink salmon 
(PFMC 2014). The proposed action and action described in Section 1: Introduction of this 
document includes areas designated as EFH for various lifestages of Chinook and coho salmon. 
Based on the information provided by the Corps and the analysis of the effects included in the 
ESA portion of this document, NMFS concludes that the proposed action would degrade water 
quality conditions causing adverse effects on EFH for Pacific Coast salmon.  

3.2. Adverse Effects on Essential Fish Habitat 

As part of the information included in this consultation, NMFS determined that the action, as 
proposed, would adversely affect EFH designated Chinook and coho salmon. The project would 
discharge stormwater runoff containing PAHs, dissolved and suspended metals, and other 
persistent contaminants of concern into Auburn Drain which drains into the Green River and 
eventually Elliot Bay in the Puget Sound. Contaminants that are dissolved or in suspension, 
while still present in the water, would be indiscernible from background levels by the time the 
water reaches Elliot Bay. These contaminants would affect water, sediment, and prey base within 
freshwater habitat areas. Riverine habitat is also a habitat area of particular concern (HAPC) for 
Pacific salmonids. This HAPC would be adversely affected in the Green River. 

3.3. Essential Fish Habitat Conservation Recommendations 

NMFS determined that the following conservation recommendations are necessary to avoid, 
minimize, mitigate, or otherwise offset the impact of the proposed action on EFH. 

1. Monitor water quality discharges following National Pollutant Discharge Elimination 
System requirements from all discharge points.  

2. Manage stormwater to replicate the natural hydrologic cycle, maintaining natural 
infiltration and runoff rates to the maximum extent practicable.  

3. Properly maintain roadway ditches and associated stormwater collection systems. 
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4. Conduct road maintenance using practices according to the requirements of existing 
NMFS rules, such as the July 2000 ESA 4(d) rule (Protective Regulations) for listed West 
Coast salmon and steelhead (65 FR 42422; July 10, 2000), Limit 10, covering road 
maintenance. Implementing maintenance under these programs avoids exacerbation of 
existing impacts, and protects EFH to the extent that it contributes to the conservation of 
the species.  

5. The Corps and the applicant should provide annual photo documentation of plantings to 
meet term and condition 3, above, for a period of three years following completion of the 
project to show planting survival.  

3.4. Statutory Response Requirement 

As required by section 305(b)(4)(B) of the MSA, the Corps must provide a detailed response in 
writing to NMFS within 30 days after receiving an EFH Conservation Recommendation. Such a 
response must be provided at least 10 days prior to final approval of the action if the response is 
inconsistent with any of NMFS’ EFH Conservation Recommendations unless NMFS and the 
Federal agency have agreed to use alternative time frames for the Federal agency response. The 
response must include a description of the measures proposed by the agency for avoiding, 
minimizing, mitigating, or otherwise offsetting the impact of the activity on EFH. In the case of a 
response that is inconsistent with the Conservation Recommendations, the Federal agency must 
explain its reasons for not following the recommendations, including the scientific justification 
for any disagreements with NMFS over the anticipated effects of the action and the measures 
needed to avoid, minimize, mitigate, or offset such effects (50 CFR 600.920(k)(1)). 

In response to increased oversight of overall EFH program effectiveness by the Office of 
Management and Budget, NMFS established a quarterly reporting requirement to determine how 
many conservation recommendations are provided as part of each EFH consultation and how 
many are adopted by the action agency. Therefore, we ask that in your statutory reply to the EFH 
portion of this consultation, you clearly identify the number of conservation recommendations 
accepted. 

3.5. Supplemental Consultation 

The Corps must reinitiate EFH consultation with NMFS if the proposed action is substantially 
revised in a way that may adversely affect EFH, or if new information becomes available that 
affects the basis for NMFS’ EFH Conservation Recommendations (50 CFR 600.920(l)). 

4. DATA QUALITY ACT DOCUMENTATION AND PRE-DISSEMINATION 
REVIEW 

The Data Quality Act (DQA) specifies three components contributing to the quality of a 
document. They are utility, integrity, and objectivity. This section of the opinion addresses these 
DQA components, documents compliance with the DQA, and certifies that this opinion has 
undergone pre-dissemination review. 
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Utility 

Utility principally refers to ensuring that the information contained in this consultation is helpful, 
serviceable, and beneficial to the intended users. The intended users of this opinion are the Corps 
and the Inland Construction Group. Other interested users could include recreational fishing 
groups, conservation groups, and Treaty Tribes. Individual copies of this opinion were provided 
to the Corps. The document will be available within two weeks at the NOAA Library 
Institutional Repository [https://repository.library.noaa.gov/welcome]. The format and naming 
adheres to conventional standards for style. 

Integrity 

This consultation was completed on a computer system managed by NMFS in accordance with 
relevant information technology security policies and standards set out in Appendix III, ‘Security 
of Automated Information Resources,’ Office of Management and Budget Circular A-130; the 
Computer Security Act; and the Government Information Security Reform Act. 

Objectivity 

Information Product Category: Natural Resource Plan 

Standards: This consultation and supporting documents are clear, concise, complete, and 
unbiased; and were developed using commonly accepted scientific research methods. They 
adhere to published standards including the NMFS ESA Consultation Handbook, ESA 
regulations, 50 CFR 402.01 et seq., and the MSA implementing regulations regarding EFH, 50 
CFR 600. 

Best Available Information: This consultation and supporting documents use the best available 
information, as referenced in the References section. The analyses in this opinion and EFH 
consultation, if applicable contain more background on information sources and quality. 

Referencing: All supporting materials, information, data and analyses are properly referenced, 
consistent with standard scientific referencing style. 

Review Process:  This consultation was drafted by NMFS staff with training in ESA and MSA 
implementation, if applicable, and reviewed in accordance with West Coast Region ESA quality 
control and assurance processes. 

https://repository.library.noaa.gov/welcome
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6. APPENDICES  

Figure A - 1. Distribution of PS steelhead lifestages and associated habitat use in the Duwamish/Lower Green River Basin.  
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Figure A - 2. Distribution of PS Chinook salmon lifestages and associated habitat use in the Duwamish/Lower Green River Basin. 
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