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Fishery Conservation and Management Act Essential Fish Habitat Response for the Fish
and Wildlife Habitat Improvement Program (HIP 4) in Oregon, Washington and Idaho

Dear Mr. Hamel:

Thank you for your letter of September 9, 2019, 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 reinitiation of the Fish and Wildlife
Habitat Improvement Program (HIP 4) in Oregon, Washington and Idaho. We received
additional information from you on January 6, 2020, adding an additional activity category to the
proposed action. This consultation was conducted in accordance with the 2019 revised
regulations that implement section 7 of the ESA (50 CFR 402, 84 FR 45016).

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. We have included the results of that review in
Section 3 of this document.

In this opinion, NMFS concluded that the actions authorized, funded, or carried out under HIP 4
are not likely to jeopardize the continued existence of the following 13 species or result in the
destruction or adverse modification of their critical habitats:

Lower Columbia River (LCR) Chinook salmon (Oncorhynchus tshawytscha)
Upper Willamette River (UWR) Chinook salmon

Upper Columbia River (UCR) spring-run Chinook

Snake River (SR) spring/summer-run Chinook salmon

SR fall-run Chinook salmon

Columbia River (CR) chum salmon (O. keta)

LCR coho salmon (O. kisutch)

SR sockeye salmon (O. nerka)

LCR steelhead (O. mykiss)

0. UWR steelhead
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11. Middle Columbia River (MCR) steelhead
12.  UCR steelhead
13. Snake River Basin (SRB) steelhead

NMES also concurs with the BPA determination that the proposed action is not likely to
adversely affect Southern distinct population segment (DPS) of eulachon (Thaleichthys
pacificus) or Southern DPS of green sturgeon (Acipenser medirostris).

As required by section 7 of the ESA, NMFS is providing an incidental take statement (ITS) with
the opinion. The ITS describes reasonable and prudent measures NMFS considers necessary or
appropriate to minimize the impact of incidental take associated with this program. The ITS also
sets forth nondiscretionary terms and conditions, including reporting requirements, that the
Federal action agency must comply with to carry out the reasonable and prudent measures.
Incidental take from actions that meet these terms and conditions will be exempt from the ESA’s
prohibition against the take of the listed species considered in this opinion.

This document also includes the results of our analysis of the program’s likely effects on
essential fish habitat (EFH) pursuant to Section 305(b) of the Magnuson-Stevens Fishery
Conservation and Management Act (MSA), and includes two conservation recommendations to
avoid, minimize, or otherwise offset potential adverse effects on EFH. Section 305(b)(4)(B) of
the MSA requires Federal agencies to provide a detailed written response to NMFS within 30
days after receiving these recommendations.

If the response is inconsistent with the EFH conservation recommendations, BPA must explain
why the recommendations will not be followed, including the scientific justification for any
disagreements over the effects of the program and the recommendations. In response to increased
oversight of overall EFH program effectiveness by the Office of Management and Budget,
NMEFS 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 Dr. Nancy Munn of the Interior Columbia Basin Office in Portland, Oregon, at
503-231-6269 or nancy.munn(@noaa.gov if you have any questions concerning this consultation,
or if you require additional information.

Sincerely,

P e

Michael Tehan
Assistant Regional Administrator
Interior Columbia Basin Office
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Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Essential Fish Habitat Response

Fish and Wildlife Habitat Improvement Program (HIP 4) in Oregon, Washington and Idaho

Action Agency:

NMFES Consultation Number: WCR0O-2020-00102

Bonneville Power Administration

Affected Species and NMFS’ Determinations:

ESA-Listed Species Status Is Action Is Action Is Action Is Action Likely
Likely to Likely To Likely to To Destroy or
Adversely Jeopardize the | Adversely Adversely
Affect Species? Affect Modify Critical
Species? Critical Habitat?
Habitat?
Upper Willamette Threatened Yes No Yes No
Chinook salmon
(Oncorhynchus
tshawytscha)
Upper Willamette Threatened Yes No Yes No
steelhead (O. mykiss)
Lower Columbia Threatened Yes No Yes No
River Chinook
salmon (O. kisutch)
Lower Columbia Threatened Yes No Yes No
River steelhead
Columbia River Threatened Yes No Yes No
chum salmon (O.
keta)
Middle Columbia Threatened Yes No Yes No
River steelhead
Upper Columbia Endangered Yes No Yes No
River spring-run
Chinook salmon
Upper Columbia Threatened Yes No Yes No
River steelhead
Snake River Threatened Yes No Yes No
spring/summer
Chinook salmon
Snake River fall-run Threatened Yes No Yes No
Chinook salmon
Snake River Threatened Yes No Yes No
steelhead
Snake River sockeye Endangered Yes No Yes No
Green sturgeon Threatened No N/A No N/A
Eulachon Threatened No N/A No N/A




Fishery Management Plan That

Does Action Have an Adverse

Are EFH Conservation

Identifies EFH in the Project Effect on EFH? Recommendations Provided?
Area
Pacific Coast groundfish Yes Yes
Coastal pelagic species Yes Yes
Pacific Coast Salmon Yes Yes
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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 USC 1531 et seq.), and implementing regulations at
50 CFR 402, as amended.

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

We completed pre-dissemination review of this document using standards for utility, integrity,
and objectivity in compliance with applicable guidelines issued under the Data Quality Act
(DQA) (section 515 of the Treasury and General Government Appropriations Act for Fiscal Year
2001, Public Law 106-554). The document will be available within two weeks at the NOAA
Library Institutional Repository [https://repository.library.noaa.gov/welcome]. A complete
record of this consultation is on file at 1201 NE Lloyd Blvd, Suite 1100, Portland, Oregon.

1.2 Consultation History

The Bonneville Power Administration (BPA) proposes to continue to fund their fish and wildlife
habitat improvement projects through their Habitat Improvement Program (HIP). BPA funds the
implementation of about 110 habitat restoration projects a year in fulfillment of its obligations
under the Northwest Power and Conservation Council’s Columbia River Basin Fish and Wildlife
Program and as mitigation within various biological opinions issued to BPA. The Pacific
Northwest Electric Power Planning and Conservation Action of 1980 (Public Law 96-501)
authorized the creation of the Northwest Power Planning Council (now called the Northwest
Power and Conservation Council, NWPCC) with representatives from Oregon, Washington,
Idaho and Montana. The Act directs NWPCC to prepare a program to “protect, mitigate and
enhance fish and wildlife, including related spawning grounds and habitat, on the Columbia
River and its tributaries affected by the development, operation, and management of
[hydroelectric projects] ...” BPA’s authority and responsibility to fund fish and wildlife habitat
improvement actions are derived in large part from this law.

BPA first consulted on HIP in 2003 (HIP I; 2003/00750). The second HIP consultation was
completed in 2008 after we designated critical habitat for certain species of salmon and steelhead
(HIP 11; 2007/03996). The HIP I1 opinion was issued January 10, 2008. When this opinion
expired, NMFS issued the HIP 11 opinion on March 22, 2013 (2013/9724). Over the more than
fifteen plus years since the first consultation, BPA and NMFS have gained insight from both
program and project monitoring, as summarized in the annual monitoring reports; we know what



activity categories are implemented most often, and which activity categories have the greatest
challenges complying with the conservation measures in the proposed action and the Reasonable
and Prudent Measures’ (RPM) terms and conditions. Although HIP 111 does not have an
expiration date, BPA has asked, through their reinitiation request, to modify the activity
categories based on feedback from monitoring results and from requests from stakeholders to
include additional activity categories.

BPA proposes to continue to fund their modified HIP (now called HIP 4). BPA provided a
biological assessment (BA) to NMFS on September 11, 2019, and requested formal ESA
consultation. In the request, BPA concluded that the proposed program is likely to adversely
affect (LAA):

1 Lower Columbia River (LCR) Chinook salmon (Oncorhynchus tshawytscha)
2 Upper Willamette River (UWR) Chinook salmon

3 Upper Columbia River (UCR) spring-run Chinook

4. Snake River (SR) spring/summer-run Chinook salmon
5. SR fall-run Chinook salmon

6 Columbia River (CR) chum salmon (O. keta)

7 LCR coho salmon (O. kisutch)

8 SR sockeye salmon (O. nerka)

9. LCR steelhead (O. mykiss)

10. UWR steelhead

11. Middle Columbia River (MCR) steelhead

12. UCR steelhead

13. Snake River Basin (SRB) steelhead

In addition, BPA determined that their proposed program is not likely to adversely affect
southern green sturgeon (Acipenser medirostris), and Pacific eulachon (Thaleichthys pacificus).

To determine the number and type of activities expected to be carried out under HIP 4, BPA
provided information on the number and types of projects approved, per recovery domain, under
HIP 111 (Table 1). To develop a projection of projects to be approved and implemented under
HIP 4, we considered previous levels of activity under the previous HIP opinions. BPA also
provided information on the type of activity categories implemented from 2013 through 2018
(Table 2). These data for 2019 are not available at this time.



Table 1.  Number of habitat restoration projects authorized by BPA per recovery domain from
2014-2018. BPA assigned each activity category a risk level based on project impact
and stream response potential. A project’s risk is based on the highest level of risk
category in the project. For example, projects that include channel realignment are
considered to be high risk.

Year Total Number | Number of Projects within the Interior Number of Projects within the
of Projects Columbia Basin Willamette/Lower Columbia Basin
Authorized?
Low Risk | Medium High Risk | Low Risk | Medium High Risk
Risk Risk
2014 106 63 21 4 2 0 1
2015 97 63 13 3 10 2 0
2016 97 55 17 3 6 4 0
2017 88 52 18 6 9 3 0
2018 97 58 17 9 10 3 0

Table 2. The number of activities authorized per category in each year from 2013 through
2018. Note that each project likely includes more than one activity category. For
example, a project that replaces a culvert may include invasive plant control as well
as riparian plantings.

Activity Category 2013 2014 2015 2016 2017 2018
Fish Passage 17 28 29 24 31 23
Restoration

River, Stream, 44 71 78 81 100 118
Floodplain, and

Wetland Restoration

Invasive and Non- 57 77 65 53 56 52
native Plant Control

Piling Removal 0 0 0 1 0 2
Road and Trail 2 7 3 2 4 6
Erosion Control,

Maintenance, and

Decommissioning

In-channel Nutrient 0 0 0 0 0 0
Enhancement

Irrigation & Water 12 19 13 29 746 787
Delivery/Management

Actions

BPA, NMFS and the U.S. Fish and Wildlife Service (USFWS) met on September 12, 2019, to
review and discuss the annual monitoring results from HIP Ill. The meeting was useful to
provide detailed program-level information on variance requests, conservation measure non-
compliance and modifications to activity categories moving forward. Based on this discussion,
BPA and NMFS decided to further explore amending the BA to add an additional activity

category to the proposed action.

! Projects that were withdrawn, or projects that were authorized by the U.S. Fish and Wildlife Service only, are not
included in the number of projects in the Interior Columbia Basin or the Willamette/Lower Columbia Basin.




BPA and NMFS met on October 17, 2019, and agreed to add an additional activity to the
proposed action. On January 6, 2020, NMFS received an addendum to the BA that proposed
herbicide treatment of the invasive weed, Ludwigia, in the Willamette Basin.

Consultation was initiated on January 6, 2020.

1.3 Proposed Federal Action

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

The biological assessment provides a comprehensive description of the proposed action.

Section 2: Proposed Action of the biological assessment (pages 3-14 to 3-80) is incorporated
here by reference and summarized briefly in Table 1 below (50 CFR 402.14(h)(3)). A
description of the proposed action is also attached in Appendix A. The proposed action includes
conservation measures that are applicable to all activities. These include measures such as in-
water work timing, erosion control and work area isolation measures as well as post-construction
measures. The proposed action also includes activity-specific measures.

To ensure compliance with the proposed action and the restoration goals of the program, each
site-specific action will be individually reviewed by BPA’s environmental compliance (EC) staff
through the BPA Review Process as outlined in the HIP 4 Handbook and briefly summarized on
page 1-5 of the biological assessment. To determine if the project needs BPA Engineering
Review or NMFS review, BPA EC staff will make a preliminary determination of the level of
risk.2 The risk levels for the categories of activity are rates as low, medium, and high (Table 3),
and take into consideration both project impact and stream/habitat response potential. If BPA EC
staff determine that the project is within the medium to high-risk categories the project shall be
submitted to the BPA Engineering Technical Services for review. Certain projects shall require
NMFS engineering, biologist or branch chief review as well. Review requirements are detailed in
the HIP 4 Handbook (which is provided to every project applicant).

Table 3.  Categories and activities covered under HIP 4 and the level of risk for each activity.
The level of risk dictates the type of review by BPA and NMFS before a project gets
approved. The level of risk is determined by BPA’s EC staff.

Proposed Category of Activity | RISK CATEGORY

Category 1: Fish Passage Restoration (Profile Discontinuities and Transportation Infrastructure)

Dams, water control, or legacy structure removal Low, medium or high risk depending on the size of
the structure being removed

Consolidate or replace existing irrigation diversions Low or medium risk depending on the size of the
structure

Headcut and grade stabilization Low risk for headcuts <18 in; medium risk for
headcuts >18in

Low flow consolidation Medium or high risk

Providing fish passage at an existing facility Low, medium or high risk

2 1 no risk category is assigned by BPA, then the risk category is assumed to be low.



Proposed Category of Activity

| RISK CATEGORY

Category 1: Fish Passage Restoration (Profile Discontinuities and Transportation Infrastructure)

Bridge and culvert removal or replacement

Medium risk

Bridge and culvert maintenance

Low risk

Installation of fords

Low or medium risk

Category 2: River, Stream, Floodplain, and Wetland Restoration

Improve secondary channel and floodplain
connectivity

Medium or high risk

Set-back or removal of existing berms, dikes and
levees

Medium or high risk

Protect streambanks using bioengineering methods

Medium or high risk

Install habitat-forming natural material instream
structures (large wood, small wood and boulders)

Low, medium or high risk

Riparian vegetation planting

Low risk

Channel reconstruction

Medium or high risk

Install habitat-forming natural material (sediment and
gravel)

Low or medium risk. All structures require NMFS
engineering review

Category 3: Invasive Plant Control

Manage vegetation using physical controls

Low risk

Manage vegetation using herbicides (riverine)

Low risk

Manage vegetation using herbicides (estuarine)

High risk (NMFS branch chief approval required)

Manage Ludwigia in the Willamette basin

High risk (NMFS branch chief approval required)

Juniper removal

Low risk

Prescribed burning Low risk

Category 4: Piling Removal

Piling removal | Low risk

Category 5: Road and Trail Erosion Control, Maintenance and Decommissioning
Maintain roads Low risk
Decommission roads Low risk

Category 6: Nutrient Enhancement

Nutrient enhancement | Low risk

Category 7: Irrigation and Water Delivery/Management Actions®

Convert delivery system to drip or sprinkler irrigation | Low or medium risk
Convert water conveyance from open ditch to pipeline | Low or medium risk
or line leaking ditches or canals

Convert from instream diversions to groundwater Low risk

wells for primary water sources

Install or replace return flow cooling systems Low risk

Install irrigation water siphon beneath waterway Low or medium risk
Livestock watering facilities Low risk

Install new or upgrade/maintain existing fish screens Low risk

Category 8: Fisheries, Hydrologic and Geomorphologic Surveys

Fisheries, hydrologic and geomorphologic Surveys

| Low risk

The proposed action does not include any post-implementation monitoring for fish presence or
absence. An ESA section 10 research permit is required for all electroshocking and fish handling
for research purposes.

3 The HIP 4 will only cover irrigation efficiency actions within this activity category that use state-approved
regulatory mechanisms for ensuring that water savings will be protected as instream water rights, or in cases for
which project sponsors identify how the water conserved will remain instream to benefit fish without any significant
loss of the instream flows to downstream diversions.



We considered whether or not the proposed action would cause any other activities (i.e.,
consequences of the proposed action) and determined that it would not.

2.0 Endangered Species Act: Biological Opinion and Incidental Take
Statement

The ESA establishes a national program for conserving threatened and endangered species of
fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) of
the ESA, each Federal agency must ensure that its actions are not likely to jeopardize the
continued existence of endangered or threatened species, or adversely modify or destroy their
designated critical habitat. Per the requirements of the ESA, Federal action agencies consult with
NMFES 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 non-discretionary reasonable and
prudent measures RPMs and terms and conditions to minimize such impacts.

BPA determined the proposed action is not likely to adversely affect the North American green
sturgeon (Acipenser medirostris) and the southern distinct population of Pacific eulachon
(Thaleichthys pacificus) or their critical habitat. Our concurrence is documented in the “Not
Likely to Adversely Affect” Determinations section (Section 2.11).

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
CFR402.02). Therefore, the jeopardy analysis considers both survival and recovery of the
species.

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

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



The 2019 regulations define effects of the action using the term “consequences” (50 CFR
402.02). As explained in the preamble to the regulations (84 FR 44977), that definition does not
change the scope of our analysis and in this opinion we use the terms “effects” and
“consequences” interchangeably.

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

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

e Evaluate the environmental baseline of the species and critical habitat.

e Evaluate the effects of the proposed action on species and their habitat using an exposure-
response approach.

e Evaluate cumulative effects.

e 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.

e |f necessary, suggest a reasonable and prudent alternative to the proposed action.

2.2  Rangewide Status of the Species and Critical Habitat

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

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



During the last century, average regional air temperatures in the Pacific Northwest increased by
1-1.4°F as an annual average, and up to 2°F in some seasons (based on average linear increase
per decade; is likely to continue during the next century as average temperatures are projected to
increase another 3 to 10°F, with the largest increases predicted to occur in the summer (Mote et
al. 2014).

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

Overall, about one-third of the current cold-water salmonid habitat in the Pacific Northwest is
likely to exceed key water temperature thresholds by the end of this century (Mantua et al. 2009).
Higher temperatures will reduce the quality of available salmonid habitat for most freshwater life
stages (ISAB 2007). Reduced flows will make it more difficult for migrating fish to pass
physical and thermal obstructions, limiting their access to available habitat (Mantua et al. 2010,
Isaak et al. 2012). Temperature increases shift timing of key life cycle events for salmonids and
species forming the base of their aquatic foodwebs (Crozier et al. 2011; Tillmann and Siemann
2011; Winder and Schindler 2004). Higher stream temperatures will also cause decreases in
dissolved oxygen and may also cause earlier onset of stratification and reduced mixing between
layers in lakes and reservoirs, which can also result in reduced oxygen (Meyer et al. 1999;
Winder and Schindler 2004; Raymondi et al. 2013). Higher temperatures are likely to cause
several species to become more susceptible to parasites, disease, and higher predation rates
(Crozier et al. 2008; Raymondi et al. 2013; Wainwright and Weitkamp 2013).

As more basins become rain-dominated and prone to more severe winter storms, higher winter
stream flows may increase the risk that winter or spring floods in sensitive watersheds will
damage spawning redds and wash away incubating eggs (Goode et al. 2013). Earlier peak stream
flows will also alter migration timing for salmon smolts, and may flush some young salmon and
steelhead from rivers to estuaries before they are physically mature, increasing stress and
reducing smolt survival (McMahon and Hartman 1989; Lawson et al. 2004).

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



absorbed by the oceans, changing the pH of the water. Acidification also impacts sensitive
estuary habitats, where organic matter and nutrient inputs further reduce pH and produce
conditions more corrosive than those in offshore waters (Feely et al. 2012; Sunda and Cai 2012).

Global sea levels are expected to continue rising throughout this century, reaching likely
predicted increases of 10-32 inches by 2081-2100 (IPCC 2014). These changes will likely result
in increased erosion and more frequent and severe coastal flooding, and shifts in the composition
of nearshore habitats (Tillmann and Siemann 2011; Reeder et al. 2013). Estuarine-dependent
salmonids such as chum and Chinook salmon are predicted to be impacted by significant
reductions in rearing habitat in some Pacific Northwest coastal areas (Glick et al. 2007).

Historically, warm periods in the coastal Pacific Ocean have coincided with relatively low
abundances of salmon and steelhead, while cooler ocean periods have coincided with relatively
high abundances, and therefore these species are predicted to fare poorly in warming ocean
conditions (Scheuerell and Williams 2005; Zabel et al. 2006). This is supported by the recent
observation that anomalously warm sea surface temperatures off the coast of Washington from
2013 to 2016 resulted in poor coho and Chinook salmon body condition for juveniles caught in
those waters (NWFSC 2015). Changes to estuarine and coastal conditions, as well as the timing
of seasonal shifts in these habitats, have the potential to impact a wide range of listed aquatic
species (Tillmann and Siemann 2011; Reeder et al. 2013).

The adaptive ability of these threatened and endangered species is depressed due to reductions in
population size, habitat quantity and diversity, and loss of behavioral and genetic variation.
Without these natural sources of resilience, systematic changes in local and regional climatic
conditions due to anthropogenic global climate change will likely reduce long-term viability and
sustainability of populations in many of these ESUs (NWFSC 2015). New stressors generated by
climate change, or existing stressors with effects that have been amplified by climate change,
may also have synergistic impacts on species and ecosystems (Doney et al. 2012). These
conditions will possibly intensify the climate change stressors inhibiting recovery of ESA-listed
species in the future

2.2.1 Status of the Species

For Pacific salmon, steelhead, and certain other 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, they
maintain a population’s capacity to adapt to various environmental conditions and allow it to
sustain itself 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 habitat
quality and spatial configuration, and the dynamics and dispersal characteristics 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 of naturally-produced adults (i.e., the progeny of
naturally-spawning parents) in the natural 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.

Table 4, below provides a summary of listing and recovery plan information, status summaries
and limiting factors for the species addressed in this opinion. More information can be found in
recovery plans and status reviews for these species. These documents are available on the NMFS
West Coast Region website (http://www.westcoast.fisheries.noaa.gov/).
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Table 4. Summarized listing, recovery plan, status review, status summary, and limiting factor information for each species
considered in this opinion.

Species Listing Recovery Plan Most Status Summary Limiting Factors

Classificati  Reference Recent

on and Date Status

Review

Lower Columbia Threatened NMFS 2013 NWFSC  This ESU comprises 32 independent o Reduced access to spawning and rearing
River 6/28/05 2015 populations. Twenty-seven populations are habitat

Chinook salmon

at very high risk, 2 populations are at high
risk, one population is at moderate risk, and
2 populations are at very low risk. Overall,
there was little change since the last status
review in the biological status of this
Evolutionarily Significant Unit (ESU),
although there are some positive trends.
Increases in abundance were noted in about
70 percent of the fall-run populations and
decreases in hatchery contribution were
noted for several populations. Relative to
baseline viable salmonid population (\VSP)
levels identified in the recovery plan, there
has been an overall improvement in the
status of a number of fall-run populations,

although most are still far from the recovery
plan goals. In terms of risk, the recent trend*

for the ESU is considered to be
stable/improving (NWFSC 2015).

e Hatchery-related effects

o Harvest-related effects on fall Chinook
salmon

¢ An altered flow regime and Columbia
River plume

o Reduced access to off-channel rearing
habitat

¢ Reduced productivity resulting from
sediment and nutrient-related changes in
the estuary

e Contaminant

4 Recent risk trend summarizes the overall trends in risk status for each ESU/DPS since the prior status review, in the judgement of the chapter author
considering all four VVSP criteria; abundance, productivity, spatial structure, diversity (NWFSC 2015).
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review
Upper Columbia Endangered  Upper Columbia NWFSC  This ESU comprises four independent o Effects related to hydropower system in
River 6/28/05 Salmon 2015 populations. Three are at high risk and one the mainstem Columbia River
spring-run Chinook Recovery Board is functionally extirpated. Current estimates o Degraded freshwater habitat
salmon 2007 of natural origin spawner abundance e Degraded estuarine and nearshore
increased relative to the levels observed in marine habitat
the prior review for all three extant o Hatchery-related effects
populations, and productivities were higher 4 persistence of non-native (exotic) fish
for the Wenatchee and Entiat populations species
and unchanged for the Methow population. o {areqt in Columbia River fisheries
However, abundance and productivity
remained well below the viable thresholds
called for in the Upper Columbia Recovery
Plan for all three populations. In terms of
risk, the recent trend for the ESU is
considered to be stable (NWFSC 2015).
Snake River Threatened NMFS 2017a NWFSC  This ESU comprises 28 extant and four ¢ Degraded freshwater habitat
spring/summer-run 6/28/05 2015 extirpated populations. All except one o Effects related to the hydropower

Chinook salmon

extant population (Chamberlin Creek) are at
high risk. Natural origin abundance has
increased over the levels reported in the
prior review for most populations in this
ESU, although the increases were not
substantial enough to change viability
ratings. Relatively high ocean survivals in
recent years were a major factor in recent
abundance patterns. While there have been
improvements in abundance and
productivity in several populations relative
to prior reviews, those changes have not
been sufficient to warrant a change in ESU
status. In terms of risk, the recent trend for
the ESU is considered to be stable (NWFSC
2015).

system in the mainstem Columbia
River,

o Altered flows and degraded water
quality

o Harvest-related effects

e Predation
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review
Upper Willamette Threatened NMFS 2011 NWFSC  This ESU comprises seven populations. ¢ Degraded freshwater habitat
River Chinook 6/28/05 2015 Five populations are at very high risk, one e Degraded water quality

salmon

population is at moderate risk (Clackamas
River) and one population is at low risk
(McKenzie River). Consideration of data
collected since the last status review in 2010
indicates the fraction of hatchery origin fish
in all populations remains high (even in
Clackamas and McKenzie populations). The
proportion of natural origin spawners
improved in the North and South Santiam
basins, but is still well below identified
recovery goals. Abundance levels for five of
the seven populations remain well below
their recovery goals. Of these, the
Calapooia River may be functionally extinct
and the Molalla River remains critically
low. Abundances in the North and South
Santiam rivers have risen since the 2010
review, but still range only in the high
hundreds of fish. The Clackamas and
McKenzie populations have previously
been viewed as natural population
strongholds, but have both experienced
declines in abundance despite having access
to much of their historical spawning habitat.
Overall, populations appear to be at either
moderate or high risk, there has been likely
little net change in the VVSP score for the
ESU since the last review, so the ESU
remains at moderate risk. In terms of risk,
the recent trend for the ESU is considered to
be declining (NWFSC 2015).

e Increased disease incidence

o Altered stream flows

¢ Reduced access to spawning and rearing
habitats

e Altered food web due to reduced inputs
of microdetritus

e Predation by native and non-native
species, including hatchery fish

e Competition related to introduced
salmon and steelhead

e Altered population traits due to fisheries
and bycatch
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Species Listing Recovery Plan Most Status Summary Limiting Factors

Classificati Reference Recent
on and Date Status
Review
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review

Columbia River Threatened NMFS 2013 NWFSC  Overall, the status of most chum salmon ¢ Degraded estuarine and nearshore

chum salmon 6/28/05 2015 populations is unchanged from the baseline marine habitat
V'SP scores estimated in the recovery plan. e Degraded freshwater habitat
A total of 3 of 17 populations are at or near o Degraded stream flow as a result of
their recovery viability goals, although hydropower and water supply
under the recovery plan scenario these operations
populations have very low recovery goals of ¢ Reduced water quality
0. The remaining populations generally « Current or potential predation
require a higher level of viability and most « An altered flow regime and Columbia
require substantial improvements to reach River plume
their viability goals. Even with the ¢ Reduced access to off-channel rearing
improvements observed during the last five habitat in the lower Columbia River
years, the majority of populations in this duced productivity resulting from
ESU remain at a high or very high risk y Red_uce prod uctivity | dgh .
category and considerable progress remains fﬁe |er2teun;ran nutrient-related changes In
to be made to achieve the recovery goals. In wary .
terms of risk, the recent trend for the ESU is  ° Juvenlle_ fish wake strandings
considered to be stable (NWFSC 2015). * Contaminants

Lower Columbia Threatened NMFS 2013 NWFSC  Of the 24 populations that make up this e Degraded estuarine and near-shore

River 6/28/05 2015 ESU, 21 populations are at very high risk, 1 marine habitat

coho salmon population is at high risk, and 2 populations e Fish passage barriers

are at moderate risk. Recent recovery efforts
may have contributed to the observed
natural production, but in the absence of
longer term data sets it is not possible to
parse out these effects. Populations with
longer term data sets exhibit stable or
slightly positive abundance trends. Some
trap and haul programs appear to be
operating at or near replacement, although
other programs still are far from that
threshold and require supplementation with
additional hatchery-origin spawners.
Initiation of or improvement in the
downstream juvenile facilities at Cowlitz

o Degraded freshwater habitat: Hatchery-
related effects

o Harvest-related effects

e An altered flow regime and Columbia
River plume

e Reduced access to off-channel rearing
habitat in the lower Columbia River

e Reduced productivity resulting from
sediment and nutrient-related changes in
the estuary

e Juvenile fish wake strandings

e Contaminants
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Species Listing Recovery Plan Most Status Summary Limiting Factors

Classificati Reference Recent
on and Date Status
Review
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review
Snake River Endangered  NMFS 2015a NWFSC  This single population ESU is at very high e Effects related to the hydropower
sockeye salmon 6/28/05 2015 risk due to small population size. There is system in the mainstem Columbia River

high risk across all four basic risk measures.

Although the captive brood program has
been successful in providing substantial
numbers of hatchery produced fish for use
in supplementation efforts, substantial
increases in survival rates across all life
history stages must occur to re-establish
sustainable natural production. In terms of
natural production, the Snake River
Sockeye ESU remains at extremely high
risk although there has been substantial
progress on the first phase of the proposed
recovery approach — developing a hatchery
based program to amplify and conserve the
stock to facilitate reintroductions. In terms
of risk, the recent trend for the ESU is
considered to be improving (NWFSC
2015).

e Reduced water quality and elevated
temperatures in the Salmon River

e Water quantity

e Predation
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Species Listing Recovery Plan Most Status Summary Limiting Factors

Classificati Reference Recent
on and Date Status
Review
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review
Lower Columbia Threatened NMFS 2013 NWFSC  This DPS comprises 23 historical ¢ Degraded estuarine and nearshore
River steelhead 1/5/06 2015 populations, 17 winter-run populations and marine habitat

six summer-run populations. Nine
populations are at very high risk, 7
populations are at high risk, 6 populations
are at moderate risk, and 1 population is at
low risk. The majority of winter-run
steelhead populations in this DPS continue
to persist at low abundances. Hatchery
interactions remain a concern in select
basins, but the overall situation is somewhat
improved compared to prior reviews.
Summer-run steelhead populations were
similarly stable, but at low abundance
levels. The decline in the Wind River
summer-run population is a source of
concern, given that this population has been
considered one of the healthiest of the
summer-runs; however, the most recent
abundance estimates suggest that the
decline was a single year aberration.
Passage programs in the Cowlitz and Lewis
basins have the potential to provide
considerable improvements in abundance
and spatial structure, but have not produced
self-sustaining populations to date. Even
with modest improvements in the status of
several winter-run demographically
independent populations (DIPs), none of the
populations appear to be at fully viable
status, and similarly none of the MPGs meet
the criteria for viability. In terms of risk, the
recent trend for the DPS is considered to be
stable (NWFSC 2015).

e Degraded freshwater habitat

¢ Reduced access to spawning and rearing
habitat

e Avian and marine mammal predation

¢ Hatchery-related effects

e An altered flow regime and Columbia
River plume

¢ Reduced access to off-channel rearing
habitat in the lower Columbia River

¢ Reduced productivity resulting from
sediment and nutrient-related changes in
the estuary

e Juvenile fish wake strandings

e Contaminants
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Species Listing Recovery Plan Most Status Summary Limiting Factors

Classificati Reference Recent
on and Date Status
Review
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review
Middle Columbia Threatened NMFS 2009b NWFSC  This DPS comprises 17 extant populations. e Degraded freshwater habitat
River steelhead 1/5/06 2015 The DPS does not currently include  Mainstem Columbia River hydropower-

steelhead that are designated as part of an
experimental population above the Pelton
Round Butte Hydroelectric Project. Returns
to the Yakima River basin and to the
Umatilla and Walla Walla Rivers have been
higher over the most recent brood cycle,
while natural origin returns to the John Day
River have decreased. There have been
improvements in the viability ratings for
some of the component populations, but the
DPS is not currently meeting the viability

criteria in the MCR steelhead recovery plan.

In general, the majority of population level
viability ratings remained unchanged from
prior reviews for each major population
group within the DPS. In terms of risk, the
recent trend for the DPS is considered to be
stable/improving (NWFSC 2015).

related impacts

e Degraded estuarine and nearshore
marine habitat

e Hatchery-related effects

o Harvest-related effects

e Effects of predation, competition, and
disease
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Species Listing Recovery Plan Most Status Summary Limiting Factors
Classificati  Reference Recent
on and Date Status
Review
Snake River Threatened NMFS 2017a NWFSC  This DPS comprises 24 populations. Two o Adverse effects related to the mainstem
basin steelhead 1/5/06 2015 populations are at high risk, 15 populations Columbia River hydropower system

are rated as maintained, 3 populations are
rated between high risk and maintained, 2
populations are at moderate risk, 1
population is viable, and 1 population is
highly viable. Four out of the five major
population groups (MPGS) are not meeting
the specific objectives in the draft recovery
plan based on the updated status
information available for this review, and
the status of many individual populations
remains uncertain A great deal of
uncertainty still remains regarding the
relative proportion of hatchery fish in
natural spawning areas near major hatchery
release sites within individual populations.
In terms of risk, the recent trend for the
DPS is considered to be stable/improving
(NWFSC 2015).

e Impaired tributary fish passage

e Degraded freshwater habitat

e Increased water temperature

o Harvest-related effects, particularly for
B-run steelhead

e Predation

o Genetic diversity effects from out-of-
population hatchery releases
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2.2.2 Status of the Critical Habitat

This section describes the status of designated critical habitat affected by the proposed action by
examining the condition and trends of the essential physical and biological features (PBFs) of
that habitat throughout the designated areas. These features are essential to the conservation of
the ESA-listed species because they support one or more of the species’ life stages (e.g., sites
with conditions that support spawning, rearing, migration and foraging). The PBFs for ESA-
listed salmon and steelhead include freshwater spawning sites, freshwater rearing sites,
freshwater migration corridors, estuarine areas, nearshore marine areas, and offshore marine
areas.

For most salmon and steelhead, NMFS’s critical habitat analytical review teams (CHARTS)
ranked watersheds within designated critical habitat at the scale of the fifth-field hydrologic unit
code (HUCS) in terms of the conservation value they provide to each ESA-listed species that
they support (NMFS 2005). The conservation rankings were high, medium, or low. To determine
the conservation value of each watershed to species viability, the CHARTS evaluated the
quantity and quality of habitat features, 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. Even if a location had poor habitat quality, it could be ranked with a high conservation
value if it were essential due to factors such as limited availability, a unique contribution of the
population it served, or is serving another important role.

A summary of the status of critical habitats, considered in this opinion, is provided in Table 5
below.

23



Table 5.  Critical habitat, designation date, federal register citation, and status summary for critical habitat considered in this opinion.
Species Designation Critical Habitat Status Summary
Date and
Federal
Register
Citation
Lower Columbia River ~ 9/02/05 Critical habitat encompasses 10 subbasins in Oregon and Washington containing 47 occupied watersheds,
Chinook salmon 70 FR 52630 as well as the lower Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for
salmon are in fair-to-poor or fair-to-good condition (NMFS 2005). However, most of these watersheds have
some, or high potential for improvement. We rated conservation value of HUC5 watersheds as high for 30
watersheds, medium for 13 watersheds, and low for four watersheds.
Upper Columbia River ~ 9/02/05 Critical habitat encompasses four subbasins in Washington containing 15 occupied watersheds, as well as
spring-run Chinook 70 FR 52630 the Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for salmon are in fair-to-
salmon poor or fair-to-good condition. However, most of these watersheds have some, or high, potential for
improvement. We rated conservation value of HUC5 watersheds as high for 10 watersheds, and medium for
five watersheds. Migratory habitat quality in this area has been severely affected by the development and
operation of the dams and reservoirs of the Federal Columbia River Power System.
Snake River 10/25/99 Critical habitat consists of river reaches of the Columbia, Snake, and Salmon rivers, and all tributaries of the
spring/summer-run 64 FR 57399 Snake and Salmon rivers (except the Clearwater River) presently or historically accessible to this ESU
Chinook salmon (except reaches above impassable natural falls and Hells Canyon Dam). Habitat quality in tributary streams
varies from excellent in wilderness and roadless areas, to poor in areas subject to heavy agricultural and
urban development (Wissmar et al. 1994). Reduced summer stream flows, impaired water quality, and
reduced habitat complexity are common problems. Migratory habitat quality in this area has been severely
affected by the development and operation of the dams and reservoirs of the Federal Columbia River Power
System.
Upper Willamette River  9/02/05 Critical habitat encompasses 10 subbasins in Oregon containing 56 occupied watersheds, as well as the
Chinook salmon 70 FR 52630 lower Willamette/Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for
salmon are in fair-to-poor or fair-to-good condition. However, most of these watersheds have some, or high,
potential for improvement. Watersheds are in good to excellent condition with no potential for improvement
only in the upper McKenzie River and its tributaries (NMFS 2005). We rated conservation value of HUC5
watersheds as high for 22 watersheds, medium for 16 watersheds, and low for 18 watersheds.
Snake River fall-run 10/25/99 Critical habitat consists of river reaches of the Columbia, Snake, and Salmon rivers, and all tributaries of the
Chinook salmon 64 FR 57399 Snake and Salmon rivers presently or historically accessible to this ESU (except reaches above impassable
natural falls, and Dworshak and Hells Canyon dams). Habitat quality in tributary streams varies from
excellent in wilderness and roadless areas, to poor in areas subject to heavy agricultural and urban
development (Wissmar et al. 1994). Reduced summer stream flows, impaired water quality, and reduced
habitat complexity are common problems. Migratory habitat quality in this area has been severely affected
by the development and operation of the dams and reservoirs of the Federal Columbia River Power System.
Columbia River chum 9/02/05 Critical habitat encompasses six subbasins in Oregon and Washington containing 19 occupied watersheds,
salmon 70 FR 52630 as well as the lower Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for
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Species

Designation
Date and
Federal
Register
Citation

Critical Habitat Status Summary

Lower Columbia River
coho salmon

Snake River sockeye
salmon

Upper Columbia River
steelhead

Lower Columbia River
steelhead

Upper Willamette River
steelhead

Middle Columbia River
steelhead

2/24/16
81 FR 9252

10/25/99
64 FR 57399

9/02/05
70 FR 52630

9/02/05
70 FR 52630

9/02/05
70 FR 52630

9/02/05
70 FR 52630

salmon are in fair-to-poor or fair-to-good condition (NMFS 2005). However, most of these watersheds have
some or a high potential for improvement. We rated conservation value of HUC5 watersheds as high for 16
watersheds, and medium for three watersheds.

Critical habitat encompasses 10 subbasins in Oregon and Washington containing 55 occupied watersheds,
as well as the lower Columbia River and estuary rearing/migration corridor. Most HUC5 watersheds with
PCEs for salmon are in fair-to-poor or fair-to-good condition (NMFS 2005). However, most of these
watersheds have some or a high potential for improvement. We rated conservation value of HUC5
watersheds as high for 34 watersheds, medium for 18 watersheds, and low for three watersheds.

Critical habitat consists of river reaches of the Columbia, Snake, and Salmon rivers; Alturas Lake Creek;
Valley Creek; and Stanley, Redfish, Yellow Belly, Pettit and Alturas lakes (including their inlet and outlet
creeks). Water quality in all five lakes generally is adequate for juvenile sockeye salmon, although
zooplankton numbers vary considerably. Some reaches of the Salmon River and tributaries exhibit
temporary elevated water temperatures and sediment loads that could restrict sockeye salmon production
and survival (NMFS 2015a). Migratory habitat quality in this area has been severely affected by the
development and operation of the dams and reservoirs of the Federal Columbia River Power System.
Critical habitat encompasses 10 subbasins in Washington containing 31 occupied watersheds, as well as the
Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for salmon are in fair-to-
poor or fair-to-good condition (NMFS 2005). However, most of these watersheds have some or a high
potential for improvement. We rated conservation value of HUC5 watersheds as high for 20 watersheds,
medium for eight watersheds, and low for three watersheds.

Critical habitat encompasses nine subbasins in Oregon and Washington containing 41 occupied watersheds,
as well as the lower Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for
salmon are in fair-to-poor or fair-to-good condition (NMFS 2005). However, most of these watersheds have
some or a high potential for improvement. We rated conservation value of HUC5 watersheds as high for 28
watersheds, medium for 11 watersheds, and low for two watersheds.

Critical habitat encompasses seven subbasins in Oregon containing 34 occupied watersheds, as well as the
lower Willamette/Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for
salmon are in fair-to-poor or fair-to-good condition (NMFS 2005). However, most of these watersheds have
some or a high potential for improvement. Watersheds are in good to excellent condition with no potential
for improvement only in the upper McKenzie River and its tributaries (NMFS 2005). We rated conservation
value of HUCS5 watersheds as high for 25 watersheds, medium for 6 watersheds, and low for 3 watersheds.
Critical habitat encompasses 15 subbasins in Oregon and Washington containing 111 occupied watersheds,
as well as the Columbia River rearing/migration corridor. Most HUC5 watersheds with PCEs for salmon
are in fair-to-poor or fair-to-good condition (NMFS 2005). However, most of these watersheds have some
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Species Designation Critical Habitat Status Summary
Date and
Federal
Register
Citation
or a high potential for improvement. We rated conservation value of occupied HUC5 watersheds as high for
80 watersheds, medium for 24 watersheds, and low for 9 watersheds.
Snake River basin 9/02/05 Critical habitat encompasses 25 subbasins in Oregon, Washington, and Idaho. Habitat quality in tributary
steelhead 70 FR 52630 streams varies from excellent in wilderness and roadless areas, to poor in areas subject to heavy agricultural

and urban development (Wissmar et al. 1994). Reduced summer stream flows, impaired water quality, and
reduced habitat complexity are common problems. Migratory habitat quality in this area has been severely
affected by the development and operation of the dams and reservoirs of the Federal Columbia River Power
System.
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2.3 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 consists of
all areas within the Columbia River Basin in Oregon, Washington and Idaho where the
environmental effects of actions funded under the HIP 4 may occur that is also within the range
of ESA-listed salmon and steelhead and their designated critical habitats (Figure 1).

Because of the potential for downstream and cumulative effects within watersheds, the action
area encompasses entire subbasins where the listed fish or designated critical habitat occur. This
includes all upland, riparian and aquatic areas affected site preparation, construction, site
restoration, and any offsite conservation measures at each project site. Individual action areas
also cover up to 300 feet downstream from the project footprint where aquatic habitat conditions
may be temporarily degraded by increased runoff and erosion until site restoration is complete.

I. - 3 ..\ ll.‘_‘ ‘ g ! .; ‘. ? o 7 i f§_ i ‘i + S
Figure 1. The action area for the HIP 4 includes the portion of the Columbia Basin in Oregon
Washington and Idaho only.
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2.4 Environmental Baseline

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

As described above in the Status of the Species and Critical Habitat sections, factors that limit
the recovery of species considered in this opinion vary with the overall condition of aquatic
habitats on surrounding lands. Within the action area, many stream and riparian areas have been
degraded by the effects of land and water use, including road construction, forest management,
agriculture, mining, transportation, urbanization, and water development. Each of these
economic activities has contributed to the myriad factors for the decline of species in the action
area. Among the most important of these are changes in stream channel morphology, degradation
of spawning substrates, reduced instream roughness and cover, loss and degradation of estuarine
rearing habitats, loss of wetlands, loss and degradation of riparian areas, water quality (e.g.,
temperature, sediment, dissolved oxygen, contaminants) degradation, blocked fish passage,
direct take, and loss of habitat refugia. Climate change is likely to play an increasingly important
role in determining the abundance of ESA-listed species, and the conservation value of
designated critical habitats, in the Pacific Northwest.

West of the Cascade Mountains in Oregon and Washington, stream habitats and riparian areas
have been degraded by road construction, timber harvest, splash damming, urbanization,
agricultural activities, mining, flood control, filling of estuaries, and construction of dams. East
of the Cascade Mountains, aquatic habitats have been degraded by road building, timber harvest,
splash damming, livestock grazing, water withdrawal, agricultural activities, mining,
urbanization, and construction of reservoirs and dams (FEMAT 1993; Lee et al. 1997; Mclintosh
et al. 1994; Wissmar et al. 1994). Actions that are the subject of this programmatic opinion are
typically carried out in developed areas degraded by one or more human activity or natural
events.

Anadromous salmonids have been affected by the development and operation of dams. Dams,
without adequate fish passage systems, have extirpated anadromous fish from their pre-
development spawning and rearing habitats. Dams and reservoirs, within the currently accessible
migratory corridor, have greatly altered the river environment and have affected fish passage.
Dam operations have altered the natural hydrograph of many rivers. Water impoundment and
dam operations also affect downstream water quality characteristics, vital components to
anadromous fish survival. In recent years, fish passage has been restored through both
improvements to existing fish passage facilities and dam removal.
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Within the habitat currently accessible by species considered in this opinion, dams have
negatively affected spawning and rearing habitat. Floodplains have been reduced, off-channel
habitat features have been eliminated or disconnected from the main channel, and the amount of
large wood in mainstem rivers has been greatly reduced. Remaining habitats often are affected
by flow fluctuations associated with reservoir water management for power peaking, flood
control, and other operations.

The development of hydropower and water storage projects within the Columbia River basin
have resulted in the inundation of many mainstem spawning and shallow-water rearing areas
(loss of spawning gravels and access to spawning and rearing areas); altered water quality
(reduced spring turbidity levels), water quantity (seasonal changes in flows and consumptive
losses resulting from use of stored water for agricultural, industrial, or municipal purposes),
water temperature (including generally warmer minimum winter temperatures and cooler
maximum summer temperatures), water velocity (reduced spring flows and increased cross-
sectional areas of the river channel), food (alteration of food webs, including the type and
availability of prey species), and safe passage (increased mortality rates of migrating juveniles)
(Ferguson et al. 2005; Williams et al. 2005).

Johnson et al. (2013) found polychlorinated biphenyls (PCBs) and
dichlorodiphenyltrichloroethane (DDT) in juvenile salmon and salmon diet samples from the
lower Columbia River and estuary at concentrations above estimated thresholds for effects on
growth and survival. The Columbia River between Portland, Oregon, and Longview,
Washington, appears to be an important source of contaminants for juvenile salmon and a region
in which salmon were exposed to toxicants associated with urban development and industrial
activity. Highest concentrations of PCBs were found in fall Chinook salmon stocks with
subyearling life histories, including populations from the upper Columbia and Snake rivers,
which feed and rear in the tidal freshwater and estuarine portions of the river for extended
periods. Spring Chinook salmon stocks with yearling life histories that migrate more rapidly
through the estuary generally had low PCB concentrations, but high concentrations of DDTSs.
Pesticides can be toxic to primary producers and macroinvertebrates, thereby limiting salmon
population recovery through adverse, bottom-up impacts on aquatic food webs (Macneale et al.
2010).

Water quality throughout most of the program action area is degraded to various degrees because
of contaminants that are harmful to species considered in this consultation. Aerial deposition,
discharges of treated effluents, and stormwater runoff from residential, commercial, industriall,
agricultural, recreational, and transportation land uses are all source of these contaminants. For
example, 4.7 million pounds of toxic chemicals were discharged into surface waters of the
Columbia River Basin (a 39 percent decrease from 2003) and another 91.7 million pounds were
discharged in the air and on land in 2011 (USEPA 2011). This reduction can be attributed, in
part, to significant state, local and private efforts to modernize and strengthen tools available to
treat and manage stormwater runoff (USEPA 2009; USEPA 2011).

In a typical year in the U.S., pesticides are applied at a rate of approximately five billion pounds

of active ingredients per year (Kiely et al. 2004). Therefore, pesticide contamination in the
nation’s freshwater habitats is ubiquitous and pesticides usually occur in the environment as
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mixtures. The USGS National Water-Quality Assessment (NAWQA) Program conducted studies
and monitoring to build on the baseline assessment established during the 1990s to assess trends
of pesticides in basins across the Nation, including the Willamette River basin. More than 90
percent of the time, water from streams within agricultural, urban, or mixed-land-use watersheds
had detections of two or more pesticides or degradates, and about 20 percent of the time they had
detections of 10 or more. Fifty-seven percent of 83 agricultural streams had concentrations of at
least one pesticide that exceeded one or more aquatic-life benchmarks at least one time during
the year (68 percent of sites sampled during 1993-1994, 43 percent during 1995-1997, and 50
percent during 1998-2000) (Gilliom et al. 2006). In the Willamette Basin 34 herbicides were
detected. Forty-nine pesticides were detected in streams draining predominantly agricultural land
(Rinella and Janet 1998). In the lower Clackamas River basin, Oregon (2000-2005), USGS
detected 63 pesticide compounds, including 33 herbicides. High-use herbicides such as
glyphosate, triclopyr, 2,4-D, and metolachlor were frequently detected, particularly in the lower-
basin tributaries (Carpenter et al. 2008).

The role of stormwater runoff in degrading water quality has been known for years but reducing
that role has been notoriously difficult because the runoff is produced everywhere in the
developed landscape, the production and delivery of runoff are episodic and difficult to
attenuate, and runoff accumulates and transports much of the collective waste of the developed
environment (NRC 2009). In most rivers in Oregon, the full spatial distribution and load of
contaminants is not well understood. Hydrologically low-energy areas, where fine-grained
sediment and associated contaminants settle, are more likely to have high water temperatures,
concentrations of nitrogen and phosphorus that may promote algal blooms, and concentrations of
aluminum, iron, copper, and lead that exceed ambient water quality criteria for chronic toxicity
to aquatic life (Fuhrer et al. 1996). Even at extremely low levels, contaminants still make their
way into salmon tissues at levels that are likely to have sublethal and synergistic effects on
individual Pacific salmon, such as immune toxicity, reproductive toxicity, and growth inhibition
(Baldwin et al. 2011; Carls and Meador 2009; Hicken et al. 2011; Johnson et al. 2013), that may
be sufficient to reduce their survival and therefore the abundance and productivity of some
populations (Baldwin et al. 2009; Spromberg and Meador 2006). The adverse effect of
contaminants on aquatic life often increases with temperature because elevated temperatures
accelerate metabolic processes and thus the penetration and harmful action of toxicants.

The full presence of contaminants throughout the program action area is poorly understood, but
the concentration of many contaminants increase in downstream reaches (Fuhrer et al. 1996;
Johnson et al. 2013; Johnson et al. 2005). The fate and transport of contaminants varies by type,
but are all determined by similar biogeochemical processes (Alpers et al. 2000b; Alpers et al.
2000a; Bricker 1999; Chadwick et al. 2004; Johnson et al. 2005). After deposition, each
contaminant typically processes between aqueous and solid phases, sorption and deposition into
active or deep sediments, diffusion through interstitial pore space, and re-suspension into the
water column. Uptake by benthic organisms, plankton, fish, or other species may occur at any
stage except deep sediment, although contaminants in deep sediments become available for
biotic uptake when re-suspended by dredging or other disturbances.

Whenever a contaminant is in an aqueous phase or associated with suspended sediments, it is
subject to the processes of advection and dispersion toward the Pacific Ocean. However, once

30



soluble metal releases are reduced or terminated, the solute half-time in Columbia River water is
months versus about 20 years for adsorbed metals on surficial (or resuspended) bed sediments.
The much slower rate of decline for sediment, as compared to the solute phase, is attributed to
resuspension, transport and redeposition of irreversibly bound metals from upstream sedimentary
deposits. This implies downstream exposure of benthic or particle-ingesting biota can continue
for years following source remediation and/or termination of soluble metal releases (Johnson et
al. 2005). Adsorbed contaminants are highest in clay and silt, which can only be deposited in
areas of reduced water velocity, such as behind dams and the backwater or off-channel areas
preferred as rearing habitat by juveniles of some Pacific salmon (Johnson et al. 2005; ODEQ
2012). Similar estimates for the residence time of contaminants in the freshwater plume are
unavailable, although the plume itself has been tracked as a distinct coastal water mass that may
extend up to 50 miles beyond the mouth of the Columbia River, where the dynamic interaction
of tides, river discharge, and winds can cause significant variability in the plume’s location at the
interannual, seasonal scale, and even at the event scale of hours (Burla et al. 2010; Kilcher et al.
2012; Thomas and Weatherbee 2006).

Listed fish species considered in this opinion are exposed to high rates of predation during all life
stages. Fish, birds, and marine mammals, including harbor seals, sea lions, and killer whales all
prey on juvenile and adult salmon. The Columbia River Basin has a diverse assemblage of native
and introduced fish species, some of which prey on salmon, steelhead, and eulachon. The
primary resident fish predators of salmonids in many areas of the State of Oregon inhabited by
anadromous salmon are northern pikeminnow (native), smallmouth bass (introduced), and
walleye (introduced). Other predatory resident fish include channel catfish (introduced), Pacific
lamprey (native), yellow perch (introduced), largemouth bass (introduced), and bull trout
(native). Increased predation by non-native predators has and continues to decrease population
abundance and productivity.

Avian predation is another factor limiting salmonid recovery in the Columbia River Basin.
Throughout the basin, piscivorous birds congregate near hydroelectric dams and in the estuary
near man-made islands and structures. Avian predation has been exacerbated by environmental
changes associated with river developments. Water clarity caused by suspended sediments
settling in impoundments increases the vulnerability of migrating smolts. Delay in project
reservoirs, particularly immediately upstream from the dams, increases smolt exposure to avian
predators, and juvenile bypass systems concentrate smolts, creating potential feeding stations for
birds. Dredge spoil islands, associated with maintaining the Columbia River navigation channel,
provide habitat for nesting Caspian terns and other piscivorous birds. Caspian terns, double-
crested cormorants, glaucous-winged/western gull hybrids, California gulls, and ring-billed gulls
are the principal avian predators in the basin. As with piscivorous predators, predation by birds
has and continues to decrease population abundance and productivity.

The existing highway system contributes to a poor environmental baseline condition in several
ways. Many miles of highway that parallel streams have degraded stream bank conditions by
armoring the banks with rip rap, degraded floodplain connectivity by adding fill to floodplains,
and discharge untreated or marginally treated highway runoff to streams. Culvert and bridge
stream crossings have similar effects, and create additional problems for fish when they act as
physical or hydraulic barriers that prevent fish access to spawning or rearing habitat, or
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contribute to adverse stream morphological changes upstream and downstream of the crossing
itself.

The environmental baseline includes the anticipated impacts of all Federal actions in the action
area that have already undergone formal consultation. The (U.S. Army Corps of Engineers
(Corps), BPA) and Bureau of Reclamation, (BOR) have consulted on large water management
actions, such as operation of the Federal Columbia River Power System, the Umatilla Basin
Project, and the Deschutes Project. The U.S. Bureau of Indian Affairs (BIA), U.S. Bureau of
Land Management (BLM), and the U.S. Forest Service (USFS) have consulted on Federal land
management throughout Oregon, including restoration actions, forest management, livestock
grazing, and special use permits. NMFS issued biological opinions for implementation of the
National Flood Insurance Program in Oregon and in the Puget Sound area of Washington. Both
opinions concluded that implementation of the National Flood Insurance Program would
jeopardize the continued existence of listed species

The NOAA Restoration Center and U.S. Fish and Wildlife Service have also consulted on large
restoration programs that consist of actions designed to address species limiting factors or make
contributions that would aid in species recovery. Restoration actions may have short-term
adverse effects, but generally result in long-term improvements to habitat condition and
population abundance, productivity, and spatial structure. After going through consultation,
many ongoing actions, such as stormwater facilities, roads, culverts, bridges and utility lines,
have less impact on listed salmon and steelhead.

As noted above, the proposed action will take place at sites where habitat conditions have been
previously disturbed. Specifically, NMFS made the following assumptions regarding the
environmental baseline conditions in specific areas where projects will be carried out fit within
the proposed action:

1. Projects will occur at sites where the biological requirements of individual fish of
ESA-listed species are not being fully met due, in part, to the presence of
impaired fish passage, floodplain fill, streambank degradation, or degraded
channel or riparian conditions.

2. Projects will occur at sites where the biological requirements of individual fish of
ESA-listed species are not being met due to one or more impaired aquatic habitat
functions related to any of the habitat factors limiting the recovery of the species
in that area.

The PBFs for ESA-listed salmon and steelhead within the action area include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, and estuarine areas.

25 Effects of the Action

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

Habitat improvement projects, implemented consistently with the proposed action, will have
long-term beneficial effects to salmonids and their habitats. These beneficial effects will improve
three salmon and steelhead VVSP parameters: abundance, productivity, and spatial structure.
These improvements will translate into decreased risk of extinction and increased probability of
recovery for all of the species addressed by this consultation. Habitat improvement projects
carried out in critical habitat will improve the conservation value of the essential biological and
physical features of habitat at the site and watershed scales. The categories of actions proposed
all have predictable effects regardless of where in the action area they are implemented. This
assessment is based on 16 years of program implementation and monitoring results.

NMFS estimates that the BPA will implement approximately 100 projects per year under HIP 4
based on past implementation as reported in BPA’s annual monitoring reports. In 2018, 94
individual projects were implemented under HIP I11 (BPA 2018). In 2018, many of the projects
were implemented in the Interior Columbia basin, with a high number of projects evenly
distributed geographically through the Snake River basin. A smaller number of projects were in
the Willamette River basin and lower Columbia River estuary. We anticipate that individual
projects under HIP 4 will be similarly distributed through the action area, and that both short-
term adverse effects and long-term beneficial effects will therefore be similarly distributed across
the species and populations in the action area.

2.5.1 Program Administration

BPA will ensure the appropriate design criteria are incorporated into all phases of design for
each authorized project, and that any unique project or site constraint related to site suitability,
special maintenance needs, or the project’s potential for contribution to species recovery is
resolved as the project is being designed. Additionally, BPA will obtain verification from NMFS
for activities with complicated design elements or an engineering component. Furthermore, the
BPA will notify NMFS before each project begins construction.

As an additional program-level check on the continuing effects of the action, BPA and NMFS
will meet at least annually to review implementation of this program and opportunities to
improve conservation, or make the program overall more effective or efficient. Application of
consistent best management practices (BMPSs) and engineering improvements to the maximum
extent feasible in each recovery domain is likely to slowly improve habitat conditions across the
landscape, improve ecosystem resilience, and contribute to restoration actions necessary for the
recovery of ESA-listed species and critical habitats in Oregon, Washington, and Idaho. This level
of program administration is necessary to ensure that projects are being implemented
consistently with project design measures and program intent, thus ensuring that the effects are
consistent with the analysis in this opinion.
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2.5.2 General Effects

Restoration projects generally follow a sequence of four stages: pre-construction; site
preparation; construction; site restoration and ongoing operations and maintenance. Pre-
construction activity can include surveying, minor vegetation clearing, placement of stakes and
flagging guides, and minor movements of machines and personnel within the action area, and
other actions as needed. Site preparation typically requires development of access roads,
construction staging areas, and materials storage areas that affect more of the project area, and
clears vegetation that will allow rainfall to strike the bare earth surface. The construction phase
may include additional earthwork to clear, excavate, fill and shape the site (often within the
active channel) and to reshape the banks as necessary for successful revegetation.

The final stage involves the restoration of ecological function and habitat-forming processes to
maintain or promote a site along a trajectory toward conditions that support functional aquatic
habitats. Site restoration is essentially the reverse of the construction activities that go before it.
Bare earth is protected by seeding, planting woody shrubs and trees, and mulching, which act to
dissipates erosive energy associated with precipitation. Covering bare earth increases soil
infiltration and accelerates vegetative succession necessary to restore the delivery of large wood
to the riparian area and stream, root strength necessary for slope and bank stability, leaf and other
particulate organic matter input, sediment filtering and nutrient absorption from runoff, and
regrowth of shade plants.

General Effects for Projects that include In-water or Near Water Work

The effects generally fall under the general effects and usually involve: vegetation removal,
exposure and compaction of soil, heavy equipment operation, work-area isolation and relocation
of fish, exposure to toxic materials from heavy equipment use and site restoration. These
construction activities cause a number of negative effects on anadromous fish and their habitat.
The effects occur through pathways including:

Elevated suspended sediment

Fish handling

Riparian and streambank disturbance

Reduction of water quantity/flow

Small spills or leaks of fuel, lubricants, hydraulic fluid, coolants, and other

contaminants

Physical injury or death of fish through contact with heavy equipment

o Fish displacement

o Temporary reduction in aquatic invertebrate prey in the dewatered work isolation
area

. Water quality impacts from construction discharge water

Each of these actions has impacts on fish and their habitats and general description of the effects
to fish and their habitats are provided in the sections below, and summarized in Table 6. The
table also includes a description of how proposed design requirements and BMPs minimize the
effects.
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Table 6.  Summary of effect pathways from near- and in-water construction on anadromous
fish and their habitat and evaluation of measures to avoid or limit effects.
Effect pathway Summary of effects on anadromous fish and | Evaluation of measures to avoid or limit
their habitat effects of near- and in-water
construction

Elevated During and after wet weather, increased runoff | Erosion control measures will be applied
suspended resulting from soil and vegetation disturbance | to any project that involves soil

sediment at a construction site during both disturbance. These measures constrain and

preconstruction and construction phases is
likely to suspend and transport more sediment
to receiving waters as long as construction
continues. Multi-year projects are likely to
cause more sedimentation. This increases total
suspended solids. Sediments in the water
column reduce light penetration, increase
water temperature, and modify water
chemistry. Redeposited sediments partly or
completely fill pools, increase the width to
depth ratio of streams, and change the
distribution of pools, riffles, and glides.
Increased fine sediments in substrate also
reduce survival of eggs and fry, reducing
spawning success of salmon, steelhead, and
eulachon.

Turbidity may have beneficial or detrimental
effects on fish, depending on the intensity,
duration and frequency of exposure
(Newcombe and MacDonald 1991).
Salmonids have evolved in systems that
periodically experience short-term pulses
(days to weeks) of high suspended sediment
loads, often associated with flood events, and
are adapted to such high pulse exposures.
Adult and larger juvenile salmonids may be
little affected by the high concentrations of
suspended sediments that occur during storm
and snowmelt runoff episodes (Bjorn and
Reiser 1991), although these events may
produce behavioral effects, such as gill flaring
and feeding changes (Berg and Northcote
1985). Deposition of fine sediments reduces
incubation success (Bell 1991), interferes with
primary and secondary productivity (Spence et
al. 1996), and degrades cover for juvenile
salmonids (Bjornn and Reiser 1991). Chronic,
moderate turbidity can harm newly-emerged
salmonid fry, juveniles, and even adults by
causing physiological stress that reduces
feeding and growth and increases basal
metabolic requirements (Redding et al. 1987,
Lloyd 1987, Bjornn and Reiser 1991, Servizi
and Martens 1991, Spence et al. 1996).
Juveniles avoid chronically turbid streams,
such as glacial streams or those disturbed by

secure the site against erosion and
inundation during high flow events. This
minimizes the amount of fine sediments
entering streams. The selection of properly
sized heavy and equipped heavy
machinery minimizes soil disturbance.

In-water construction is proposed to occur
during in-water work windows established
by Oregon, Idaho, and Washington state
agencies. For wade-able streams, these
work windows typically coincide with the
lowest flows of the year. Conducting in-
water work during these times results in
less mobilization of fine sediments,
because during low water velocity
associated with low flows, the stream has
less ability to mobilize fine sediments.

In addition, this analysis considers
working outside the in-water work
window if effects to fish are the same or
less in terms of exposure to project effects,
or when the effects to listed salmon and
steelhead are no greater than within the in-
water work window in terms of scale and
scope of habitat effects.
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Effect pathway

Summary of effects on anadromous fish and
their habitat

Evaluation of measures to avoid or limit
effects of near- and in-water
construction

human activities, unless those streams must be
traversed along a migration route (Lloyd et al.
1987). Older salmonids typically move
laterally and downstream to avoid turbid
plumes (McLeay et al. 1984, 1987, Sigler et
al. 1984, Lloyd 1987, Scannell 1988, Servizi
and Martens 1991). On the other hand,
predation on salmonids may be reduced in
waters with turbidity equivalent to 23
Nephelometric Turbidity Units (NTU)
(Gregory 1993, Gregory and Levings 1998),
an effect that may improve overall survival.

Work area
isolation and fish
relocation

Effects from in-water work are generally
avoided and minimized through use of: (1) In-
water work isolation strategies that often
involve capture and release of trapped fish and
other aquatic invertebrates, and (2) performing
the work during work windows when the
fewest individuals of a species are present.
Capturing and handling all fish causes them
stress, though they typically recover fairly
rapidly from the process and therefore the
overall effects of the procedure are generally
short-lived (NMFS 2002). The primary
contributing factors to stress and death from
handling are differences in water temperatures
(between the river and wherever the fish are
held), dissolved oxygen conditions, the
amount of time that fish are held out of the
water, and physical trauma. Stress on
salmonids increases rapidly from handling if
the water temperature exceeds 18°C (64°F) or
dissolved oxygen is below saturation. Fish that
are transferred to holding tanks can experience
trauma if care is not taken in the transfer
process, and fish can experience stress and
injury from overcrowding in traps, if the traps
are not emptied on a regular basis. Debris
buildup at traps can also kill or injure fish if
the traps are not monitored and cleared on a
regular basis.

The BMPs proposed for fish capture and
release, use of pump-intake screens during
the de-watering phase, and fish passage
around the isolation area are based on
standard NMFS guidance to reduce the
adverse effects of these activities (NMFS
2011a). Key conservation measures in the
guidance such as avoiding work during
times of high stream temperatures
significantly reduces mortality that can
occur during work area isolation. Use of
properly sized screens during water
withdrawal can reduce or nearly eliminate
injury or death of fish caused by
entrainment.

Riparian
Disturbance

Near-water construction causes disturbance of
vegetation and soils that support floodplain
and riparian function, such as delivery of large
wood and particulate organic matter, shade,
development of root strength for slope and
bank stability, and sediment filtering and

Environmentally sensitive areas,
equipment entry and exit points, road and
stream crossings, and staging areas will be
clearly marked to avoid or minimize
disturbance. Obliteration of temporary
roads and paths will ensure soil is de-
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Effect pathway

Summary of effects on anadromous fish and
their habitat

Evaluation of measures to avoid or limit
effects of near- and in-water
construction

nutrient absorption from runoff (Darnell 1976;
Spence et al. 1996). Although the size of areas
likely to be adversely affected by actions
proposed to be authorized or carried out under
this opinion are small, and those effects are
likely to be short-term (weeks or months),
even small denuded areas will lose organic
matter and dissolved minerals, such as nitrates
and phosphates. The microclimate at each
action site where vegetation is removed is
likely to become drier and warmer, with a
corresponding increase in wind speed, and soil
and water temperature. Water tables and
spring flow in the immediate area may be
temporarily reduced. Loose soil will
temporarily accumulate in the construction
area. In dry weather, part of this soil is
dispersed as dust and in wet weather; part is
transported to streams by erosion and runoff,
particularly in steep areas. Erosion increases
the supply of sediment to lowland drainage
areas and eventually to aquatic habitats, where
they increase total suspended solids and
sedimentation.

compacted so riparian vegetation can
become reestablished quickly. Heavy-duty
equipment and vehicles for each project
will be selected with care and attention to
features that minimize adverse
environmental effects (e.g., minimal size,
temporary mats or plates within wet areas
or sensitive soils).

Disturbed areas will be revegetated to
ensure recovery of riparian vegetation.
These proposed conservation measures
help ensure that disturbance in riparian
areas in minimized and the recovers in one
to two seasons.

Reduction of
water
quantity/flow

The withdrawal of water for construction
activities decreased the amount of water in
streams and rivers. This can reduce the depth
of wetted width of streams, decreasing the
amount of habitat available for listed fish.
Withdrawal without an adequate fish screen
can entrain juvenile fish, which typically
injures or kills them. These impacts are
typically short duration, lasting a few hours at
a time during active construction. Other than
temporary reduction in aquatic invertebrate
prey (as further described below), impacts
from reduction of water quantity are not long
lasting.

Water withdrawal is limited to minor
amounts used in construction projects
(dust abatement, isolation procedures,
bedload compaction, concrete washout,
drilling fluids, etc.). Any temporary water
withdrawal will have a fish screen
installed, operated, and maintained as
described in NMFS (2011a). This will
ensure that juvenile fish are not entrained
during withdrawal of water for
construction purposes. Any actions
diverting surface water at a rate that
exceeds 3.0 cfs are individually reviewed
and verified by NMFS. This will ensure
water withdrawal will not dewater streams
or have other significant adverse impacts
on listed fish or their habitat.
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Effect pathway

Summary of effects on anadromous fish and
their habitat

Evaluation of measures to avoid or limit
effects of near- and in-water
construction

Spills or leaks of
fuel or lubricants

The use of heavy equipment creates a risk of
accidental spills of fuel, lubricants, hydraulic
fluid, coolants, and other contaminants.
Petroleum-based contaminants, such as fuel,
oil, and some hydraulic fluids, contain
polycyclic aromatic hydrocarbons (PAHS),
which can be acutely toxic to salmonid fish
and other aquatic organisms at high levels of
exposure and can cause sublethal adverse
effects to aquatic organisms at lower
concentrations (Heintz et al. 1999; Incardona
et al. 2005; Incardona et al. 2004; Incardona et
al. 2006).

To minimize the risk of contamination
from accidental spills that result from
leaks and ruptured hydraulic hoses,
equipment, vehicles, and power tools,
operators will replace petroleum-based
hydraulic fluids with biodegradable
products when working within wetlands or
within 150 feet of a water body. Heavy
equipment will have regular inspection
and cleaning before operation to ensure
that vehicles remain free of external oil,
grease, mud, and other visible
contaminants.

Pollution control measures will be applied
at project sites for the use and disposal of
all hazardous products, the disposal of
construction debris.

Physical injury or
death of fish
through contact
with heavy
equipment

Work involving the presence of equipment or
vehicles in the active channel when ESA-listed
fish are present is likely to result in injury or
death of some individuals as they come in
contact with the equipment.

The risk of physical injury or death of fish
through contact with heavy equipment is
limited by the timing of work to avoid
vulnerable life stages of ESA-listed fish,
including migration, spawning and rearing.
Further, when work in the active channel
involves substantial excavation,
backfilling, embankment construction, or
similar work below ordinary high water
(OHW) (riverine) where adult or juvenile
fish are reasonably certain to be present, or
300 feet or less upstream from spawning
habitats, the area will be effectively
isolated from the active channel to reduce
the likelihood of direct, mechanical
interactions with fish, or indirect
interactions through environmental effects.
Regardless of whether a work area is
isolated or not, and with few exceptions,
the program requires that passage for adult
and juvenile fish meets NMFS's (2011a)
criteria, or most recent version, will be
provided around the project area during
and after construction.
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Effect pathway

Summary of effects on anadromous fish and
their habitat

Evaluation of measures to avoid or limit
effects of near- and in-water
construction

Fish displacement

Work involving the presence of equipment or
vehicles in the active channel when ESA-listed
fish are present is likely to cause some fish to
experience elevated stress or leave the area.
Essential behaviors such as feeding and
sheltering are also interrupted during in-water
work.

Fish relocating to an undisturbed area may
become more vulnerable to avian or piscine
predation. These fish are typically injured or
killed during predation attempts.

Fish displacement will be limited by
timing proposed work to avoid vulnerable
life stages of ESA-listed fish, including
migration, spawning and rearing, where
possible. Further, when work in the active
channel involves substantial excavation,
backfilling, embankment construction, or
similar work below OHW (riverine) where
adult or juvenile fish are reasonably
certain to be present, or 300 feet or less
upstream from spawning habitats, the area
will be effectively isolated from the active
channel to reduce the likelihood of direct,
mechanical interactions with fish, or
indirect interactions through
environmental effects.

Temporary
reduction in
aquatic
invertebrate prey
in the dewatered
work isolation
area

In-water construction often Kills or injures
aquatic invertebrates in the construction area.
Invertebrates can be killed during dewatering
caused by work area isolation. They can also
be killed by elevated suspended sediment
which may interfere with respiration or other
essential behaviors such as feeding. Minor
spills of fuel or lubricants can kill aquatic
invertebrates, as many species are highly
sensitive to these substances. The reduction in
invertebrates typically persists for one to two
seasons, resulting is a temporary loss of forage
for salmonids. Invertebrates from upstream
and downstream of the project site will
recolonize the area.

The BMPs to minimize the impacts of
water withdrawal and elevated suspended
sediment will also minimize impacts on
aquatic invertebrates. The BMPSs limit the
size of the dewatered area.

Water quality
impacts from
construction
discharge water.

Water discharges from construction sites into
streams or river can contain chemicals such as
green concrete, drilling, fluids and petroleum
products. These chemicals can be toxic to fish,
invertebrates, and other aquatic life.

The BMPs require that all discharge water
from construction activities, such as
concrete washout, pumping for work area
isolation, vehicle wash water, drilling
fluids, or other construction work will be
treated to remove debris, heat, nutrients,
sediment, petroleum products, metals and,
any other pollutants likely to be present
(e.g., green concrete, contaminated water,
silt, welding slag, sandblasting abrasive,
grout cured less than 24 hours) to ensure
that no pollutants are discharged from the
construction site. Green concrete or
washout water should never directly enter
water with anadromous fish.

39




Frequency of Effects from Near and In-Water Construction

BPA provided information on the expected frequency of activities covered under the proposed
action. In their 2018 annual monitoring report, BPA reported that they authorized 43 projects that
included in-water work in 2018 (range of 35-45 each year from 2013 to 2018)(BPA 2018). Based
on that information, we expect a maximum of about 50° projects involving in or near-water
construction to be implemented per year under HIP 4. The projects are spread across a large
geography although there is some geographic clumping of projects in the Interior Columbia
Basin.

Duration of Effects from Near and In-Water Construction

The effects of construction such as elevated suspended sediment and increased risk of injury or
death from contact with heavy equipment occur continuously while construction is underway.
This can vary from a few hours to a few months depending on the scale of the project. For most
projects, the construction phase lasts for a few weeks. Most projects involve a single construction
phase. Some projects require an initial construction phase followed by periodic maintenance.
Most projects that require in-water work will be done in the dry, which will avoid extended
periods of elevated suspended sediment. In these cases, the risk auld be highest as areas are being
re-watered.

The indirect effects of construction such as riparian and streambank disturbance typically last for
a year or two until the project site recovers from the disturbance. During this time, habitat quality
for anadromous fish will remain impaired to some extent.

2.5.3 Fish Passage Restoration

The goal of this activity category is to fund fish passage projects to allow all life stages of
salmonids access to historical habitat from which they have been excluded and focuses on
restoring safe upstream and downstream fish passage to stream reaches that have become
isolated by obstructions, non-functioning structures, or instream profile discontinuities. These
activities also prevent streambank and roadbed erosion, facilitate natural sediment and wood
movement, and eliminate or reduce excess sediment locating and dynamic changes in streamflow
that cause streambank erosion, undermine roadbeds, and washout culverts. The short-term
construction-related effects are discussed above.

Proper road drainage upgrades and culvert replacements likely diminish the potential adverse
effects of roads, including turbidity, sedimentation, by allowing drainage design features to work
properly. Removing fish passage barriers and restoring hydrologic function will be beneficial in
the long-term. Thousands of human-made barriers block passage to thousands of miles of
freshwater spawning and rearing habitat in the Columbia River basin. Any contribution to
reducing this number of passage barriers will have long-term benefits to salmonid productivity.
These projects will allow or improve access to habitat. In addition, they can improve
connectivity to the floodplain and improved movement of sediment and large wood, thus

5> While we anticipate a maximum of 50 projects involving in- or near-water construction per year based on past
implementation numbers. However, our analysis later in this effects analysis assumes up to 75 projects per year will
be implemented in- or near-water. This increased number is to ensure that we do not limit the number of beneficial
restoration actions that could be implemented.
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improving the quality of existing habitat. Access can lead to increased spawning and rearing
success, and can improve growth and condition of fish (improved movement of fish and prey),
leading to improved survival.

The activity category also includes culvert and ditch maintenance, which will ensure fish passage
and floodplain connectivity, allow for dynamic flows, and maintain access to spawning and
rearing habitats.

This activity category also includes the installation, upgrade or maintenance of fish exclusion
devices and bypass systems within irrigation ditches and diversions (e.g., screens and ladders).
All proposed screen installations or replacements must meet NMFS fish passage criteria. No
additional water withdrawals will be established and no greater water withdrawal will be
authorized. The long-term effect will be beneficial, reducing the mortality of fish in diversions.
This effect will occur at the project reach scale.

When upstream spawning habitat is made available, passage restoration will improve population
spatial structure and possible abundance and productivity. Improved passage for juveniles allows
for access to upstream thermal refuges during summer and off-channel rearing habitat in winter.
Improved habitat conditions and fish passage will provide greater access to spawning and rearing
habitat, less energy expenditure in movement, greater access to diverse habitats that foster the
development and maintenance of populations. The benefit is likely to begin immediately
following construction, with improvements to productivity, survival, spatial structure and
diversity at the population scale where projects are being implemented.

2.5.4 River, Stream Floodplain, and Wetland Restoration

BPA proposed to fund projects that improve secondary channels and wetland habitats; set back

or remove existing berms, dikes and levees; protect streambanks using bioengineering methods;
install habitat-forming instream structures using native materials; plant riparian vegetation; and

reconstruct channels. The purpose of these projects is to restore habitat condition and processes,
and hydrologic function. Again, the short-term negative consequences of implementing projects
in the category are discussed above in the general effects section.

Implementing these projects will have a long-term, beneficial effect. These are some of the
potential effects:

e Re-establish wetland processes and function such as flood water attenuation, nutrient and
sediment storage, removal of pollutants;

e Better support native communities which supports complex and diverse habitat,
especially for rearing juvenile salmonids;

e Improved access to rearing areas;
e Creation of resting areas for fish at various flow levels;
e Protective cover for fish; and

e Create suitable conditions for beaver dams, which will entrain substrate, grade the
channel bottom and reconnect the stream to the floodplain, increase pool frequency,
increase channel sinuosity, etc.
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Addition of large wood is a common and effective stream restoration technique used throughout
the Pacific Northwest (Roni et al. 2002). Roni and Quinn (2001a) found that large wood
placement can lead to higher densities of juvenile coho salmon during summer and winter and
higher densities of steelhead and cutthroat trout in the winter. These authors also found addition
of large wood to streams with low levels of wood can lead to greater fish growth and less
frequent and shorter fish movements (Roni and Quinn 2001b).

Channelization of estuaries and streams through berm, dike, and levee construction eliminates
the floodplain benefits during floods, producing many of the same changes to living communities
and ecosystems as those resulting from dams. Berms, dikes, and levees are commonly found
along mid-to large-sized rivers for flood control or infrastructure protection and can severely
disrupt ecosystem function (Gergel et al. 2002) and fish community structure (Freyer and Healey
2003).

The effects of setting back or removing existing berms, dikes, and levees are similar to off-
channel, side-channel, and floodplain habitat restoration discussed above, although the effects of
this type of action may also include short-term or chronic instability of affected streams and
rivers as channels adjust to the new hydrologic conditions. Moreover, this type of action is likely
to affect larger areas overall because the area isolated by a berm, dike or levee is likely to be
larger than that included in an off- or side-channel feature. For constructability, many activities
will be timed with low tidal cycles which also minimizes short-term effects including sediment
generation. Because of their locations and elevations, work area isolation is not needed for most
berm, dike, and levee projects. Thus, they do not result in fish capture and handling.

Salmonids and other fishes benefit from restoring the processes that maintain floodplain
complexity (Bellmore et al. 2013). Set-back or removal of existing berms, dikes, and levees
increases habitat diversity and complexity, moderates flow disturbances, and provides refuge for
fish during high flows. Floodplain heterogeneity is associated with the occurrence of a mosaic of
food webs, all of which are utilized by anadromous salmonids and other estuarine fishes, and all
of which may be important to their recovery and persistence. Other restored ecological functions
include overland flow during flood events, dissipation of flood energy, increased water storage to
augment low flows, sediment and debris deposition, growth of riparian vegetation, nutrient
cycling, and development of side channels and alcoves. Set-back or removal of berms, dikes, and
levees will result in a long-term increase in floodplain function. The scale of that improvement
will depend on the size of the proposed action.

Channelized streams have increased flow velocities and bed and bank erosion. Greater water depth and
discharge are now required for the stream to spread onto the floodplain because bed elevations decreased
in response to channelization and streambank heights increased. Increased streambank heights and
bankfull discharge have resulted in increased bank erosion and may be responsible for a significant
portion of sediment loads in streams.

Channel restoration and relocation activities have the potential for significant local and landscape-level
effects to processes related to sediment transport, energy flow, stream flow, temperature, and biotic
fragmentation. Although NMFS can predict the worst-case effects of this activity, with the proposed
PDCs stream ecological condition will be measurably improved and pre-notification design coordination
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will result in the best possible outcome. Typically, stream channel reconstruction/relocation projects are
conducted in phases that will end with the full return of river flows to the historical channel and the filling
of the old shortened channel. Channel reconstruction/relocation activities will be implemented to improve
aquatic and riparian habitat diversity and complexity, reconnect channels to floodplains, reduce bed and
bank erosion, increase hyporheic exchange, provide long-term nutrient storage, provide substrate for
macroinvertebrates, moderate flow disturbance, increase retention of organic material, and provide refuge
for fish and other aquatic species. Significant mechanical manipulation and grading may be required to
recover floodplain width and elevations. However, because in-water work timing occurs during low water
periods and isolation of the work area is required, the release of suspended sediment is expected to be a
short-term event. Sediment is likely to be carried by surface runoff when the newly configured channel(s)
are reactivated and erosion control structures are removed.

Many historical off- channels and side-channels have been blocked from main stream channels
for flood control or by other land management activities, or have ceased functioning due to other
in-stream sediment imbalances. Restoration of off-channel, side-channel, and floodplain habitat
includes removal of fill material to reconnect existing stream channels to historical off- channel
habitat and side-channels. Side channel wetlands and ponds provide important benefits such as
high value as summer and winter rearing habitat for coho salmon (Cramer 2012).

This activity category will increase habitat diversity and complexity, improve flow
heterogeneity, provide long-term nutrient storage and substrate for aquatic macroinvertebrates,
moderate flow disturbances, increase retention of leaf litter, and provide refuge for fish during
high flows. Long-term benefits will include intense beneficial effects to habitat diversity and
complexity (Cramer 2012), including increased overbank flow and greater potential for
groundwater recharge in the floodplain; attenuation of sediment transport downstream due to
increased sediment storage; greater channel complexity and/or increased shoreline length;
increased floodplain functionality reduction of chronic bank erosion and channel instability due
to sediment deposition; and increased width of riparian corridors. Increased riparian functions
are likely to include increased shade and hence moderated water temperatures and microclimate;
increased abundance and retention of wood; increased organic material supply; water quality
improvement; filtering of sediment and nutrient inputs; more efficient nutrient cycling; and
restoration of flood-flow refuge for ESA-listed fish (Cramer 2012).

Post-construction, this activity category will result in short and long-term environmental benefits by
restoring hydrologic function of stream channels to more natural conditions. Functional floodplains will
promote riparian vegetation and stable banks. The restored corridor will provide an adequate riparian
buffer zone. Aquatic habitat will be greatly improved by making streams more self-sustaining and resilient
to external perturbation will lead to improved aquatic habitat, which will help improve fish population
abundance and productivity.

All in-water construction will occur during recommended site-specific in-water work windows
outside of out-migration and spawning migration periods, therefore, smolt and adult ESA-listed
salmon and steelhead are unlikely to be present during project construction. For bigger projects,
minor pulses of suspended sediment will occur over a period of a few years until the channel
stabilizes. This may reduce egg-to-fry survival in some reaches due to increased fine sediment
deposition on downstream spawning gravels. These minor sediment pulses are unlikely to affect
migrating adults or juveniles.
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The projects funded in this activity category have the potential to improve survival and increase
productivity at the reach scale. These projects will also improve spatial structure and diversity.
This was a very common category in HIP 111 with many tens of projects implemented each year
in the Columbia River basin. If that trend continues in HIP 4, population-scale VSP parameters
may improve.

2.5.5 Non-native and Invasive Plant Control

Manual, mechanical, and herbicidal treatments of invasive and non-native plants are often
conducted after ground-disturbing construction activities. BPA also proposes to treat invasive
plants in fluvial and estuarine systems to improve the ecological function of habitat where ESA-
listed species live. The effects of managing vegetation using physical controls (manual and
mechanical) are subject to special conservation measures (page 3-51 of the biological
assessment) that limit the amount and extent of disturbance, including no disturbance buffers that
prevents or reduces the amount of sediment that reaches a stream. If sediment does reach a
stream or river, the effects will be consistent with those described in Table 6 above.

BPA describes how projects they review and fund under their HIP 4 program will use herbicides
in river systems (pages 3-51 to 3-59 of the biological assessment), and describes the effects of
herbicide use in this context (page 4-103 to 4-111 of the biological assessment, plus Appendix B
Detailed Environmental Fate and Risk Assessment for Herbicide Use and Appendix C Analysis
of Effects for Herbicide Use in the Lower Columbia Estuary). Aerial application of herbicides is
not proposed by BPA.

NMFS has previously analyzed the effects of these activities using the similar active ingredients
and project design criteria for proposed USDA Forest Service and USDOI Bureau of Land
Management invasive plant control programs (NMFS 2010a; NMFS 2012). The types of plant
control actions analyzed here are a conservative (i.e., less aggressive) subset of the types of
actions considered in those analyses, and the effects presented here are summarized from those
analyses and updated using the best available information. Each type of treatment is likely to
affect fish and riparian vegetation through a combination of physical, chemical, and biological
endpoints, including disturbance, chemical toxicity, dissolved oxygen and nutrients, water
temperature, sediment, instream habitat structure, forage, and riparian and emergent vegetation
(Table 7).
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Table 7.  Potential types of stressors for activities associated with invasive and non-native plan

control.
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*Stepping on redds, displacing fish, interrupting fish feeding, or disturbing banks.

Mechanical and herbicide treatments of invasive plants in riparian areas are not likely to result in
disturbance to or displacement of ESA-listed fish because no treatments will be applied within
the stream channel. Significant shade loss is likely to be rare, occurring primarily from treating
streamside knotweed and blackberry monocultures, and possibly from cutting streamside woody
species (tree of heaven, scotch broom, etc.). Most invasive plants are understory species of
streamside vegetation that do not provide the majority of streamside shade and furthermore will
be replaced by planted native vegetation. The loss of shade would persist until native vegetation
reaches and surpasses the height of the invasive plants that were removed. Shade recovery may
take one to several years, depending on the success of invasive plant treatment, stream size and
location, topography, growing conditions for the replacement plants, and the density and height
of the invasive plants when treated. The short-term shade reduction that is likely to occur due to
removal of riparian weeds could slightly affect stream temperatures or dissolved oxygen levels,
which could cause short-term stress to fish adults, juveniles and eggs. Effects pathways are
described in detail below.

Manual and mechanical treatments are likely to result in mild construction effects (discussed
above). Hand pulling of riparian vegetation is likely to result in a localized mobilization of
suspended sediments. Treatment of knotweed and other streamside invasive species with
herbicides (by stem injection or spot spray) or heavy machinery is likely to result in short-term
releases of suspended sediment when treatment of locally extensive streamside monocultures
occurs. Thus, these treatments are likely to affect a definite, broad area, and to produce at least
minor damage to riparian soil and vegetation. In some cases, this will decrease stream shade,
increase suspended sediment and temperature in the water column, reduce organic inputs (e.g.,
insects, leaves, woody material), and alter streambanks and the composition of stream substrates.
However, these circumstances are likely to occur only in rare cases, such as treatment of an
invasive plant monoculture that encompasses a small stream channel. This effect would vary
depending on site aspect, elevation, and amount of topographic shading, but is likely to decrease
over time at all sites as shade from native vegetation is reestablished.

BPA proposes three different types of herbicide applications: 1) manage vegetation using
herbicides in river systems; 2) manage vegetation using herbicides in estuarine systems;
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and 3) using herbicides to manage invasive water primrose (Ludwigia hexapetala) in the
Willamette River basin. We address the effects of each separately below.

The effects of managing vegetation using herbicides in river systems

It is helpful to understand how herbicides were applied with HIP 111 because this informs the
extent of herbicide use that is likely to occur in the future. Table 8 describes the acres of
herbicide applied each year under HIP I11. This type of treatment does not allow any application
of herbicide within the wetted channel.

Table 8.  Acres of herbicide applied per year under BPA’s HIP Ill. Riparian application of
herbicide is any application within 300 feet of a stream or river channel.

YEAR RIPARIAN ACRES
2013 409 2482
2014 449 8282
2015 715 7399
2016 836 8940
2017 831 5561
2018 548 2485

Stream margins often provide shallow, low-flow conditions, have a slow mixing rate with
mainstem waters, and are the site at which runoff and subsurface flows are introduced. Juvenile
salmon and steelhead, particularly recently emerged fry, often use low-flow areas along stream
margins. For example, wild Chinook salmon rear near stream margins until they reach about 60
mm in length. As juveniles grow, they migrate away from stream margins and occupy habitats
with progressively higher flow velocities. Nonetheless, stream margins continue to be used by
larger salmon and steelhead for a variety of reasons, including nocturnal resting, summer and
winter thermal refuge, predator avoidance, and flow refuge. NMFS identified three scenarios for
the analysis of herbicide application effects: (1) Runoff from riparian application; (2) accidental
application within perennial stream channels (e.g., via drift); and (3) runoff from intermittent
stream channels and ditches. Each of these could occur via surface water or groundwater.

Spray and vapor drift are important pathways for herbicide entry into aquatic habitats. Several
factors influence herbicide drift, including spray droplet size, wind and air stability, humidity and
temperature, physical properties of herbicides and their formulations, and method of application.
For example, the amount of herbicide lost from the target area and the distance the herbicide
moves both increase as wind velocity increases. Under inversion conditions, when cool air is
near the surface under a layer of warm air, little vertical mixing of air occurs. Spray drift is most
severe under these conditions, since small spray droplets will fall slowly and move to adjoining
areas even with very little wind. Low relative humidity and high temperature cause more rapid
evaporation of spray droplets between sprayer and target. This reduces droplet size, resulting in
increased potential for spray drift. Vapor drift can occur when herbicide volatilizes. The
formulation and volatility of the compound will determine its vapor drift potential. The potential
for vapor drift is greatest under high air temperatures and low humidity and with ester
formulations. For example, ester formulations of triclopyr are very susceptible to vapor drift,
particularly at temperatures above 80°F (DiTomaso et al. 2006). Triclopyr TEA, as well as many
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other herbicides and pesticides, are detected frequently in freshwater habitats within the action
area (NMFS 2011c).

Several conservation measures reduce the risk of herbicide drift. Ground equipment reduces the
risk of drift, and hand equipment nearly eliminates it. Relatively calm conditions, preferably
when humidity is high and temperatures are relatively low, and low sprayer nozzle height will
reduce the distance that herbicide droplets will fall before reaching weeds or soil. Less distance
means less travel time and less drift. Wind velocity is often greater as height above ground
increases, so droplets from nozzles close to the ground would be exposed to lower wind speeds.
The higher that an application is made above the ground, the more likely it is to be carried by
faster wind speeds, result in long distance drift. BPA proposed action requires the use of these
conservation measures.

Surface water contamination with herbicides can occur when herbicides are applied intentionally
or accidentally into ditches, irrigation channels or other bodies of water, or when soil-applied
herbicides are carried away in runoff to surface waters. Direct application into water sources is
generally used for control of aquatic species, and is not a component of the proposed action.
Accidental contamination of surface waters can occur when irrigation ditches are sprayed with
herbicides or when no-application buffer zones around water sources are not wide enough. In
these situations, use of hand application methods will greatly reduce the risk of surface water
contamination. The minimum buffer BPA has proposed for ground-based broadcast application
is 100 feet, and the minimum buffer with a backpack sprayer is 15 feet (aerial application is not
included in the proposed action). For some herbicides, BPA has proposed hand application
techniques that are applied to a specific portion of the target plant (herbicide does not touch the
soil). These restrictions limit the opportunity for surface water contamination.

The contribution from runoff will vary depending on site and application variables, although the
highest pollutant concentrations generally occur early in the storm runoff period when the
greatest amount of herbicide is available for dissolution (Stenstrom and Kayhanian 2005; Wood
2001). Lower exposures are likely when herbicide is applied to smaller areas, when intermittent
stream channel or ditches are not completely treated, or when rainfall occurs more than 24 hours
after application. Under the proposed action, some formulas of herbicide can be applied within
the bankfull elevation of streams, in some cases up to the water’s edge (with hand application
techniques). Any juvenile fish in the margins of those streams are more likely to be exposed to
herbicides as a result of overspray (highly unlikely to occur with hand application only within
the buffer), inundation of treatment sites, percolation, surface runoff, or a combination of these
factors. Overspray and inundation will be minimized through the use of dyes or colorants and
restrictions on application method.

Groundwater contamination is another important pathway. Most herbicide groundwater
contamination is caused by “point sources,” such as spills or leaks at storage and handling
facilities, improperly discarded containers, and rinses of equipment in loading and handling
areas, often into adjacent drainage ditches (DiTomaso 1997). Point sources are discrete,
identifiable locations that discharge relatively high local concentrations. In soil and water,
herbicides persist or are decomposed by sunlight, microorganisms, hydrolysis, and other factors.
Proposed conservation measures minimize these concerns by ensuing proper calibration, mixing,
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and cleaning of equipment. Non-point source groundwater contamination of herbicides can occur
when a mobile herbicide is applied in areas with a shallow water table. Proposed conservation
measures minimize this danger by restricting the formulas used and staging areas, and the time,
place and manner of their application to minimize offsite movement.

Herbicide toxicity. Herbicides included in this restoration program were selected due to their low
to moderate aquatic toxicity to listed salmonids compared to those with higher risk. The risk of
adverse effects from the toxicity of herbicides and other compounds present in formulations to
listed aquatic species is mitigated by reducing stream delivery potential to waterbodies by
restricting application methods. Near wetted stream channels, BPA proposes to allow nine
aquatic labeled herbicides applied using only hand application methods
(wicking/wiping/injection). BPA will allow other herbicide formulations (see Table 8 of the
biological assessment for the list) and other application methods (backpack sprayer, broadcast
application using truck or ATV) with no-application buffers varying from 15 feet to 100 feet.
The associated application methods were selected for their low risk of contaminating soils and
subsequently introducing herbicides to streams. However, direct and indirect exposure and
toxicity risks are inherent in some application scenarios.

Generally, herbicide active ingredients have been tested on only a limited number of species and
mostly under laboratory conditions. While laboratory experiments can be used to determine
acute toxicity and effects to reproduction, cancer rates, birth defect rates, and other effects to fish
and wildlife, laboratory experiments do not typically account for species in their natural
environments and little data are available from studies focused specifically on the listed species
in this opinion. This leads to uncertainty in risk assessment analyses. Environmental stressors
(e.g., high temperatures) and other chemicals that co-occur with the applied herbicide (known as
environmental mixtures) can increase the adverse effects of contaminants, but the degree to
which these effects are likely to occur for various herbicides is largely unknown.

The effects of the herbicide applications to various representative groups of species have been
evaluated for each proposed herbicide. The rainbow trout, a salmonid, is frequently used in
standard toxicity tests and serves as a good surrogate for other ESA-listed salmonids. The effects
of herbicide applications using spot spray, hand/select, and broadcast spray methods were
evaluated under several exposure scenarios: (1) runoff from riparian (above the OHW mark)
application along streams, lakes and ponds, (2) runoff from treated ditches and dry intermittent
streams, and (3) application within perennial streams (dry areas within channel and emergent
plants). The potential for herbicide movement from broadcast drift was also evaluated. Risks
associated with exposure and associated effects were also evaluated for terrestrial species.

Although the project design criteria and conservation measures will minimize the risk of drift
and contamination of surface and ground water, any herbicides reaching surface waters will
likely result in mortality to fish during incubation, or lead to altered development of embryos.
Stehr et al. (2009) found that the low levels of herbicide delivered to surface waters are unlikely
to be toxic to the embryos of ESA-listed salmon, steelhead and trout. However, mortality or sub-
lethal effects such as reduced growth and development, decreased predator avoidance, or
modified behavior may occur. Herbicides are likely to also adversely affect the food base for
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listed salmonids and other fish, which includes terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish.

In Appendix B of the biological assessment, BPA analyzed the aquatic toxicity of all herbicides
proposed for use in HIP 4. Adverse effect threshold values for each species group were defined
as either 1/20th of the LC50 value for listed salmonids, or the lowest acute or chronic “no
observable effect concentration,” whichever was lower. BPA calculated a risk quotient (RQ)
from a no adverse effect level divided by an Expected Environmental Concentration (EEC). The
EEC is derived from a direct application of the active ingredient to a one-acre pond that is one
foot deep, using the maximum application rate BPA is proposing to use. BPA also developed
generic estimated environmental concentrations (GEEC) for all herbicides using EPA’s
GENEEC modeling software; GENEEC simulates an application of herbicide near a water body.
The GEEC (or EEC) is an extreme level that is unlikely to occur during implementation (because
of conservation measures) and should be viewed as a worst-case situation. If a RQ is greater than
10, then the risk to an individual fish is low. If the RQ is less than 1, then the risk to an
individual fish is high. For more information on input values and assumptions that BPA used in
their assessment, refer to Appendix B of the biological assessment.

Table 9 summarizes the risk quotient and level of concern calculated by BPA for the herbicides
they propose to use. These data were taken from Table B-2 of the biological assessment; we only
include data for herbicides that are proposed for use within 300 feet of a waterbody or have a
viable pathway to reach a riparian area (e.g., slope).

Table 9.  The risk quotient (RQ) and level of concern for herbicides proposes for use in riparian
areas of restoration projects. A low level of concern is for active ingredients with a
RQ greater than 10. A moderate level of concern is for active ingredients with a RQ
between 1 and 10.

ACTIVE INGREDIENT RISK QUOTIENT LEVEL OF CONCERN
2,4-D (amine) 34.6 Low
Aminopyralid 417 Low
Chlorsulfuron 240 Low
Clethodim 6.43 Moderate
Clopyralid 47.3 Low
Dicamba 3.3 Moderate
Glyphosatel (aquatic) 214 Low
Glophosate 2 7.9 Moderate
Imazapic 714 Low
Imazapyr 110 Low
Metsulfuron 163 Low
Picloram 3.5 Moderate
Sethoxydim 3.5 Moderate
Sulfometuron 321.7 Low
Triclopyr (TEA) 75.5 Low

Most toxicity experiments evaluate mortality to the tested population, whereas NMFS is
interested in whether an individual ESA-listed fish’s fitness is compromised. As well, data on
toxicity to wild fish under natural conditions are limited and most studies are conducted on lab
specimens. Adverse effects could be observed in stressed populations of fish, and it is less likely
that effects will be noted in otherwise healthy populations of fish. Chronic studies or even long-
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term studies on fish egg-and-fry are sometimes conducted. Risk characterizations for both
terrestrial and aquatic species are limited by the relatively few animal and plant species on which
data are available, compared to the large number of species that could potentially be exposed.
This limitation and consequent uncertainty is common to most if not all ecological risk
assessments. Additionally, in laboratory studies, test animals are exposed to only a single
chemical. In the environment, humans and wildlife may be exposed to multiple toxicants
simultaneously, which can lead to additive or synergistic effects. These factors contribute to
uncertainty in our understanding of effects of herbicide use on ESA-listed fish. Below is a
description of the known toxicity of herbicides proposed for use.

2,4-D amine. 2,4-D amine acts as a growth-regulating hormone on broad-leaf plants, being
absorbed by leaves, stems and roots, and accumulating in a plant’s growing tips. EPA analyzed
the risk of 2,4-D to ESA-listed fish species in the Pacific Northwest (Borges et al. 2004). They
concluded that the use of this herbicide (when used according to its label, in the amine form)
posed no direct risk to listed salmon and steelhead. They found, however, there could be an
indirect risk when used for aquatic weed control (not a use approved by BPA) because of a loss
of cover in rearing habitat. In their analysis, BPA reports results of various lab studies looking at
the response of various life stages of fish, including Chinook salmon. While they note various
LC50 concentrations, they note that most of the potential sub-lethal effects from exposure to 2,4-
D amine have not been investigated with respect to endpoints that are considered import to the
overall fish of salmonids. Exposure to 2,4-D has been reported to cause changes in schooling
behavior, red blood cells, reduced growth, impaired ability to capture prey, and physiological
stress (Gomez 1998, Cox 1999). Sublethal effects include a reduction in the ability of rainbow
trout to capture food (Cox 1999). 2,4-D can combine with other pesticides and have a synergistic
effect, resulting in increased toxicity. NMFS (2011d) consulted with USEPA on the effects of
2,4-D on listed Pacific salmonids. NMFS concluded that ESP’s registration of 2,4-D will
jeopardize all species considered in the consultation, and will adversely modify critical habitat
for UWR Chinook salmon and UWR steelhead, and three species in California not included in
this consultation. As a reasonable and prudent alternative (RPA), NMFS (2011d) restricted the
use of 2,4-D during windy conditions (to minimize drift) and did not allow the use of the ester
form when applied to water with listed salmonids. The use of the ester formulation is not part of
BPA'’s proposed action, and BPA has imposed restrictions during windy conditions consistent
with the RPA.

If an applicant uses 2,4 D amine, BPA requires a 15-feet buffer when hand applied, and a 50-foot
buffer when it is applied using a backpack sprayer. These buffers are designed to prevent 2-4-D
amine from reaching a waterbody. The risk of exposure to ESA-listed salmon and steelhead is
very low.

Aminopyralid. This is a relatively new selective herbicide first registered for use in 2005. It is
used to control broadleaf weeds, and is from the same family of herbicides as clopyralid,
picloram and triclpyr. BPA proposes to use aminopyralid for the selective control of broadleaf
weeds.
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Aminopyralid shows moderate mobility through the soil, but it does not bioconcentrate in the
food web. The primary means of exposure for fish and aquatic invertebrates is through direct
contact with contaminated surface waters. Acute toxicity tests show aminopyralid to be
practically non-toxic, with aquatic invertebrates showing more sensitivity. Thus, if aminopyralid
does end up in surface waters, the most likely pathway of effect for salmon and steelhead is
through loss of prey.

Chlorsulfuron. This herbicide is used to control broadleaf weeds and some annual grasses.
Chlorsulfuron is readily absorbed from the soil by plants. This herbicide does not bioaccumulate
in fish. The EPA Fact Sheet from 2005 states that chlorsulfuron is practically nontoxic to both
freshwater and estuarine/marine fish on an acute exposure basis and is slightly toxic to
estuarine/marine invertebrates. However, they offer no data or studies to support this finding.
The only aquatic toxicity information BPA found indicates than less than 50 percent of rainbow
trout and daphnia died when trout were exposed to 250 mg/L for 96 hours, and daphnia were
exposed to 370 mg/L for 48 hours (Ahrens 1994). No information is available on sublethal
effects. BPA calculated a hazard quotient of 240, indicated a low level of concern. The
conservation measures (including buffers and application methods) greatly minimize the risk of
exposure to listed fish and their prey species.

Clethodim. Clethodim is a post emergence herbicide for control of annual and perennial grasses,
and is applied as a ground broadcast spray or as a spot or localized spray. BPA is proposing to
use it to control grasses in areas where they are affecting growth of desirable woody vegetation.
It works for this application because it is selectively toxic to plants, affecting only grass species.
BPA is not allowing it for broadcast application; it is allowed for hand application and backpack
sprayer, both with a 50-foot buffer.

Based on the calculated HQ, clethodim is of moderate concern. It is slightly toxic to fish and
aquatic invertebrate species. According to the EXTOXNET website, under likely conditions of
use, it is unlikely to pose a hazard to aquatic species. The buffers and application methods, plus
other conservation measures, are highly likely to prevent clethodim from reaching the aquatic
environment.

Clopyralid. Clopyralid is a relatively new and very selective herbicide. It is toxic to some
members of only three plant families. It is very effective against knapweeds, hawkweeds and
Canada thistle. Clopyralid does not bind tightly to soil, and thus would seem to have a high
potential for leaching. That potential is functionally reduced by the relatively rapid degradation
of clopyralid in soil. It is one of the few herbicides that BPA proposes to allow up to the
waterline (for hand application), but requires a 100-foot buffer for broadcast application. BPA
only allows for one treatment per year.

Clopyralid has a very low level of toxic risk to aquatic species based on field studies and the
calculated HQ is 47.3 suggesting low potential for toxicity. Most of the potential sub-lethal
effects from exposure to clopyralid have not been investigated, but it shows little tendency to bio
accumulate and does not have long-term persistence in food chains.
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Dicamba. BPA proposes to use dicamba to control broadleaf weeds, brush and vines using any
of the three application methods including up to the waterline using hand application methods.
Leaves and roots absorb dicamba and it moves through the plant.

The U.S. Forest Service recommends special precautions for application of dicamba (USFS
2001). It should be applied during active plant growth periods, with spot and basal bark periodic
application during dormancy. It does not bind to soil particles, and microbes appear to be the
primary source of chemical breakdown in soil. The HQ calculated by BPA is 3.3, with an
associated moderate level of concern.

Dicamba is categorized by EPA as slightly toxic to fish and practically non-toxic to aquatic
organisms. EPA states that despite this categorization, studies have reported different results.
One study found no effects on yearling coho salmon at concentrations up to 100 ppm, but
another study of yearling coho salmon found they were killed by a quarter of that dose during a
seawater challenge test that simulated their migration from river to ocean (Cox 1994). Little is
known about sublethal effects on fish. It is a moderately persistent herbicide and highly mobile
in soils, and is a likely groundwater contaminant. Dicamba has been the subject of recent
lawsuits because of crop damage caused by drift of Dicamba, with recent science showing the
Dicamba is subject to drift even in stable air applications (Bish et al. 2019).

Because of its potential for toxicity and application methods, there is a risk of exposure and sub-
lethal response from salmon and steelhead, particularly juvenile salmonids in shallow habitats
adjacent to treatment areas.

Glyphosate 1 (aquatic). Glyphosate is a nonselective herbicide used to control grasses and
herbaceous plants; it is the most commonly used herbicide in the world. It is moderately
persistent in soil, with an estimated average half-life of 47 days (range 1-174 days). Glyphosate
is relatively non-toxic for fish. There is a low potential for the compound to build up in the
tissues of aquatic invertebrates. In resident freshwater fish, toxicity appears to increase with
increasing temperature and pH.

The U.S. Forest Service and Bureau of Land Management looked at the exposure of ESA-listed
fish from the treatment of emergent knotweed with glyphosate. They looked at three pathways:
overspray, foliar wash-off and leakage from stem injections. They found that potential for
exposure varied with application rates, and that there was a potential for adverse effects at the
higher application rate with all three application methods. They concluded, however, that
adverse effects were not likely to occur with the stem injection methods because only a few
milliliters of glyphosate would be injected per stem, and it is unlikely that enough stems would
be broken to result is instream concentrations exceeding the salmonid effects threshold.

Imazapic. Imazapic is used to control grasses, broadleaves, vines, and for turf height suppression
in non-cropland areas. BPA proposes to use imazapic in noxious weed control and rights-of-way
management. BPA proposes to allow its use up to the waterline with hand injection methods, and
15-foot buffers for backpack sprayer application, and 100-foot buffers for broadcast application.
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Imazapic has an average half-life of 120 days in soil, is rapidly degraded by sunlight in aqueous
solutions, but is not registered for use in aquatic systems. Even though BPA reports a hazard
quotient of 714 (low level of concern), Tu et al. (2001) reports that it is moderately toxic to fish.
They do say that its rapid degradation in water renders it relatively safe to aquatic animals, and
they also note that there is no potential for the herbicide to move from soils with surface water.
Thus, the likelihood of imazapic exposure to ESA-listed salmon and steelhead is very low.

Imazapyr. Imazapyr is used to control a variety of grasses, broadleaf weeds, vines and brush
species. BPA proposes four different formulations for use. The persistence and movement of
Imazapyr in soil is highly complex and differs substantially depending of site-specific factors.
Further, imazapyr has only been tested in a limited number of species and conditions. The best
available data support no adverse effects on animals.

Algae and macrophytes provide food for aquatic macroinvertebrates, particularly those in the
scraper feeding guild (Williams and Feltmate 1992). These macroinvertebrates in turn provide
food for rearing juvenile salmonids. Consequently, adverse effects on algae and aquatic
macrophyte production may cause a reduction in availability of forage for juvenile salmonids.
Over time, juvenile salmonids that receive less food have lower body condition and smaller size
at smoltification. However, the buffers and conservation measures are likely to be sufficient to
keep imazapyr out of the water.

Metsulfuron methyl. BPA proposes to use the Escort formulation. It is used to control brush and
certain woody plants, broadleaf weeds and annual grasses. It is active in soil and is absorbed
from the soil by plants. Metsulfuron dissolves easily in water, and has the potential to
contaminate groundwater at very low concentrations. It has a half-life in water, when exposed to
sunlight, of 1 to 8 days. Metsulfuron does not bioaccumulate in fish, and EPA considers it to be
practically nontoxic to fish. The biological cites studies of sublethal effects to early life stages of
rainbow trout. Aquatic invertebrates do not appear to be sensitive to this herbicide.

BPA calculate the HQ to be 163 (low level of concern). At proposed application rates and
conservation measures, it is unlikely to cause sublethal effects in any exposed salmonids.

Picloram. This is a restricted-use pesticide labeled for non-cropland forestry, rangeland, right-of-
way, and roadside weed control. It is a growth inhibitor and is used to control a variety of
broadleaf weed species. It is absorbed through the leaves and roots, and accumulates in new
growth.

Picloram does not bind strongly with soil particles and is not degraded rapidly in the
environment, allowing it to be highly mobile and persistent (half-life of picloram in soils can
range from one month to several years). Picloram is not highly toxic to birds, mammals and
aquatic species, but because of the persistence of picloram in the environment, chronic exposure
is a concern (Tu et al. 2001). Picloram does not volatilize readily although the potential to
volatize increases with increasing temperature and soil moisture, and decreasing clay and organic
matter content. Picloram is readily degraded when exposed to sunlight in water or on the surface
of plant foliage and soils. Because picloram is water-soluble and does not bind strongly to soil, it
is capable of moving into local waterways through surface and subsurface runoff (Michael et al.
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1989). The extent to which it enters a waterway depends largely on the type of soil, rates of
application, rainfall received post-application, and distance from point of application to nearest
waterbody or groundwater. Once in the water, picloram may be degraded through photolysis,
especially in clear and moving water, with a half-life of two to three days (Woodburn et al.
(1989).

Picloram is slightly too moderately toxic to aquatic species (EXTOXNET 1996). The HQ of 3.5
calculated by BPA corroborates this. Mayes et al. (1987) evaluated the toxicity of picloram to
rainbow trout life stages and concluded that it is not an acute or chronic hazard to aquatic species
when used as directed. Based on expected concentrations of picloram in surface water, all central
estimates of the HQs are below the level of concern for fish, aquatic invertebrates, and aquatic
plants. No risk characterization for aquatic-phase amphibians can be developed because no
directly useful data are available. Upper bound HQs exceed the level of concern for longer-term
exposures in sensitive species of fish (HQ=3.5) and peak exposures in sensitive species of algae
(HQ=8). It does not seem likely that either of these HQs would be associated with overt or
readily observable effects in either fish or algal populations for typical applications.
Conservation measures designed to eliminate or minimize the opportunity for exposure are very
important, and for picloram, the potential for chronic exposure is most worrisome.

Sethoxydim. This herbicide is a selective post-emergence pesticide for control of annual and
perennial grasses. Its mode of action is lipid biosynthesis inhibition. In 2005, USEPA (2005)
found that sethoxydim is unlikely to contaminate ground or surface waters because it is not
persistent under most conditions. It has a half-life of less than one day. However, transformation
products may be persistent and mobile enough to be a threat to water resources. BPA calculated
the HQ to be 3.5, a moderate risk of concern. EPA reports no concerns with respect to acute
responses for fish and aquatic invertebrates, and that chronic risks for estuarine fish and
invertebrates are below the EPA’s level of concern. As of that date, they had no data to conduct a
risk assessment for freshwater fish and invertebrates. However, some formulations use
naphthalene; this increases the acute risk to aquatic animals from the use of sethoxydim
formulated with this petroleum solvent that may be in fact attributable to the solvent. BPA
proposes to use the POAST formulation that contains naphthalene. They confirm (in Appendix B
of the biological assessment) the lack of any chronic toxicity studies on freshwater fish or
invertebrates.

Project design criteria and conservation measures sharply reduce the risk of exposure. BPA
imposes a 50 foot no-application buffer for both spot spraying and hand application, and a 100-
foot buffer for broadcast application. Other measures for wind speed, weather, etc., also reduce
the risk of exposure. Thus the risk of acute or chronic exposure to sethoxydim is low.

Sulfometuron-methyl. At proposed application rates, sulfometuron methyl is highly toxic to
seedlings of several broadleaves and grasses. However, the HQ calculated by BPA is 321.7,
indicating a low level of concern for aquatic toxicity. A review of potential lethal effects of the
active ingredient on aquatic species including rainbow trout found no effects. There are no data
available on the potential sub-lethal effects on fish. Similarly, sulfometuron methyl does not
appear to kill daphnia. There is potential for adverse effects in sensitive aquatic macrophytes and
algal species; a slight decrease in forage availability for juvenile salmonids may result from
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adverse effects to aquatic macrophytes in some areas. Sulfometuron methyl shows little tendency
to bio-accumulate and does not have long-term persistence in food chains. BPA posits that no
chronic exposure would occur because the herbicide degrades relatively rapidly.

Based on the calculated HQ and the proposed conservation measures, the risk of exposure to
concentrations that result in acute lethal effects or chronic effects is low. However, there is
potential for sublethal effects if conservation measures, including buffers, are not adhered too.

Triclopyr (TEA). The environmental fate of triclopyr has been studied extensively. This
formulation of triclopyr is not highly mobile, although soil adsorption decreases with decreasing
organic matter and increasing pH (Pusino et al. 1994). Similarly, the toxicity of triclopyr to fish
and their prey is relatively well characterized. BPA calculated at HQ of 75.5, indicating a low
level of concern. In the biological assessment, Appendix B Table B-3., Wan et al (1987) present
96-hour LC 50 values for Garlon 3A (triclopyr TEA) for Chinook Salmon, coho salmon, chum
salmon , sockeye salmon and rainbow trout based on bioassays. These data showed relatively
low toxicity for all species compared to different formulations. With the exception of aquatic
plants, substantial risks to non-target species (including humans) associated with the
contamination of surface water are low, relative to risks associated with contaminated vegetation.
Stehr et al. (2009) observed no developmental effects at nominal concentrations of 10 mg/L or
less for purified triclopyr alone or for the TEA formulations Garlon 3A and Renovate. NMFS’s
(2011) no-jeopardy consultation on USEPA’s registration of triclopyr only considered the BEE
formulation, not the TEA formulation proposed for use by BPA.

Adjuvants. BPA proposes to allow three categories of surfactants: colorants, surfactants and drift
retardants (refer to Table 10) for the list. These are included in the typical application rates for
invasive plant control. BPA developed generic estimated environmental concentrations (GEEC2)
for the adjuvants where data were available. In addition, NMFS found LC50 data for a surrogate
fish species and Daphnia (prey) (refer to Table 10).

Table 10. The acute toxicity to rainbow trout and Daphnia for the adjuvants that BPA proposes
to use in their restoration p