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Chief Regulatory Branch  
U.S. Army Corps of Engineers, Seattle District 
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Re: Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-Stevens 

Fishery Conservation and Management Act Essential Fish Habitat Response for the City 
of Sumner and BNSF White River Restoration Project and Sumner Staging Tracks 
Project (NWS-2020-1140) (HUC6 – 171100) 

 
 
Dear Mr. Tillinger: 
 
Thank you for your letter of May 6, 2021, 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 City of Sumner and BNSF White River 
Restoration Project and Sumner Staging Tracks Project (NWS-2020-1140).  
 
Thank you, also, for your request for consultation pursuant to the essential fish habitat (EFH) 
provisions in Section 305(b) of the Magnuson–Stevens Fishery Conservation and Management 
Act (MSA) (16 U.S.C. 1855(b)) for this action.  
 
The enclosed document contains a biological opinion prepared by NMFS pursuant to section 7 of 
the ESA on the effects of the proposed action. In this opinion, NMFS concludes that the 
proposed action would adversely affect but is not likely to jeopardize the continued existence of 
Puget Sound (PS) Chinook salmon and PS steelhead. NMFS also concludes that the proposed 
action is likely to adversely affect designated critical habitat for PS Chinook salmon and PS 
steelhead but is not likely to result in the destruction or adverse modification of that designated 
critical habitat. This Opinion also documents our rationale and conclusion that the proposed 
action is not likely to adversely affect Southern Resident killer whales or their designated critical 
habitat. 
 
This Opinion includes an incidental take statement (ITS) that describes reasonable and prudent 
measures (RPMs) NMFS considers necessary or appropriate to minimize the incidental take 
associated with this action, and sets forth terms and conditions that the U.S. Army Corps of 
Engineers (Corps) must comply with in order to be exempt from the prohibitions of section 9 of 
the ESA.  
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Section 3 of this document includes our analysis of the action’s likely effects on EFH pursuant to 
Section 305(b) of the MSA. Based on that analysis, the NMFS concluded that the action would 
adversely affect designated freshwater EFH for Pacific Coast Salmon. Therefore, we have 
provided 2 conservation recommendations that can be taken by the USACE to avoid and 
minimize potential adverse effects on EFH.  
 
Section 305(b) (4) (B) of the MSA requires Federal agencies to provide a detailed written 
response to the NMFS within 30 days after receiving this recommendation. If the response is 
inconsistent with the EFH conservation recommendations, the USACE must explain why the 
recommendations will not be followed, including the scientific justification for any 
disagreements over the effects of the action and recommendations. In response to increased 
oversight of overall EFH program effectiveness by the Office of Management and Budget, the 
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 request that in your statutory reply to the EFH portion of this 
consultation you clearly identify the number of conservation recommendations accepted. 
 
Please contact Bonnie Shorin at Bonnie.Shorin@noaa.gov; or Stephanie Ehinger at 
stephanie.ehinger@noaa.gov, if you have any questions concerning this consultation, or if you 
require additional information. 

 
Sincerely, 

Kim W. Kratz, PhD 
Assistant Regional Administrator 
Oregon Washington Coastal Office 

 
cc: David Moore, USACE 
 Doug Beale, City of Sumner 
 Calvin Nutt, BNSF 
 Ellen Garcia, BNSF 
 Jacalen Printz, USACE 
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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.), as amended, and implementing 
regulations at 50 CFR part 402.  
 
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 part 
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 at the NOAA Library Institutional 
Repository [https://repository.library.noaa.gov/welcome]. A complete record of this consultation 
is on file at Oregon Washington Coastal Office in Lacey, Washington. 
 
1.2. Consultation History 

The Corps requested formal consultation on May 6, 2021, for the White River Restoration and 
Sumner Staging Tracks Projects in Sumner, Washington. The Corps endorsed and advanced to 
NMFS the applicant’s (City of Sumner and BNSF) effects determination that the proposed action 
‘may affect, is likely to adversely affect’ listed Puget Sound (PS) Chinook salmon and PS 
steelhead and their designated critical habitats. The Corps also endorsed the applicant’s effect 
determination that the proposed action ‘may affect, but is not likely to adversely affect’ Southern 
Resident killer whales (SRKW). The Corps and applicant provided a Biological Evaluation, 60% 
submittal structural designs, and letters of support from the Puyallup Tribe of Indians, 
Muckleshoot Indian Tribe, Pierce Conservation District, Pierce County, Cascade Water 
Alliance1, and Forterra2. On February 3, 2022, the Corps, NMFS, USFWS, and the applicants 
met virtually to discuss project specifics and answer questions from the Services (NMFS and 
USFWS). On February 17, 2022, NMFS provided a list of questions and a draft description of 
the proposed action to the Corps to review and finalize with the applicant in order for NMFS to 
complete its cursory review. On March 9, 2022, the Corps and the applicant provided written 
responses to the questions posed by NMFS and edits to the draft proposed action description.  On 
May 25, 2022 NMFS received substantial updates to the proposed action including changes to 
the anchor system of the ELJs, related BMPs, and elimination of the previously proposed electric 

                                                 
1 Cascade Water Alliance is a municipal corporation made up of seven municipalities including five cities and two 
water/sewer districts.  
2 Forterra is a 501(c)3 non-profit organization working on conservation issues throughout Washington State.  
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weir to isolate some work areas. NMFS determined information was complete and initiated 
formal consultation with the Corps on May 25, 2022. On June 8, 2022, the applicant proposed an 
extended mixing zone and coordinated approval with the Department of Ecology and NMFS. 
Clarification to the changes extended into August 2022. 
 

 
Figure 1. Image of Table Indicating USACE and NMFS Effects Determinations 

 
On July 5, 2022, the United States District Court for the Northern District of California issued an 
order vacating the 2019 regulations adopting changes to 50 CFR part 402 (84 FR 44976, August 
27, 2019). This consultation was initiated when the 2019 regulations were still in effect. As 
reflected in this document, we are now applying the section 7 regulations that governed prior to 
adoption of the 2019 regulations. For purposes of this consultation, we considered whether the 
substantive analysis and its conclusions regarding the effects of the proposed actions articulated 
in the biological opinion and incidental take statement would be any different under the 2019 
regulations. We have determined that our analysis and conclusions would not be any different. 
 
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 (see 50 CFR 402.02). The Corps is proposing 
to the permit the project under section 404 of the CWA. Under the MSA, “Federal action” means 
any action authorized, funded, or undertaken, or proposed to be authorized, funded, or 
undertaken by a Federal agency (see 50 CFR 600.910). “Interrelated actions” are those that are 
part of a larger action and depend on the larger action for their justification. “Interdependent 
actions” are those that have no independent utility apart from the action under consideration (50 
CFR 402.02).  
 
1.3.1 Project Overview 

The City of Sumner, Washington (City) and BNSF Railway Company (BNSF) are jointly 
proposing environmental restoration and the construction of railroad staging tracks in Sumner, 
Washington. These two projects are considered together in this biological Opinion because 
excavated materials from the restoration project would be used to construct the new BNSF 
staging tracks. The purpose of the restoration component of the project is to improve aquatic 
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habitat and water quality and to reduce flood risk by implementing a river corridor restoration 
project that includes channel and floodplain reconnection efforts. The restoration project would 
restore approximately 203 acres in and along the White River.  
 
The proposed action includes: 

• Construction of ten staging tracks built in parallel to the current tracks along the eastern 
edge of the project area.  

• The 24th Street E railroad crossing would be permanently closed and four existing 
culverts that cross the existing rail line would be lengthened to the width of the proposed 
staging tracks embankment.  

• The existing pedestrian crossing north of Stewart Road SE would also be extended. The 
proposed staging tracks would cross over the Dieringer Tailrace with two bridges.  

• A 750-square foot prefabricated building would be installed at the northern end of the 
staging tracks to power the yard air system and eliminate the need to idle trains while 
staging. The building would have power, hookups through new utility extensions.  

• At the northern end of the project area, north of Lake Tapps Parkway E, retaining walls 
would be constructed to support the tracks. Walls would also be constructed at the south 
end of the project adjacent to 150th Avenue, and in a few other locations along the length 
of the project to avoid impacts to adjacent property and provide vehicle passing and 
turnaround locations along the BNSF access road.  

• Lighting would be installed to illuminate the switches at the north and south ends of the 
project area.  

 
All in-water work, except for cofferdam removal, would occur during the work window of July 1 
to August 31. The in-water work window was developed with input from the Washington 
Department of Fish and Wildlife (WDFW) and the Puyallup Tribal Fisheries. Cofferdam 
removal is proposed and permitted by WDFW from September 1 through November 30, outside 
of the approved in-water work window provided that no sheetpile is removed using a vibratory 
pile driver and turbidity impacts are limited to 300 feet downstream of the active in-water work 
area. 
 
1.3.2 Site Preparation 

Site preparation would occur during the first year of construction and includes staging and 
stockpiling of restoration materials (e.g., large wood, and streambed, planting, and habitat 
materials), construction equipment, and other materials within a 72-acre area at the north end of 
the project site (Figure 1). The staging area is outside of the restoration footprint and would also 
be used for staging, fueling, and maintaining construction equipment. Site preparation would 
also include construction of access points at the following locations:  
 

• Stewart Road from the north, 
• 24th Street E from the east, until 24th Street E crossing is removed, 
• Right-of-way east of the General Dynamics Land Services building from the south, 
• 24th Street E from west to the western revetments, 
• 16th Street from the west to the 3.85 pond revetments. 
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Additionally, improvements to 24th Street E along the White River and temporary closure of the 
Sumner Link Trail on the west side of the White River would be necessary to support 
construction activities.  
 

 
Figure 2. General project area and location of specific project components (Widener & 

Associates 2020).  
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1.3.3 Restoration Project 

The restoration component of the project would include excavating and grading the floodplain, 
installing engineered log jams, complex wood revetments, and large rocks, re-routing the 
Dieringer Tailrace and #9 Ditch, restoring and enhancing main and off channel areas, 
revegetation of riparian and wetland areas, relocating the Sumner Link Trail, and replacing a 
bridge crossing the Dieringer Tailrace.  
 
Floodplain and Channel Restoration 
Floodplain excavation and grading would occur throughout the duration of the project. 
Excavators, scrapers, off-road trucks, and dozers would be used during excavation. In the first 2 
years, approximately 755,482 cubic yards of excavated material would be moved to the staging 
tracks location to build the necessary embankments. After the material for the staging tracks and 
floodplain capacity has been removed, the grading process would occur. A forested berm along 
the northern and portions of the eastern edge of the floodplain grading area would be constructed 
and, in high-risk locations, reinforced with buried rock. The forested berm would provide a 
forested buffer around the restoration site and would be constructed to a height of the existing 
100 year water surface elevation. Lower elevation areas within the floodplain would be graded to 
connect with side channels to prevent any fish from being stranded during high water events. 
Grading around the new side channels would create habitat diversity including floodplain 
wetlands, riparian areas, and upland forested habitat (Figure 2). Upon completion, excavation 
and grading would increase floodplain capacity by approximately 700,000 cubic yards. 
Engineered log jams (ELJ) and wood revetments would be installed as part of the restoration 
effort.  
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Figure 3. Planting plan for the White River restoration and Sumner Staging Tracks projects 

(Widener & Associates 2020).  
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Engineered Logjams 
In total, thirty-one ELJs would be constructed for this project; 13 ELJs would be installed below 
the existing OHWM and 18 would be installed in the floodplain and constructed side channels. 
Three type-1 ELJs would be placed within the White River, located in an array at the upstream 
end of the project. Ten type-2 ELJs would be placed within the White River downstream from 
there, seven along the west bank, and three along the east bank. Additionally, four type-2 ELJs 
would be installed in the graded floodplain area and fourteen type-3 ELJs would be placed along 
the constructed side channels before flow is diverted.  
 
In-water ELJs would be installed in years 2 and 3 and would require work below the OHWM 
and portions of the channel to be dewatered. Before dewatering, fish would be removed and 
relocated and the work area would be fully isolated until installation is completed (see Fish 
Exclusion and Work Area Isolation section below). The isolation area would extend 35-feet 
around each in-water ELJ using gravel super sacks or sheetpiles. Gravel super sacks would be 
placed using a crane or excavator and sheetpile would be installed with a vibratory pile driver. It 
is assumed that three to four of the in-water ELJs, 25-30 percent of the total, would be isolated 
using sheetpile (depending on flow conditions), a length of approximately 225-300 feet. Work 
area isolation installation and decommission is expected to take approximately 4 days per ELJ.  
 
Over the course of the project approximately 3.2 acres of the White River would be isolated for 
in-water ELJ installation, although these isolation areas would not all be in place concurrently. 
Access points and isolation areas would be modified based on river conditions, but the total area 
impacted would not exceed 3.2 acres. One ELJ would be in the middle of the channel in an area 
that is currently a gravel bar. Water may be diverted to the furthest north channel to install the 
ELJ in the center of the White River channel depending on the state of the current gravel bar 
during construction.   
 
All ELJs would include inclined key member logs that span the channel bank into the channel. 
The key member logs and racking material would be woven between buried wooden piles to 
minimize lateral movement. The key member logs and piles would be lashed together with steel 
cable and clamps to ballast the key member logs against buoyant forces. 5/8-inch galvanized 
steel cables would be tensioned to a minimum of 1,000 pounds and secured with at least four 
steel clamps. An excavated pool would accompany each ELJ to provide additional habitat 
complexity. Excavated native alluvium would be placed on the completed ELJ for ballast and to 
facilitate vegetation development. 
 
After evaluation of risks and benefits, the project proposes to use cables rather than threaded rods 
to anchor the logs. Reasons include that threaded rod reduces log strength and increases the 
speed and amount of wood rot. To increase duration of structural integrity of key wood 
members, cable was chosen and best management practices developed to avoid the common 
risks associated with anchoring logs with cables.   
 
Best management practices proposed are: 

• The City of Sumner will perform visual monitoring of the log structures once every two 
years to identify any issues with the cable lashings.  

• If a cable lashing fully or partially fails, the City would cut or remove exposed cable.  
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• Fraying cable ends would not be allowed to remain in the water and cables which 
partially tether logs that would pose a risk to the overall wood structure or channel bank 
would be cut and all exposed cabling removed.  

• Cables which loosen over time, but are not frayed or tethering floating wood and pose no 
threat to structure stability would remain in place to avoid unnecessary disturbance to the 
bank. 

 
A total of 14, 21-23-inch timber piles would be driven to secure each type-1 ELJ (Table 1); 10, 
21-23-inch timber piles would secure each type-2 ELJ; and 6, 17-18-inch timber piles would 
secure each type-3 ELJ. Piles would be driven to a depth of 20 to 50 feet below the substrate, 
depending on structure type. Vibratory pile driving would be used as much as possible and 
impact driving would be used when necessary. For this Opinion, we assume all piles would 
require impact driving. A total of 182, 21-23- inch piles would be driven for Type-1 and -2 ELJs, 
with 117 of them below the existing OHWM. A total of 84, 16-18 inch piles would be driven for 
Type-3 ELJs, with none below existing OHWM. All timber piles installed below the existing 
OHWM would be driven in completely isolated dry conditions3. 
 
Pile driving would occur for up to 10-hours a day, 5 days per week during the in-water work 
window (July 1-August 31). Cofferdam installation and removal during the in-water work 
window would create turbidity impacts limited to 1,000 feet downstream of the project area. 
Cofferdam removal is permitted outside of the approved in-water work window provided that no 
sheetpile is removed using a vibratory pile driver and turbidity impacts are limited to 300 feet 
downstream of the active in-water work area.  
 
Table 1. Total number of timber piles to be installed with engineered log jams.  

 Timber Pile Size  
Structure (n) 16-18” 21-23” Total 
ELJ Type 1 (3) 0 42 42 

ELJ Type 2 (14) 0 140 140 
ELJ Type 3 (14) 84 0 84 

Total 84 182 266 

 
In-Water Complex Wood Revetments 
In total, approximately 6,800 linear feet of complex wood revetments would be installed as part 
of the restoration project; approximately 2,600 linear feet would be installed in the existing 
channel. Two types of revetments would be installed: dolos-timber and batterpile.  
 
Dolos-timber revetments would be constructed with 22-26-inch diameter base logs, 21-23-inch 
diameter timber piles, dolosse4, 6-12-inch diameter racking logs, and cable lashing. Dolos-timber 
revetment placement areas would be excavated to place the base and racking logs along and 
selectively into the bank. Timber piles and dolosse would be used to secure the dolos-timber 
                                                 
3 Email from David J. Moore, USACE, on Monday March 14, 2022. See administrative record.  
4 Dolosse are reinforced concrete blocks in a complex geometric shape that is used to build coastal or in-water revetments and 
protects against erosion.  
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revetments in place. A total of 248 dolosse would be placed (Table 2). Cable lashings would be 
used to attach wood to the timber piles. Five base logs, six timber piles, eight dolosse, and 100 
racking logs would be used for every 40-foot unit section of revetment. 
 
Batterpile revetments would be constructed with 22- to 26-inch and 18- to 22-inch diameter base 
logs, 16- to 18-inch diameter timber piles (see Table 1), and 6- to 12-inch diameter racking logs. 
Batterpile revetments would be secured with the 16-18-inch timber piles driven with batter using 
the same method as the ELJ piles (combination of vibratory and pile driving).  
 
A crane, excavator, impact hammer, and a vibratory hammer would be used to construct the 
revetments. A total of 930 timber piles would be driven for revetments, with 275 of them below 
the existing OHWM.  
 
In-water revetments would be installed in years 2 and 3 and would require fish exclusion and 
work area isolation (see the Work Area Isolation and Fish Exclusion section). It would take 
approximately 5 days to isolate the work area for each revetment, which may be split into several 
phases for portions of the revetment length. It is anticipated that each isolation structure will 
require 3 days to remove. Approximately 4.09 acres of the White River would be isolated for 
revetment installation. Access points and isolation areas may change, but total area impacted 
would not exceed 4.09 acres. The revetments that cut through the existing Dieringer Tailrace 
would be installed after the Tailrace has been diverted to the new proposed channel. The 
applicant expects that a maximum of 25 percent of the 6,800 linear feet perimeter will be 
required to be isolated for revetment construction; of those approximately 700 feet, would 
require sheetpile cofferdams. 
 
Cofferdam installation and removal during the in-water work window will create turbidity 
impacts limited to 1,000 feet downstream of the project area. Cofferdam removal is permitted 
outside of the approved in-water work window provided that no sheetpile is removed using a 
vibratory pile driver and turbidity impacts are limited to 300 feet downstream of the active in-
water work area.  
 
Table 2. Total number of timber piles to be installed with wood revetments.  

 Timber Pile Size  
Structure 16-18” 21-23” Total 
Dolo-timber  0 186 186 

Batterpile  744 0 744 

Total 744 186 930 

 
Rock Roughness Features 
A total of 10 rock features would be placed below the OHWM of the White River. Each rock 
feature would sit on approximately 135 square feet of substrate and be approximately 10 cubic 
yards. Rocks would be placed as gently as possible from the bank with an excavator to minimize 
sedimentation. A qualified biologist would be present to ensure fish are not harmed during rock 
placement. All rocks would be placed during the approved in-water work window (July 1-August 
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31). Approximately 100 cubic yards of rock roughness features would be placed in the White 
River. 
 
Off-Channel Habitat and Channel Reconnection 
Side channels would be constructed in years 2 through 4. Side channel excavation and grading 
would occur concurrently with floodplain excavation and grading. However, filling of the 
Dieringer Tailrace and the #9 Ditch would not occur until water has been diverted to the new 
proposed side channels. Approximately 0.51 acres of the #9 Ditch and approximately 1.45 acres 
of the Dieringer Tailrace would be filled. Approximately 13 acres of new open-water side 
channels would be created. The majority of the side channel grading work would occur upland of 
the existing White River, Dieringer Tailrace, and #9 Ditch. Excavators, dozers, and graders 
would be used to excavate out the proposed side channels and trucks would deliver the excavated 
material to be used as fill for the staging tracks. Each new side channel would have the bottom 
lined with either native streambed material or imported streambed materials that meet WSDOT 
Standard Specification for Streambed Sediment 9-03.11(1) augmented with Streambed Cobbles 
9-03.11(2) sized appropriately for hydraulic conditions anticipated in the new channel before 
water is diverted to them. Best management practices (BMPs) such as sediment curtains or silt 
booms would be put in place prior to water diversion to reduce the risk of sedimentation from the 
new channels as appropriate. 
 
The #9 Ditch and Dieringer Tailrace would have two sets of block nets installed when their 
channel connections need to be made. A qualified biologist would check the fish barriers and 
excluded areas prior to the dewatering of the channel to be abandoned to see if any fish made it 
past the barrier. Super sacks filled with native alluvium would be used to isolate the connection 
areas. Water would be diverted with a pump system in the #9 Ditch. Any pumps operated in 
areas where complete fish exclusion has not been completed will have screened intakes. Once 
channel connections have been excavated and streambed mix has been placed, water would be 
diverted to the new channels and the existing #9 Ditch and Dieringer Tailrace would be filled.  
 
Side channel connections with the main stem of the White River would be isolated with gravel 
super sacks and/or sheetpile cofferdams. Before dewatering, fish exclusion would use the 
approach described in the Work Area Isolation and Fish Exclusion section. The applicant expects 
that a maximum of 25 percent of the perimeter will be required to be isolated for channel 
connections and approximately 150 feet, would require sheetpile cofferdams. 
 
Bridge Construction and Culvert Extensions 
A three-span bridge supported by four pile bents would be constructed for a portion of the 
staging tracks adjacent to and over the existing railroad bridge. An expanded four-span bridge 
supported by five pile bents would be constructed west of the existing foundation for the 
remaining tracks. The two bridges would be supported by 276, 14-inch steel piles and sheetpile 
at the bridge abutments. The existing railroad bridge that carries the two existing tracks over the 
Dieringer Tailrace would not be impacted in any significant way by construction of the new 
bridges. The final designs are still under review and would be finalized after review and approval 
by Cascade Water Alliance. Any design adjustments would not shorten the span, exceed 376 H-
piles, or exceed 90 feet in sheetpile length. 
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A total of four culverts would be extended under the proposed staging tracks, two of which 
would be installed on fish bearing waters, #9 Ditch and an unnamed ditch5. Each culvert would 
be extended with the appropriately sized corrugated metal pipe (CMP) or high-density 
polyethylene pipe to span the width of the staging tracks and a portion of the forested berm. See 
following section for fish exclusion and work area isolation methods.  
 
Riparian Forest and Wetland Restoration 
Approximately 172 acres of revegetation of native tree, shrub, and ground cover species would 
be conducted as part of this project (Figure 3). The planting plan has divided the site into 8 
different plant communities: revetment plant community (approximately 5 acres), wet forest 
community (approximately 64 acres), transitional forest community (approximately 48 acres), 
conifer forest community (approximately 2 acres), upland forest plant community 
(approximately 18 acres), scrub-shrub/emergent plant community (approximately 5 acres), 
forested berm slope treatment (approximately 13 acres), and weed control and conifer under 
planting treatment (approximately 17 acres). Trees in the weed control and conifer under 
planting treatment would be preserved as this area would not be graded. Because trees would be 
preserved here, large woody debris (LWD) recruitment would still be possible within the project 
reach of the White River during and after construction. Plants would also be added in this area to 
improve habitat and reduce the risk of invasive species colonization. Utility corridors for 
overhead power and underground utilities would be planted with shrubs that can tolerate 
maintenance by utility crews. The onsite mitigation site would include a 1-acre wetland and 
0.18-acre wetland buffer.  
 
Trail Relocation and Bridge Construction 
In years 4 and 5 the existing portions of the Sumner Link Trail would be relocated and a new 
pedestrian bridge would be constructed. A new 16-foot trail corridor would be added on the 
forested bench at the eastern end of the floodplain grading area. Connections would also be made 
to access the east side of the river. The trail would cross the Dieringer Tailrace on a single-span 
bridge. The bridge abutments would be installed outside of the existing and proposed OHWM. 
Four, 18-inch steel pipe piles would be installed at each side of the channel to support the bridge 
abutments. These piles would be driven upland of the OHWM and outside the floodplain with an 
impact hammer. Pile driving would occur over 2, 10-hour days. A pre-manufactured grated truss 
bridge or tied arch bridge would be placed atop the abutments. Cranes, concrete trucks, and 
concrete pumps would be utilized for during construction. Cranes on either bank would be set an 
appropriate distance from the riverbank so as not to disturb the river or bank soils. The bridge at 
148th Avenue E that cross the Dieringer Tailrace would be removed while the filling of the 
tailrace is occurring. Debris would be hauled off site for material salvage and/or disposal.  
 
Implementation of Recovery Actions  
As further detailed below in chapter 2.3.5 Critical Habitat in the Action Area and outlined in the 
Puyallup-White chapter of the Recovery Plan (NMFS 2006b), restoring floodplain connectivity 

                                                 
5 The #9 ditch is the southernmost crossing, it has documented fish presence (coho and cutthroat) downstream of the 
BNSF railroad culvert. Puyallup Tribal Fisheries was unable to find any fish upstream of the of the BNSF railroad 
culvert via electro-shocking. 
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is one of the actions outlined to support recovery. The floodplain channel restoration portion of 
this project specifically addresses this recovery element. 
 
1.3.4 Staging Tracks Project 

Staging Track construction 
Ten staging tracks ranging from 7,700 feet and 9,200 feet in length would be constructed from 
years 2 to 5. Staging track construction activities include clearing and grubbing, constructing the 
embankment, laying rail ties, laying track, and modifying the existing Dieringer Tailrace that 
runs perpendicular to the existing tracks to support the proposed tracks. The bridge carrying the 
existing BNSF track would be left in place, and bridges would be constructed over the Dieringer 
Tailrace for the proposed staging tracks to cross the tailrace. Nearly 670 cubic yards of 
excavation would be necessary to remove unsuitable materials and extend/construct culverts in 
order to construct the embankment and lay the tracks. Corrugated metal pipe culverts in non-fish 
bearing ditches would be extended to match or exceed the existing culvert widths. A pedestrian 
undercrossing would also be extended.  
 
Approximately 1 million cubic yards of embankment fill and 44,000 cubic yards of subballast fill 
are also necessary to construct the embankment and lay the tracks. Most of the embankment fill 
would be sourced from the proposed excavated floodplain material. The area would be graded 
level for track placement. A retaining wall would be constructed to minimize the fill footprint 
needed for the staging tracks at the northern end of the project and avoid additional wetland 
impacts and at the south end of the project avoid impacts to 150th Avenue. A few other additional 
short sections of wall would be installed to provide BNSF access road vehicle turnaround and to 
avoid impacts to adjacent property. A total of approximately 2,500 linear feet of wall would be 
constructed. All walls would be outside the floodplain. Track construction would begin with 
track berm placement and embankment stabilization. Embankment stabilization is anticipated to 
be achieved by preloading the embankment and allowing it to settle for approximately one year 
or by installing rammed aggregate piers under the proposed embankment. 
 
Staging track construction would also include filling 0.78 acres of constructed water features and 
9,450 linear feet of drainage ditches originally associated with the Sumner Meadows Golf Links. 
Erosion control measures would be put in place to protect the Dieringer Tailrace from debris. 
Ballast would be placed above the staging tracks fill. Utility conduits (signalization, electrical, 
and air) would be buried prior to ballast placement. Rail ties and rails would be installed after 
ballast placement. A 3.7 acre access road would also be installed. Compacted gravel would form 
the surface of the road which would run along the western edge of the staging tracks. Stormwater 
treatment facilities are included in this proposal and discussed in subsequent sections.  
 
Utility Relocations 
Existing utility lines (water, gas, communications, and sewer) would be relocated over the course 
of the project in order to maintain function upon completion of the project. All underground 
utilities would be drilled deeper than their existing depths. The existing Puget Sound Energy 
(PSE) overhead powerlines would remain in their current corridor, but poles would be removed 
and relocated as necessary to accommodate the proposed project elements. Fiberoptic cables 
would be installed in new conduit that would be directionally drilled below the project area along 
24th Street E.  
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City of Sumner sewer lines would be directionally drilled to lower elevations and the sewer 
pump station would be relocated east of the BNSF tracks. The existing water and sewer pipes on 
the 24th Street pedestrian bridge over the White River would remain in place. PSE gas and 
communication lines would be directionally drilled below the White River. The lines would then 
have a new crossing under the White River completed with a directional drill as to not impact the 
White River. Directional drilling would occur at least 24.5 feet below the thalweg of the river. 
The lines would be approximately 40 feet below the surface for the majority of their length. The 
corridors would be planted with native shrubs that can be easily cleared if the corridors need to 
be accessed in the future  
 
1.3.5 Stormwater 

Currently within the project area there is approximately 2.2 acres of non-pollutant generating 
impervious surface (NPGIS) and approximately 1 acre of pollutant generating impervious 
surface (PGIS). The 1 acre of PGIS is 24th Street E, which currently has no treatment for 
stormwater, would be removed as part of this project. The Sumner Link Trail south of the #9 
Ditch within the project area is made up of pervious pavement.  
 
The project would install approximately 4.6 acres of NPGIS. Approximately 1 acre of this is the 
PSE access road. This surface is considered NPGIS as it would be utilized by less than one 
motorized vehicle per month. Stormwater would sheet flow off the pavement into the habitat 
restoration area where it would infiltrate. The remaining 3.6 of the new NPGIS would be needed 
for the relocated Sumner Link Trail. 
 
A total of 3.7 acres of PGIS are proposed as an access road for the staging tracks. Stormwater 
from this access road would sheet flow or flow through underdrains to vegetated swales before 
passing though culverts and being released into the habitat restoration area to infiltrate. All new 
PGIS would be 100% treated through retention and infiltration. No discharge of untreated 
stormwater to aquatic areas would occur. 
 
New stormwater culverts are proposed just north of the 150th Avenue cul-de-sac and along the 
western edge of the BNSF right of way (ROW) just south of Lake Tapps. Both culverts are 
conveying ditch water that gets trapped by the proposed forested berm and would convey 
stormwater toward the restoration area. The proposed culvert along the western edge of the 
BNSF ROW will connect the proposed ditch to the ditch outlet where a culvert is necessary as 
the proposed forested berm is at a higher elevation than the ditch. It will provide overflow 
conveyance for an existing low spot under/adjacent to Lake Tapps Parkway E (to which the 
northernmost of the 4 culverts being lengthened outfalls) and thru put conveyance of existing 
drainages. The culvert north of the 150th Avenue cul-de-sac would convey water originating at 
the City stormwater pond located south of the project limits and a spring adjacent to the BNSF 
embankment. A new broad drainage swale is being proposed to intercept the outlet of the 
proposed culvert.  
 
1.3.6 Fish Exclusion and Work Area Isolation 

All fish capture, handling, and relocation efforts would be completed by a qualified biologist and 
would follow the latest WSDOT Fish Exclusion Protocols and standards (WSDOT 2016). 
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Methods used at each location requiring fish exclusion and work area isolation vary slightly and 
are explained in the following sections.  
 
Dieringer Tailrace 
Fish exclusion of the tailrace would be conducted by herding fish downstream with a block net. 
However, because of the size of the area to be excluded, electrofishing may be necessary to 
successfully remove all fish from the tailrace. Once all fish have been removed, two sets of block 
nets would be installed and would remain in place throughout the work within the Dieringer 
Tailrace until water is diverted into the new channel. Work is anticipated to occur in years 2-4. 
The nets would be maintained daily throughout construction and remain in place outside the in-
water work window unless water levels make maintenance impractical. If the nets must be 
removed, fish exclusion would occur at the beginning of the following in-water work window in 
any areas which had become accessible. 
 
Isolation of the work area in the Dieringer Tailrace is anticipated to occur in two locations. One 
set of cofferdams would be constructed to isolate the area needed for the impact driving of bridge 
piles and placement of riprap around the abutments. A separate set of cofferdams would be 
placed around the length of channel to be filled. A super sack and/or sheetpile (maximum length 
150 feet) cofferdam would be installed upstream of the in-water work area and then a cofferdam 
would be installed on the downstream side of the work area to prevent backwater into the work 
area. The area would then be dewatered. Once the cofferdams are in place, if necessary, a pipe 
would be used to convey water that releases on a slow, continual basis. A full bypass is not 
anticipated for the installation of the staging tracks bridges, as the flows will be low (generally 
15-20 cubic feet per second (cfs)) in the channel during the work period. The contractor, in 
coordination with Cascade Water Alliance, would arrange multiple weeks with no planned 
additional water releases during the summer months. During this time, the contractor would 
install cofferdams, dewater, complete grading work, install riprap, and conduct pile driving. The 
placement of the cofferdams for the channel fill would only occur when water is being redirected 
into the new channel. 
 
As per coordination with state agencies (Washington State Department of Ecology and WDFW) 
and Tribes (Puyallup and Muckleshoot), the staging tracks bridge crossing may be fitted with a 
permanent fish barrier downstream on the outlet end to prevent fish from accessing the 
powerhouse tail works (Lake Tapps outfall) upstream of the railroad. The final design of the 
barrier would be determined through this coordination. The pump system and cofferdams would 
be removed once the bridges are completed. Cofferdam removal is permitted outside of the 
approved in-water work window, provided that no sheetpile is removed using a vibratory pile 
driver and turbidity impacts are limited to 300 feet downstream of the in-water work area.  
 
#9 Ditch 
The entirety of the #9 Ditch, from upstream of the culvert under the existing BNSF railroad 
tracks to the mouth, would be fish excluded prior to any ditch work in accordance with WSDOT 
fish exclusion protocols (WSDOT 2016). Fish removal would consist of partially blocking or 
diverting flow from the upstream side of the work area and allowing any fish to volitionally 
leave downstream prior to complete isolation. A qualified biologist would then work to herd fish 
from either side of the culvert and set temporary isolation on either side of the culvert. Fish 
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herded upstream of the culvert would be moved in buckets downstream of the isolation area. Fish 
would then be herded using block nets to the culvert under the existing trail where another 
temporary block would be placed. Fish would be herded the remaining length of the ditch to the 
White River. A temporary block net would be set in place to block fish while an electronic fish 
barrier is installed. The fish barrier would remain in place for the duration of work in the #9 
Ditch which is anticipated to occur during years 2-4. The length of the fish-blocked area would 
be checked at the start of every in-water work window to make sure no fish have made it past the 
barrier. 
 
Unnamed Fish Bearing Ditch 
Fish exclusion for the unnamed fish bearing ditch would be conducted by a qualified biologist in 
accordance with WSDOT fish exclusion protocols (WSDOT). Fish removal would consist of 
partially blocking/diverting flow from the upstream side of the work area and allowing any fish 
to leave downstream on their own volition prior to complete isolation. A qualified biologist 
would then work to herd fish from either side of the culvert and set temporary isolation on either 
side of the culvert. Fish herded upstream of the culvert would be moved in buckets downstream 
of the isolation area. A diversion would be installed by placing a gravel super sack downstream 
of the culvert and one upstream. Water would be diverted with a pump system or gravity system 
if possible. The diversion would be removed once the extensions are complete. 
 
Engineered Log Jams and Wood Revetments 
Prior to installation of ELJs or wood revetments the area would be isolated and fish excluded. 
Fish removal would consist of partially blocking/diverting flow from the upstream side of the 
work area surrounding each ELJ/revetment and allowing fish to leave downstream on their own 
volition. Prior to completely isolating the work area, biologists would use block nets to herd any 
remaining fish out of the work area. Once the area is completely isolated with gravel super sack 
and/or sheetpile cofferdams and block nets installed tight to the banks, the area would be 
dewatered, and any remaining fish would be removed. 
 
Off-Channel Habitat and Channel Reconnection 
Fish removal would consist of partially blocking/diverting flow from the upstream side of the 
work area and allowing fish to leave downstream on their own volition. Prior to completely 
isolating the work area, qualified biologists would utilize block nets to herd any remaining fish 
out of in-water work area to be isolated. Once the area is completely isolated with gravel super 
sack and/or sheetpile cofferdams and block nets installed tight to the banks, the area would be 
dewatered, with any remaining fish removed.  
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The proposed worksite isolation would employ a maximum of approximately 1,400 feet of 
sheetpile: 
 

feet Sheetpile maximum length 
300 ELJ isolation 
700 revetment isolation 
150 side channel isolation 

90 bridges 
150 Dieringer Tailrace 

1390 Sum 
Figure 4. Amount of Sheetpile to be used per project element 

 
1.3.7 Best Management Practices and Minimization Measures 

The following measures would be implemented as part of the project to avoid and minimize 
project impacts on listed species:  
 

• Site and equipment preparation: 
o A spill prevention control, and countermeasures (SPCC) plan would be 

implemented to prevent fuels, lubricants, and other hazardous materials from 
entering the White River, Dieringer Tailrace, and adjacent wetlands. 

o Erosion control BMPs including silt fencing, straw (certified weed free), and 
catch basin sediment traps would be used and maintained throughout 
construction.  

o A temporary erosion and sediment control (TESC) plan and a stormwater 
pollution prevention plan (SWPP) would be developed. 

o Regular inspections of project BMPs would be conducted by a Certified Erosion 
and Sediment Control Lead (CESCL) in accordance with the National Pollution 
Discharge Elimination System (NPDES) Construction Stormwater General Permit 
(CSWGP) issued by the Washington State Department of Ecology (WSDOE). 

o To reduce turbidity outside of the isolated in-water work area, cofferdams, gravity 
bypasses, silt booms, and screened dewatering pumps would be utilized and 
maintained throughout construction. These BMPs would be incorporated into the 
final TESC plan and SWPPP. A Section 401 Water Quality Monitoring and 
Protection Plan (WQMPP) would also be approved by the WSDOE prior to 
construction. This plan would be designed to reduce turbidity impacts to the 
maximum extent possible. As part of this WQMPP, turbidity monitoring would be 
conducted at least twice a day during in-water work. Turbidity monitoring would 
be conducted using a calibrated turbidimeter. 

o All equipment would be checked daily for leaks and any necessary repairs would 
be made prior to the commencement of work. 

o Any equipment operating below the ordinary OHWM of the White River or the 
Dieringer Tailrace would use vegetable-based hydraulic fluids. 
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o Access points would be designed to limit as much in-water work as possible.  
• Construction methods and timing: 

o All in-water work would occur within the proposed in-water work window of July 
1 to August 31, which has been determined through consultations with WDFW 
and the Puyallup Tribal Fisheries. Cofferdam installation and removal during the 
in-water work window will create turbidity impacts limited to 1000 feet 
downstream of the project area based on an extended area of mixing approved by 
the Washington State Department of Ecology. Cofferdam removal outside of the 
work window is permitted September 1 through November 30 with elevated 
turbidity limited to 300 feet downstream. To ensure compliance with state water 
quality standards, qualified personnel would be onsite during in-water work to 
monitor turbidity.  

o Sheetpile removal outside of the in-water work window would not use vibratory 
pile drivers.  

o All timber piles driven waterward of the OHWM would be driven in complete 
isolation. The piles would be driven with a vibratory pile driver as deep as 
possible, but some may require impact driving for most of the depth.  

o All steel piles supporting the bridges would be driven in isolation from flowing 
water. 

o All waste materials would be full contained and disposed of offsite in accordance 
with federal, state, and local laws.  

 
1.3.8 Monitoring and Maintenance 

Monitoring and long-term maintenance is proposed to occur following project completion to 
ensure the success of the habitat restoration and staging tracks operation. The following 
maintenance and monitoring objectives would occur once the project is completed:  

• City of Sumner: 
o Perimeter flood and scour protection, including repair/replacement of buried rock 

reinforcement along forested bench 
o Weed control (Mechanical removal and chemical treatment if necessary) and 

adaptive replacement plantings of vegetative communities 
o Channel capacity review in light of ongoing aggradation of the White River 
o Vegetation management to avoid potential conflict with overhead power 
o Utility owner access to service power, sewer, water, communication, and gas 

facilities 
o Visual monitoring of the log structures once every two years to identify any issues 

with the cable lashings. If a cable lashing fully or partially fails, the City would 
cut or remove exposed cable. Fraying cable ends would not be allowed to remain 
in the water and cables which partially tether logs that would pose a risk to the 
overall wood structure or channel bank would be cut and all exposed cabling 
removed. 

• BNSF 
o Maintaining drainage facilities to ensure they are functioning properly 
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o Maintaining the integrity of the embankment and ensuring the shoulder and side 
slope are not subject to erosion 

o Ensuring function and unimpeded flow of the culverts crossing the BNSF right-
of-way 

o Ensure no locomotive fueling or maintenance occurs on the proposed staging 
tracks 

 
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 areas where effects to the aquatic environment are likely. The Corps and 
applicant’s Biological Evaluation identifies the aquatic action area as the upstream and 
downstream most extent of turbidity and noise effects. The Corps and the applicants estimate 
aquatic impacts would occur approximately 0.18 miles upstream of the furthest isolation area and 
approximately one mile downstream of the furthest downstream side channel connection in the 
White River as a result of turbidity and pile driving impacts. The aquatic action area would also 
include the Dieringer Tailrace and #9 ditch between the White River and the proposed track 
staging area. Action area extent based on noise impact was determined using a spreading loss 
model based on vibratory driving sheetpiles. The applicants determined that noise generated 
during vibratory sheetpile driving would become indistinguishable from background levels at 
approximately 0.29 miles from the proposed sheetpile installation areas. However, due to the 
sinuosity of the White River, land masses would attenuate elevated noise at approximately 0.18 
miles. NMFS concurs with the action area described by the Corps and the applicants (Figure 5).  
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Figure 5. White River and Sumner Staging Tracks action area determined by the Corps and 

applicants. NMFS concurs with the action area extent depicted above, but notes 
that the action area also includes the 1 mile reach below the furthest downstream 
construction point, which is not depicted in the above figure (Widener & 
Associates 2020).  
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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 to 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 SRKW. Our 
concurrence is documented in the "Not Likely to Adversely Affect" Determinations section 
(Section 2.11). NMFS also included an analysis of SRKW critical habitat given the effects to 
Chinook salmon, an important prey species (PBF) for SRKW.  
 
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 for 
the conservation of a listed species. Such alterations may include, but are not limited to, those 
that alter the physical or biological features essential to the conservation of a species or that 
preclude or significantly delay development of such features” (81 FR 7214, February 11, 2016). 
 
The designations of critical habitat for PS Chinook salmon and PS steelhead uses the term 
primary constituent element (PCE) or essential features. The 2016 final rule (81 FR 7414; 
February 11, 2016) that revised the critical habitat regulations (50 CFR part 424) 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:  
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● 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 critical habitat using an 

exposure–response approach.  
● 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.  
 
The following effects analysis of the proposed action on ESA-listed species and critical habitat 
was limited as finalized project designs have not yet been completed. Additionally, certain 
aspects of the project are dependent on site conditions at the time of construction; the White 
River is dynamic system changing and shifting annually and highly influenced by hydrologic 
conditions. Therefore, we made the following assumptions to complete the effects analysis:  
 

• Impact driving would be required to install all timber piles; 
• All timber piles installed below the existing OHWM would be driven while completely 

isolated in dry conditions; 
• Steel piles supporting the bridges would be impact driven while completely isolated in 

dry conditions; 
• 25% of ELJs would be isolated with sheetpile rather than gravel super sacks; 
• 25% of revetment would be isolated with sheetpile rather than gravel super sacks; 
• 25% of the perimeter required to be isolated for channel connections would require 

sheetpile; and 
• Sheetpile would be installed during the in-water work window and could be removed  
• All ELJs/revetments installed below OHWM would require some in-water work.   

 
Finally, we assume that conservation measures and BMPs would implemented as described in 
the Proposed Action section above (section 1.3). These assumptions are conservative in that they 
represent the most harmful effects to listed species and critical habitat. 
 
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” for the jeopardy analysis. The Opinion also examines 
the condition of critical habitat throughout the designated area, evaluates the conservation value 
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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. Major ecological realignments are already occurring 
in response to climate change (IPCC WGII, 2022). Long-term trends in warming have continued 
at global, national and regional scales. Global surface temperatures in the last decade (2010s) 
were estimated to be 1.09 °C higher than the 1850-1900 baseline period, with larger increases 
over land ~1.6 °C compared to oceans ~0.88 (IPCC WGI, 2021). The vast majority of this 
warming has been attributed to anthropogenic releases of greenhouse gases (IPCC WGI, 2021).  
Globally, 2014-2018 were the 5 warmest years on record both on land and in the ocean (2018 
was the 4th warmest) (NOAA NCEI 2022). Events such as the 2013-2016 marine heatwave 
(Jacox et al. 2018) have been attributed directly to anthropogenic warming in the annual special 
issue of Bulletin of the American Meteorological Society on extreme events (Herring et al. 
2018).  Global warming and anthropogenic loss of biodiversity represent profound threats to 
ecosystem functionality (IPCC WGII 2022). These two factors are often examined in isolation, 
but likely have interacting effects on ecosystem function.   
 
Updated projections of climate change are similar to or greater than previous projections (IPCC 
WGI, 2021). NMFS is increasingly confident in our projections of changes to freshwater and 
marine systems because every year brings stronger validation of previous predictions in both 
physical and biological realms. Retaining and restoring habitat complexity, access to climate 
refuges (both flow and temperature) and improving growth opportunity in both freshwater and 
marine environments are strongly advocated in the recent literature (Siegel and Crozier 2020). 
Climate change is systemic, influencing freshwater, estuarine, and marine conditions. Other 
systems are also being influenced by changing climatic conditions. Literature reviews on the 
impacts of climate change on Pacific salmon (Crozier 2015, 2016, 2017, Crozier and Siegel 
2018, Siegel and Crozier 2019, 2020) have collected hundreds of papers documenting the major 
themes relevant for salmon. Here we describe habitat changes relevant to Pacific salmon and 
steelhead, prior to describing how these changes result in the varied specific mechanisms 
impacting these species in subsequent sections.  
 
Forests  
 
Climate change will impact forests of the western U.S., which dominate the landscape of many 
watersheds in the region. Forests are already showing evidence of increased drought severity, 
forest fire, and insect outbreak (Halofsky et al. 2020). Additionally, climate change will affect 
tree reproduction, growth, and phenology, which will lead to spatial shifts in vegetation.  
Halofsky et al. (2018) projected that the largest changes will occur at low- and high-elevation 
forests, with expansion of low-elevation dry forests and diminishing high-elevation cold forests 
and subalpine habitats.   
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Forest fires affect salmon streams by altering sediment load, channel structure, and stream 
temperature through the removal of canopy. Holden et al. (2018) examined environmental 
factors contributing to observed increases in the extent of forest fires throughout the western U.S.  
They found strong correlations between the number of dry-season rainy days and the annual 
extent of forest fires, as well as a significant decline in the number of dry-season rainy days over 
the study period (1984-2015). Consequently, predicted decreases in dry-season precipitation, 
combined with increases in air temperature, will likely contribute to the existing trend toward 
more extensive and severe forest fires and the continued expansion of fires into higher elevation 
and wetter forests (Alizedeh 2021).  
 
Agne et al. (2018) reviewed literature on insect outbreaks and other pathogens affecting coastal 
Douglas-fir forests in the Pacific Northwest and examined how future climate change may 
influence disturbance ecology. They suggest that Douglas-fir beetle and black stain root disease 
could become more prevalent with climate change, while other pathogens will be more affected 
by management practices. Agne et al. (2018) also suggested that due to complex interacting 
effects of disturbance and disease, climate impacts will differ by region and forest type. 
 
Freshwater Environments 
 
The following is excerpted from Siegel and Crozier (2019), who present a review of recent 
scientific literature evaluating effects of climate change, describing the projected impacts of 
climate change on instream flows: 
 
Cooper et al. (2018) examined whether the magnitude of low river flows in the western U.S., 
which generally occur in September or October, are driven more by summer conditions or the 
prior winter’s precipitation. They found that while low flows were more sensitive to summer 
evaporative demand than to winter precipitation, interannual variability in winter precipitation 
was greater. Malek et al. (2018), predicted that summer evapotranspiration is likely to increase in 
conjunction with declines in snowpack and increased variability in winter precipitation. Their 
results suggest that low summer flows are likely to become lower, more variable, and less 
predictable.  
 
The effect of climate change on ground water availability is likely to be uneven. Sridhar et al. 
(2018) coupled a surface-flow model with a ground-flow model to improve predictions of 
surface water availability with climate change in the Snake River Basin. Projections using RCP 
4.5 and 8.5 emission scenarios suggested an increase in water table heights in downstream areas 
of the basin and a decrease in upstream areas.  
 
As cited in Siegel and Crozier (2019), Isaak et al. (2018), examined recent trends in stream 
temperature across the Western U.S. using a large regional dataset. Stream warming trends 
paralleled changes in air temperature and were pervasive during the low-water warm seasons of 
1996-2015 (0.18-0.35°C/decade) and 1976-2015 (0.14-0.27°C/decade). Their results show how 
continued warming will likely affect the cumulative temperature exposure of migrating sockeye 
salmon O. nerka and the availability of suitable habitat for brown trout Salmo trutta and rainbow 
trout O. mykiss. Isaak et al. (2018) concluded that most stream habitats will likely remain 
suitable for salmonids in the near future, with some becoming too warm. However, in cases 
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where habitat access is currently restricted by dams and other barriers salmon and steelhead will 
be confined to downstream reaches typically most at risk of rising temperatures unless passage is 
restored (FitzGerald et al. 2020, Myers et al. 2018). 
 
Streams with intact riparian corridors and that lie in mountainous terrain are likely to be more 
resilient to changes in air temperature.  These areas may provide refuge from climate change for 
a number of species, including Pacific salmon. Krosby et al. (2018), identified potential stream 
refugia throughout the Pacific Northwest based on a suite of features thought to reflect the ability 
of streams to serve as such refuges. Analyzed features include large temperature gradients, high 
canopy cover, large relative stream width, low exposure to solar radiation, and low levels of 
human modification. They created an index of refuge potential for all streams in the region, with 
mountain area streams scoring highest. Flat lowland areas, which commonly contain migration 
corridors, were generally scored lowest, and thus were prioritized for conservation and 
restoration. However, forest fires can increase stream temperatures dramatically in short time-
spans by removing riparian cover (Koontz et al. 2018), and streams that lose their snowpack with 
climate change may see the largest increases in stream temperature due to the removal of 
temperature buffering (Yan et al. 2021). These processes may threaten some habitats that are 
currently considered refugia.   
 
Marine and Estuarine Environments 
 
Along with warming stream temperatures and concerns about sufficient groundwater to recharge 
streams, a recent study projects nearly complete loss of existing tidal wetlands along the U.S. 
West Coast, due to sea level rise (Thorne et al. 2018). California and Oregon showed the greatest 
threat to tidal wetlands (100%), while 68% of Washington tidal wetlands are expected to be 
submerged. Coastal development and steep topography prevent horizontal migration of most 
wetlands, causing the net contraction of this crucial habitat. 
 
Rising ocean temperatures, stratification, ocean acidity, hypoxia, algal toxins, and other 
oceanographic processes will alter the composition and abundance of a vast array of oceanic 
species. In particular, there will be dramatic changes in both predators and prey of Pacific 
salmon, salmon life history traits and relative abundance. Siegel and Crozier (2019) observe that 
changes in marine temperature are likely to have a number of physiological consequences on 
fishes themselves.  For example, in a study of small planktivorous fish, Gliwicz et al. (2018) 
found that higher ambient temperatures increased the distance at which fish reacted to prey.  
Numerous fish species (including many tuna and sharks) demonstrate regional endothermy, 
which in many cases augments eyesight by warming the retinas. However, Gliwicz et al. (2018) 
suggest that ambient temperatures can have a similar effect on fish that do not demonstrate this 
trait. Climate change is likely to reduce the availability of biologically essential omega-3 fatty 
acids produced by phytoplankton in marine ecosystems. Loss of these lipids may induce 
cascading trophic effects, with distinct impacts on different species depending on compensatory 
mechanisms (Gourtay et al. 2018). Reproduction rates of many marine fish species are also likely 
to be altered with temperature (Veilleux et al. 2018). The ecological consequences of these 
effects and their interactions add complexity to predictions of climate change impacts in marine 
ecosystems.  
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Perhaps the most dramatic change in physical ocean conditions will occur through ocean 
acidification and deoxygenation. It is unclear how sensitive salmon and steelhead might be to the 
direct effects of ocean acidification because of their tolerance of a wide pH range in freshwater 
(although see Ou et al. 2015 and Williams et al. 2019), however, impacts of ocean acidification 
and hypoxia on sensitive species (e.g., plankton, crabs, rockfish, groundfish) will likely affect 
salmon indirectly through their interactions as predators and prey. Similarly, increasing 
frequency and duration of harmful algal blooms may affect salmon directly, depending on the 
toxin (e.g., saxitoxin vs domoic acid), but will also affect their predators (seabirds and 
mammals). The full effects of these ecosystem dynamics are not known but will be complex. 
Within the historical range of climate variability, less suitable conditions for salmonids (e.g., 
warmer temperatures, lower streamflows) have been associated with detectable declines in many 
of these listed units, highlighting how sensitive they are to climate drivers (Ford 2022, Lindley et 
al. 2009, Williams et al. 2016, Ward et al. 2015). In some cases, the combined and potentially 
additive effects of poorer climate conditions for fish and intense anthropogenic impacts caused 
the population declines that led to these population groups being listed under the ESA (Crozier et 
al. 2019). 
 
Climate change effects on salmon and steelhead 

In freshwater, year-round increases in stream temperature and changes in flow will affect 
physiological, behavioral, and demographic processes in salmon, and change the species with 
which they interact. For example, as stream temperatures increase, many native salmonids face 
increased competition with more warm-water tolerant invasive species. Changing freshwater 
temperatures are likely to affect incubation and emergence timing for eggs, and in locations 
where the greatest warming occurs may affect egg survival, although several factors impact 
intergravel temperature and oxygen (e.g., groundwater influence) as well as sensitivity of eggs to 
thermal stress (Crozier et al. 2020). Changes in temperature and flow regimes may alter the 
amount of habitat and food available for juvenile rearing, and this in turn could lead to a 
restriction in the distribution of juveniles, further decreasing productivity through density 
dependence. For migrating adults, predicted changes in freshwater flows and temperatures will 
likely increase exposure to stressful temperatures for many salmon and steelhead populations, 
and alter migration travel times and increase thermal stress accumulation for ESUs or DPSs with 
early-returning (i.e. spring- and summer-run) phenotypes associated with longer freshwater 
holding times (Crozier et al. 2020, FitzGerald et al. 2020). Rising river temperatures increase the 
energetic cost of migration and the risk of en route or pre-spawning mortality of adults with long 
freshwater migrations, although populations of some ESA-listed salmon and steelhead may be 
able to make use of cool-water refuges and run-timing plasticity to reduce thermal exposure 
(Keefer et al. 2018, Barnett et al. 2020). 

Marine survival of salmonids is affected by a complex array of factors including prey abundance, 
predator interactions, the physical condition of salmon within the marine environment, and 
carryover effects from the freshwater experience (Holsman et al. 2012, Burke et al. 2013).  It is 
generally accepted that salmon marine survival is size-dependent, and thus larger and faster 
growing fish are more likely to survive (Gosselin et al. 2021).  Furthermore, early arrival timing 
in the marine environment is generally considered advantageous for populations migrating 
through the Columbia River. However, the optimal day of arrival varies across years, depending 
on the seasonal development of productivity in the California Current, which affects prey 
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available to salmon and the risk of predation (Chasco et al. 2021). Siegel and Crozier (2019) 
point out the concern that for some salmon populations, climate change may drive mismatches 
between juvenile arrival timing and prey availability in the marine environment. However, 
phenological diversity can contribute to metapopulation-level resilience by reducing the risk of a 
complete mismatch. Carr-Harris et al. (2018), explored phenological diversity of marine 
migration timing in relation to zooplankton prey for sockeye salmon O. nerka from the Skeena 
River of Canada. They found that sockeye migrated over a period of more than 50 days, and 
populations from higher elevation and further inland streams arrived in the estuary later, with 
different populations encountering distinct prey fields. Carr-Harris et al. (2018) recommended 
that managers maintain and augment such life-history diversity. 

Synchrony between terrestrial and marine environmental conditions (e.g., coastal upwelling, 
precipitation and river discharge) has increased in spatial scale causing the highest levels of 
synchrony in the last 250 years (Black et al. 2018). A more synchronized climate combined with 
simplified habitats and reduced genetic diversity may be leading to more synchrony in the 
productivity of populations across the range of salmon (Braun et al. 2016). For example, salmon 
productivity (recruits/spawner) has also become more synchronized across Chinook populations 
from Oregon to the Yukon (Dorner et al. 2018, Kilduff et al. 2014). In addition, Chinook salmon 
have become smaller and younger at maturation across their range (Ohlberger 2018).  Other 
Pacific salmon species (Stachura el al. 2014) and Atlantic salmon (Olmos et al. 2020) also have 
demonstrated synchrony in productivity across a broad latitudinal range.  

At the individual scale, climate impacts on salmon in one life stage generally affect body size or 
timing in the next life stage and negative impacts can accumulate across multiple life stages 
(Healey 2011; Wainwright and Weitkamp 2013, Gosselin et al. 2021). Changes in winter 
precipitation will likely affect incubation and/or rearing stages of most populations. Changes in 
the intensity of cool season precipitation, snow accumulation, and runoff could influence 
migration cues for fall, winter and spring adult migrants, such as coho and steelhead. Egg 
survival rates may suffer from more intense flooding that scours or buries redds. Changes in 
hydrological regime, such as a shift from mostly snow to more rain, could drive changes in life 
history, potentially threatening diversity within an ESU (Beechie et al. 2006). Changes in 
summer temperature and flow will affect both juvenile and adult stages in some populations, 
especially those with yearling life histories and summer migration patterns (Crozier and Zabel 
2006; Crozier et al. 2010, Crozier et al. 2019).  

At the population level, the ability of organisms to genetically adapt to climate change depends 
on how much genetic variation currently exists within salmon populations, as well as how 
selection on multiple traits interact, and whether those traits are linked genetically. While genetic 
diversity may help populations respond to climate change, the remaining genetic diversity of 
many populations is highly reduced compared to historic levels.  For example, Johnson et al. 
(2018), compared genetic variation in Chinook salmon from the Columbia River Basin between 
contemporary and ancient samples. A total of 84 samples determined to be Chinook salmon were 
collected from vertebrae found in ancient middens and compared to 379 contemporary samples. 
Results suggest a decline in genetic diversity, as demonstrated by a loss of mitochondrial 
haplotypes as well as reductions in haplotype and nucleotide diversity. Genetic losses in this 
comparison appeared larger for Chinook from the mid-Columbia than those from the Snake 
River Basin. In addition to other stressors, modified habitats and flow regimes may create 
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unnatural selection pressures that reduce the diversity of functional behaviors (Sturrock et al. 
2020). Managing to conserve and augment existing genetic diversity may be increasingly 
important with more extreme environmental change (Anderson et al. 2015), though the low 
levels of remaining diversity present challenges to this effort (Freshwater 2019). Salmon 
historically maintained relatively consistent returns across variation in annual weather through 
the portfolio effect (Schindler et al. 2015), in which different populations are sensitive to 
different climate drivers. Applying this concept to climate change, Anderson et al (2015) 
emphasized the additional need for populations with different physiological tolerances. Loss of 
the portfolio increases volatility in fisheries, as well as ecological systems, as demonstrated for 
Fraser River and Sacramento River stock complexes (Freshwater et al. 2019, Munsch et al. 
2022). 

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). 
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The summaries that follow describe the status of ESA-listed PS Chinook salmon and PS 
steelhead that occur within the action area. 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). 
 
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. 

 
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 
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, 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 
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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 salmon 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 salmon populations into 
three tiers based on a systematic framework that considers the population’s life history and 
production and watershed characteristics (NMFS 2010) (Figure 6). 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 6. 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). 
 
Since 1999, most PS Chinook salmon populations have mean natural-origin spawner escapement 
levels well below levels identified as required for recovery to low extinction risk. Long-term, 
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natural-origin mean escapements for eight populations are at or below their critical thresholds.6 
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,7 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 5,523 spawners8. 
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 the resilience of a 
population 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 3). 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 3). 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 
Stillaguamish, White River, Mid-Hood Canal, Dungeness, and the Elwha. These conservation 

                                                 
6 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). 
7 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. 
8 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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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 3). 
 
Table 3. Five-year mean of fraction of natural-origin spawners9 (sum of all estimates 

divided by the number of estimates) (Ford 2022).  

 
 
In addition, spatial structure, or geographic distribution, of the White, Skagit, Elwha,10 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, 
agriculture, and development (NMFS 2005a; SSPS 2005; NMFS 2008c; 2008d; 2008b). It is 

                                                 
9 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. 
10 Removal of the two Elwha River dams and restoration of the natural habitat in the watershed began in 2011. 



WCRO-2021-01064 -33- 

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 4). 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 4. 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. This is the raw 
total spawner estimate times the fraction natural-origin estimate, if available. In 
parentheses, 5-year geometric mean of raw total spawner estimates (i.e., hatchery 
and natural) are shown. A value only in parentheses means that a total spawner 
estimate was available but no (or only one) estimate of natural-origin spawners 
was available. The geometric mean was computed as the product of estimates 
raised to the power 1 over the number of counts available (2 to 5). A minimum of 
2 values were used to compute the geometric mean. Percent change between the 
most recent two 5-year periods is shown on the far right (Ford 2022). 
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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 
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 7). 
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 7. 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. 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 8). 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 8. 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). 

 
Limiting Factors: Limiting factors for this species include: 
 

• Degraded floodplain and in-river channel structure 
• Degraded estuarine conditions and loss of estuarine habitat 
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• 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; 

• 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;  
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• 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. 
 
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 
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 
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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 6) 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. 
• 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 
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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 
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: 
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• 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 

• 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 
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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 viability11. 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 
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 
                                                 
11 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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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 were 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.12 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 
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 
                                                 
12 The native-origin Chambers Creek steelhead stock is now extinct. 
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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 5). 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 5. 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. 

 

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 
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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.13 
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 6). 
  

                                                 
13 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 6. 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 
2013), we noted that the following factors for decline for PS steelhead persist as limiting factors: 
 

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

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

and Skamania) 
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• 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 quantity, decreased water quantity, altered flow 

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

demographic changes, life history changes). 
 
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: 



WCRO-2021-01064 -51- 

• 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 Habitats 

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 (PFBs) 
throughout the designated areas. Critical habitat in the action area, which is expected to be 
adversely affected by the proposed action, includes PS Chinook salmon and PS steelhead critical 
habitat 
 
Salmon and Steelhead Critical Habitat 
 
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 
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. 
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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 Hood Canal Summer Run 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. 
 
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.  
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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 
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).  
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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 
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 
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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.   
 
Salmon and Steelhead Critical Habitat 
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, most of these watersheds have some or a high 
potential for improvement. 
 
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. 
 
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 
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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” 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 consultation, and the impact of state or private actions which are contemporaneous with the 
consultation in process (50 CFR 402.02). 
 
2.3.1 Baseline Condition of the White River 

The project area is located within the White River Basin. The White River originates from the 
Emmons and Fryingpan glaciers on the north face of Mount Rainier (Marks et al. 2021). The 
White River drains approximately 494 square miles and flows 77 miles from its source to its 
confluence with the Puyallup River (Marks et al. 2021). Within the project area, the White River 
meanders generally in a southern direction to the Puyallup River confluence approximately 2.6 
miles south of the project area. Because of its glacial origins, the White River transports a 
tremendous volume of bed load material contributing to the dynamic nature of the system. The 
high sediment loads are responsible for the braided channel morphology characteristics in the 
upper basin and large amounts of glacial till cause fine sediments to accumulate throughout the 
river and keeps turbidity levels high relative to other streams. Turbidity tends to be greatest 
during the summer when glacial melt is the highest, however, turbidity can also be elevated 
during the winter following high flow events. Climate change is expected to cause turbidity to 
increase as the glaciers continue to melt and retreat. The White River is listed as an impaired 
waterbody for pH, temperature, and instream flow (WSDOE 2016b). The majority of 
precipitation in the White River basin occurs during the winter months (WSDOE 2016a) and 
annually averages approximately 30-40 inches in the greater Tacoma area and over 120 inches in 
the Cascade Mountains. The mean annual air temperature is approximately 50ºF (Zulauf, et. al., 
1979; Puyallup Tribe of Indians 2016). The White River is influenced by a variety of land use 
types including industrial and private forests, recreational areas, and developed residential and 
industrial areas. Road density in timber production areas are high, around 6 miles per square 
mile. High road density can lead to increases in sedimentation, landslides, slope failures, changes 
in hydrology, and culverts preventing upstream migration in affected drainages (Marks et al. 
2014). 
 
Flows within the White River are regulated by Mud Mountain Dam (RM 29.6), which is a flood 
control facility; water is stored behind Mud Mountain Dam only when flows reach flood levels, 
otherwise the White River flows through the dam normally14. Mud Mountain Dam is an 
impassable fish barrier preventing salmon and steelhead from reaching important upstream 
spawning habitat. The Corps operates a fish trap near Buckley where migrating salmon and 
                                                 
14 https://www.nws.usace.army.mil/Missions/Civil-Works/Locks-and-Dams/Mud-Mountain-Dam/  

https://www.nws.usace.army.mil/Missions/Civil-Works/Locks-and-Dams/Mud-Mountain-Dam/
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steelhead are captured, trucked, and released upstream of Mud Mountain Dam to spawn. A 
diversion near Buckley, Washington diverts water from the White River to Lake Tapps. Water is 
then released from Lake Tapps back to the White River through the Dieringer Tailrace (RM 3.6).  
 
2.3.2 Baseline Condition of the Action Area 

The project is located on the lower White River a few miles upstream of its confluence with the 
Puyallup River. In total, the project covers approximately 467 acres. Current land use in the 
project area includes a 160-acre golf course, 113 acres of agricultural land, and 194 acres 
consisting of the White River and surrounding riparian corridor, undeveloped land, and existing 
BNSF and city right-of-way (Figure 9). Directly south of the former golf course is the Dieringer 
Tailrace and approximately 103 acres of agricultural land. Existing BNSF railroad tracks run 
along the eastern edge of the project and the Summer Link Trail runs adjacent to the shoreline 
area for the majority of the project area. The majority of the project area is zoned as light 
manufacturing (M-1), with a section zoned as a resource protection district (RES) (City of 
Sumner 2016). Existing impervious surfaces include golf cart pathways, parking lots, a section of 
the Sumner Link trail, 148th Avenue E, and a section of 24th Street E.  
 
The lower White River flows through the project area between river mile (RM) 2.6 and 4.3. The 
White River flows southwest through the project area before joining with the Puyallup River. 
The project area includes the Cascade Water Alliance Dieringer Tailrace that outlets into the 
White River at RM 3.6, as well as the #9 Ditch which originates east of the railroad and flows 
into a multibranched ditch network west of the railroad. The project is within Water Resource 
Inventory Area (WRIA) 10: Puyallup/White, Hydraulic Unit Code (HUC) 171100140204.  
 
Soils in the area consist mainly of Snohomish silty clay loam and Puyallup fine sandy loam. 
Western hemlock (Tsuga heterophylla) are the major vegetation feature in the area (Franklin and 
Dyrness 1973). Although, historically, the project area included a mature conifer forest with 
western hemlock, Douglas fir (Pseudotsuga menziesii), and western red cedar (Thuja plicata). 
However, most of these old stands have been decimated by logging and agriculture. Current 
vegetation along the waterway channels consists primarily of Himalayan blackberry (Rubus 
armeniacus), reed canarygrass (Phalaris arundinacea), Japanese knotweed (Polygonum 
cuspidatum), and shrubby willows (Pacific and Salix spp.). Within the golf course, vegetation 
consists of Bermuda grass (Cynodon dactylon), Jeffery pine (Pinus jeffreyi) and patches of reed 
canarygrass.  
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Figure 9. Existing features and conditions within the project area (Widener & Associated 

2020).  

 
2.3.3 Salmonid Populations in the Action Area 

White River Spring Chinook 
Fall and spring Chinook salmon are both present in the White River basin. White River spring 
Chinook salmon are one of the only remaining spring Chinook salmon stocks in the Puget Sound 
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(WDFW et al. 1996 in Marks et al. 2021) and are vital to recovering the PS Chinook salmon 
ESU. Fall Chinook salmon are ubiquitous throughout the Puyallup River, Carbon River, and 
Lower White River. The White River does not have a fall Chinook salmon hatchery program so 
the fall Chinook salmon entering the White River are usually hatchery strays from Puyallup 
River hatcheries. Chinook salmon captured in the Corps Buckley trap and transported above 
Mud Mountain Dam were low from 1960 until the 1990’s (Figure 10). In 2000, adult and jack 
Chinook salmon captured at the Buckley trap increased substantially, peaking in 2017 with over 
15,000 captured and transported. However, as demonstrated in the most recent Northwest 
Fisheries Science Center viability report (Ford 2022) the high spring Chinook salmon 
abundances observed in recent years is due in large part to hatchery supplementation, illustrated 
by declining productivity since 2000 (Figure 9, right panel). While high returns of both fall and 
spring run Chinook salmon is encouraging from a recovery stand point, low productivity 
indicates factors such as limited habitat and poor survival are preventing recovery of natural 
origin fish.  
 
The majority of Chinook salmon spawning occurs in Boise Creek and upstream of Mud 
Mountain Dam in Huckleberry Creek, Greenwater River, and Clearwater River. Spawning below 
the Buckley trap in the lower White River is far less common as much of the suitable spawning 
reaches (approximately 5 miles) between the Buckley trap (RM 24.3) and the Dam are 
inaccessible (Marks et al. 2021). Spawning is uncommon at or downstream of the project site. 
Chinook salmon rear throughout the White River and are known to rear within the project area 
(Marks et al. 2016; WDFW 2018).  
 

 
Figure 10. Adult and jack spring and fall Chinook salmon captured at the Corps fish trap and 

transported above Mud Mountain Dam from 1960 to 2020 (Adapted from Marks 
et al. 2021).  
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Figure 11. Left Panel: Smoothed trends in estimated total (thick black line, with 95% 

confidence interval in grey) and natural (thin red line) spawner abundance of 
White River Spring Chinook salmon. Right Panel: Annual trends in White River 
spring 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 (Figures adapted from Ford 2022).  

 
White River Winter Steelhead 
The majority of steelhead returning the White River are winter run fish with a few summer run 
strays from the Green or Skykomish rivers (Marks et al. 2021). Adult winter steelhead captured 
at the Corps fish trap and transported above Mud Mountain Dam have remained below 1,000 fish 
since the early 1990’s (Figure 10). Similarly, total adult escapement estimates have been low and 
declining since 2008. Most recently in 2021, winter steelhead escapement was estimated at 220 
adults. Adult abundance estimates for both natural and hatchery origin fish have been increasing 
since 2010 (Figure 11, left panel) and productivity has remained mostly positive since 2005 
(Figure 11, right panel). However, abundance remains well below recovery goals; the most 
recent five-year geometric mean abundance is 130 compared to a recovery goal of 3,600 – 
12,000, depending on productivity (Ford 2022). Steelhead have been observed spawning above 
Mud Mountain Dam in Boise Creek and the Clearwater and Greenwater rivers well upstream of 
the project site; spawning is uncommon at or downstream of the project site. 
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Figure 12. Adult winter steelhead captured at the Corps fish trap and transported above Mud 

Mountain Dam from 1941-2021 (Adapted from Marks et al. 2021). 
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Figure 13. Winter steelhead total escapement estimates for the White River from 2008 to 

2021. Escapement was estimated using Puyallup Tribal Fisheries tributary and 
mainstem spawning escapement data and Buckley trap capture/sampling data 
(Adapted from Marks et al. 2021).  

 

  
Figure 14. Left Panel: Smoothed trends in estimated total (thick black line, with 95% 

confidence interval in grey) and natural (thin red line) spawner abundance of 
White River winter steelhead. Right Panel: Annual trends in White River winter 
steelhead 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 (Figures adapted from Ford 2022). 
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2.3.4 Critical Habitat in the Action Area 

Within the action area critical habitat is designated for both PS Chinook salmon and steelhead 
along the mainstem White River and the Dieringer Tailrace. Critical habitat for both species 
would be affected by the project in both the White River and Dieringer Tailrace. Specific PBFs 
that would be affect by the action included water quality and quantity, floodplain connectivity, 
forage, natural cover, and substrate.  
 
The action area is considered migration and rearing habitat for PS Chinook salmon and for PS 
steelhead. The features of critical habitat for rearing and migration include:  
 

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. 

3. Freshwater spawning sites with water quantity and quality conditions and substrate to 
support adult spawning, egg incubation, and alevin growth and development. 

 
While Chinook salmon and steelhead have been documented using the White River within the 
project area (WDFW 2018), the majority of the area has suboptimal rearing habitat for 
salmonids. In fact, most of the White River below RM 11 is highly channelized due to bank 
stabilization and has poor rearing habitat. Bank stabilization structures have also eliminated most 
connectivity of the floodplain with the main channel. The project reach is single channel with 
very little instream refugia, limited riparian habitat providing shade or cover, and lacks large 
wood, boulders, and undercut banks (Kerwin 1999). The simplicity of the channel also degrades 
the migration corridor for adults and juveniles. Limited suitable spawning substrate exists in the 
project reach and spawning habitat is severely limited downstream of RM 11. Water quality with 
the project reach can be seasonally poor. In the late fall, when Chinook salmon typically spawn, 
water temperatures exceed optimal conditions (Barreca 2002; WDOE 2002). Additionally, the 
project reach is 303(d) listed for pH, dissolved oxygen, and temperature (WDOE 2016b). Neither 
spring nor fall Chinook salmon have been documented spawning with the project reach (WDFW 
2018). Steelhead spawning has not been observed in the project reach either.  
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2.4. Effects of the Action  

Under the ESA, “effects of the action” means the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with that action, that will be added to the environmental baseline (50 CFR 
402.02). Indirect effects are those that are caused by the proposed action and are later in time, but 
still are reasonably certain to occur.  
 
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 habitat area reductions. 
Intermittent effects include stormwater discharge from new impervious and pervious surfaces 
associated with the staging tracks.  
 
The long-term effects of the project that are reasonably certain to occur include improved habitat 
quality and quantity through floodplain restoration, side channel connection and creation, 
increased habitat complexity via ELJs/revetments, and substrate, and improved riparian and 
upland function from extensive revegetation. We expect rearing, spawning, and migration habitat 
quality and quantity to improve over the long-term as a result of the proposed action.  
 
2.4.1 Effects on Critical Habitat 

Critical habitat for PS Chinook salmon and PS steelhead is designated within the action area and 
would be impacted by temporary and enduring effects of the proposed action. NMFS reviews the 
proposed actions effect on critical habitat by examining how the PBFs of critical habitat would 
be altered, the duration of such changes, and the influence of these changes on the potential for 
the habitat to serve the conservation values for which it was designated. 
 
PBFs of freshwater habitat for Chinook salmon and steelhead include floodplain connectivity, 
forage, natural cover, water quality and quantity, and substrate. The freshwater environment 
supports adult and juvenile life stages of PS Chinook salmon and PS steelhead including 
migrating spawners, migrating, rearing, and growing juveniles, spawning adults, and incubating 
eggs.  
 
The proposed action would occur for five years with in-water work occurring between July 1 and 
August 31 except for the removal of sheetpile. Floodplain grading, channel construction and 
relocation, ELJ and wood revetment installation, culvert removal and replacement and extension, 
riparian and upland planting, trail relocation, and bridge replacement would affect PBFs in the 
following ways: 
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Temporary Effects during Construction 
 
Water Quality 
Turbidity and Dissolved Oxygen – The proposed action would degrade water quality in the White 
River, Dieringer Tailrace, #9 ditch, and newly constructed floodplain habitats including side 
channels by temporarily elevating suspended sediments and turbidity and decreasing dissolved 
oxygen. Specific components of the action include filling and relocating channels, grading and 
excavating the floodplain, installing ELJs, wood revetments, and rock roughness features, and 
culvert installation and extension. We expect turbidity increases to be most prevalent when work 
is completed in-water or below the OHWM during the in-water work window. We do not expect 
water quality degradations to extend further than 1-mile downstream of the most downstream 
construction point on the main stem White River. Cofferdam removal within the work window is 
proposed as well as outside of the approved in-water work window provided that no sheetpile is 
removed using a vibratory pile driver and turbidity impacts are limited to 300 feet downstream of 
the active in-water work area. 
 
Turbidity, suspended sediments, and DO are expected to return to baseline condition within a 
matter of days after work ceases. Conservation measures and BMPs described in the proposed 
action (see section 1.3 Proposed Action) would ensure water quality degradation is minimized.  
 
Effects on Physical Habitat and Prey Base 
Designated critical habitat for PS Chinook salmon and PS steelhead would experience temporary 
declines in forage and prey communities. However, over the long-term the project would 
increase forage habitat for both species as a result of increased habitat complexity (e.g., ELJs, 
rock roughness features, etc.), increased habitat quantity (e.g., floodplain connectivity, side 
channel reconnection, etc.), and expanded and revegetated riparian and upland areas.  
 
Areas where sediment is disturbed by proposed pile installation, excavation, and sheetpile wall 
installation, would disturb and diminish benthic and forage prey communities. In areas where 
suspended sediment settles on the bottom smothering can occur and disrupt benthic and some 
forage communities. The speed of recovery is determined by the intensity of the disturbance; the 
greater the disturbance the longer the recovery time (Dernie et al., 2003). Additionally, the 
ability of a disturbed site to recolonize is affected by whether or not adjacent communities can 
re-seed the affected area. Thus recovery can range from several weeks to many months. 
 
Forage habitat is a component of the freshwater rearing PBF for both salmon and steelhead. The 
proposed action would negatively affect benthic macro-invertebrate prey availability by crushing 
or displacing them during installation of ELJs and revetments, excavating and grading portions 
of the floodplain, and installing rock roughness features. However, given the dynamic nature of 
the White River we expect these disturbed areas to recovery fairly quickly once construction is 
completed. In addition, suspended sediment can settle on bottom substrate and smother benthic 
communities. However, given the proposed conservation measures and construction BMPs we 
expect suspended sediments to be contained within a 1-mile section downstream of the 
construction site. Moreover, we do not expect suspended sediments to reach levels high enough 
to smother large areas of invertebrate habitats. Disturbance of forage habitat would force rearing 
juvenile Chinook salmon and steelhead to utilize other areas up or downstream of the project 
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until construction is completed and the area recovers. This is discussed in more detail in Section 
2.4.2 (Effects on Species).  
 
The temporal extent of disruptions to benthic feeding would be longer, as benthic invertebrate 
populations within the excavation area would be absent or reduced until the new surface layer is 
fully recolonized. Benthic food items would also be temporarily reduced by excavation of 
material, and from sediment suspended during construction activities. The loss of prey in the 
project area would be temporary, and once turbidity would subsides, benthic macroinvertebrates 
from outside the affected area would return. The effects on benthic productivity and availability 
of prey items are likely to last several hours to days after construction is completed until 
sediments in the area are recolonized.  
 
Based on the foregoing analysis, effects on food items are likely to have minor, localized effects 
on juvenile salmonids rearing in the action area for a period of months following project 
construction. Short term change in prey availability and the disturbance to the benthic 
community at the site would not alter generally available feeding opportunities for salmonids 
elsewhere in the river. It is unlikely that the proposed action would result in measureable changes 
to the forage community over the long term.  
 
Migration Corridor 
Juvenile and adult Chinook salmon and steelhead migration corridors in the mainstem White 
River would be temporarily reduced while portions of the channel are isolated to accommodate 
ELJ, wood revetment, and large rock installations. While the in-water work window avoids peak 
migration timing for both juvenile and adult lifestages, juvenile steelhead and Chinook salmon as 
well as adult Chinook salmon may be present in low abundances while areas are isolated. In total 
a maximum of 8 acres of the White River would be isolated during ELJ and wood revetment 
installation. However, all 8 acres would not be isolated simultaneously. Given that numerous of 
the proposed ELJs and all wood revetments would be installed along the channel margins we 
expect the juvenile migratory corridor would be disproportionately affected because they may be 
forced into deeper water. When juvenile salmonids temporarily leave the relative safety of the 
shallow water, their predation risk increases. This increased risk will likely affect a very small 
number of juveniles as at any one time a relatively small proportion of the lower White River 
and will be unavailable for rearing.   
 
Intermittent Effect 
 
Stormwater Discharge 
Modifications to impervious and pervious surfaces would occur as part of the proposed action. 
One acre of existing PGIS would be removed as part of the action and 3.7 acres of new PGIS 
would be installed to serve as an access road for the staging tracks. An additional 4.6 acres of 
NPGIS would also be installed and would receive very little vehicle traffic (<1 vehicle per 
month). All stormwater would be treated via retention and infiltration.  
 
Because 100% of stormwater originating from the project site would be treated via retention and 
infiltration it is unlikely that harmful contaminants would enter the White River from the project 
site. Additionally, given that vehicle use would be limited at the site accumulation of pollutants 
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would be primarily from surrounding land use and atmospheric deposition. Therefore, we expect 
effects of stormwater runoff to critical habitat and listed species to be insignificant.  
 
Enduring Effects 
 
Enduring effects of the action include increased habitat quantity and complexity and improved 
habitat quality for rearing and migrating White River Chinook salmon and steelhead. The long-
term or enduring effects of the proposed action include permanent reconnection with vital 
floodplain and off channel habitat, increased rearing habitat throughout the channel including 
river margins, and an overall increase in channel complexity.  
 
ELJs, wood revetments, and large boulders would be installed throughout the lower White River 
project area. These new features would be installed in-water, along newly connected side 
channels, and in the reconnected and lowered floodplain. ELJs, revetments, and boulders would 
change the hydraulic characteristics of the channel dispersing flow, promoting sediment 
retention, and creating additional mesohabitat features. Wood revetments and ELJ would provide 
stability along channel margins preventing lateral erosion and channel incision. Installation of 
these features would increase the number and depth of low velocity pools, which are ideal 
habitats for rearing juveniles and can provide velocity refuge for migrating adults. Bank 
stabilization using artificial materials such as riprap can reduce the quality of edge habitat and 
subsequently the survival, behavior, and distribution of juvenile salmonids that would otherwise 
rear near stream margins. Beamer and Henderson (1998) reported a reduction in juvenile rearing 
density of 5 to 10 times between natural forested banks and riprapped banks. Beechie et al. 
(2006) reported that modified banks lacked backwater areas, and pools created by eddies. Due to 
lower habitat diversity fish are found at much lower densities and diversity in riprap areas than in 
natural areas (Bolton and Shellberg 2001). In other words, higher species diversity and 
abundances are found in areas with natural banks due to the greater diversity of habitat features 
(Beamer and Henderson 1998). 
 
Peters et al. (1998) compared seasonal fish densities in Washington at sites with various bank 
stabilization structures. They surveyed common bank stabilization methods and found that sites 
stabilized with large wood consistently had higher fish densities in spring, summer, and winter 
than sites without any stabilization structures (Peters et al. 1998). Lower fish densities are 
consistently associated with riprap shorelines. Use of ELJs and complex wood revetments is 
expected to increase fish densities by creating complex habitat features. The addition of large 
wood is also expected to promote sorting and deposition of alluvium that could be suitable for 
spawning (depending on proximal sources) and would provide immediate physical habitat for 
rearing Chinook salmon and steelhead.  
 
While there are harmful temporary effects associated with installing these channel and floodplain 
features, over the long term installation of ELJs, wood revetments, and boulders would benefit 
listed PS Chinook salmon and PS steelhead.  
 
Excavation and lowering of the floodplain would reconnect the channel to important refuge areas 
currently inaccessible to juvenile fish. Reconnection to the floodplain would drastically increase 
habitat complexity features by creating access to side channel area where fish can take refuge in 
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low velocity areas. Habitat complexity is the key factor related to success of species during and 
after floods (Pearsons et al. 1992; Letcher and Terrick 1998; Bischoff and Wolter, 2001; 
Schwartz and Herricks 2005). Important habitat features such as pools, floodplains, and gravel 
bars are formed following flood events (Bischoff and Wolter 2001). Fish residing in reaches with 
complex habitats were more resilient to flood events losing fewer fish and boasting higher 
species diversity and abundance than simple reaches (Pearsons et al. 1992). Juvenile fish are 
particularly vulnerable to strong flows associated with floods because of their limited swimming 
ability and small size (Pearsons et al. 1992). Valuable habitat used by juveniles during floods 
includes inundated floodplains which serve as nurseries (Bischoff and Wolter 2001). Hayman et 
al. (1996) demonstrated that natural and unaltered floodplains have twice the amount of channel 
habitat than isolated floodplains. Indeed, floodplain habitats provide among the most productive 
juvenile salmon and steelhead rearing areas (Sommer et al. 2001; Sommer et al. 2004; Jeffres et 
al. 2008).  
 
The proposed action would also revegetate riparian and upland areas throughout the project site 
that would over time provide a source of large wood for future recruitment to downstream 
reaches. Similarly, improved and newly created riparian habitat would increase allocthonous 
organic material input to the channel while also providing shade and cover along river and 
stream margins.  
 
Finally, reconnection of side channels, relocation of the Dieringer Tailrace, and culvert 
extension/replacements would improve and increase off channel rearing habitat availability for 
juvenile salmonids.  
 

 
Figure 15. Floodplain inundation at 8,000 cfs under existing and proposed conditions. Figure 

provided during a presentation to the Services on February 3, 2022 by City of 
Sumner and BNSF. 
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Figure 16. Total acres of depths (left) and velocities (right) at 3,500 cfs under proposed and 

existing conditions. 

 
Summary of Effects to Critical Habitat 
 
Effects of the proposed action on PS Chinook salmon and PS steelhead habitat include temporary 
degradations of water quality from elevated turbidity, short-term and small-scale disruption of 
the juvenile migratory corridor by worksite isolation, and enduring beneficial effects in the form 
of improved habitat quality and increased habitat quantity for juvenile and adult lifestages.  
 
2.4.2 Effects on Species 

Effects on listed species is a function of (1) the numbers of animals exposed to habitat changes 
or effects of an action; (2) the duration, intensity, and frequency of exposure to those effects; and 
(3) the life stage at exposure.  
 
As noted above, the project has temporary, intermittent, and enduring effects. Our exposure and 
response analysis identifies the multiple life stages of listed species that use the action area, and 
whether they would encounter these effects, as different life-stages of a species may not be 
exposed to all effects, and when exposed, can respond in different ways to the same habitat 
perturbations. 
 
While implementation of the White River Restoration and Sumner Staging Track projects would 
have some negative influence on critical habitat and individual Chinook salmon and steelhead, 
the project is expected to have an overall long term positive effect on salmonid habitat in the 
action area.  
 
Period of Exposure and Species Presence 
 
Listed PS Chinook salmon and PS steelhead may not be exposed to all effect of the proposed 
action. The in-water work window minimizes the likelihood of certain lifestages being exposed 
to elevated in-water noise, suspended sediments, and capturing and handling (Table 7). Juvenile, 
adult, and migratory lifestages of both species would be exposed to long-term beneficial effects 
from the instream and floodplain restoration components of the project including increased 
habitat quality, quantity, and complexity.  
 



WCRO-2021-01064 -70- 

Table 7. Expected presence of listed salmonids in the White River project area.  

 
 
Puget Sound Chinook Salmon – White 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 August as larger sub-
yearlings. The proposed in-water work window is July 1 through August 30 which overlaps with 
the tail end of juvenile outmigration timing (Table 7). Therefore, it is likely that juveniles would 
be actively moving through the project area during the in-water work window and exposed to 
project effects. 
 
Spring Chinook salmon adults enter freshwater as early as March or April and begin spawning in 
August and September (Marks et al. 2021). Fall Chinook salmon begin their migration up the 
Puyallup River in early June and continue moving through the system, including the White 
River, as late as November (Marks et al. 2021). The majority of fall run fish spawn between 
September and October (Marks et al. 2021). Given the in-water work window, it is unlikely that 
spring Chinook salmon would be present in the project area and exposed to effects of the action. 
However, given adult fall Chinook salmon migration timing it is likely that some individuals 
would be present in the action area and exposed to the effects of the action.  
 
Puget Sound Steelhead – White River Population 
White River winter steelhead enter freshwater beginning in January and continue through late 
spring (June). Winter run steelhead typically spawn between April and May in White River 
tributaries including Boise Creek, Clearwater River, and Greenwater River (Marks et al. 2021), 
which are all upstream of the project site. It is unlikely that winter steelhead would be present in 
the action during in-water work.  
 
Juvenile steelhead generally begin their downstream migration in April and July (Berger et al. 
2011) after rearing in freshwater for 1-4 years. It is likely that outmigrating juvenile steelhead 
would be present in the action area during in-water work and exposed to short-term project 
effects. Similarly, rearing juveniles may also be present in the action area, although given the 
distance of the site to spawning areas it is unlikely that rearing steelhead would be present in 
high abundances.  
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Temporary Effects during Construction 
 
Response to Degraded Water Quality 
Turbidity  
Many activities under the proposed action have the potential to increase sediment mobilization 
including in-channel construction (ELJ, wood revetment, and large rock installation and 
floodplain grading) and installation and removal of sheetpile for worksite isolation. Suspended 
sediment concentrations increase rapidly with the onset of instream work and recede markedly 
once work is complete (Reid and Anderson 1998). The effects of suspended sediment, which 
contributes to turbidity, on fish have been well documented in research literature and range from 
beneficial to lethal. Moderate turbidity levels (35 to 150 Nephelometric Turbidity Units [NTUs]) 
can provide cover and accelerate foraging rates in juvenile salmonids (Gregory and Northcote 
1993). Higher turbidity concentrations can cause physiological stress and inhibit growth and 
survival. Direct mortality can occur at very high concentrations and/or extended durations of 
suspended solids (Newcombe and Jensen 1996). Fish would be exposed to increased sediment 
mobilization by restoration activities with the BMPs minimizing the potential impacts of 
suspended sediment (see Section 1.3 - Proposed Action).  

In particular, the installation and removal of sheetpile and spring high flows in recently restored 
floodplain areas are likely to produce erosion and increased turbidity levels in excess of 
background conditions for hours to days. Following in-stream construction activities like the 
installation of sheetpile and when flows initially come in contact with restored floodplain and 
channel areas, fish within approximately 500 feet downstream of the site may experience adverse 
effects from increased turbidity. Salmonids are highly mobile and are able avoid intense 
turbidity, but we assume that some juvenile Chinook salmon and steelhead would not vacate 
these reaches and would thus be exposed to turbidity levels capable of causing stress and 
decreased feeding until turbidity returns to background conditions. These temporary effects are 
not expected to change the growth or fitness of any fish because these effects are expected to be 
brief. However, the short-term small scale increases in turbidity are likely to result in behavioral 
effects, such as dispersing salmonids from established territories, and likely to cause increasing 
interspecific and intraspecific competition, as well as temporarily increasing predation risk for a 
small number of affected juveniles.  

 
Response to Elevated In-water Noise 
The proposed action includes installation of both timber piles and sheetpiles using impact and 
vibratory driving methods; all timber piles are assumed to require impact driving during 
installation. Timber piles installed below the existing OHWM would be driven in isolated mostly 
dry conditions reducing sound pressure levels (SPL) and effects to fish. Pile driving would occur 
for up to five 10-hour days a week during the in-water work window period. 
 
Pile driving can cause high levels of underwater sound. This noise from impact pile driving can 
injure or kill fish and alter behavior (Turnpenny et al. 1994; Turnpenny and Nedwell 1994; 
Popper 2003; Hastings and Popper 2005). Death from barotrauma can be instantaneous or 
delayed up to several days after exposure. Even when not enough to kill fish, high sound levels 



WCRO-2021-01064 -72- 

can cause sublethal injuries. Fish suffering damage to hearing organs may suffer equilibrium 
problems, and may have a reduced ability to detect predators and prey (Turnpenny et al. 1994; 
Hastings et al. 1996). Hastings (2007) determined that a cumulative Sound Exposure Level 
(cSEL) as low as 183 dB (re: 1 µPa2-sec) was sufficient to injure the non-auditory tissues of 
juvenile spot and pinfish with an estimated mass of 0.5 grams.  
 
Cumulative SEL is a measure of the sound energy integrated across all of the pile strikes. The 
Equal Energy Hypothesis, described by the NMFS (2007b), is used as a basis for calculating 
cumulative SEL. The number of pile strikes is estimated per continuous work period. This 
approach defines a work period as all the pile driving between 12-hour breaks. NMFS uses the 
practical spreading model to calculate transmission loss. In 2008, the Fisheries Hydroacoustic 
Working Group (FHWG) developed interim criteria to minimize potential impacts to fishes 
(FHWG 2008). The interim criteria identify the following thresholds for the onset of physical 
injury using peak sound pressure level (SPL) and cSEL: 
 

● Peak SPL: levels at or above 206 dB from any hammer strike; and 
● cSEL: levels at or above 187 dB for fish sizes of 2 grams or greater, or 183 dB for fish 

smaller than 2 grams. 
 
Adverse effects on survival and fitness can occur even in the absence of overt injury. Exposure 
to elevated noise levels can cause a temporary shift in hearing sensitivity (referred to as a 
temporary threshold shift), decreasing sensory capability for periods lasting from hours to days 
(Turnpenny et al. 1994; Hastings et al. 1996). Popper et al. (2005) found temporary threshold 
shifts in hearing sensitivity after exposure to cSELs as low as 184 dB. Temporary threshold 
shifts reduce the survival, growth, and reproduction of the affected fish by increasing the risk of 
predation and reducing foraging or spawning success. 
 
With regard to vibratory driving and noise from construction vessels, the behavioral effects from 
anthropogenic sound exposure remains poorly understood for fishes, especially in the wild. 
NMFS applies a conservative threshold of 150 dB rms (re 1 μPa) to assess potential behavioral 
responses of fishes from acoustic stimuli. Fewtrell (2003) observed fish exposed to air gun noise 
exhibited alarm responses from sound levels of 158 to 163 dB (re 1 μPa). More recently, 
Fewtrell and McCauley (2012) exposed fishes to air gun sound between 147-151 dB SEL and 
observed alarm responses in fishes. 
 
The above-discussed criteria specifically address fish exposure to impulsive sound. Stadler and 
Woodbury (2009) make it clear that the thresholds likely overestimate the potential for impacts 
on fish from non-impulsive sounds (e.g., vibratory pile driving). Non-impulsive sounds have less 
potential to cause adverse effects in fish than impulsive sounds. Impulsive sources cause short 
bursts of sound with very fast rise times and the majority of the energy in the first fractions of a 
second. Whereas, non-impulsive sources cause noise with slower rise times and sound energy 
that is spread across an extended period of time; ranging from several seconds to many minutes 
in duration.  
 
The applicant provided a noise analysis in the submitted biological evaluation that estimates 
aquatic noise resulting from vibratory driving would return to background levels within 
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approximately 328 feet from each sheetpile driving location (see Appendix E in Widener & 
Associates 2020). The proposed action also include vibratory and impact driving timber piles 
during ELJ and revetment installation. Noise generated while driving timber piles using a 
vibratory hammer would be less than the noise generated during sheetpile installation. While all 
timber pile impact driving would occur in isolated and mostly dry conditions, noise can transfer 
through wet substrate to adjacent river areas. Thus, we assume that impact pile driving of wood 
piles would result in some noise related effect in exposed individuals.  
 
In-water work windows are generally designed to prevent work from occurring during peak 
presence of salmonids, but do not guarantee that exposure will not occur. We cannot estimate the 
number of individuals from any species that would experience adverse effects from underwater 
sound, nor predict the specific responses among the fish exposed. Not all exposed individuals 
would experience adverse effects, some would experience sublethal effects, such as temporary 
threshold shifts, some merely behavior responses such as startle. In summary, we find that 
adverse effects from elevated noise from vibratory driving of sheetpile and impact driving of 
wood piles would be likely to result in physical injury up to and including death of a small 
number of exposed individuals.  
 
Response to Habitat Alterations  
Instream habitat would be temporarily unavailable and altered while new features including 
ELJs, wood revetments, and large rock features are constructed.  
 
Temporary Loss of Habitat Due to Work Area Isolation 
ELJs and complex wood revetments would require instream areas to be isolated prior to 
construction to preclude fish presence prior to construction. This would limit the area available 
for juvenile fish to occupy within the project footprint and would force juvenile Chinook salmon 
and steelhead to move up or downstream to available suitable habitat. Over the course of the 
project a maximum total of 8 acres (approximately 3.2 acres for ELJs and 4.09 acres for wood 
revetments) would be inaccessible while instream features are installed, although this would 
occur over time and the 8 acres would not be inaccessible simultaneously. While it is likely that 
Chinook salmon and steelhead would be present in the White River when work area exclusion 
would occur, the in-water work window ensures that abundances would be low. Additionally, 
suitable habitat exists up and downstream of the project site that displaced fish could easily 
relocate to until construction is completed. As we expect densities of juveniles in the 
construction area to be low, we expect juveniles to move to other areas without increased 
competition. Displacement would, however, cause juveniles to extend more energy to reach 
suitable habitat and likely increasing exposure to predation. Given the in-water work window, 
proximity of additional habitat, and that the maximum 8 acres of isolated areas would not occur 
simultaneously, we find the risk of adverse effects to be limited to increased predation affecting 
some of the small number of juveniles that would be temporarily displaced.  
 
Temporary Reduction in Forage and Habitat Due to Excavation and ELJ/Revetment Installation 
Excavation during floodplain restoration, channel relocation, and ELJ and wood-revetment 
installation would temporarily reduce forage opportunities for juvenile fish by disturbing 
sediments and benthic communities. The proposed action would negatively affect benthic macro-
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invertebrate prey availability by crushing or displacing them during construction. We expect 
most of the areas where ELJs and wood revetments would be installed would include forage 
habitat for juvenile salmonids. Disturbance of forage habitat would force rearing juvenile 
Chinook salmon and steelhead to utilize other areas up or downstream of the project until 
construction is completed and the area recovers. However, given the dynamic nature of the 
White River and the availability of macroinvertebrates from adjacent areas we expect these 
disturbed areas to recovery fairly quickly once construction is completed.  
 
Response to Strike and Crush During Large Rock Feature Installation  
One hundred cubic yards of large boulders would be placed below OHWM throughout the main 
White River channel using an excavator situated on bank. Fish present in the area would be at 
risk of being struck or crushed during rock placement. However, we find that risk to be highly 
unlikely as a qualified biologist would be present to monitor rock placement and ensure fish are 
not present when the rocks are set in the channel. Therefore, we find the risk of striking or 
crushing fish during large rock installation to be extremely unlikely and thus discountable.  
 
Response to Fish Exclusion Measures  
The Corps and applicants have proposed to isolate specific areas during construction in order to 
prevent fish from being exposed to harmful effects from excavation, pile placement, large wood 
installation, and placement of large rocks and dolosse. The majority of fish exclusions would 
utilize herding using block and kick nets; electrofishing would only be used when absolutely 
necessary. 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. While fish exclusion and work area isolation is meant as 
a conservation measure to ensure fish are not present during construction, it is highly likely that 
if fish are handled, injury and/or mortality will occur.  
 
Electrofishing significantly increases the chance of harm, injury, or mortality. Electrofishing can 
cause a suite of effects ranging from disturbance to mortality. The amount of unintentional 
mortality attributable to electrofishing varies widely depending on the equipment used, the 
settings on the equipment, and the expertise of the technician. Most studies on the effects of 
electrofishing on fish have been conducted on adult fish greater than 300 millimeters in length 
(Dalbey et al. 1996). The relatively few studies that have been conducted on juvenile salmonids 
indicate that spinal injury rates are substantially lower than they are for large fish. Smaller fish 
are subjected to a lower voltage gradient than larger fish (Sharber and Carothers 1988) and may, 
therefore, be subject to lower injury rates (Thompson et al. 1997). The incidence and severity of 
electrofishing damage is partly related to the type of equipment used and the waveform produced 
(Dwyer and White 1997). Continuous direct current (DC) or low-frequency (30 hertz) pulsed DC 
have been recommended for electrofishing (Dalbey et al. 1996) because lower spinal injury rates, 
particularly in salmonids, occur with these waveforms (Sharber et al. 1994, Dalbey et al. 1996). 
Only a few recent studies have examined the long-term effects of electrofishing on salmonid 
survival and growth (Dalbey et al. 1996, Ainslie et al. 1998). These studies indicate that although 
some of the fish suffer spinal injury, few die as a result. However, severely injured fish grow at 
slower rates and sometimes they show no growth at all (Dalbey et al. 1996).  
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We expect that most fish (mainly juveniles) present prior to exclusionary measures would be 
successfully removed or herded outside of the construction footprint into other areas. However, 
any fish not moved out of the isolation areas during relocation operations would be subject to 
mechanical injury or death from electrofishing. Although numerous measures would be 
employed to minimize this risk. For example, the in-water work window (July 1 – August 31) 
minimizes exposure as high densities of adult or juvenile PS Chinook salmon or PS steelhead are 
unlikely. Additionally, preconstruction surveys by qualified biologist would also minimize 
exposure risk..  
 
Nevertheless, fish exclusion, handling, and relocation would result in adverse effects to exposed 
PS Chinook salmon and PS steelhead. If 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 into substrate to avoid capture) would be killed when dewatering, 
filling/grading of the channel, installing ELJs, revetments, or large rocks, or installing/retrofitting 
culverts occurs. 
 
Intermittent Effects 
 
Intermittent effects to listed fish species include stormwater discharges from the project area to 
the White River. As described in section 2.4.1 (Effects on Critical Habitat) no untreated 
stormwater would be discharged into the aquatic environment once the project is completed. The 
action includes stormwater treatment measures that ensure all runoff would be fully infiltrated 
into the new constructed riparian and forested areas before discharge. In addition, very little new 
PGIS is proposed as part of the action and thus we expect the volume of generated contaminated 
stormwater to be minimal. Moreover, we expect most contaminants to originate outside of the 
project footprint via atmospheric deposition or surrounding land use. Although, some pollutants 
originating from motor vehicles would accumulate on PGIS within the project area. However, 
we do not expect stormwater discharges to result in measurable degradations to water quality, 
and find the effects are therefore insignificant to listed fish species.  
 
Enduring Effects 
 
Response to Habitat Alterations  
The proposed action would result in numerous enduring beneficial habitat effects for adult and 
juvenile Chinook salmon and steelhead lifestages for many years following completion of the 
project. The proposed project would significantly increase the quantity of complex habitat within 
the White River by reconnecting the floodplain, creating side channels, and installing ELJs, 
complex wood revetments, and large rock features. Floodplain excavation and grading and side 
channel creation would create a substantial amount of new off channel habitat for rearing 
juvenile Chinook salmon and steelhead. A total of 13 acres of side channels would be 
constructed creating an expansive network of foraging and refuge habitat for juveniles. 
Currently, in the project area, the White River lacks side channels, backwaters, and wetland 
habitat where juvenile Chinook salmon and steelhead could find winter rearing habitat. A lack of 
floodplain and channel structure diversity impacts winter rearing because high flow events can 
displace and even kill juveniles. Similarly, lack of complex habitat features limits predatory and 
low flow refugia and forage habitat during the summer. The shallow water areas along 
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floodplains, side channels, and alcoves/backwaters would also benefit invertebrate production 
and improve forage opportunities for rearing juveniles (Goodman et al. 2012; Beechie et al. 
2014). The proposed project would ultimately increase floodplain connectivity, reactivate 
channel migration across flood plains, and improve riparian and aquatic diversity and complexity 
for anadromous salmonids throughout the action area. Lateral migration of the channel is 
important for producing undercut banks, creating side channels, and recruiting woody debris and 
gravel to the channel (Spence et al. 1996); all are habitat features that promote productivity and 
would lead to increases in carrying capacity for the lower White River. 
 
While ELJ and complex wood revetments are meant to protect and stabilize banks from erosion, 
these bioengineered approaches would also reduce fine sediment input, provide natural cover, 
and increase recruitment of riparian vegetation. These methods are expected to create 
streambanks that would resist lateral erosion while providing complex rearing, feeding, and 
sheltering habitat for Chinook salmon and steelhead. The proposed bio-engineered approach 
(e.g., ELJs, complex wood revetments, etc.) would improve habitat conditions relative to the 
current channelized state and we expect substantially more juvenile salmonids would be able to 
successfully rear in the project footprint after installation of bioengineered bank stabilization 
structures is completed.  
 
Riparian, upland forest, and wetland restoration actions would also provide numerous enduring 
benefits to listed species. Benefits include increased large wood recruitment, new allocthonous 
organic inputs, augmented and new stream shading, improved water quality, reduced erosion and 
fine sediment input, and improved streambank stability. Riparian plantings combined with ELJs 
and complex wood revetment would likely result in enhanced localized natural sediment 
recruitment and accumulation that would encourage streambank function and development of 
habitat features. Increased riparian, forest, and wetland areas would also improve water quality 
by increasing infiltration potential and ensuring more pollutants are removed before discharging 
into the White River.  
 
Summary of Effects to Species 
 
Adverse effects of the proposed action on listed fish species are expected to be single event, 
short-term, abate once construction is completed, and small-scale. They include death from fish 
handling related to fish exclusionary measures (8 acres of in-stream habitat not all at the same 
time spread out over multiple years of construction), increased risk of predation related to 
increased turbidity and fish having to leave isolated areas, and physical injury from elevated in-
water noise during installation of work area isolation structures. Over the long term, the project 
dramatically improves habitat quality and substantially increases habitat quantity for adult and 
juvenile PS Chinook salmon and steelhead. Expected benefits include increases in rearing habitat 
availability and quality, improved water quality benefiting all lifestages in the action area, and 
improved connectivity of the main channel to the floodplain, riparian, and forested areas. 
 
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 
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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 White 
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 temporary adverse effects, with the exception of fish handling. However, 
based on the short-term and small-scale nature of construction-related effects, we expect very 
few fish to be adversely affected or killed. The long term effects are expected to be beneficial to 
both White River Chinook salmon and steelhead and would cause density and abundance to 
increase appreciably over time in correlation to habitat quantity increases.  
 
Productivity: We do not expect short term decreases in productivity to occur as a result of the 
proposed action. Productivity would likely increase over the long-term once construction is 
complete due to the increase in accessible floodplain habitat, rearing habitat throughout the 
project area, and improved riparian and upland connectivity. Habitat improvements would likely 
incrementally increase survival of rearing and migrating juveniles thus slightly improving adult 
return rates and overall productivity of the White River.  
 
Spatial Structure: We do not expect the proposed action to significant alter the spatial structure 
of the PS Chinook salmon ESU or PS steelhead DPS. However, we do expect the restoration 
effort would slightly alter the spatial structure of the White River Chinook salmon and steelhead 
populations by increasing juvenile carrying capacity in the lower White River, thus expanding 
the spatial extent in which juveniles can rear and grow before migrating to the ocean.  
 
Diversity: We do not expect the proposed action to impact the diversity of the PS Chinook 
salmon ESU or PS steelhead DPS.  
 
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]. 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 
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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 
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 
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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 assessing the risk that the proposed 
action poses to species and critical habitat. 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 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 
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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 includes both positive and negative, permanent 
and temporary effects, as described above. Negative effects are mostly short-term and 
construction related whereas positive effects would result from the substantial increase in 
floodplain and rearing habitat quality and quantity. The timing of work overlaps with the 
migration of adult and juvenile PS Chinook salmon lifestages in the White River, but given the 
in-water work window, it is unlikely that either lifestage would be in the direct footprint of the 
project in high abundances. Given the beneficial long-term effects of the restoration project, 
NMFS expect PS Chinook salmon and PS steelhead abundance, productivity, and carrying 
capacity to improve. 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  Salmon and Steelhead Critical Habitat 

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. 
 
The effects of the proposed action on critical habitat, considered with cumulative effects and 
added to the baseline, are in the long-term likely to be incrementally positive improving critical 
habitat for a large portion of the lower White River. In summary, the status of critical habitat for 
PS Chinook salmon and steelhead is poor and baseline conditions are impaired and poor, 
however the project benefits critical habitat by improving habitat quality and increasing habitat 
quantity. Numerous PBFs within the action area would be improved in the long-term including 
water quality, prey conditions for juvenile salmonid growth, maturation, and fitness, as well as 
migration corridors for adults. The project would overall appreciably increase the conservation 
role of critical habitat at the ESU or DPS scale.  
 
2.6.2 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 
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by the recovery plan for this ESU. The population that would be affected by the proposed action 
is White River Chinook salmon. 
 
As described in Sections 2.2 and 2.3, White River 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. 
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 small-scale and short-term to cause 
significant negative effects on any of the characteristics of a viable salmon population 
(abundance, productivity, distribution, or genetic diversity). In fact, when evaluated together 
with the long-term positive effects, we expect the overall long-term effects of the project, to 
increase abundance, productivity, and carrying capacity by improving habitat quality and 
increasing habitat quantity. As individual population viability improves, the viability of the 
diversity strata and ESU would improve as well. 
 
2.6.3 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 would be winter steelhead from 
the White River basin. Adults are typically present in the White River during the winter of their 
upstream migration and juveniles during the spring and early summer of their outmigration. No 
documented spawning exists in the lower White River. 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). Current abundance of White River winter steelhead remain 
well below recovery goals and significant recovery efforts would be needed to attain recovery of 
these populations. Many of the measures identified in the PS steelhead recovery plan are 
included in the White River Restoration and BNSF Staging Tracks proposed action.  
 
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 not result in effects likely to significantly reduce abundance or productivity of White 
River steelhead. Moreover, in the long term, based on the significant habitat improvements, we 
expect the proposed action would improve abundance, productivity, and would move the White 
River steelhead population closer to recovery goals.  
 
2.7. Conclusion 

After reviewing and analyzing the current status of the listed species and critical habitat, the 
environmental baseline within the action area, the effects of the proposed action, any effects of 
interrelated and interdependent activities, and cumulative effects, it is NMFS’ biological opinion 



WCRO-2021-01064 -82- 

that the proposed action is not likely to jeopardize the continued existence of PS Chinook salmon 
or PS steelhead or destroy or adversely modify their designated critical habitat. 
 
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). “Harass” is further defined by interim guidance as to 
“create the likelihood of injury to wildlife by annoying it to such an extent as to significantly 
disrupt normal behavioral patterns which include, but are not limited to, breeding, feeding, or 
sheltering.” “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 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: 
 

• Incidental take in the form of injury or death due to capture and handling during work 
area isolation/fish exclusion. 
 

• Incidental take in the form of injury or death from noise during sheetpile and impact 
wood pile driving. 
 

 

• Incidental take in the form of harm from diminished water quality (turbidity, suspended 
sediments, etc.).  

• Incidental take of juveniles in the form of injury or death from displacement related to 
worksite isolation. 

 
The distribution and abundance of fish that occur within an action area are affected by habitat 
quality, competition, predation, and the interaction of processes that influence genetic, 
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. Thus, the distribution and abundance of 
fish within the action area cannot be attributed entirely to habitat conditions, nor can NMFS 
precisely predict the number of fish that are reasonably certain to be injured or killed if their 
habitat is modified or degraded by the proposed action.  
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Therefore, we cannot predict with meaningful accuracy the number of PS Chinook salmon and 
PS steelhead that are reasonably certain to be injured or killed by exposure to any of these 
stressors. Additionally, NMFS knows of no device or practicable technique that would yield 
reliable counts of individuals that experience these impacts. 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 exception being capture and handling. Qualified biologists 
would have the capability to monitor injury and mortality rates during fish exclusion efforts and 
report those rates at the completion of the project.  
 
For this proposed action, the potential for occurrences of injury or death from capture and 
handling and elevated noise is directly related to the total area isolated prior to construction. 
Similarly, harm from being exposed to degraded water quality is directly related to the amount 
and duration of in-water work.  
 
Injury or death from capture and handling –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. In the Biological Assessment (Widener and Associates 2020) it was estimated that 
between 974 and 23,507 juveniles may pass through the action area during the in-water work 
window based on historical outmigration estimates from WDFW and Puyallup Tribal Fisheries. 
Therefore, we estimate that no more than 5,000 juvenile (including smolts) PS Chinook salmon 
and 5,000 juvenile (including smolts) PS steelhead that would be captured and handled annually, 
in each of the4 years, during the isolation and relocation efforts. (Adults would not be handled as 
part of this effort, but would be allowed to volitionally leave the area before any fish exclusion 
activities are completed). If the number of juvenile 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. The Corps must notify NMFS within 
24 hours if work area isolation take is exceeded.  
 
Harm from elevated noise – PS Chinook salmon (juvenile) and PS steelhead (juvenile) would be 
exposed to construction-related noise resulting from driving (and removing) sheetpiles and 
impact driving of wood piles in isolated mostly dry river bed and bank area. Disruption of 
normal feeding and migration, and injury and death can occur from exposure to elevated sound. 
An appropriate and measurable surrogate for take associated with elevated noise is the length of 
sheetpile installed and the number of wood piles driven. Pile driving is not permitted outside of 
the in-water work window. Additionally, any pile driving occurring outside of the work window 
would cause take to be exceeded, and the reinitiation provisions of this Opinion would be 
triggered. Finally, any impact driving that occurs in a manner not analyzed in this Opinion (e.g., 
not isolated) would trigger the reinitiation provisions of this Opinion.  
 
Harm from degraded water quality – PS Chinook salmon (juvenile and adult) and PS steelhead 
(juvenile), would be exposed to degraded water quality. Habitat modified temporarily by 
suspended solid and contaminants would injure fish by impairing normal patterns of behavior 
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including rearing and migrating in the action area and causing potential health effects. Because 
injury to individuals can occur when exposed to high levels of suspended sediment, or as a result 
of avoiding areas affected with high levels of sediment, the extent of take is measured as the 
anticipated area where suspended sediment would exceed background levels. Therefore, the 
maximum extent of take is defined by the turbidity impacts which are limited to 1,000 feet 
downstream of the project area during the work window and to 300 feet during the extended 
work window for sheetpile removal. Exceeding these areal indicator for extent of take would 
trigger the reinitiation provisions of this Opinion. 
 
Injury or death from displacement relate to worksite isolation - PS Chinook salmon (juvenile and 
adult) and PS steelhead (juvenile), would be temporarily displaced from rearing habitat 
associated with worksite isolation. Displacing juveniles is likely to result in an increase in 
predation based on increased path length and some individuals having to find less favorable 
habitat. An appropriate and measurable surrogate for take associated with displacement is the 
area rendered temporarily inaccessible to rearing. Therefore, the maximum extent of take is 
defined by the maximum of 8 acres of habitat proposed to be isolated for construction. 
Exceeding these areal indicator for extent of take would trigger the reinitiation provisions of this 
Opinion. 
 
Table 8 summarized the amount and extent for each of the pathways outlined above. 
 
Table 8. Incidental take pathways and associated indicators of the amount or extent of 

incidental take. 
 

Incidental Take Pathway Amount or Extent of Incidental Take   

Injury or death of juveniles due to capture 
and handling during work area 
isolation/fish exclusion 

PS Chinook salmon: 5,000 juvenile (including smolts) and PS 
steelhead: 5,000 juvenile (including smolts) annually, for up to 4 
years, during isolation and relocation efforts. 

Injury or death from elevated noise 
associated with vibratory sheetpile driving 
and impact pile driving. 

Length of sheetpile installed shall not exceed 1400 feet and 
number of wood piles driven in isolated work area should not 
exceed 1,196 (=930 + 266). 

Harm or death related to increased turbidity 
and elevated suspended sediments.  

Elevated turbidity shall not exceed an area of 1,000 feet 
downstream of project area during in-water work window and 300 
feet between September 1 and November 30. 

Incidental take of juveniles in the form of 
injury or death from displacement related to 
worksite isolation. 

Temporary worksite isolation shall not exceed 8 acres of habitat. 
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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 and the applicants shall minimize incidental take of listed species resulting 
from work area isolation and fish removal (handling, capture, and electrofishing).  

 

 

 

 

2. The Corps and the applicants shall minimize incidental take of listed species resulting 
from elevated noise. 

3. The Corps and the applicants shall minimize incidental take of listed species resulting 
from suspended sediments during in-water work. 

4. The Corps and the applicants shall implement monitoring and reporting programs to 
confirm that the RPMs are implemented as required and take exemption for the proposed 
action is not exceeded, and that the terms and conditions are effective in 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 
with the following terms and conditions, protective coverage for the proposed action would 
likely lapse.  
 
1. The following terms and conditions implement RPM 1 (work area isolation and fish 

removal):  
a. Take all appropriate steps to minimize the amount and duration of handling during 

work area isolation, fish capture, release, and exclusion operations, including the 
following:  

i. Corps fish biologists, their subordinate staff, or certified contractors must 
conduct all fish capture, handling, and electrofishing operations, unless 
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 work area.  

iii. If adults are present in the work areas allow fish to leave volitionally before 
beginning fish capture activities.  
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iv. Follow NMFS’s electrofishing guidelines (NMFS 2000) when capturing fish 
using electrofishing equipment. These guidelines are available from the 
NMFS West Coast Region, Protected Resources Division, Portland, Oregon.15 

v. Cease fish handling/work that requires fish handling when water temperatures 
exceed 17.5 degrees Celsius, and/or air temperatures exceed 75 degrees 
Fahrenheit. Work may resume when temperatures fall below these 
measurements. 

vi. ESA-listed fish must be handled with extreme care, keeping fish in water to 
maximum extent possible during capture 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 the capture sites.  

 

 

 

 

2. The following terms and conditions implement RPM 2 (noise):  
a. Utilize gravel supersacks whenever possible so as to minimize the use of sheetpiles 

for work area exclusion measures.  

3. The following terms and conditions implement RPM 3 (suspended sediments):  
a. Pause work if turbidity exceeds Washington State water quality standards an extends 

past the 1,000 feet elevated turbidity zone (300 for during extended in-water work 
window for sheetpile removal) and allow conditions to return to background 
conditions before starting work again.  

b. Provide results of turbidity monitoring to NMFS (see T&C5) 

4. The following terms and conditions implement RPM 4 (monitoring and reporting):  
a. The Corps shall report the following information to NMFS (at 

projectreports.wcr@noaa.gov, refer to: WCRO-2021-01064) annually 60 days after 
the in-water window closes: 

i. Total number of impact pile strikes; 
ii. Results from turbidity monitoring; 
iii. Total number of fish captured, relocated, injured, and killed during fish 

exclusion/work area isolation as well duration of electrofishing efforts;  
b. 30 days prior to construction provide copies of the Ecology approved WQMPP, 

TESC, and SWPPP to NMFS (at projectreports.wcr@noaa.gov, refer to: WCRO-
2021-01064).  

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 
                                                 
15 https://media.fisheries.noaa.gov/dam-migration/electro2000.pdf   
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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). 
 

• No conservation recommendations are included with this Opinion 
 
2.10. Reinitiation of Consultation  

This concludes formal consultation for the White River Restoration Project and Sumner Staging 
Tracks Project. 
 
As 50 CFR 402.16 states, reinitiation of formal consultation is required 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 agency action is subsequently 
modified in a manner that causes an effect on the listed species or critical habitat that was not 
considered in this opinion, or (4) a new species is listed or critical habitat designated that may be 
affected by the action. 
 
2.11.  “Not Likely to Adversely Affect” Determinations 

2.11.1 Southern Resident Killer Whales 

The Corps determined that the proposed action was not likely to adversely affect SRKW or 
adversely modify their critical habitat. NMFS concurs with the Corps’ determination.  
 
Given the location of the project, SRKW would not be exposed to direct effects of the action 
(e.g., degraded water quality or noise) and are therefore discountable. Similarly, given the 
expected beneficial effects of the restoration component of the action on White River Chinook 
salmon we expect beneficial effects to SRKW prey PBFs via Chinook salmon. The benefits of 
the action would improve PS Chinook salmon rearing and migration habitat within the White 
River potentially leading to increases in spring Chinook salmon survival and abundance over the 
long-term, ultimately benefiting SRKW critical habitat via prey PBF.  
 
 
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 Coprs 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 waters and substrates of the project site are designated as freshwater EFH for various life-
history stages of Pacific Coast salmon. Freshwater EFH for Pacific Coast Salmon is identified 
and described in Appendix A to the Pacific Coast salmon fishery management plan (PFMC 
2014), and consists of four major components: (1) spawning and incubation; (2) juvenile rearing; 
(3) juvenile migration corridors; and (4) adult migration corridors and holding habitat. 
 
Those components of freshwater EFH for Pacific Coast Salmon depend on habitat conditions for 
spawning, rearing, and migration that include:  (1) water quality (e.g., dissolved oxygen (DO), 
nutrients, temperature, etc.); (2) water quantity, depth, and velocity; (3) riparian-stream-marine 
energy exchanges; (4) channel gradient and stability; (5) prey availability; (6) cover and habitat 
complexity (e.g., large woody material, pools, aquatic and terrestrial vegetation, etc.); (7) space; 
(8) habitat connectivity from headwaters to the ocean (e.g., dispersal corridors); (9) groundwater-
stream interactions; and (10) substrate composition. 
 
As part of Pacific Coast Salmon EFH, five Habitat Areas of Particular Concern (HAPCs) have 
been defined: 1) complex channels and floodplain habitats; 2) thermal refugia; 3) spawning 
habitat; 4) estuaries; and 5) marine and estuarine submerged aquatic vegetation. The action area 
provides no known HAPCs. 
 
3.2. Adverse Effects on Essential Fish Habitat 

The ESA portion of this document (Sections 1 and 2) describes the proposed action and its 
adverse effects on ESA-listed species and critical habitat, and is relevant to the effects on EFH. 
 
Adverse effects to EFH for Pacific salmon (Chinook salmon, pink salmon, and coho salmon) 
mirror those effects on critical habitats previously described in section 2.4.1 above. The proposed 
project construction would have construction-related, episodic and temporary/mid-term adverse 
effects on water quality and habitat access. Over the several year construction period, actions 
would include work site isolation and driving piles in EFH in the White River. A maximum of 8 
acres of the White River would be isolated during ELJ and wood revetment installation spread 
out over the multi-year construction period. Worksite isolation would limit EFH availability for 
the duration of construction/worksite isolation. Long-term effects would be beneficial based on 
increased quality and quantity of floodplain habitat providing more EFH space.  
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3.3. Essential Fish Habitat Conservation Recommendations 

NMFS determined that the following conservation recommendations are necessary to avoid, 
minimize, mitigate, or otherwise offset the intermediate impact of the proposed action on EFH. 
 
To reduce adverse impacts on water quality and habitat access, the Corps should: 
 

1. Limit the extent and duration of increased turbidity as much as possible; and  
2. Minimize size/are of work site isolation as much as possible. 

 
Fully implementing these EFH conservation recommendations would protect designated EFH, 
by avoiding or minimizing the adverse effects described in section 3.2, above, for Pacific Coast 
salmon. 
 
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 
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DQA components, documents compliance with the DQA, and certifies that this Opinion has 
undergone pre-dissemination review. 
 
4.1 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. Other interested users could include the City of Sumner, BNSF, recreational fishing 
groups, conservation groups, and Treaty Tribes. Individual copies of this Opinion were provided 
to the Corps. The document will be available at the NOAA Library Institutional Repository 
[https://repository.library.noaa.gov/welcome]. The format and naming adhere to conventional 
standards for style. 
 
4.2 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. 
 
4.3 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 part 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 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, and reviewed in accordance with West Coast Region ESA quality control and 
assurance processes. 
  



WCRO-2021-01064 -91- 

5. REFERENCES 

Agne, M.C., P.A. Beedlow, D.C. Shaw, D.R. Woodruff, E.H. Lee, S.P. Cline, and R.L. Comeleo. 
2018. Interactions of predominant insects and diseases with climate change in Douglas-fir 
forests of western Oregon and Washington, U.S.A. Forest Ecology and Management 
409(1). https://doi.org/10.1016/j.foreco.2017.11.004 

Ainslie, B.J., J.R. Post, and A.J. Paul. 1998. Effects of Pulsed and Continuous DC Electrofishing 
on Juvenile Rainbow Trout. North American Journal of Fisheries Management:Vol. 18, 
No. 4, pp. 905–918. 

Alava, J.J., A.M. Cisneros-Montemayor, U.R. Sumaila and W.W.L. Cheung. Projected 
amplification of food web bioaccumulation of MeHg and PCBs under climate change in 
the Northeastern Pacific. www.nature.com/scientificreports. 

Alizedeh, M.R., J.T. Abatzoglou, C.H. Luce, J.F. Adamowski, A. Farid, and M. Sadegh. 2021. 
Warming enabled upslope advance in western US forest fires. PNAS 118(22) 
e2009717118. https://doi.org/10.1073/pnas.2009717118 

Anderson, S. C., J. W. Moore, M. M. McClure, N. K. Dulvy, and A. B. Cooper. 2015. Portfolio 
conservation of metapopulations under climate change. Ecological Applications 25:559-
572. 

Barnett, H.K., T.P. Quinn, M. Bhuthimethee, and J.R. Winton. 2020. Increased prespawning 
mortality threatens an integrated natural- and hatchery-origin sockeye salmon population 
in the Lake Washington Basin. Fisheries Research 227. 
https://doi.org/10.1016/j.fishres.2020.105527 

Barreca, J. 2002. Lower White River Temperature Study. Washington State Department of 
Ecology. Water Quality Program. Southwest Regional Office. Olympia, WA. Publication 
No. 03-10-028. Retrieved from: 
https://fortress.wa.gov/ecy/publications/documents/0310028.pdf. 

Bartz, K.K, Ford M.J., Beechie T.J., Fresh K.L., Pess G.R., et al. (2015) Trends in Developed 
Land Cover Adjacent to Habitat for Threatened Salmon in Puget Sound, Washington, 
U.S.A. PLOS ONE 10(4): e0124415. https://doi.org/10.1371/journal.pone.0124415 

Beamer, E.M., and R.A. Henderson. 1998. Juvenile salmonid use of natural and hydromodified 
stream bank habitat in the mainstem Skagit River, Northwest Washington. Skagit System 
Cooperative. LaConner, Washington.Bischoff and Wolter 2001 

Beechie, T., E. Buhl, M. Ruckelshaus, A. Fullerton, and L. Holsinger. 2006. Hydrologic regime 
and the conservation of salmon life history diversity. Biological Conservation 130: 
560572. 

Beechie, T.J., G.R. Pess, H. Imaki, A. Martin, J. Alvarez, and D. Goodman. 2014. Comparison 
of potential increases in juvenile salmonid rearing habitat capacity among alternative 
scenarios, Trinity River, California. Restoration Ecology doi: 10.1111/rec.12131. 10p. 

https://doi.org/10.1016/j.foreco.2017.11.004
http://www.nature.com/scientificreports
https://doi.org/10.1073/pnas.2009717118
https://doi.org/10.1016/j.fishres.2020.105527
https://fortress.wa.gov/ecy/publications/documents/0310028.pdf


WCRO-2021-01064 -92- 

Berger, A., R. Conrad, and J. Paul. 2011. Puyallup River Juvenile Salmonid Production 
Assessment Project 2011. Puyallup Tribal Fisheries Division, Puyallup, WA.  

Black, B.A., P. van der Sleen, E. Di Lorenzo, D. Griffin, W.J. Sydeman, J.B. Dunham, R.R. 
Rykaczewski, M. García‐Reyes, M. Safeeq, I. Arismendi, and S.J. Bograd. 2018. Rising 
synchrony controls western North American ecosystems. Global change biology, 24(6), 
pp. 2305-2314. 

Braun, D.C., J.W. Moore, J. Candy, and R.E. Bailey. 2016. Population diversity in salmon: 
linkages among response, genetic and life history diversity. Ecography, 39(3), pp.317-
328. 

Burke, B.J., W.T. Peterson, B.R. Beckman, C. Morgan, E.A. Daly, M. Litz. 2013. Multivariate 
Models of Adult Pacific Salmon Returns. PLoS ONE 8(1): e54134. 
https://doi.org/10.1371/journal.pone.0054134  

Busby, P.J., T.C. Wainwright, G.J. Bryant, L.J. Lierheimer, R.S. Waples, F.W. Waknitz, and I.V. 
Lagomarsino. 1996. Status review of west coast steelhead from Washington, Idaho, 
Oregon, and California. U.S. Department of Commerce, NOAA Technical Memorandum. 
NMFS-NWFSC-27, 131 p. 

Carr‐Harris, C.N., J.W. Moore, A.S. Gottesfeld, J.A. Gordon, W.M. Shepert, J.D. Henry Jr, H.J. 
Russell, W.N. Helin, D.J. Doolan, and T.D. Beacham. 2018. Phenological diversity of 
salmon smolt migration timing within a large watershed. Transactions of the American 
Fisheries Society, 147(5), pp.775-790. 

Chasco, B. E., B. J. Burke, L. G. Crozier, and R. W. Zabel. 2021. Differential impacts of 
freshwater and marine covariates on wild and hatchery Chinook salmon marine survival. 
PLoS ONE 16:e0246659. https://doi.org/0246610.0241371/journal.pone.0246659. 

Cooper, M.G., J. R. Schaperow, S. W. Cooley,S. Alam,L. C. Smith, D. P. Lettenmaier. 2018. 
Climate Elasticity of Low Flows in the Maritime Western U.S. Mountains. Water 
Resources Research. https://doi.org/10.1029/2018WR022816 

City of Sumner. 2016. City of Sumner Zoning Map. City of Sumner Community Development 
Department. Sumner, WA. March 10. Retrieved from: 
http://sumnerwa.gov/wpcontent/uploads/2013/10/Zoning-Map-Sumner.pdf. 

Crozier, L. 2015. Impacts of Climate Change on Columbia River Salmon: A review of the 
scientific literature published in 2014. Pages D1-D50 in Endangered Species Act Section 
7(a)(2) supplemental biological opinion: consultation on remand for operation of the 
Federal Columbia River Power System. U.S. National Marine Fisheries Service, 
Northwest Region. 

https://doi.org/10.1371/journal.pone.0054134
https://doi.org/0246610.0241371/journal.pone.0246659
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cooper%2C+M+G
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Schaperow%2C+J+R
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cooley%2C+S+W
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Alam%2C+S
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Smith%2C+L+C
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lettenmaier%2C+D+P
https://doi.org/10.1029/2018WR022816


WCRO-2021-01064 -93- 

Crozier, L. 2016. Impacts of Climate Change on Columbia River Salmon: A review of the 
scientific literature published in 2015. Pages D1-D50 in Endangered Species Act Section 
7(a)(2) supplemental biological opinion: consultation on remand for operation of the 
Federal Columbia River Power System. U.S. National Marine Fisheries Service, 
Northwest Region. 

Crozier, L. 2017. Impacts of Climate Change on Columbia River Salmon: A review of the 
scientific literature published in 2016. Pages D1-D50 in Endangered Species Act Section 
7(a)(2) supplemental biological opinion: consultation on remand for operation of the 
Federal Columbia River Power System. U.S. National Marine Fisheries Service, 
Northwest Region. 

Crozier, L. G., and J. Siegel. 2018. Impacts of Climate Change on Columbia River Salmon: A 
review of the scientific literature published in 2017. Pages D1-D50 in Endangered 
Species Act Section 7(a)(2) supplemental biological opinion: consultation on remand for 
operation of the Federal Columbia River Power System. U.S. National Marine Fisheries 
Service, Northwest Region. 

Crozier, L.G. and R.W. Zabel. 2006. Climate impacts at multiple scales: evidence for differential 
population responses in juvenile Chinook salmon. Journal of Animal Ecology. 75:1100-
1109. 

Crozier, L., R.W. Zabel, S. Achord, and E.E. Hockersmith. 2010. Interacting effects of density 
and temperature on body size in multiple populations of Chinook salmon. Journal of 
Animal Ecology. 79:342-349. 

Crozier L.G., M.M. McClure, T. Beechie, S.J. Bograd, D.A. Boughton, M. Carr, T. D. Cooney, 
J.B. Dunham, C.M. Greene, M.A. Haltuch, E.L. Hazen, D.M. Holzer, D.D. Huff, R.C. 
Johnson, C.E. Jordan, I.C. Kaplan, S.T. Lindley, N.Z. Mantua, P.B. Moyle, J.M. Myers, 
M.W. Nelson, B.C. Spence, L.A. Weitkamp, T.H. Williams, and E. Willis-Norton. 2019. 
Climate vulnerability assessment for Pacific salmon and steelhead in the California 
Current Large Marine Ecosystem. PLoS ONE 14(7): e0217711. 
https://doi.org/10.1371/journal.pone.0217711 

Crozier, L.G., B.J. Burke, B.E. Chasco, D.L. Widener, and R.W. Zabel. 2021. Climate change 
threatens Chinook salmon throughout their life cycle. Communications biology, 4(1), 
pp.1-14. 

Crozier L.G., M.M. McClure, T. Beechie, S.J. Bograd, D.A. Boughton, M. Carr, et al. 2019. 
Climate vulnerability assessment for Pacific salmon and steelhead in the California 
Current Large Marine Ecosystem. PLoS ONE 14(7): e0217711. 

Crozier, L. G., M. D. Scheuerell, and E. W. Zabel. 2011. Using Time Series Analysis to 
Characterize Evolutionary and Plastic Responses to Environmental Change: A Case 
Study of a Shift Toward Earlier Migration Date in Sockeye Salmon. The American 
Naturalist 178 (6): 755-773. 

Crozier, L.G., Hendry, A.P., Lawson, P.W., Quinn, T.P., Mantua, N.J., Battin, J., Shaw, R.G., 
and Huey, R.B. 2008. Potential responses to climate change in organisms with complex 
life histories: evolution and plasticity in Pacific salmon. Evolutionary Applications 1(2): 
252-270. 

Dalbey, S.R., T.E. McMahon, and W. Fredenberg. 1996. Effect of electrofishing pulse shape and 
electrofishing-induced spinal injury to long-term growth and survival of wild rainbow 
trout. North American Journal of Fisheries Management 16:560-569.  

https://doi.org/10.1371/journal.pone.0217711


WCRO-2021-01064 -94- 

Dernie, K.M., M.J. Kaiser, E.A. Richardson, and R.M. Warwick. 2003. Recovery of soft 
sediment communities and habitats following physical disturbance. Journal of 
experimental Marine Biology and Ecology 285-286: 415-434. 

Dorner, B., M.J. Catalano, and R.M. Peterman. 2018. Spatial and temporal patterns of 
covariation in productivity of Chinook salmon populations of the northeastern Pacific 
Ocean. Canadian Journal of Fisheries and Aquatic Sciences, 75(7), pp.1082-1095. 

 
Dwyer, W.P., and R.G. White. 1997. Effect of Electroshock on Juvenile Arctic Grayling and 

Yellowstone Cutthroat Trout Growth 100 Days after Treatment. North American Journal 
of Fisheries Management 17:174-177.  

Feist, B. E., J. J. Anderson, and R. Miyamoto. 1996. Potential impacts of pile driving on juvenile 
pink (Oncorhynchus gorbuscha) and chum (O. keta) salmon behavior and distribution. 
Fisheries Research Institute Report No. FRI-UW-9603:66 pp. 

Fewtrell, J.L., and R.D. McCauley. 2012. Impact of air gun noise on the behaviour of marine fish 
and squid. Marine Pollution Bulletin Volume 64(5): 984-993 

Fisheries Hydroacoustic Working Group (FHWG). 2008. Agreement in Principle for Interim 
Criteria for Injury to Fish from Pile Driving Activities. Technical/Policy Meeting 
Vancouver, WA. June, 11 2008. 

FitzGerald, A.M., S.N. John, T.M. Apgar, N.J. Mantua, and B.T. Martin. 2020. Quantifying 
thermal exposure for migratory riverine species: Phenology of Chinook salmon 
populations predicts thermal stress. Global Change Biology 27(3). 

 
Ford, M. J., T. Cooney, P. McElhany, N. J. Sands, L. A. Weitkamp, J. J. Hard, M. M. McClure, 

R. G. Kope, J. M. Myers, A. Albaugh, K. Barnas, D. Teel, and J. Cowen. 2011a. Status 
Review Update for Pacific Salmon and Steelhead Listed Under the Endangered Species 
Act: Pacific Northwest. November 2011. U.S. Dept. Commer., NOAA Tech. Memo., 
NMFS-NWFSC-113. 307p. 

Ford, M., editor. 2022. Biological Viability Assessment Update for Pacific Salmon and 
Steelhead Listed Under the Endangered Species Act: Pacific Northwest. U.S. Department 
of Commerce, NOAA Technical Memorandum NMFS-NWFSC. 

Forest Ecosystem Management Assessment Team (FEMAT). 1993. Forest ecosystem 
management: An ecological, economic, and social assessment. Report of the Forest 
Ecosystem Management Assessment Team. 1993-793-071. U.S. Gov. Printing Office. 

Franklin, J.F. and C.T. Dyrness. 1973. Natural Vegetation of Oregon and Washington. Oregon 
State University Press, Corvallis, OR. Retrieved from: 
http://www.fsl.orst.edu/rna/Documents/publications/Natural%20vegetation%20of%20Or
egon%20and%20Washington%201988.pdf. 

Freshwater, C., S. C. Anderson, K. R. Holt, A. M. Huang, and C. A. Holt. 2019. Weakened 
portfolio effects constrain management effectiveness for population aggregates. 
Ecological Applications 29:14. 

 



WCRO-2021-01064 -95- 

Gallagher, S.P., P.B. Adams, D.W. Wright, and B.W. Collins.  2010. Performance of Spawner 
Survey Techniques at Low Abundance Levels, N. Am. J. Fish. Manage, 30(5):1086-
1097, DOI: 10.1577/M09-204.1 

Glick, P., J. Clough, and B. Nunley. 2007. Sea-level Rise and Coastal Habitats in the Pacific 
Northwest: An Analysis for Puget Sound, Southwestern Washington, and Northwestern 
Oregon. The National Wildlife Foundation.  

Gliwicz, Z.M., E. Babkiewicz, R. Kumar, S. Kunjiappan, and K. Leniowski, 2018. Warming 
increases the number of apparent prey in reaction field volume of zooplanktivorous fish. 
Limnology and Oceanography, 63(S1), pp.S30-S43. 

 
Goodman, D.H., J. Alvarez, A. Martin, N.A. Som, and J. Polos. 2012. Estimation of age-0 

Chinook and coho salmon rearing habitat area within the restoration reach of the Trinity 
River at an index streamflow -Annual Report 2010. U.S. Fish and Wildlife Service. 
Arcata Fish and Wildlife Office, Arcata Fisheries. (Technical Report Number TR 
201217.) Arcata, California. 

Gosselin, J. L., Buhle, E. R., Van Holmes, C., Beer, W. N., Iltis, S., & Anderson, J. J. 2021. Role 
of carryover effects in conservation of wild Pacific salmon migrating regulated rivers. 
Ecosphere, 12(7), e03618. 

 
Gourtay, C., D. Chabot, C. Audet, H. Le Delliou, P. Quazuguel, G. Claireaux, and J.L. 

Zambonino-Infante. 2018. Will global warming affect the functional need for essential 
fatty acids in juvenile sea bass (Dicentrarchus labrax)? A first overview of the 
consequences of lower availability of nutritional fatty acids on growth performance. 
Marine Biology, 165(9), pp.1-15. 

 
Gregory, R. S., and T. G. Northcote. 1993. Surface, planktonic, and benthic foraging by juvenile 

Chinook salmon (Oncorhynchus tshawytscha) in turbid laboratory conditions. Canadian 
Journal of Fisheries and Aquatic Sciences 58:233–240.  

Gustafson, R.G., T.C. Wainwright, G.A. Winans, F.W. Waknitz, L.T. Parker, and R.S. Waples. 
1997. Status review of sockeye salmon from Washington and Oregon. U.S. Department 
of Commerce, NOAA Technical Memorandum. NMFS-NWFSC-33, 282 p. 

 
Hard, J.J., J.M. Myers, E.J. Connor, R.A. Hayman, R.G. Kope, G. Lucchetti, A.R. Marshall, 

G.R. Pess, and B.E. Thompson. 2015. Viability criteria for steelhead within the Puget 
Sound distinct population segment. U.S. Dept. of Commerce, NOAA Tech. Memo. 
NMFS-NWFSC-129. May 2015. 367 pp 

Hard, J.J., J.M. Myers, M.J. Ford, R G. Cope, G.R. Pess, R S. Waples, G.A. Winans, B.A. 
Berejikian, F.W. Waknitz, P.B. Adams, P.A. Bisson, D.E. Campton, and R.R. 
Reisenbichler. 2007. Status review of Puget Sound steelhead (Oncorhynchus mykiss). 
U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-81. 

Hard, J.J., R.G. Kope, W.S. Grant, F.W. Waknitz, L.T. Parker, and R.S. Waples. 1996. Status 
review of pink salmon from Washington, Oregon, and California. U.S. Department of 
Commerce, NOAA Technical Memorandum. NMFS-NWFSC-25, 131 p. 



WCRO-2021-01064 -96- 

Halofsky, J.S., D.R. Conklin, D.C. Donato, J.E. Halofsky, and J.B. Kim. 2018. Climate change, 
wildfire, and vegetation shifts in a high-inertia forest landscape: Western Washington, 
U.S.A. PLoS ONE 13(12): e0209490. https://doi.org/10.1371/journal.pone.0209490  

 
Halofsky, J.E., Peterson, D.L. and B. J. Harvey. 2020. Changing wildfire, changing forests: the 

effects of climate change on fire regimes and vegetation in the Pacific Northwest, USA. 
Fire Ecology 16(4). https://doi.org/10.1186/s42408-019-0062-8 

 
Hastings, M.C. 2007. Calculation of SEL for Govoni et al. (2003, 2007) and Popper et al. (2007) 

studies. Report for Amendment to Project 15218, J&S Working Group, Applied Research 
Lab, Penn State University. 7 pp. 

Hastings, M.C., A.N. Popper, J.J. Finneran, and P. Lanford. 1996. Effects of low-frequency 
underwater sound on hair cells of the inner ear and lateral line of the teleost fish 
Astronotus ocellatus. Journal of the Acoustical Society of America 99(3): 1759-1766 

Healey, M., 2011. The cumulative impacts of climate change on Fraser River sockeye salmon 
(Oncorhynchus nerka) and implications for management. Canadian Journal of Fisheries 
and Aquatic Sciences, 68(4), pp.718-737. 

 
Herring, S. C., N. Christidis, A. Hoell, J. P. Kossin, C. J. Schreck III, and P. A. Stott, Eds., 2018: 

Explaining Extreme Events of 2016 from a Climate Perspective. Bull. Amer. Meteor. 
Soc., 99 (1), S1–S157. 

 
Holden, Z.A., A. Swanson, C.H. Luce, W.M. Jolly, M. Maneta, J.W. Oyler, D.A. Warren, R. 

Parsons and D. Affleck. 2018. Decreasing fire season precipitation increased recent 
western US forest wildfire activity. PNAS 115(36). 
https://doi.org/10.1073/pnas.1802316115 

 
Holsman, K.K., M.D. Scheuerell, E. Buhle, and R. Emmett. 2012. Interacting effects of 

translocation, artificial propagation, and environmental conditions on the marine survival 
of Chinook Salmon from the Columbia River, Washington, USA. Conservation Biology, 
26(5), pp.912-922. 

 
Hood Canal Coordinating Council (HCCC). 2005. Hood Canal and Eastern Strait of Juan de 

Fuca summer chum salmon recovery plan. Version November 15, 2005. 339 pp. 
HSRG. 2009. Columbia River Hatchery Reform System-Wide Report. February 2009. Prepared 

by Hatchery Scientific Review Group. 278p. 
Hunter, M.A. 1992. Hydropower flow fluctuations and salmonids: A review of the biological 

effects, mechanical causes, and options for mitigation. Washington Department of 
Fisheries. Technical Report No. 119. Olympia, Washington.  

Independent Scientific Advisory Board (ISAB, editor). 2007. Climate change impacts on 
Columbia River Basin fish and wildlife. In: Climate Change Report, ISAB 2007-2. 
Independent Scientific Advisory Board, Northwest Power and Conservation Council. 
Portland, Oregon. 

https://doi.org/10.1073/pnas.1802316115


WCRO-2021-01064 -97- 

Intergovernmental Panel on Climate Change (IPCC) Working Group I (WGI). 2021. Climate 
Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change. V. Masson-
Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 
Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. 
Maycock, T. Waterfield, O. Yelekçi, R. Yu and B. Zhou editor. Cambridge University 
Press (https://www.ipcc.ch/report/ar6/wg1/#FullReport). 

 
IPCC Working Group II (WGII). 2022. Climate Change 2022: Impacts, Adaptation and 

Vulnerability:  Contribution of Working Group II to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change. H.O. Pörtner, D.C. Roberts, M. Tignor, E.S. 
Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, 
A. Okem, and B. Rama (eds.) Cambridge University Press 
(https://report.ipcc.ch/ar6wg2/pdf/IPCC_AR6_WGII_FinalDraft_FullReport.pdf) 

 
Isaak, D.J., C.H. Luce, D.L. Horan, G. Chandler, S. Wollrab, and D.E. Nagel. 2018. Global 

warming of salmon and trout rivers in the northwestern U.S.: Road to ruin or path 
through purgatory? Transactions of the American Fisheries Society. 147: 566-587. 
https://doi.org/10.1002/tafs.10059 

 
Jacox, M. G., Alexander, M. A., Mantua, N. J., Scott, J. D., Hervieux, G., Webb, R. S., & 

Werner, F. E. 2018. Forcing of multi-year extreme ocean temperatures that impacted 
California Current living marine resources in 2016. Bull. Amer. Meteor. Soc, 99(1). 

 
Jeffres, C.A., J.J. Opperman, and P.B. Moyle. 2008. Ephemeral floodplain habitats provide best 

growth conditions for juvenile Chinook salmon in a California river. Environmental 
Biology of Fishes. Accessed July 29, 2015 at 
http://www.swrcb.ca.gov/waterrights/water_issues/programs/bay_delta/deltaflow/docs/ex 
hibits/usdoi/spprt_docs/doi_jeffres_2008.pdfKerwin 1999 

Johnson, B.M., G.M. Kemp, and G.H. Thorgaard. 2018. Increased mitochondrial DNA diversity 
in ancient Columbia River basin Chinook salmon Oncorhynchus tshawytscha. PLoS One, 
13(1), p.e0190059. 

 
Johnson, O.W., W.S. Grant, R.G. Kope, K. Neely, F.W. Waknitz, and R.S. Waples. 1997. Status 

review of chum salmon from Washington, Oregon, and California. U.S. Department of 
Commerce, NOAA Technical Memorandum. NMFS-NWFSC-32, 280 p. 

 
Keefer M.L., T.S. Clabough, M.A. Jepson, E.L. Johnson, C.A. Peery, C.C. Caudill. 2018. 

Thermal exposure of adult Chinook salmon and steelhead: Diverse behavioral strategies 
in a large and warming river system. PLoS ONE 13(9): e0204274. 
https://doi.org/10.1371/journal.pone.0204274 

 
Kilduff, D. P., L.W. Botsford, and S.L. Teo. 2014. Spatial and temporal covariability in early 

ocean survival of Chinook salmon (Oncorhynchus tshawytscha) along the west coast of 
North America. ICES Journal of Marine Science, 71(7), pp.1671-1682. 

 

https://www.ipcc.ch/report/ar6/wg1/#FullReport
https://report.ipcc.ch/ar6wg2/pdf/IPCC_AR6_WGII_FinalDraft_FullReport.pdf
https://doi.org/10.1002/tafs.10059


WCRO-2021-01064 -98- 

Kondolf, G.M. 1997. Hungry water: Effects of dams and gravel mining on river channels. 
Environmental Management 21(4):533-551. 

Koontz, E.D., E.A. Steel, and J.D. Olden. 2018. Stream thermal responses to wildfire in the 
Pacific Northwest. Freshwater Science, 37, 731 - 746. 

 
Krosby, M. D.M. Theobald, R. Norheim, and B.H. McRae. 2018. Identifying riparian climate 

corridors to inform climate adaptation planning. PLoS ONE 13(11): e0205156. 
https://doi.org/10.1371/journal.pone.0205156 

 
Letcher, B. H., & Terrick, T. D. 1998. Maturation of male age‐0 Atlantic salmon following a 

massive, localized flood. Journal of Fish Biology, 53(6), 1243-1252. 
Levin P.S., E.R. Howe, and J.C. Robertson. 2020. Impacts of stormwater on coastal ecosystems: 

the need to match the scales of management objectives and solutions. Phil. Trans. R. Soc. 
B 375: 20190460 http://dx.doi.org/10.1098/rstb.2019.0460 

Lindley S.T., C.B. Grimes, M.S. Mohr, W. Peterson, J. Stein, J.T. Anderson, et al. 2009. What 
caused the Sacramento River fall Chinook stock collapse? NOAA Fisheries West Coast 
Region, Santa Cruz, CA. U.S. Department of Commerce NOAA-TM-NMFS-SWFSC-
447. 

 
Malek, K., J.C. Adam, C.O. Stockle, and R.T. Peters. 2018. Climate change reduces water 

availability for agriculture by decreasing non-evaporative irrigation losses. Journal of 
Hydrology 561:444-460. 

 
Marks, E. L., R. C. Ladley, B. E. Smith, A. G. Berger, J. A. Paul, T. G. Sebastian, K. 

Williamson. 2016. 2015-2016 Annual Salmon, Steelhead, and Bull Trout Report: 
Puyallup/White River Watershed Water Resource Inventory Area 10. Puyallup Tribal 
Fisheries. Puyallup, WA. September. Retrieved from: http://nwifc.org/w/wpcontent/ 
uploads/downloads/2016/10/2015-2016-Puyallup-Tribal-Fisheries-Annual-Report.pdf. 

Marks, E. L., R.C. Ladley, B.E. Smith, A.G. Berger, J.A. Paul, T.G. Sebastian and K. 
Williamson. 2014. 2013-2014 Annual Salmon, Steelhead, and Bull Trout Report: 
Puyallup/White River Watershed--Water Resource Inventory Area 10. Puyallup Tribal 
Fisheries, Puyallup, WA. 

Marks, E.L., R.C. Ladley, B.E. Smith, A.G. Berger and K. Williamson. 2021. Puyallup Tribal 
Fisheries Annual Salmon, Steelhead And Bull Trout Report: Puyallup/White River 
Watershed--Water Resource Inventory Area 10, 2020-2021. Puyallup Tribal Fisheries, 
Puyallup, WA. Winder, M. and D. E. Schindler. 2004. Climate change uncouples trophic 
interactions in an aquatic ecosystem. Ecology 85: 2100–2106. 

McCullough, D. A. 1999. A Review and Synthesis of Effects of Alterations to the Water 
Temperature Regime on Freshwater Life Stages of Salmonids, with Special Reference to 
Chinook Salmon. EPA 910-R-99-010, July 1999. CRITFC, Portland, Oregon. 291p. 

https://doi.org/10.1371/journal.pone.0205156


WCRO-2021-01064 -99- 

McElhany, P., M.H. Ruckelshaus, M.J. Ford, T.C. Wainwright, and E.P. Bjorkstedt. 2000. 
Viable Salmonid Populations and the Recovery of Evolutionarily Significant Units. U.S. 
Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-42. June 2000. 156 pp. 

McIntyre, J. K., Davis, J. W., Hinman, C., Macneale, K. H., Anulacion, B. F., Scholz, N. L., & 
Stark, J. D. 2015. Soil bioretention protects juvenile salmon and their prey from the toxic 
impacts of urban stormwater runoff. Chemosphere, 132, 213-219. 

McMahon, T.E., and G.F. Hartman. 1989. Influence of cover complexity and current velocity on 
winter habitat use by juvenile coho salmon (Oncorhynchus kisutch). Canadian Journal of 
Fisheries and Aquatic Sciences 46: 1551–1557.  

Meador, J.P., F.C. Sommers, G.M. Ylitalo and C.A. Sloan. 2006. Altered growth and related 
physiological responses in juvenile Chinook salmon (Oncorhynchus tshawytscha) from 
dietary exposure too polycyclic aromatic hydrocarbons (PAHs). Canadian Journal of 
Fisheries and Aquatic Sciences 63: 2364-2376. 

Moore, M. E., and B. A. Berejikian. 2017. Population, habitat, and marine location effects on 
early marine survival and behavior of Puget Sound steelhead smolts. Ecosphere 
8(5):e01834. 10.1002/ecs2.1834 

Moore, M. E., F. A. Goetz, D. M. Van Doornik, E. P. Tezak, T. P. Quinn, J. J. Reyes-Tomassini, 
and B. A. Berejikian. 2010. Early marine migration patterns of wild coastal cutthroat 
trout (Oncorhynchus clarki clarki), steelhead trout (Oncorhynchus mykiss), and their 
hybrids. PLoS ONE 5(9):e12881. Doi:10.1371/journal.pone.0012881. 10 pp. 

Munsch, S. H., C. M. Greene, N. J. Mantua, and W. H. Satterthwaite. 2022. One hundred-
seventy years of stressors erode salmon fishery climate resilience in California's warming 
landscape. Global Change Biology. 

 
Myers, J.M., J. Jorgensen, M. Sorel, M. Bond, T. Nodine, and R. Zabel. 2018. Upper Willamette 

River Life Cycle Modeling and the Potential Effects of Climate Change. Draft Report to 
the U.S. Army Corps of Engineers. Northwest Fisheries Science Center. 1 September 
2018.  

 
Myers, J.M., R.G. Kope, G.J. Bryant, D. Teel, L.J. Lierheimer, T.C. Wainwright, W.S. Grant, 

F.W. Waknitz, K. Neely, S.T. Lindley, and R.S. Waples. 1998. Status review of Chinook 
salmon from Washington, Idaho, Oregon, and California. U.S. Department of Commerce, 
NOAA Technical Memorandum. NMFS-NWFSC-35, 443 p.  

 
Myers, J. M., J. J. Hard, E. J. Connor, R. A. Hayman, R. G. Kope, G. Lucchetti, A. R. Marshall, 

G. R. Pess, and B. E. Thompson. 2015. Identifying historical populations of steelhead 
within the Puget Sound distinct population segment. U.S. Dept. Commerce, NOAA Tech. 
Memo. NMFS-NWFSC 128.  

Newcombe, C. P., and J. O. T. Jensen. 1996. Channel suspended sediment and fisheries: a 
synthesis for quantitative assessment of risk and impact. North American Journal of 
Fisheries Management 16:693-727.  



WCRO-2021-01064 -100- 

NMFS. 2005a. Appendix A CHART assessment for the Puget Sound salmon evolutionary 
significant unit from final assessment of NOAA Fisheries' Critical Habitat Analytical 
Review Teams for 12 ESUs of West Coast salmon and steelhead. August 2005. 55p. 

NMFS. 2005b. Evaluation of and Recommended Determination on a Resource Management 
Plan (RMP), Pursuant to the Salmon and Steelhead 4(d) Rule. Puget Sound 
Comprehensive Chinook Management Plan: Harvest Management Component. NMFS, 
Northwest Region, Sustainable Fisheries Division. January 27, 2005. 2004/01962. 100p. 

NMFS. 2005d. A Joint Tribal and State Puget Sound Chinook salmon harvest Resource 
Management Plan (RMP) submitted under Limit 6 of a section 4(d) Rule of the 
Endangered Species Act (ESA) - Decision Memorandum. Memo from S. Freese to D. 
Robert Lohn. NMFS NW Region. March 4, 2005. 

NMFS. 2006. Final supplement to the Shared Strategy’s Puget Sound salmon recovery plan.in 
National Marine Fisheries Service, Northwest Region, editor., Seattle. 

NMFS. 2006b. Final supplement to the Shared Strategy’s Puget Sound salmon recovery plan. 
National Marine Fisheries Service, Northwest Region. Seattle. 

NMFS. 2007b. Rationale for the Use of 187 dB Sound Exposure Level for Pile Driving Impacts 
Threshold. Unpublished memorandum. Seattle, Washington: National Oceanic and 
Atmospheric Administration, National Marine Fisheries Service. 

NMFS. 2008b. Endangered Species Act Section 7 Biological Opinion on the Effects of the 
Pacific Coast Salmon Plan and U.S. Fraser Panel Fisheries on the Lower Columbia River 
Coho and Lower Columbia River Chinook Evolutionarily Significant Units Listed under 
the Endangered Species Act and Magnuson-Stevens Act Essential Fish Habitat 
Consultation. April 28, 2008. NMFS, Portland, Oregon. Consultation No.: NWR-2008-
02438. 124p.  

NMFS. 2008c. Endangered Species Act Section 7 Consultation Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Consultation on EPA's Proposed Approval of Revised Washington Water Quality 
Standards for Designated Uses, Temperature, Dissolved Oxygen, and Other Revisions. 
February 5, 2008. NMFS Consultation No.: NWR-2007-02301. 137p. 

NMFS. 2008d. Endangered Species Act Section 7 Consultation Final Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Managment Act Essential Fish Habitat 
Consultation. Implementation of the National Flood Insurance Program in the State of 
Washington Phase One Document-Puget Sound Region. NMFS Consultation No.: NWR-
2006-00472. 226p. 

NMFS. 2008e. Endangered Species Act Section 7(a)(2) Consultation Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Consultation. Consultation on the Approval of Revised Regimes under the Pacific 
Salmon Treaty and the Deferral of Management to Alaska of Certain Fisheries Included 
in those Regimes. December 22, 2008. NMFS Consultation No.: NWR-2008-07706. 
422p. 



WCRO-2021-01064 -101- 

NMFS. 2008f. Endangered Species Act Section 7(a)(2) Consultation Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Consultation. Consultation on Treaty Indian and Non-Indian Fisheries in the Columbia 
River Basin Subject to the 2008-2017 U.S. v. Oregon Management Agreement. May 

NMFS. 2010. Draft Puget Sound Chinook Salmon Population Recovery Approach (PRA). 
NMFS Northwest Region Approach for Distinguishing Among Individual Puget Sound 
Chinook Salmon ESU Populations and Watersheds for ESA Consultation and Recovery 
Planning Purposes. November 30, 2010. Puget Sound Domain Team, NMFS, Seattle, 
Washington. 19p. 

NMFS. 2010a. Biological Opinion on the Effects of the Pacific Coast Salmon Plan and U.S. 
Fraser Panel Fisheries in 2010 and 2011 on the Lower Columbia River 
ChinookEvolutionarily Significant Unit and Puget Sound/Georgia Basin Rockfish 
Distinct Populations Segments Listed Under the Endangered Species Act and Magnuson-
Stevens Act Essential Fish Habitat Consultation. April 30, 2010. Consultation No.: 
NWR-2010-01714. 155p. 

NMFS. 2011a. Evaluation of and recommended determination on a Resource Management Plan 
(RMP), pursuant to the salmon and steelhead 4(d) Rule comprehensive management plan 
for Puget Sound Chinook: Harvest management component. Salmon Management 
Division, Northwest Region, Seattle, Washington. 

NMFS. 2013b. ESA Recovery Plan for Lower Columbia River coho salmon, Lower Columbia 
River Chinook salmon, Columbia River chum salmon, and Lower Columbia River 
steelhead. June 2013. 503p. 

NMFS. 2014b. Endangered Species Act Biological Opinion and Magnuson-Stevens Act 
Essential Fish Habitat Consultation. Impacts of Programs Administered by the Bureau of 
Indian Affairs that Support Puget Sound Tribal Salmon Fisheries, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries. Authorized by 
the U.S. Fraser Panel in 2014. May 1, 2014. NMFS Consultation No.: WCR-2014-578. 
156p. 

NMFS. 2014b. Endangered Species Act Biological Opinion and Magnuson-Stevens Act 
Essential Fish Habitat Consultation. Impacts of Programs Administered by the Bureau of 
Indian Affairs that Support Puget Sound Tribal Salmon Fisheries, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries. Authorized by 
the U.S. Fraser Panel in 2014. May 1, 2014. NMFS Consultation No.: WCR-2014-578. 
156p. 

NMFS. 2015a. Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Act Essential Fish Habitat Consultation and Fish and Wildlife Coordination Act 
Recommendations for the Continued Use of Multi-User Dredged Material Disposal Sites 
in Puget Sound and Grays Harbor. NMFS, West Coast Region. December 17, 2015.  



WCRO-2021-01064 -102- 

NMFS. 2015c. Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat Consultation. 
Impacts of Programs Administered by the Bureau of Indian Affairs that Support Puget 
Sound Tribal Salmon Fisheries, Salmon Fishing Activities Authorized by the U.S. Fish 
and Wildlife Service, and Fisheries. Authorized by the U.S. Fraser Panel in 2015. NMFS, 
Seattle, Washington. May 7, 2015. NMFS Consultaton No.: WCR-2015-2433. 172p. 

NMFS. 2016. Memorandum to the Record Re: WCR-2016-4769 Smith Pier Extension, 8341 
Juanita Dr. NE, Kirkland, Washington – Acoustic Assessment for Planned Pile Driving. 
June 9, 2016. 7 pp. 

NMFS. 2016a. Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat (EFH) 
Consultation and Fish and Wildlife Coordination Act Recommendations. NOAA’s 
National Marine Fisheries Service’s Response for the Regional General Permit 6 (RGP6): 
Structures in Inland Marine Waters of Washington State. September 13, 2016. NMFS 
Consultation No.: WCR-2016-4361. 115p. 

NMFS. 2016b. Southern Resident Killer Whales (Orcinus orca) 5-Year Review: Summary and 
Evaluation. December 2016. NMFS, West Coast Region, Seattle, Washington. 74p. 
https://www.fisheries.noaa.gov/resource/document/southern-resident-killer-whales-
orcinus-orca-5-year-review-summary-and-evaluation 

NMFS. 2016f. Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Consultation. Impacts of the Role of the BIA with Respect to the Management, 
Enforcement, and Monitoring of Puget Sound Tribal Salmon Fisheries, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries Authorized by 
the U.S. Fraser Panel in 2016. June 24, 2016. NMFS Consultation No.: WCR-2016-4914. 
196p. 

NMFS. 2016h. Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat (EFH) 
Consultation. National Marine Fisheries Service (NMFS) Evaluation of Three Hatchery 
and Genetic Management Plans for Early Winter Steelhead in the Dungeness, Nooksack, 
and Stillaguamish River basins under Limit 6 of the Endangered Species Act Section 4(d) 
Rule. April 15, 2016. NMFS Consultation No.: WCR-2015-2024. 220p. 

NMFS. 2016i. Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat (EFH) 
Consultation. National Marine Fisheries Service (NMFS) Evaluation of Two Hatchery 
and Genetic Management Plans for Early Winter Steelhead in the Snohomish River basin 
under Limit 6 of the Endangered Species Act Section 4(d) Rule. April 15, 2016. NMFS 
Consultation No.: WCR-2015-3441. 189p. 



WCRO-2021-01064 -103- 

NMFS. 2017b. Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Response:. Impacts of the Role of the BIA Under its Authority to Assist with the 
Development of the 2017-2018 Puget Sound Chinook Harvest Plan, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries Authorized by 
the U.S. Fraser Panel in 2017. May 3, 2017. NMFS Consultation No.: F/WCR-2017-
6766. 201p. 

NMFS. 2018c. Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Response. Impacts of the Role of the BIA Under its Authority to Assist with the 
Development of the 2018-2019 Puget Sound Chinook Harvest Plan, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries Authorized by 
the U.S. Fraser Panel in 2018. May 9, 2018. NMFS, West Coast Region. NMFS 
Consultation No.: WCR-2018-9134. 258p. 

NMFS. 2019. ESA recovery plan for the Puget Sound Steelhead Distinct Population Segment 
(Onchorynchus mykiss). National Marine Fisheries Service. Seattle, WA. 

NMFS. 2019a. ESA Recovery Plan for the Puget Sound Steelhead Distinct Population Segment 
(Oncorhynchus mykiss). National Marine Fisheries Service. Seattle, WA. Retrieved from 
https://www.fisheries.noaa.gov/resource/document/esa-recovery-plan-puget-sound-
steelhead-distinct-population-segment-oncorhynchus 

NMFS. 2019b. Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Response: Impacts of the Role of the BIA Under its Authority to Assist with the 
Development of the 2019-2020 Puget Sound Chinook Harvest Plan, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries Authorized by 
the U.S. Fraser Panel in 2019. May 3, 2019. National Marine Fisheries Service, West 
Coast Region. NMFS Consultation No.: WCR-2019-00381. 284p. 

NMFS. 2019c. Endangered Species Act Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat (EFH) 
Consultation. USACE Howard Hanson Dam Operations and Maintenance, Green River, 
King County, Washington. February 15, 2019. WCR-2014-997. 167p. 

NMFS. 2019f. Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and 
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat 
Response: Impacts of the Role of the BIA Under its Authority to Assist with the 
Development of the 2019-2020 Puget Sound Chinook Harvest Plan, Salmon Fishing 
Activities Authorized by the U.S. Fish and Wildlife Service, and Fisheries Authorized by 
the U.S. Fraser Panel in 2019. May 3, 2019. National Marine Fisheries Service, West 
Coast Region. NMFS Consultation No.: WCR-2019-00381. 284p. 

NMFS. 2019g. ESA Recovery Plan for the Puget Sound Steelhead Distinct Population Segment 
(Oncorhynchus mykiss). National Marine Fisheries Service. Seattle, WA. 174p. 

NMFS. 2019h. ESA Recovery Plan for the Puget Sound Steelhead Distinct Population Segment 
(Oncorhynchus mykiss). WCR/NMFS/NOAA. December 20, 2019. 174p. 



WCRO-2021-01064 -104- 

NMFS. 2021e. Endangered Species Act Section 7(a)(2) Biological Opinion, and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat Response for 
the Impacts of the Role of the BIA Under its Authority to Assist with the Development of 
the 2021-2022 Puget Sound Chinook Harvest Plan, the Role of the U.S. Fish and Wildlife 
Service in Activities Carried out under the Hood Canal Salmon Management Plan and in 
Funding the Washington Department of Fish and Wildlife under the Sport Fish 
Restoration Act in 2021-22, and the Role of the National Marine Fisheries Service in 
authorizing fisheries consistent with management by the Fraser Panel and Funding 
Provided to the Washington Department of Fish and Wildlife for Activities Related to 
Puget Sound Salmon Fishing in 2021-2022. May 19, 2021. NMFS Consultation No: 
WCRO-2021-01008. 407p. 

NOAA Fisheries. 2005. Assessment of NOAA Fisheries’ critical habitat analytical review teams 
for 12 evolutionarily significant units of West Coast salmon and steelhead. National 
Marine Fisheries Service, Protected Resources Division. Portland, Oregon. 

NOAA National Centers for Environmental Information (NCEI), State of the Climate: Global 
Climate Report for Annual 2021, published online January 2022, retrieved on February 
28, 2022 from https://www.ncdc.noaa.gov/sotc/global/202113. 

 
Northwest Fisheries Science Center (NWFSC). 2015. Status review update for Pacific salmon 

and steelhead listed under the Endangered Species Act: Pacific Northwest. December 21, 
2015. 356 pp. 

Ohlberger, J., E.J. Ward, D.E. Schindler, and B. Lewis. 2018. Demographic changes in Chinook 
salmon across the Northeast Pacific Ocean. Fish and Fisheries, 19(3), pp.533-546. 

 
Olmos M., M.R. Payne, M. Nevoux, E. Prévost, G. Chaput, H. Du Pontavice, J. Guitton, T. 

Sheehan, K. Mills, and E. Rivot. 2020. Spatial synchrony in the response of a long range 
migratory species (Salmo salar) to climate change in the North Atlantic Ocean. Glob 
Chang Biol. 26(3):1319-1337. doi: 10.1111/gcb.14913. Epub 2020 Jan 12. PMID: 
31701595. 

 
Ou, M., T. J. Hamilton, J. Eom, E. M. Lyall, J. Gallup, A. Jiang, J. Lee, D. A. Close, S. S. Yun, 

and C. J. Brauner. 2015. Responses of pink salmon to CO2-induced aquatic acidification. 
Nature Climate Change 5:950-955. 

 
Pearsons, T.N., H.W. Li, and G.A. Lamberti. 1992. Influence of habitat complexity on resistance 

to flooding and resilience of stream fish assemblages. Transactions of the American 
Fisheries Society. 121:427-436. 

Peters, R.J., B. R. Missildine, and D. L. Low. 1998. Seasonal fish densities near river banks 
stabilized with various stabilization methods: first year report of the Flood Technical 
Assistance Project, U.S. Fish and Wildlife Service, North Pacific Coast Ecoregion, 
Western Washington Office, Aquatic Resource Division. Lacey, WA. 

Popper, A.N., M.E. Smith, P.A. Cott, B.W. Hanna, A.O. MacGillivray, M.E. Austin, and D.A. 
Mann. 2005. Effects of exposure to seismic airgun use on hearing of three fish species. 
Journal of the Acoustical Society of America 117:3958-3971. 

https://www.ncdc.noaa.gov/sotc/global/202113


WCRO-2021-01064 -105- 

PSRC (Puget Sound Regional Council). 2018. 2050 forecast of people and jobs. Seattle WA: 
Puget Sound Regional Council. 

Puget Sound Partnership (PSP).  2021.  Factors Limiting progress in salmon recovery. Salmon 
Science Advisory Group. QCI (2013) Integrated Status and Effectiveness Monitoring 
Project: Salmon Subbasin Cumulative Analysis Report: Sub-Report 3 – Estimating adult 
salmonid escapement using IPTDS. Quantitative Consultants, Inc. Report to BPA. Project 
#2003-017-00. pp 67-167. 

Puget Sound Regional Council. 2020. Regional Macroeconomic Forecast. Accessed June 19, 
2020, at https://www.psrc.org/regional-macroeconomic-forecast 

Puyallup Tribe of Indians. 2016. Climate Change Impact Assessment and Adaptation Options. In 
collaboration with Cascadia Consulting Group. Retrieved from: 
http://puyalluptribe.com/publicsafety/hazard_mitigation_plan/sec4-
met/climatechange/Puyallup%20Climate%20Change%20Impact%20Assessment_2016_J
uly%2013%20v3%20pagesV2.pdf. 

Reid, S. M., & Anderson, P. G. 1998. Suspended sediment and turbidity restrictions associated 
with instream construction activities in the United States: An assessment of biological 
relevance. In International Pipeline Conference (Vol. 40238, pp. 1035-1040). American 
Society of Mechanical Engineers. 

Roni, P., G. Pess, T. Beechie & S. Morley.  2010.  Estimating Changes in Coho Salmon and 
Steelhead Abundance from Watershed Restoration: How Much Restoration is Needed to 
Measurably Increase Smolt Production? N. Am. J. Fish. Manage, 30(6):1469-1484, DOI: 
10.1577/M09-162.1 

Ruckelshaus, M., K. Currens, W. Graeber, R. Fuerstenberg, K. Rawson, N. Sands, and J. Scott. 
2002. Planning ranges and preliminary guidelines for the delisting and recovery of the 
Puget Sound Chinook salmon evolutionarily significant unit. Puget Sound Technical 
Recovery Team. National Marine Fisheries Service, Northwest Fisheries Science Center. 
Seattle. 

Schindler, D. E., J. B. Armstrong, and T. E. Reed. 2015. The portfolio concept in ecology and 
evolution. Frontiers in Ecology and the Environment 13:257-263. 

 
Sharber, N. G. and S. W. Carothers. 1988. Influence of electrofishing pulse shape on spinal 

injuries in adult rainbow trout. North American Journal of Fisheries Management 8:117-
122. 

Sharber, N. G., Carothers, S. W., Sharber, J. P., de Vos Jr, J. C., & House, D. A. (1994). 
Reducing electrofishing-induced injury of rainbow trout. North American Journal of 
Fisheries Management, 14(2), 340-346.Schwartz, J. S., & Herricks, E. E. 2005. Fish use 
of stage-specific fluvial habitats as refuge patches during a flood in a low-gradient 
Illinois stream. Canadian Journal of Fisheries and Aquatic Sciences, 62(7), 1540-1552. 

Shared Strategy for Puget Sound (SSPS). 2007. Puget Sound Salmon Recovery Plan – Volume 1. 
Shared Strategy for Puget Sound, 1411 4th Ave., Ste. 1015, Seattle, WA 98101. Adopted 
by NMFS January 19, 2007. 503 pp. 



WCRO-2021-01064 -106- 

Shared Strategy for Puget Sound (SSPS). 2007. Puget Sound Salmon Recovery Plan – Volume 1. 
Shared Strategy for Puget Sound, 1411 4th Ave., Ste. 1015, Seattle, WA 98101. Adopted 
by NMFS January 19, 2007. 503 pp. 

Siegel, J., and L. Crozier. 2019. Impacts of Climate Change on Salmon of the Pacific Northwest. 
A review of the scientific literature published in 2018. Fish Ecology Division, NWFSC. 
December 2019. 

 
Siegel, J., and L. Crozier. 2020. Impacts of Climate Change on Salmon of the Pacific Northwest: 

A review of the scientific literature published in 2019.  National Marine Fisheries 
Service, Northwest Fisheries Science Center, Fish Ecology Division. 
https://doi.org/10.25923/jke5-c307 

 
Sommer, T.A., M.L. Nobriga, W.C. Harrell, W. Batham, and W.J. Kimmerer. 2001. Floodplain 

rearing of juvenile chinook salmon: evidence of enhanced growth and survival. Can. J. 
Fish. Aquat. Sci. 58: 325-333 

Sommer, T.A., W.C. Harrell, R. Kurth, F. Feyrer, S.C. Zeug, and G. O’Leary. 2004. Ecological 
Patterns of Early Life Stages of Fishes in a Large River-Floodplain of the San Francisco 
Estuary. American Fisheries Society Symposium 39:111-123. 

Spence, B.C., G.A. Lomnicky, R.M. Hughes, and R.P. Novitzki. 1996. An ecosystem approach 
to salmonid conservation. ManTech Environmental Research Services, Inc. Corvallis, 
Oregon. National Marine Fisheries Service, Portland, Oregon. 

SSPS. 2005. Puget Sound Salmon Recovery Plan. Volumes I, II and III. Plan Adopted by the 
National Marine Fisheries Service (NMFS) January 19, 2007. Submitted by the Shared 
Strategy Development Committee. Shared Strategy for Puget Sound. Seattle, 
Washington. 503p. 

Sridhar, V., M.M. Billah, J.W. Hildreth. 2018. Coupled Surface and Groundwater Hydrological 
Modeling in a Changing Climate. Groundwater Vol. 56, Issue 4. 
https://doi.org/10.1111/gwat.12610 

 
Stachura, M.M., N.J. Mantua, and M.D. Scheuerell. 2014. Oceanographic influences on patterns 

in North Pacific salmon abundance. Canadian Journal of Fisheries and Aquatic 
Sciences, 71(2), pp.226-235. 

 

Stadler, J.H., and D.P. Woodbury. 2009. Assessing the effects to fishes from pile driving: 
Application of new hydroacoustic criteria. In inter-noise 2009, Ottawa, CA. 8. 

Sturrock, A.M., S.M. Carlson, J.D. Wikert, T. Heyne, S. Nusslé, J.E. Merz, H.J. Sturrock and 
R.C. Johnson. 2020. Unnatural selection of salmon life histories in a modified riverscape. 
Global Change Biology, 26(3), pp.1235-1247. 

 
Thompson, K. G., E. P. Bergersen, R. B. Nehring, and D. C. Bowden. 1997. Long-term effects of 

electrofishing on growth and body condition of brown and rainbow trout. North 
American Journal of Fisheries Management 17:154-159. 

https://doi.org/10.25923/jke5-c307


WCRO-2021-01064 -107- 

Thorne, K., G. MacDonald, G. Guntenspergen, R. Ambrose, K. Buffington, B. Dugger, C. 
Freeman, C. Janousek, L. Brown, J. Rosencranz, J. Holmquist, J. Smol, K. Hargan, and J. 
Takekawa. 2018. U.S. Pacific coastal wetland resilience and vulnerability to sea-level 
rise. Science Advances 4(2). DOI: 10.1126/sciadv.aao3270 

 

Tian, Z.; Zhao, H.; Peter, K.T.; Gonzalez, M.; Wetzel, J.; Wu, C.; Hu, X.; Prat, J.; Mudrock, E.; 
Hettinger, R.; et al. 2020. A ubiquitous tire rubber–derived chemical induces acute 
mortality in coho salmon. Science, 371, 185–189 

Trudeau, M.P. 2017. State of the knowledge: Long-term, cumulative impacts of urban 
wastewater and stormwater on freshwater systems. Final Report Submitted to the 
Canadian Water Network. January 30, 2017. 

Turnpenny, A.W.H., K.P Thatcher, and J.R. Nedwell. 1994. The effects on fish and other marine 
animals of high-level underwater sound. Fawley Aquatic Research Laboratory, Ltd., 
Report FRR 127/94, United Kingdom. 79 p. 

USDC. 2013. Endangered and threatened species; Designation of critical habitat for Lower 
Columbia River coho salmon and Puget Sound steelhead; Proposed rule. U.S Department 
of Commerce, National Oceanic and Atmospheric Administration, National Marine 
Fisheries Service. Federal Register 78:2726-2796. 

Veilleux, H.D., Donelson, J.M. and Munday, P.L., 2018. Reproductive gene expression in a coral 
reef fish exposed to increasing temperature across generations. Conservation physiology, 
6(1), p.cox077. 

 
Wainwright, T. C., and L. A. Weitkamp. 2013. Effects of climate change on Oregon Coast coho 

salmon: habitat and life-cycle interactions. Northwest Science 87(3): 219-242.  
Ward, E. J., J. H. Anderson, T. J. Beechie, G. R. Pess, and M. J. Ford. 2015. Increasing 

hydrologic variability threatens depleted anadromous fish populations. Global Change 
Biology 21(7):2500–2509.  

WDFW (2009). Fish passage and surface water diversion screening assessment and prioritization 
manual. Washington Department of Fish and Wildlife. Olympia, Washington. 

WDFW. 2018. SalmonScape. Accessed March 5, 2018. 
http://apps.wdfw.wa.gov/salmonscape/map.html. 

Weitkamp, L.A., T.C. Wainwright, G.J. Bryant, G.B. Milner, D.J. Teel, R.G. Kope, and R.S. 
Waples. 1995. Status review of coho salmon from Washington, Oregon, and California. 
U.S. Department of Commerce, NOAA Technical Memorandum. NMFS-NWFSC-24, 
258 p. 

Williams, T.H., B.C. Spence, D.A. Boughton, R.C. Johnson, L.G. Crozier, N.J. Mantua, M.R. 
O’Farrell, and S.T. Lindley. 2016. Viability assessment for Pacific salmon and steelhead 
listed under the Endangered Species Act: Southwest. NOAA Fisheries Southwest 
Fisheries Science Center, Santa Cruz, CA: U.S. Dep Commerce NOAA Tech Memo 
NMFS SWFSC 564. 

 



WCRO-2021-01064 -108- 

Williams, C. R., A. H. Dittman, P. McElhany, D. S. Busch, M. T. Maher, T. K. Bammler, J. W. 
MacDonald, and E. P. Gallagher. 2019. Elevated CO2 impairs olfactory-mediated neural 
and behavioral responses and gene expression in ocean-phase coho salmon 
(Oncorhynchus kisutch).  25:963-977. 

 
WSDOE (Washington State Department of Ecology). 2002. Evaluating Standards for Protecting 

AQUATIC Life in Washington’s Surface Water Quality Standards Temperature Criteria. 
WSDOE Water Quality Program: Watershed Management Section. Olympia, 
WA.December. Retrieved from: 
https://fortress.wa.gov/ecy/publications/documents/0010070.pdf. 

WSDOE. 2016a. Focus on Water Availability: Puyallup-White Watershed, WRIA 10. Southwest 
Regional Office, Water Resources Program. Olympia, WA. November. Retrieved from: 
https://fortress.wa.gov/ecy/publications/documents/1111015.pdf.  

WSDOE. 2016b. Washington State Water Quality Atlas. Accessed April 6, 2018. 
https://fortress.wa.gov/ecy/waterqualityatlas/StartPage.aspx. 

Yan, H., N. Sun, A. Fullerton, and M. Baerwalde. 2021. Greater vulnerability of snowmelt-fed 
river thermal regimes to a warming climate. Environmental Research Letters 16(5). 
https://doi.org/10.1088/1748-9326/abf393 

 
Young, A., Kochenkov, V., McIntyre, J.K., Stark, J.D., and Coffin, A.B. 2018. Urban 

stormwater runoff negatively impacts lateral line development in larval zebrafish and 
salmon embryos. Scientific Reports 8: 2830. 

Zabel, R.W., M.D. Scheuerell, M.M. McClure, and J.G. Williams. 2006. The interplay between 
climate variability and density dependence in the population viability of Chinook salmon. 
Conservation Biology 20(1):190-200 

Zulauf, A.S., M. L. Raver, A. DeBose, and J. F. Edwards. 1979. Soil Survey of Pierce County 
Area, Washington. United States Department of Agriculture. Soil Conservation Service. 
February. Retrieved from: 
https://www.nrcs.usda.gov/Internet/FSE_MANUSCRIPTS/washington/WA653/0/wa653
_text.pdf. 


	1. Introduction
	1.1. Background
	1.2. Consultation History
	1.3. Proposed Federal Action
	1.3.1 Project Overview
	1.3.2 Site Preparation
	1.3.3 Restoration Project
	Floodplain and Channel Restoration
	Engineered Logjams
	In-Water Complex Wood Revetments
	Rock Roughness Features
	Off-Channel Habitat and Channel Reconnection

	Bridge Construction and Culvert Extensions
	Riparian Forest and Wetland Restoration
	Trail Relocation and Bridge Construction
	Implementation of Recovery Actions

	1.3.4 Staging Tracks Project
	Staging Track construction
	Utility Relocations

	1.3.5 Stormwater
	1.3.6 Fish Exclusion and Work Area Isolation
	Dieringer Tailrace
	#9 Ditch
	Unnamed Fish Bearing Ditch
	Engineered Log Jams and Wood Revetments
	Off-Channel Habitat and Channel Reconnection

	1.3.7 Best Management Practices and Minimization Measures
	1.3.8 Monitoring and Maintenance

	1.4. Action Area

	2. Endangered Species Act Biological Opinion And Incidental Take Statement
	2.1. Analytical Approach
	2.2. Rangewide Status of the Species and Critical Habitat
	2.2.1 Status of ESA-Listed Fish Species
	Status of Puget Sound Chinook Salmon
	Status of Puget Sound Steelhead

	2.2.2 Status of Critical Habitats

	2.3. Environmental Baseline
	2.3.1 Baseline Condition of the White River
	2.3.2 Baseline Condition of the Action Area
	2.3.3 Salmonid Populations in the Action Area
	White River Spring Chinook
	White River Winter Steelhead

	2.3.4 Critical Habitat in the Action Area

	2.4. Effects of the Action
	2.4.1 Effects on Critical Habitat
	Temporary Effects during Construction
	Water Quality
	Effects on Physical Habitat and Prey Base
	Migration Corridor

	Intermittent Effect
	Stormwater Discharge

	Enduring Effects
	Summary of Effects to Critical Habitat

	2.4.2 Effects on Species
	Period of Exposure and Species Presence
	Puget Sound Chinook Salmon – White River Population
	Puget Sound Steelhead – White River Population

	Temporary Effects during Construction
	Response to Degraded Water Quality
	Turbidity

	Response to Elevated In-water Noise
	Response to Habitat Alterations
	Temporary Loss of Habitat Due to Work Area Isolation
	Temporary Reduction in Forage and Habitat Due to Excavation and ELJ/Revetment Installation

	Response to Strike and Crush During Large Rock Feature Installation
	Response to Fish Exclusion Measures

	Intermittent Effects
	Enduring Effects
	Response to Habitat Alterations

	Summary of Effects to Species
	Effects to Population Viability


	2.5. Cumulative Effects
	2.6. Integration and Synthesis
	2.6.1  Salmon and Steelhead Critical Habitat
	2.6.2 PS Chinook Salmon
	2.6.3 PS Steelhead

	2.7. Conclusion
	2.8. Incidental Take Statement
	2.8.1 Amount or Extent of Take
	2.8.2 Effect of the Take
	2.8.3 Reasonable and Prudent Measures
	2.8.4 Terms and Conditions

	2.9. Conservation Recommendations
	2.10. Reinitiation of Consultation
	2.11.  “Not Likely to Adversely Affect” Determinations
	2.11.1 Southern Resident Killer Whales


	3. Magnuson–Stevens Fishery Conservation and Management Act Essential Fish Habitat Response
	3.1. Essential Fish Habitat Affected by the Project
	3.2. Adverse Effects on Essential Fish Habitat
	3.3. Essential Fish Habitat Conservation Recommendations
	3.4. Statutory Response Requirement
	3.5. Supplemental Consultation

	4. Data Quality Act Documentation and Pre-Dissemination Review
	5. References



